
From: Grizzle, Betty
To: Guinotte, John; Stephen Torbit
Subject: Re: Draft of section so far
Date: Wednesday, September 13, 2017 8:31:14 AM

Thanks. The next section/paragraphs will be the results.
I am working most of this morning on another species (starting another 12-month finding). 
My goal is to finish this write-up by the end of the week, if not sooner.  I am planning to send
the draft to core team by COB next Friday and I still have a few small sections to finish.

On Wed, Sep 13, 2017 at 7:18 AM, Guinotte, John <john_guinotte@fws.gov> wrote:
Hi Betty, This looks like a good start to me. I'm cc'ing Steve as he was starting to write this
section yesterday. Attached is most recent table 2-1 on differences between noaa and
mckelvey. The future scenarios column captures the differences in model output. Best, John

On Tue, Sep 12, 2017 at 5:14 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
John - Here is what I prepared so far.  Would appreciate your quick review.

Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks

 

The Service requested and provided funding support for a fine-scale assessment of snow
extent and depth in order to assess the effects of climate to snow persistence in two
regions of the western United States (Ray et al. 2017, entire). The primary objective of
this study was to improve upon the scientific understanding of the current extent of spring
snow retention as well as the future temporal and spatial extent of snow retention under a
changing climate (Ray et al. 2017, p. 9). In sum, this involved the following (Ray et al.
2017, p. 10):

·         Use of fine-scale models to analyze the topographic effects of snow, including the
effects of slope and aspect (compass direction that slope faces)

·         Use of a range of plausible future climate change scenarios

·         Analysis of extremes and year-to-year variability by selecting representative wet, dry,
and near normal years (using observed conditions) and then estimating projected changes
under several future climate scenarios

·         Assessment of changes in snow persistence by elevation

 

The study was designed so as to intentionally build on the previous assessment of snow
cover persistence in the western United States presented in McKelvey et al. (2011).
However, given the time, funding, and computational constraints needed for developing a
fine-scale assessment, the study discussed here was limited to two regions (approximately
1,500 to 3,000 km2 each) in the northern and southern Rocky Mountains (see Appendix G
for maps). The two study areas were selected as they encompass the latitude and
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elevational range of wolverines within the contiguous United States. Glacier National Park
is representative of a high latitude and relatively low elevation area that is currently
occupied by wolverines, while the Rocky Mountain National Park region represents a
lower latitude and high elevation area, and which is within the wolverine’s historical range
and, more recently, where a wolverine was documented as occupying from 2009 to at least
2012.

 

We provide here a brief summary of the methods used in this study for both study areas.
Additional details are contained in the full report authored by Ray et al. (2017). The initial
step of the analysis was a review of the observed climate and variability in order to
provide context relative to trends and year-to-year variability (Section 3 of report). Next,
snow cover extent and variability were analyzed from satellite remote sensing (MODIS)
data from 2000 to 2016 in order to calculate a snow disappearance date for each year at
each pixel (Section 4). Summary statistics include total snow covered area (total area
covered by snow), representation of snow pack by aspect (percent of land areas covered
by snow for each of the 17 years in the historical record by topographic aspect), and
elevation dependence for wet, near-normal, and dry years (with median of all years used
as reference). Future snow pack projections were then conducted using the Distributed
Hydrology Soil Vegetation Model (DHSVM), which was run for the historic period 1998-
2013, and then validated against SNOTEL observing stations. Five scenarios for the future
were selected from CMIP5 global climate model projections based on the RCP 4.5
(moderate) and RCP 8.5 (high) emissions scenarios. These projections were then
downscaled using the “delta method” (as was done in McKelvey et al. 2011). Analyses
were presented for “light snow cover” (SWE > 5 mm) and “significant” snow (SWE > 0.5
m) for April 15, May 1, and May 15 for previously defined representative years.

 

Although the methods used in this study have similarities with those presented in
McKelvey et al. (2011), there are several key differences. These are presented in Table 7
below.

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax



From: Stephen Torbit
To: John Guinotte; Betty Grizzle
Subject: RE: Draft of section so far
Date: Wednesday, September 13, 2017 9:18:46 AM

I have some changes to Betty’s narrative and will include them in my draft.  John, I also have some
suggestions for your table.  Will send those along too.
 
Stephen C. Torbit
Assistant Regional Director
Science Applications
U.S. Fish and Wildlife Service
134 Union Blvd.
Lakewood, Colorado 80228
303-236-4602 – Office
720-626-7504 – Cell
 
From: Guinotte, John [mailto:john_guinotte@fws.gov] 
Sent: Wednesday, September 13, 2017 8:18 AM
To: Grizzle, Betty; Stephen Torbit
Subject: Re: Draft of section so far
 
Hi Betty, This looks like a good start to me. I'm cc'ing Steve as he was starting to write this
section yesterday. Attached is most recent table 2-1 on differences between noaa and
mckelvey. The future scenarios column captures the differences in model output. Best, John
 

On Tue, Sep 12, 2017 at 5:14 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
John - Here is what I prepared so far.  Would appreciate your quick review.
 
Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks
 
The Service requested and provided funding support for a fine-scale assessment of snow
extent and depth in order to assess the effects of climate to snow persistence in two regions of
the western United States (Ray et al. 2017, entire). The primary objective of this study was to
improve upon the scientific understanding of the current extent of spring snow retention as
well as the future temporal and spatial extent of snow retention under a changing climate (Ray
et al. 2017, p. 9). In sum, this involved the following (Ray et al. 2017, p. 10):

·         Use of fine-scale models to analyze the topographic effects of snow, including the effects
of slope and aspect (compass direction that slope faces)

·         Use of a range of plausible future climate change scenarios

·         Analysis of extremes and year-to-year variability by selecting representative wet, dry, and
near normal years (using observed conditions) and then estimating projected changes under
several future climate scenarios

·         Assessment of changes in snow persistence by elevation
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The study was designed so as to intentionally build on the previous assessment of snow cover
persistence in the western United States presented in McKelvey et al. (2011). However, given
the time, funding, and computational constraints needed for developing a fine-scale
assessment, the study discussed here was limited to two regions (approximately 1,500 to 3,000
km2 each) in the northern and southern Rocky Mountains (see Appendix G for maps). The two
study areas were selected as they encompass the latitude and elevational range of wolverines
within the contiguous United States. Glacier National Park is representative of a high latitude
and relatively low elevation area that is currently occupied by wolverines, while the Rocky
Mountain National Park region represents a lower latitude and high elevation area, and which
is within the wolverine’s historical range and, more recently, where a wolverine was
documented as occupying from 2009 to at least 2012.
 
We provide here a brief summary of the methods used in this study for both study areas.
Additional details are contained in the full report authored by Ray et al. (2017). The initial
step of the analysis was a review of the observed climate and variability in order to provide
context relative to trends and year-to-year variability (Section 3 of report). Next, snow cover
extent and variability were analyzed from satellite remote sensing (MODIS) data from 2000 to
2016 in order to calculate a snow disappearance date for each year at each pixel (Section 4).
Summary statistics include total snow covered area (total area covered by snow),
representation of snow pack by aspect (percent of land areas covered by snow for each of the
17 years in the historical record by topographic aspect), and elevation dependence for wet,
near-normal, and dry years (with median of all years used as reference). Future snow pack
projections were then conducted using the Distributed Hydrology Soil Vegetation Model
(DHSVM), which was run for the historic period 1998-2013, and then validated against
SNOTEL observing stations. Five scenarios for the future were selected from CMIP5 global
climate model projections based on the RCP 4.5 (moderate) and RCP 8.5 (high) emissions
scenarios. These projections were then downscaled using the “delta method” (as was done in
McKelvey et al. 2011). Analyses were presented for “light snow cover” (SWE > 5 mm) and
“significant” snow (SWE > 0.5 m) for April 15, May 1, and May 15 for previously defined
representative years.
 
Although the methods used in this study have similarities with those presented in McKelvey et
al. (2011), there are several key differences. These are presented in Table 7 below.

 
--
 
Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
 



From: Grizzle, Betty
To: Snyder, Caitlin
Cc: Bush, Jodi; Justin Shoemaker
Subject: Re: Draft SOW and peer review plan for wolverine peer review
Date: Tuesday, September 19, 2017 3:44:42 PM
Attachments: Conflict of Interest Disclosure Form_template.pdf

I am working this week on completing draft SSA Report (so that I can send out by COB
Friday) so have limited time to review the SOW.

But please see a very simple COI form/template that we used in this office.

On Tue, Sep 19, 2017 at 2:08 PM, Snyder, Caitlin <caitlin_snyder@fws.gov> wrote:
Thanks, all.  I revised the draft Statement of Work per your comments/input.  I have
a full track changes version and a revised version with today's date.  The version
with today's date is cleaned up for the most part, but with several
comments/responses remaining for you to review.

I'm also attaching a conflict of interest form we used for another peer review.  We
can revise for wolverine.

Please let me know if you have any questions.

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

On Tue, Sep 12, 2017 at 2:34 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Betty and others.  My review on top of Betty's.  Generally I agree with her suggested
edits.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Sep 12, 2017 at 11:46 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Please see attached documents with my comments/suggestions.

On Fri, Sep 8, 2017 at 7:36 AM, Snyder, Caitlin <caitlin_snyder@fws.gov> wrote:
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Hi Justin and Betty,

Attached is a draft Statement of Work for the wolverine peer review and a draft
peer review plan.

The SOW will be submitted to contracting and they will put it out to the
contractor to get a bid on the peer review process.  There is template
language in the SOW, so please only look at the specific language related to
wolverine and the schedule (number of days for each task).  

The peer review plan will be posted on the Service's Peer Review page -- I'm
assuming it should go under Region 6.  

The peer review plan draws from the language in the SOW, so I recommend
focusing your review on the SOW, because I can easily incorporate the
language from the SOW into the peer review plan later.

Please let me know if you have any questions.

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax



-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax



Conflict of Interest Disclosure Form 

Note: A potential or actual conflict of interest exists when commitments and obligations are likely to be 
compromised by the nominator(s)’other material interests, or relationships (especially economic), 
particularly if those interests or commitments are not disclosed.  

This Conflict of Interest Form should indicate whether the nominator(s) has an economic interest in, or 
acts as an officer or a director of, any outside entity whose financial interests would reasonably appear 
to be affected by the addition of the nominated condition to the newborn screening panel. The 
nominator(s) should also disclose any personal, business, or volunteer affiliations that may give rise to a 
real or apparent conflict of interest. Relevant Federally and organizationally established regulations and 
guidelines in financial conflicts must be abided by. Individuals with a conflict of interest should refrain 
from nominating a condition for screening. 

Date: 

Name: 

Position: 

Please describe below any relationships, transactions, positions you hold (volunteer or otherwise), or 
circumstances that you believe could contribute to a conflict of interest: 

_____ I have no conflict of interest to report. 

_____ I have the following conflict of interest to report (please specify other nonprofit and for-profit 
boards you (and your spouse) sit on, any for-profit businesses for which you or an immediate family 
member are an officer or director, or a majority shareholder, and the name of your employer and any 
businesses you or a family member own: 

1. ___________________________________________________________________________________ 

2.___________________________________________________________________________________ 

3.___________________________________________________________________________________ 

I hereby certify that the information set forth above is true and complete to the best of my knowledge. 

Signature: __________________________________________________________________________ 

Date: _________________________________________ 



From: Bush, Jodi
To: Snyder, Caitlin
Cc: Justin Shoemaker; Grizzle, Betty
Subject: Re: Draft SOW and peer review plan for wolverine peer review
Date: Tuesday, September 19, 2017 4:37:34 PM
Attachments: 20170919_Wolverine peer review Statement of Work_revised_Jbeds.docx

Conflict of Interest Disclosure Form_template (1).pdf

Caitlin.  I have reviewed SOW please me comments.  Lets finalize this and get it ready to be
awarded asap.  I made some changes that are consistent with the SOW we just did with Fisher
earlier this spring regarding the number of reviewers.  

I also think the simpler version of Betty's Conflict of interest form works.  If you'd like me to
take over finalizing it and getting it to our contracting Office  in R6 -I can do that.  Let me
know.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Sep 19, 2017 at 3:44 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
I am working this week on completing draft SSA Report (so that I can send out by COB
Friday) so have limited time to review the SOW.

But please see a very simple COI form/template that we used in this office.

On Tue, Sep 19, 2017 at 2:08 PM, Snyder, Caitlin <caitlin_snyder@fws.gov> wrote:
Thanks, all.  I revised the draft Statement of Work per your comments/input.  I
have a full track changes version and a revised version with today's date.  The
version with today's date is cleaned up for the most part, but with several
comments/responses remaining for you to review.

I'm also attaching a conflict of interest form we used for another peer review.  We
can revise for wolverine.

Please let me know if you have any questions.

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

mailto:jodi_bush@fws.gov
mailto:caitlin_snyder@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:betty_grizzle@fws.gov
mailto:betty_grizzle@fws.gov
mailto:caitlin_snyder@fws.gov


On Tue, Sep 12, 2017 at 2:34 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Betty and others.  My review on top of Betty's.  Generally I agree with her suggested
edits.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Sep 12, 2017 at 11:46 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Please see attached documents with my comments/suggestions.

On Fri, Sep 8, 2017 at 7:36 AM, Snyder, Caitlin <caitlin_snyder@fws.gov> wrote:
Hi Justin and Betty,

Attached is a draft Statement of Work for the wolverine peer review and a
draft peer review plan.

The SOW will be submitted to contracting and they will put it out to the
contractor to get a bid on the peer review process.  There is template
language in the SOW, so please only look at the specific language related to
wolverine and the schedule (number of days for each task).  

The peer review plan will be posted on the Service's Peer Review page --
I'm assuming it should go under Region 6.  

The peer review plan draws from the language in the SOW, so I recommend
focusing your review on the SOW, because I can easily incorporate the
language from the SOW into the peer review plan later.

Please let me know if you have any questions.

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673
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Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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Statement of Work 

Peer Review of the Draft Species Status Assessment Report for the North American Wolverine 
 

Date:  September19, 2017 
 

1. Introduction/Background 
 
The Service has drafted a Species Status Assessment (SSA) report to inform an evaluation of 
the status of the North American wolverine (Gulo gulo luscus) under the Endangered Species 
Act of 1973, as amended (Act). The SSA report is a comprehensive evaluation of the biological 
status of the North American wolverine and its viability as a species. The SSA report considers 
the ecological needs as well as current and forecasted future conditions for the species. We are 
seeking peer review on the SSA report. 
 
In compliance with a Court order that remanded our previous withdrawal of a proposed rule to 
list a Distinct Population Segment of the North American wolverine (79 FR 47522; August 13, 
2014), the Service will prepare either a revised proposed rule to list as a threatened or 
endangered species under the Act, or a revised withdrawal of the previous proposed rule (78 FR 
7864; February 4, 2013). The SSA report will be used to inform a decision (to be published in 
the Federal Register) to classify the North American wolverine as threatened, endangered or 
“not warranted” under the Act.   
 
The wolverine is the largest terrestrial member of the family Mustelidae. In North America, 
wolverines occur within a wide variety of habitats, primarily boreal forests, tundra, and western 
mountains throughout Alaska and Canada; however, the southern portion of the range extends 
into the contiguous United States. Currently, wolverines are found in the Northern Rocky 
Mountains in Idaho, Montana, and, parts of Washington and Oregon, and Wyoming. Individual 
wolverines have recently dispersed into their historical range in the Sierra Nevada Mountains of 
California and the Southern Rocky Mountains of Colorado, but have not established breeding 
populations in these areas. 
 
2. Description of Review 

 
As part of the Service’s peer review policy we are requesting peer review of the draft Species 
Status Assessment report. The purpose of the peer review is to help us ensure that we are using 
the best scientific and commercial information in the SSA report. Thus, we are looking for 
independent scientific perspectives on the draft SSA report. Peer Reviewers should be advised 
that they are not to provide advice on policy. 

 
3. Methods, Protocols and/or Scientific Standards 

 
1. Each reviewer must have a Ph.D. or a Master’s with significant experience in Wildlife 

Ecology, Ecology, or Wildlife Management; and 
 

2.  In combination, the expertise of the qualified reviewers shall include the following; 
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however, each individual is not required to meet all qualifications: 
 

a. Experience or expertise with carnivore management, especially wolverines; 
 

b. Expert knowledge of wildlife biology, wildlife management, demographic management 
of mammals (especially mesocarnivores), genetics, population modeling and/or 
scientific literature on wolverines or other mustelids;  
 

c. Expert knowledge of the effects of climate change and climate change modeling, 
specifically in the Mountain West area of the United States, which includes the 
northern Rocky Mountains, the North Cascades, or the southern Rocky Mountains; 
 

d. Expert knowledge of genetics of metapopulations; 
 
e. Experience as a peer reviewer for scientific publications; 
 
f. Knowledge of wolverine management in Canada, Alaska, and/or Europe. 

 
The Contractor shall ensure the peer review process complies with the Service’s July 1, 1994 peer 
review policy (59 FR 34270), the Service's August 22, 2016 Director's Memo on the Peer Review 
Process, and the Office of Management and Budget’s December 16, 2004 Final Information 
Quality Bulletin for Peer Review. For example, potential conflicts of interest should be avoided, if 
possible and disclosed if not possible. Potential conflicts of interest would likely include: 
employment or affiliation with the Service, the States of California, Colorado, Idaho, Montana, 
Nevada, New Mexico, Oregon, Utah, Washington, or Wyoming, or the Canadian Federal 
government; and peer reviewers, who have been or are directly or indirectly employed by any 
organization that has either litigated the federal government concerning wolverines or taken a 
position on one side or the other about the status of the North American wolverine in the 
contiguous United States. In addition, individuals who served as peer reviewers for previous 
proposed rules or who were participants in the April 2-3, 2014 facilitated wolverine workshop 
held by the Service should be disqualified from this peer review process. Finally, the reviewers 
should have no financial or other conflicts of interest with the outcome or implications of the 
report. The contractor will be responsible for selecting reviewers and obtaining the individual 
written peer reviews from at least 3 and up to 5 well-qualified reviewers.   

 
Peer Reviewers will provide individual, written responses. Peer Reviewers will be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public. We will summarize and 
respond to the issues raised by the peer reviewers in the administrative record and address 
these concerns in the SSA report, as appropriate. 
 
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 15 days, starting immediately after the Service receives 
the reviews from the contractor. Peer reviewers will be advised that they are not to provide 
advice on policy. Rather, they should focus their review on identifying and characterizing 
scientific uncertainties. Peer reviewers will be asked to answer questions pertaining to the logic 
of our assumptions, arguments, and conclusions and to provide any other relevant comments, 
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criticisms, or thoughts. Collectively, the review should cover, but not be limited to, the topics 
listed below. Reviewers should comment on areas within their expertise, and may choose to 
abstain from other areas including restricting your technical comments to your area of expertise, 
but feel free to render opinions or raise questions about larger scientific issues that may be 
relevant.  To the extent possible, justify your comments with supporting evidence just as you 
would do when presenting your own scientific work.  Please do not refrain from offering 
relevant opinions, but also label them as such.  Test your comments for fairness, objectivity and 
tone of delivery by asking yourself if you would be comfortable presenting your comments, 
face-to-face, to the author and a panel of your peers.comment  on other areas . 
 
Peer reviewers will be asked to complete and sign a Conflict of Interest form (see Paragraph 8). 

Available Data  
 
(1)  Please identify any oversights or omissions of data or information, and their relevance to the 
assessment. Are there other sources of information or studies that were not included that are 
relevant to assessing current and future threats to this species and not repetitive of other 
information or studies already included? What are they and how are they relevant?  
 
(2)  Provide advice on the overall strengths and limitations of the scientific data used in the 
document. Is the information presented in the SSA report explicit about assumptions and 
limitations of, and concerns regarding, the data, and are these appropriately qualified or explained? 
Are there concerns that the Service did not identify, and if so, how relevant are these concerns to 
the assessment of the North American wolverine? Are there any inconsistencies in how the data are 
presented or assessed?  
 
Analysis of Available Data 
 
(3)  Have the assumptions and methods used in the SSA report been clearly and logically stated in 
light of the best available information? If not, please identify the specific assumptions and methods 
that are unclear or illogical. 
 
(4)  Are there demonstrable errors of fact or interpretation? Have the authors of the SSA report 
provided reasonable and scientifically sound interpretations and syntheses from the scientific 
information presented in the report? Are there instances in the SSA report where a different but 
equally reasonable and sound interpretation might be reached that differs from that provided by the 
Service? If any instances are found where this is the case, please provide the specifics regarding 
those particular concerns. 
 
(5)  Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the 
scientific uncertainties presented and the analyses conducted been clearly identified and has the 
degree of uncertainty been appropriately characterized? If not, please identify any specific 
concerns. 
 
(6)  Does the SSA report adequately consider what the species needs to maintain viability in terms 
of resiliency, redundancy, and representation?   
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4  

In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that the services provided shall 
consist of unbiased assessments through proper management and enforcement of scientific 
integrity standards, to avoid any conflict of interest. 
 
4. Required Service (Work) Items - Task Line Item Numbers (TLIN): As described in the 

agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this project. The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule:  

 
TLIN 001: Selecting for peer reviewers or review panels, or for task orders to provide 
scientific support. 
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products. 
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 15 consecutive days). 
TLIN 005: Maintaining an official record for peer reviews or task orders. 

 
5. Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement 
paragraph 3, which states, “The Contractor shall provide the Contracting Officer 
Representative with three key deliverables:  (1) Proposed Timeline, (2) Original individual 
scientific reviews and a transmittal letter to the Service (to Regional Director, Noreen Walsh), 
and (3) Complete Official Record.” Original individual scientific reviews will be provided to 
the Contracting Officer Representative electronically in both Word and pdf format. 

 
There are no additional deliverables.  However, the contractor will be required to respond 
to questions, inquiries, or other related requests, and final acceptance, as needed.  These 
request(s) will be by the Contracting Officer Representative (COR) (XXXX), in 
coordination with the Contracting Officer (XXXX).  Inquiries or requests are limited to 
the products provided, and work performed under this contract (order).   
 
Responses include, but not limited to: phone calls, written responses, and/or meetings. 

 
Review comments by the COR will be provided to the contractor via the 
Contracting Officer. 

 
6. Task Schedule 
The period of performance shall not exceed the contract expiration date without a contract 
modification. In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays. Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early). Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
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TASK/DELIVERABLE CALENDAR DAYS 
AFTER AWARD 

Task 1:  The Service’s COR will provide access to materials 
needed for the review.  

 1 (On XXXX)  

Task 2:  The contractor(s) shall manage a thorough, objective 
peer review of the Service’s draft Species Status Assessment 
report for the North American wolverine. 

 31 (30 days after 
XXXX) 

Task 3:  The contractor(s) will provide 3-5 expert peer reviews 
and a transmittal letter to the Service (to Regional Director, 
Noreen Walsh). 

 33 (2 days)  

Task 4:  The contractor facilitates specific follow-up 
questions/answers between the Service and the reviewers (task 
limited to a 10-day period, 60 days after delivering initial 
review comments to the Service).  

43 (10 days )   

Task 5: The contractor will provide all applicable official 
records to the Service’s COR. 

45 (2 days )  
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7. Official Administrative Record 
The Contractor is required to prepare an official record. 

 
8. Information Sources 
The key information sources and links for this review will include: (1) the draft North American 
wolverine species status assessment. Pertinent literature will be provided, as well as background 
information including, but not limited to: ADD LIST HERE.  The Service will provide a 
Conflict of Interest form for each peer reviewer to complete. 

 
9. Payment Schedule: 

 
The payment schedule is as follows:  100 percent upon completion of Task 5 above. 

 
10. Points of Contact: 
Contracting Officers, Mr. Steve Gess, (R6) 303-236-4334 or email: steve_gess@fws.gov;  

 
Contracting Officer Representative/Project Lead:  Justin Shoemaker, Classification and 
Recovery Biologist, 309-757-5800 ext. 214 or email: justin_shoemaker@fws.gov  

 
11. List of Enclosures/Attachments 
1) Draft North American wolverine Species Status Assessment 
2) Electronic or cd copies of literature cited in the above document 
3) Conflict of Interest form 

 
12. Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value. Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (reference paragraph 
3). 

 
Price must detail cost in accordance with the agreement. The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers. The approach should be 
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no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs. All 
contractors must propose five reviewers. Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV). 



Conflict of Interest Disclosure Form 

Note: A potential or actual conflict of interest exists when commitments and obligations are likely to be 
compromised by the nominator(s)’other material interests, or relationships (especially economic), 
particularly if those interests or commitments are not disclosed.  

This Conflict of Interest Form should indicate whether the nominator(s) has an economic interest in, or 
acts as an officer or a director of, any outside entity whose financial interests would reasonably appear 
to be affected by the addition of the nominated condition to the newborn screening panel. The 
nominator(s) should also disclose any personal, business, or volunteer affiliations that may give rise to a 
real or apparent conflict of interest. Relevant Federally and organizationally established regulations and 
guidelines in financial conflicts must be abided by. Individuals with a conflict of interest should refrain 
from nominating a condition for screening. 

Date: 

Name: 

Position: 

Please describe below any relationships, transactions, positions you hold (volunteer or otherwise), or 
circumstances that you believe could contribute to a conflict of interest: 

_____ I have no conflict of interest to report. 

_____ I have the following conflict of interest to report (please specify other nonprofit and for-profit 
boards you (and your spouse) sit on, any for-profit businesses for which you or an immediate family 
member are an officer or director, or a majority shareholder, and the name of your employer and any 
businesses you or a family member own: 

1. ___________________________________________________________________________________ 

2.___________________________________________________________________________________ 

3.___________________________________________________________________________________ 

I hereby certify that the information set forth above is true and complete to the best of my knowledge. 

Signature: __________________________________________________________________________ 

Date: _________________________________________ 



From: Guinotte, John
To: Grizzle, Betty
Subject: Re: Results Revision from John and Steve
Date: Tuesday, September 19, 2017 10:11:59 AM
Attachments: REVISED section_jmg.docx

Here you go Betty. Looks pretty good to me. I had a few edits. Can you send me the figures
when you have them ready? Also, need the template for the pers comm.

Thanks John.

John Guinotte
Spatial Ecologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Mon, Sep 18, 2017 at 4:55 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
See attached revision (yellow highlight means clarification needed). Please use track
changes for edits/changes.
Thanks!

On Mon, Sep 18, 2017 at 3:31 PM, Guinotte, John <john_guinotte@fws.gov> wrote:
Fine w me on the bullet. Please send the section back when you are finished and I'll read it
over. I'm around all this week, except Friday.
Thanks John

John Guinotte
Spatial Ecologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Mon, Sep 18, 2017 at 3:55 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
This looks good. Can I make the last bullet for GLAC a sub-bullet?
It will take me a little while to incorporate this (need to add English units, change % to
percent, etc). Do you want me to send back the entire section when I am done?

On Mon, Sep 18, 2017 at 12:51 PM, Stephen Torbit <Stephen_Torbit@fws.gov> wrote:

Hey Betty, here is what John and I came up with for revising the results.   We have cut
this down as much as we are comfortable.  We are anxious to see how your edited
version of our section looks when you are done.
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Take Care
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Stephen C. Torbit

Assistant Regional Director

Science Applications

U.S. Fish and Wildlife Service

134 Union Blvd.

Lakewood, Colorado 80228

303-236-4602 – Office

720-626-7504 – Cell
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Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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REVISED SECTION – Sept 18 (please use track changes to edit) 
 
Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks 
 
The effects of climate change on snow persistence has been suggested as an important negative 
impact on wolverine habitat and populations by the mid-21st century (McKelvey et al., 2011, 
entire). The Service therefore pursued a refined methodology to provide insights into the 
potential impacts of climate change on snow persistence. 
 
The Service engaged the National Oceanic and Atmospheric Administration (NOAA) 
laboratories and University of Colorado in Boulder, Colorado (CU) regarding their ability to 
evaluate and model fine scale persistence of snow in occupied and potential wolverine habitat in 
the contiguous United States. Those discussions revealed significant progress in fine scale 
modeling approaches since the early 2000s and the Service provided funding for an assessment 
of snow extent and depth to assess the effects of climate on snow persistence in two areas of the 
western United States, Rocky Mountain and Glacier National Parks (Ray et al. 2017, entire). The 
primary objective of this study was to refine the spatial and temporal scale of snow modeling 
efforts and improve the scientific understanding of the extent of spring snow retention currently 
and into the future under a changing climate (Ray et al. 2017, p. 9). The objectives of the study 
included (Ray et al. 2017, p. 10): 
 

• Use of fine-scale models to analyze the topographic effects of snow, including slope and 
aspect (compass direction that slope faces)  

• Use of a range of plausible future climate change scenarios to assess snow persistence 
• Analysis of extremes and year-to-year variability by selecting representative wet, dry, 

and near normal years (using observed conditions) and then modeling changes in for 
those base years under several future climate scenarios 

• Assessment of changes in snow persistence by elevation 
 
The study was designed to parallel as much as possible and thereby refine the previous 
assessment of snow cover persistence in the western United States presented in McKelvey et al. 
(2011). However, an exact replication of the McKelvey et al. study was not possible given the 
time, funding, and computational constraints needed to develop a fine-scale assessment. The 
current study was limited to two specific study areas (approximately 1,500 to 3,000 km2 (579 to 
1,158 mi2) each) in the northern and southern Rocky Mountains (see Appendix G for maps). 
The two study areas were selected because they encompass the latitude and elevational range of 
wolverines within the contiguous United States. Glacier National Park (GLAC) is representative 
of a high latitude and relatively low elevation area currently occupied by wolverines., while 
theThe Rocky Mountain National Park region (ROMO) represents is a lower latitude and higher 
elevation area within the wolverine’s historical range, further ROMO, which was recently 
documented as occupied by a wolverine from 2009 to at least 2012. 
 
Methods: We provide here a brief summary of the methods used in this study. Additional details 
are contained in the full report authored by Ray et al. (2017). The initial step of the analysis was 
a review of the observed climate and variability to provide context for trends and year-to-year 
variability. Next, historical snow cover extent and variability were analyzed via using satellite 
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remote sensing (MODIS) data from 2000 to 2016 to calculate a snow disappearance date for 
each year at each pixel. Summary statistics include total snow covered area (total area covered 
by snow), representation of snow pack by aspect (percent of land areas covered by snow for each 
of the 17 years in the historical record by topographic aspect based on compass direction that the 
slope faces), and elevation dependence for wet, near-normal, and dry years (with median of all 
years used as reference). Future snow pack projections were then generated using the Distributed 
Hydrology Soil Vegetation Model (DHSVM), for the historic period 1998-2013, and then 
validated against SNOTEL observing stations and MODIS satellite data.  

Both Ray et al. (2017) and McKelvey et al. (2011) used the delta method to estimate future snow 
persistence. The NOAA-/DHSVM delta method uses historical observed weather (1998–2013) 
as the baseline and applies future changes in temperature and precipitation from the chosen 
general circulation models (GCMs) (approximately Year 2055) to estimate future snow 
persistence on the landscape. Five future scenarios (GCMs) were selected from CMIP5 global 
climate model projections to capture variability in temperature and precipitation, using the RCP 
4.5 (moderate) and RCP 8.5 (high) emissions scenarios. Representative wWet, nNear nNormal, 
and dDry years were analyzed for the historical simulations and evaluated for the five future 
scenarios. The number of years (out of 16) with snow depth above greater than 0.5 m (20 in) 
depth was also analyzed as was the change in Snowcovered Area (SCA) with depth greater than 
0.5 m (20 in). Results were reported for “light snow cover” (snow depth greater than 1.25 cm 
(0.5 in)) and “significant” snow (snow depth > 0.5 m (20 in)) for April 15, May 1, and May 15 
for previously defined representative years. The term “light snow cover” was incorporated as the 
most directly comparable parameter to McKelvey et al.’s “light” snow cover. The average 
change in SCA and snow water equivalent (SWE) was analyzed as a function of elevation for 
both study areas and, for GLAC, was overlaid with the elevations of documented wolverine den 
sites (2003-2007) in GLAC. 

Comparison with McKelvey et al. (2011): Although the methods used in this study have 
similarities with those presented in McKelvey et al. (2011), there are several key differences. 
Ray et al. (2017) used a finer spatial resolution model (DHSVM) than McKelvey et al. (2011) 
(0.0625 km2 vs. 35 km2) that incorporated slope and aspect., and tThe grid cells represented in 
McKelvey et al. (2011) were assumed to be flat (i.e., north-facing slopes treated as identical to 
south-facing slopes). McKelvey et al. (2011) focused on May 1st snow depth as a proxy for May 
15th snow disappearance, while Ray et al. (2017) focused directly on May 15th snow 
disappearance and produced results for the presence or absence of deeper snow (nominally 
greater than or equal to 0.5 m (20 in) depth) on May 1st and April 15th.1 Because of the increased 
resolution of this study, Ray et al. (2017) was able to consider whether any pockets of snow with 
depth greater than 0.5 m (20 in) will persist in these areas. Additional comparisons are outlined 
below in Table 7 and in Ray et al. (2017, p. 6). 
 
 
 
 
                                                           
1 The NOAA/CU study originally focused on May 15th to compare to the McKelvey et al. (2011) study, and June 1st 
to bracket the snowmelt season. However, April 15 and April 30 dates were added to the evaluation of snowcovered 
areas to align with temporal reproductive patterns of the wolverine (see Life History section above).   
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Table 7. Comparison of Methods, Ray et al. (2017) vs. Copeland et al. (2010)/ McKelvey et al. 
(2011) 
 Ray et al. (2017) Copeland et al. (2010)  

and McKelvey et al. (2011) 
Spatial Resolution 250 m x 250 m = 62,500 m2 or 0.0625 km2  

(0.24 mi2) 
~5 km x 7 km = 35 km2  

(13.51 mi2) 
Geographic Area Glacier and Rocky Mountain National Parks, 

300 m below treeline and above 
Western United States, except 
California and Great Basin 

Topography Slope, aspect, and shading were used Slope and aspect were not used 
Validation SNOTEL (ground stations) and MODIS 

(satellite data) 
None 

Future Scenario 
Method 

Delta Method, used to project 2000-2013 
conditions out to Year 2055 

Delta Method (Years: 2045, 2085, 
2070-2099) 

Future Scenarios 
(GCMs) 

miroc, giss, fio; 
cnrm, canesm (Glacier National Park only) 
hadgem2 (Rocky Mountain National Park only) 

Ensemble of 10 GCMs, pcm1, and 
miroc 3.2 

Time-related Results Long-term means and year-to-year variability 
(i.e., wet, near normal, and dry years)  

Changes in long-term mean snowpack 
only 

Snow Detection and 
Measurements 

Snow or no snow (1.25 cm (0.5 in) threshold), 
snow depth (0.5 meter (20 in) threshold for 
"significant snow"), and snow water equivalent  

Snow or no snow (13 cm (5.12 in) 
threshold) 

Number of Years of 
MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 
Snow Cover Dates 
Analyzed 

April 15, May 1, and May 15 May 1, May 15 (derived from May 1), 
May 29 (derived from May 1) 

 
Results: While there are challenges in comparing the results from McKelvey et al. (2011) 
directly to the NOAA/CU study due to differences in methodology and focus, the qualitative 
picture can be summarized as follows: projected warming has a larger effect at lower elevations 
whereas projected precipitation changes may dominate the springtime snowpack in the high 
country. We present below a summary of the main results from Ray et al. (2017). 
 
MODIS Observed Historic Snowpack Variability Analysis:   
 

● In GLAC, SCA varies considerably by year, including wet years such as 2011 with very 
persistent snow, years with strong melt in early May, such as 2012, or in late May (2009, 
2001), and dry years (2004, 2005) (Ray et al. 2017, Section 4.3).  

● Even in dry years, northeast-facing slopes in GLAC tend to hold more snow and melt 
later in the season.  

● More than 80 percent of the GLAC study area above approximately 2,000 m (6,562 ft) 
elevation on May 1 has snow cover during dry years, and more than 95 percent has snow 
cover above approximately 1,200 m (3,937 ft) during wet years.  

● In ROMO, the SCA also varies considerably by year. 
● The northwest-facing slopes in ROMO tend to hold more snow even during dry years. In 

very dry years, snow cover peaks at intermediate elevations, suggesting that the high-
altitude snowpack may be particularly vulnerable in this region under warm/dry 
conditions. 
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Future Snowpack Projections: The area-wide SCA results include snow cover changes in both 
forested and above-treeline terrain, which may have different implications for wolverine biology. 
 
Glacier National Park (GLAC): 
 

• Projections for April 15th, May 1st, and May 15th SCA and area with snow depth greater 
than 0.5 m (20 in) show declines on average in all scenarios, compared to the 2000–2013 
historic average, except for small increases in the Warm/Wet scenario and for almost all 
years.  

o For April 15th, light SCA area is reduced by 3 to 23 percent and significant snow 
cover (>0.5 m (20 in)) declines by 7 to 44 percent.  

o For May 15th, light SCA is reduced by 10 to 36 percent, and the area with 
significant snow cover declines by 13 to 50 percent. 

• All projections show declines in the number of years with significant snow (≥ 0.5 m (20 
in)). Areas with frequent availability (at least 14 out of 16 years) of significant snow 
become concentrated in smaller high elevation areas. Lower elevation areas had the 
largest decreases in the number of years with significant snow cover.  

• Most of the known den sites are located between 1,800 m (5,906 ft) and 2,000 m (6,562 
ft) in GLAC. Below that elevation band, large snow losses are predicted (40 to 70 percent 
decrease for two of the scenarios, 16 to 20 percent for the other three). Above that 
elevation band, there is little change in SCA for four of the five scenarios (2 to 8 percent) 
except in maximum warming scenario (decline of 40 percent (Ray et al. 2017; Figure 5-
22). In the 1,800–2,000 m (5,906–6,562 ft) band, the snowpack change is sensitive to 
elevation and to the particular future climate scenario used. 

• For representative wet years, the higher elevations of our the study areas experience only 
2 to 7 percent loss of snowpack under the scenarios with “least” change and the “central” 
change, although for the dry years, losses range from 18 to 57 percent. (WHAT DATE? 
May 1st?) 

o The implication is that the wet, cold climate of the GLAC study area could act as 
a “buffer” to change in the areas ofwith 0.5 m (20 in) of deep snow on May 1st, at 
least at thefor  elevations above 1,800 m (5,906 ft). 

 
Rocky Mountain National Park (ROMO):  
 

• Projections of May 15th SCA in ROMO decline on average in all scenarios, except for 
small increases in the Warm/Wet scenario, and for almost all years. 

o For April 15th, light SCA (depth ≥ 5 mm (0.2 in)) declines by 3 to 18 percent and 
significant SCA (depth > 0.5 m (20 in)) changes from −1 to +16 percent with for 
the five scenarios considered,( compared to the 2000-2013 historic average).  

o For May 15th, the area with light snow cover declines 8 to 35 percent, and the area 
with significant snow cover declines 6 to 38 percent. 

• All projections show declines in the number of years with significant snow. The areas 
with frequent availability (at least 14 out of 16 years) of significant snow (≥ 0.5 m (20 
in)) become concentrated in smaller high elevation areas. In contrast, lower elevation 
areas had the largest decreases in the number of years with significant snow cover.  
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• Although no dens have been documented in ROMO, the elevation band for denning, 
modeled by regression analysis, is estimated at 2,700 to 3,600 m (8,858 to 11,811 ft). On 
May 1st, modest declines in SWE of about 15 percent and less for areas at 3,400 m 
(11,155 ft) or above result in losses of only about 10 percent snow cover.  

o The implication is that the wet, cold climate of the higher parts of the ROMO 
study area could also act as a “buffer” to change in the area of 0.5 m (20 in) deep 
snow on May 1st.  

 
Elevation Dependence of Change: In general, and supported by the literature, the snowpack at in 
the higher elevations of both areas is more responsive to precipitation change, while at lower 
elevations it isare more responsive to temperature change. For GLAC, most of the observed den 
sites are located within the zone where temperature dominates the future effects of change. For 
the elevation of den sites in GLAC (i.e., above 1800 m (5,906 ft)), loss of SCA on May 1st spans 
the range of 5–40 percent, with a 70 percent decrease for the Hot/Wet (miroc GCM) scenario. 
Above 2,200 m (7,218 ft), the losses are less than 5 percent for all but the Hot/Wet scenario.  
 
Current results may be a reasonabley estimate for be generalized to the high mountain ranges 
within the Rockies that lie between GLAC and ROMO, with wetter projections (on average) 
wetter in GLAC. However, without further study, we cannot reasonably extend these results to 
say whether or not snow refugia may will persist in the Central Rockies below our study area 
elevations (approximately 1,000 m (3,281 ft)). Areas below our study areasThese lower 
elevations are where McKelvey et al (2011) predicted the greatest loses in  indicates the greatest 
snowpack losses. Nor canThe NOAA/CU results also cannot be we extrapolated to mountain 
ranges outside of the Rockies (i.e. the Cascade Range), s with its very different maritime 
climatethat have different climates (temperature and precipitation).  

 
Interpretation and additional analysis relative to wolverine den site scale: The Service was 
interested in exploring the question, “If snow cover is required for wolverine denning, will there 
be a sufficient amount of significant snow cover in the future in areas wolverines have 
historically used for denning in the contiguous United States?”  The Service integrated future 
DHSVM projections (2000–2013 averages) of snow covered area (> 0.5 m (20 in) depth) on May 
1st for GLAC and ROMO with new information obtained from a spatial analysis of documented 
den sites in the contiguous United States. This spatial analysis indicated 31 of 34 documented 
den sites in the contiguous U.S. were located in areas with slope less than 25 degrees. Avalanche 
risk increases significantly in areas with slope greater than 25 degrees (Scott 2017; pers. comm.) 
and wolverines may avoid these areas for denning due to this risk.  
 
Using the projections prepared by Ray et al. (2017), we present in Figures 6 and 7 the spatial 
distribution of significant snow covered area with slopes less than 25 degrees and within the 
elevation bands indicated above for three future scenarios in each study area. The three scenarios 
for GLAC (miroc, cnrm, and giss) and for ROMO (hadgem2, fio, and giss) were chosen to span 
the range of GCM uncertainty regarding temperature and precipitation, and by extension 
significant SCA (see Figures 6a and 7a). We found that large portions of the study areas meet all 
three criteria— greater than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m 
(4,967–7,389 ft), and with a slope less than 25 degrees—across both study sites in the future.   
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The GLAC miroc simulation shows the greatest decrease in future snow covered area in the 
elevation band historically used for denning (orange line in Figure 7a). Figure 6b shows the 
spatial distribution of significant SCA with slope less than 25 degrees and elevation of 1,514–
2,252 m (4,967–7,389 ft) for the miroc simulation on May 1st (approximately Year 2055). 
Approximately 494 km2 (191 mi2) of area meet the three criteria with an additional 803 km2 (310 
mi2) of area retaining significant snow covered area, primarily at higher elevations. Moreover, 
we determined that large tracts of significant SCA are projected in close proximity to 
documented historical den sites across all three scenarios (Figures 6b–6d). A shown in Table 8, 
wolverines would not have to travel far, or at all, relative to either distance or elevation to reach 
areas with significant snow covered area in the future.  
 
A similar analysis was performed for the ROMO study area and the results indicate that large 
portions of the study area meet all three criteria identified above. The hadgem2 (Figure 7b) and 
cnrm (this is GLAC only???) scenarios were found to have the greatest decrease in significant 
snow covered area of the five scenarios analyzed. Figure 7b (hadgem2 simulation) shows the 
spatial distribution of significant SCA (> 0.5 m (20 in) depth), elevation of 2,700–3,600 m 
(8,858–11,811 ft), and slopes less than 25 degrees where denning would be expected to occur. 
Total area meeting these three criteria was 339 km2 (131 mi2) (dark blue in Figure 7b), with an 
additional 446 km2 (172 mi2) with snow depth > 0.5 m (20 in) (light blue in Figure 7b), mostly at 
higher elevations. Figures 7c (fio scenario) and Figure 7d (giss scenario) show a similar 
distribution, albeit larger areas of significant snow retention in the future (see map legends in 
Figures 7c and 7d for area estimates). 
 
Table 8. Distance of historical GLAC dens (yrs 2003–2007) from projected significant snow 
covered area in the future (approximately Year 2055) (using 2000–2013 average). A 0 (zero) 
value indicates the den site location meets all three criteria in the future (> 0.5 m (20 in) snow 
depth on May 1st, at elevation 1,514–2,252 m (4,967–7,389 ft), and with a slope less than 25 
degrees).   
 

Den Site Elevation, m 
(ft) 

Distance from den site to nearest model cell, m (ft) 
GCM scenario 

miroc cnrm giss 
1 2,252 (7,389 ft) 0 0 0 
2 2,093 (6,867 ft) 0 0 0 
3 1,995 (6,545 ft) 0 0 0 
4 1,977 (6,486 ft) 210 (689 ft) 0 0 
5 1,973 (6,473 ft) 208 (682 ft) 0 0 
6 1,928 (6,326 ft) 0 0 0 
7 1,922 (6,306 ft) 9 (29.5 ft) 8 (26 ft) 8 (26 ft) 
8 1,912 (6,273 ft) 170 (558 ft) 0 0 
9 1,893 (6,211 ft) 110 (361 ft) 0 0 
10 1,851 (6,073 ft) 87 (285 ft) 0 0 
11 1,843 (6,047 ft) 74 (243 ft) 0 0 
12 1,823 (5,981 ft) 56 (184 ft) 0 0 
13 1,807 (5,929 ft) 0 0 0 
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14 1,514 (4,967 ft) 574 (1,883 ft) 571(1,873 ft) 296 (971 ft) 
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To: Bush, Jodi
Cc: Grizzle, Betty; Justin Shoemaker
Subject: Re: Draft SOW and peer review plan for wolverine peer review
Date: Tuesday, September 19, 2017 3:08:53 PM
Attachments: 20170919_Wolverine peer review Statement of Work_revised.docx

20170907_Wolverine peer review Statement of Work_JS_BJG_JB_CS.docx
20170410_Bicknell"sThrush_COIForm.docx

Thanks, all.  I revised the draft Statement of Work per your comments/input.  I have a
full track changes version and a revised version with today's date.  The version with
today's date is cleaned up for the most part, but with several comments/responses
remaining for you to review.

I'm also attaching a conflict of interest form we used for another peer review.  We can
revise for wolverine.

Please let me know if you have any questions.

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

On Tue, Sep 12, 2017 at 2:34 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Betty and others.  My review on top of Betty's.  Generally I agree with her suggested edits. 
JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Sep 12, 2017 at 11:46 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Please see attached documents with my comments/suggestions.

On Fri, Sep 8, 2017 at 7:36 AM, Snyder, Caitlin <caitlin_snyder@fws.gov> wrote:
Hi Justin and Betty,

Attached is a draft Statement of Work for the wolverine peer review and a draft
peer review plan.

mailto:caitlin_snyder@fws.gov
mailto:jodi_bush@fws.gov
mailto:betty_grizzle@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:betty_grizzle@fws.gov
mailto:caitlin_snyder@fws.gov


The SOW will be submitted to contracting and they will put it out to the
contractor to get a bid on the peer review process.  There is template language
in the SOW, so please only look at the specific language related to wolverine
and the schedule (number of days for each task).  

The peer review plan will be posted on the Service's Peer Review page -- I'm
assuming it should go under Region 6.  

The peer review plan draws from the language in the SOW, so I recommend
focusing your review on the SOW, because I can easily incorporate the
language from the SOW into the peer review plan later.

Please let me know if you have any questions.

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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Statement of Work 

Peer Review of the Draft Species Status Assessment Report for the North American Wolverine 
 

Date:  September 7, 2017 
 

1. Introduction/Background 
 
The Service has drafted a Species Status Assessment (SSA) report to inform an evaluation of 
the status of the North American wolverine (Gulo gulo luscus) under the Endangered Species 
Act of 1973, as amended (Act). The SSA report is a comprehensive evaluation of the biological 
status of the North American wolverine and its viability as a species. The SSA report considers 
the ecological needs as well as current and forecasted future conditions for the species. We are 
seeking peer review on the SSA report. 
 
In compliance with a Court order that remanded our previous withdrawal of a proposed rule to 
list a Distinct Population Segment of the North American wolverine (79 FR 47522; August 13, 
2014), the Service will prepare either a revised proposed rule to list as threatened or endangered 
under the Act, or a revised withdrawal of the previous proposed rule (78 FR 7864; February 4, 
2013).  The SSA report will be used to inform a decision (to later be published in the Federal 
Register) to classify the North American wolverine as threatened, endangered or “not 
warranted” under the Act.   
 
The wolverine is the largest terrestrial member of the family Mustelidae.  In North America, 
wolverines occur within a wide variety of habitats, primarily boreal forests, tundra, and western 
mountains throughout Alaska and Canada; however, the southern portion of the range extends 
into the contiguous United States.  Currently, wolverines are found in the North Cascades in 
Washington and the Northern Rocky Mountains in Idaho, Montana, Oregon and(Wallowa 
Range), parts of Washington and Oregon, and Wyoming.  Individual wolverines have 
recentlyalso moved dispersed into their historical range in the Sierra Nevada Mountains of 
California and the Southern Rocky Mountains of Colorado, but have not established breeding 
populations in these areas. 
 
2. Description of Review 

 
As part of the Service’s peer review policy we are requesting peer review of the draft Species 
Status Assessment report.  The purpose of the peer review is to help us ensure that we are using 
the best scientific and commercial information in the SSA report.  Thus, we are looking for 
independent scientific perspectives on the draft SSA report.  Peer Reviewers should be advised 
that they are not to provide advice on policy. 

 
3. Methods, Protocols and/or Scientific Standards 

 
1. Each reviewer must have a Ph.D. or an M.S.Master’s with significant experience in 

Wildlife Ecology, Ecology, or Wildlife Management; and 
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2.  In combination, the expertise of the qualified reviewers shall include the following;, 
however, each individual is not required to meet all qualifications: 
 

a. Experience or expertise with large carnivore management, especially wolverines; 
 

b. Expert knowledge of wildlife biology, wildlife management, demographic management 
of mammals (especially mesocarnivores), genetics, population modeling and, small 
population conservation management, and/or scientific literature on wolverines or other 
mustelieds;  
 

c. Expert knowledge of the effects of climate change and climate change modeling, 
specifically in the Mountain West area of the United States, which includes the 
northern Rocky Mountains, the North Cascades, or the southern Rocky Mountains ; 
 

d. Expert knowledge of genetics of metasmall populations; 
 
e. Experience as a peer reviewer for scientific publications; 
 
f. Knowledge of wolverine management in Canada, Alaska, and/or Europe. 

 
The Contractor shall ensure the peer review process complies with the Service’s July 1, 1994 peer 
review policy (59 FR 34270), the Service's August 22, 2016 Director's Memo on the Peer Review 
Process, and the Office of Management and Budget’s December 16, 2004 Final Information 
Quality Bulletin for Peer Review.  For example, potential conflicts of interest should be avoided, 
if possible and disclosed if not possible.  Potential conflicts of interest would likely include: 
employment or affiliation with the Service, the States of California, Colorado, Idaho, Montana, 
Nevada, New Mexico, Oregon, Utah, Washington, or Wyoming, or the Canadian Federal 
government; and peer reviewers, who have personally, or have been or are directly or indirectly 
employed by any organization that has either litigated the federal government concerning 
wolverines or taken a position on one side or the other about the status of the North American 
wolverine in the contiguous United States.  In addition, none of the reviewers individuals who 
served as peer reviewers for previous proposed rules or who were should have served as 
participants in the April 2-3, 2014 facilitated wolverine workshop held by the Service should be 
disqualified from this peer review process.  Finally, the reviewers should have no financial or 
other conflicts of interest with the outcome or implications of the report.  The contractor will be 
responsible for selecting reviewers and obtaining the individual written peer reviews from at least 
3 and up to 5 well-qualified reviewers.   

 
Peer Reviewers will provide individual, written responses.  Peer Reviewers will be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public. We will summarize and 
respond to the issues raised by the peer reviewers in the administrative record and address 
these concernsm  in into the final SSA report  recovery plan, as appropriate. 
 
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 15 days, starting immediately after the Service receives 
the reviews from the contractor.  Peer reviewers will be advised that they are not to provide 
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advice on policy.  Rather, they should focus their review on identifying and characterizing 
scientific uncertainties.  Peer reviewers will be asked to answer questions pertaining to the logic 
of our assumptions, arguments, and conclusions and to provide any other relevant comments, 
criticisms, or thoughts.  Collectively, the review should cover, but not be limited to, the topics 
listed below.  Individual reviewers should, at their own discretion, provide comments, 
criticisms, and ideas about any of the topics they feel qualified to comment on.  Not all 
reviewers are required to address all issues noted below.  Reviewers should comment on areas 
within their expertise, and may choose to may choose to  should abstain from commenting in 
areas outside of their expertise on other areas other areas. 
 
Peer reviewers will be asked to complete and sign a Conflict of Interest form (see Paragraph 8). 
 

Available Data  
 
(1)  Please identify any oversights or omissions of data or information, and their relevance to the 
assessment. Are there others sources of information or studies that were not included that are 
relevant to assessing current and future threats to the viability of this species and not repetitive of 
other information or studies already included? What are they are and how are they relevant?  
 
(2)  Provide advice on the overall strengths and limitations of the scientific data used in the 
document. Have the authors beenIs the information presented in the SSA report explicit about 
assumptions and limitations of, and concerns regarding, the data, and are these appropriately 
qualified or explained? Are there concerns that the Service did not identify, and if so, how relevant 
are these concerns to the assessment of viability of the North American wolverine? Are there any 
inconsistencies in how the data are presented or assessed?  
 
Analysis of Available Data 
 
(3)  Have the assumptions and methods used in the SSA report been clearly and logically stated in 
light of the best available information? If not, please identify the specific assumptions and methods 
that are unclear or illogical. 
 
(4)  Are there demonstrable errors of fact or interpretation? Have the authors of the SSA report 
provided reasonable and scientifically sound interpretations and syntheses from the scientific 
information presented in the report? Are there instances in the SSA report where a different but 
equally reasonable and sound interpretation might be reached that differs from that provided by the 
Service? If any instances are found where this is the case, please provide the specifics regarding 
those particular concerns. 
 
(5)  Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the 
scientific uncertainties presented given the data and the analyses conducted been clearly identified 
and has the degree of uncertainty been appropriately characterized? If not, please identify any 
specifics concerns. 
 
(6)  Does the SSA report adequately consider what the species needs to maintain viability in terms 
of resiliency, redundancy, and representation?   
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In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that the services provided shall 
consist of unbiased assessments through proper management and enforcement of scientific 
integrity standards, to avoid any conflict of interest. 
 
4. Required Service (Work) Items - Task Line Item Numbers (TLIN): As described in the 

agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this project. The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule:  

 
TLIN 001: Selecting for peer reviewers or review panels, or for task orders to provide 
scientific support. 
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products. 
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 15 consecutive days). 
TLIN 005: Maintaining an official record for peer reviews or task orders. 

 
5. Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement 
paragraph 3, which states, “The Contractor shall provide the Contracting Officer 
Representative with three key deliverables:  (1) Proposed Timeline, (2) Original individual 
scientific reviews and a transmittal letter to the Service (to Regional Director, Noreen Walsh), 
and (3) Complete Official Record.” Original individual scientific reviews will be provided to 
the Contracting Officer Representative electronically in both Word and pdf format. 

 
There are no additional deliverables.  However, the contractor will be required to respond 
to questions, inquiries, or other related requests, and final acceptance, as needed.  These 
request(s) will be by the Contracting Officer Representative (XXXX), in coordination 
with the Contracting Officer (XXXX).  Inquiries or requests are limited to the products 
provided, and work performed under this contract (order).   
 
Responses include, but not limited to: phone calls, written responses, and/or meetings. 

 
Review comments by the Contracting Officer Representative will be provided to the 
contractor via the Contracting Officer. 

 
6. Task Schedule. 
The period of performance shall not exceed the contract expiration date without a contract 
modification.  In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays.  Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early).  Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 

Formatted: Indent: Left:  0.08", Hanging:  0.21", Right:  0"



5  

 
TASK/DELIVERABLE CALENDAR DAYS 

AFTER AWARD 
Task 1:  The Service’s project lead will provide access to 
materials needed for the review.  

 1 (On XXXX)  

Task 2:  The contractor(s) shall manage a thorough, objective 
peer review of the Service’s draft Species Status Assessment 
report for the North American wolverine. 

 31 (30 days after 
XXXX) 

Task 3:  The contractor(s) will provide 5 expert peer reviews 
and a transmittal letter to the Service (to Regional Director, 
Noreen Walsh). 

 33 (2 days)  

Task 4:  The contractor facilitates specific follow-up 
questions/answers between the Service and the reviewers (task 
limited to a 10-day period, 60 days after delivering initial 
review comments to the Service).  

43 (10 days )   

Task 5: The contractor will provide all applicable official 
records to the Service project manager. 

45 (2 days )  

 
 
 

TASK/DELIVERABLE CALENDAR 
DAYS AFTER 
AWARD 

Task 1: FWS Project ULT Lead or Field Office? will 
provide the Contractor access to materials needed by the 
Contractor to determine the scope of the activity and 
identify appropriate peer reviewers, such as an early draft 
of the biological report (Note: the final draft SSA 
biological report will not be ready available at the time of 
award to provide to the Contractor.)  

1 day after award 
(estimated as DATE) 

 
Task 2:  The Contractor(s) will provide the Project Lead 
Field Office?? the names and resumes of 5 qualified, 
expert peer reviewers. 

  
1421 days from task 1 
(estimated as DATE)  

Task 3:  The Project Lead will review the names and 
resumes of the peer reviewers and provide feedback to 
Contractor – acceptable / not non-acceptable.  If a peer 
reviewer is determined by the government to be notn- 
acceptable, the Contractor has 10 days from notification 
to submit new names and resumes for government review. 
Government will review within 7 days.  

7 days from Task 2 
(estimated as DATE) 
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 CALENDAR DAYS 
AFTER FINAL DRAFT 
SSA REPORT HAS 
BEEN PROVIDED TO 
CONTRACTOR 
(estimated as DATE – 
subject to change) 

Task 4: The Contractor(s) through use of Peer Reviewers, 
shall conduct a thorough, objective 30-day peer review of 
the draft SSA.    

  
30 days (estimated as 
DATE); Provide reviews 
to the Service within 5 
calendar days after the 30 
days) (estimated as 
DATE).  

Task 5: The Project Lead facilitates specific follow-up 
questions/answers between the Service and the reviewers.  

46 days (estimated as 
DATE) 

Task 6:  The Contractor(s) will provide all applicable 
official records to the Service Project Lead. 

5 days (estimated as 
DATE) 

 
7. Official Administrative Record 
The Contractor is required to prepare an official record. 

 
8. Information Sources 
The key information sources and links for this review will include: (1) the draft North American 
wolverine species status assessment. Pertinent literature will be provided, as well as background 
information including, but not limited to: ADD LIST HERE.  The Service will provide a 
Conflict of Interest form for each peer reviewer to complete. 

 
9. Payment Schedule: 

 
The payment schedule is as follows:  100 percent upon completion of Task 6 above. 

 
10. Points of Contact: 
Contracting Officers, Mr. Steve Gess, (R6) 303-236-4334 or email: steve_gess@fws.gov;  

 
Contracting Officer Representative/Project Lead:  Justin Shoemaker, Classification and 
Recovery Biologist, 309-757-5800 ext. 214 or email: justin_shoemaker@fws.gov  

 
11. List of Enclosures/Attachments 
1) Draft North American wolverine Species Status Assessment 
2) Electronic or cd copies of literature cited in the above document 

 
12. Evaluation Criteria (This paragraph will be deleted upon award) 
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This requirement will be awarded based on best value.  Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (wolverine wildlife 
biologist/ecologist/statistician/modeler having performed similar reviews) (reference paragraph 
3). 

 
Price must detail cost in accordance with the agreement. The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers. The approach should be 
no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs. All 
contractors must propose five reviewers. Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV). 
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U.S. Fish and Wildlife Service 
Participation in Peer Review of the Bicknell’s thrush (Catharus bicknelli) 

Draft Biological Species Report 
 

BACKGROUND INFORMATION 
AND 

CONFLICT OF INTEREST DISCLOSURE 
 
 
NAME: _____________________________ TELEPHONE: ____________ 
 
ADDRESS: ___________________________________________________ 
 
                   ____________________________________________________   
 
EMAIL ADDRESS: ____________________________________________ 
 
CURRENT EMPLOYER: ________________________________________ 
 
 
This form has two (2) parts:  

 
Part I – Background Information, and;  
Part II – Conflict of Interest Disclosure.   

 
Please complete both parts, sign and date the form on the last page, and return the form 
to Ms. Krishna Gifford, U.S. Fish and Wildlife Service, Endangered Species Program, 
Northeast Regional Office, 300 Westgate Center Dr., Hadley, MA 01035 or 
krishna_gifford@fws.gov.  Please retain a copy for your records.   
 

PART I  
BACKGROUND INFORMATION 

 
INSTRUCTIONS 

 
 Please provide the information requested below regarding relevant organizational 
affiliations, government service, public statements and positions, research support, and 
additional information (if any).  Information is “relevant” if it is related to and might 
reasonably be of interest to others concerning your knowledge, experience, and personal 
perspectives regarding the subject matter for which this form is being completed.  If some 
or all of the requested information is contained in your curriculum vitae (CV), you may 
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prefer to simply attach your CV to this form, supplemented by additional responses or 
comments below as necessary.  
 
I. ORGANIZATIONAL AFFILIATIONS.  Report your relevant business relationships 
(as an employee, owner, officer, director, consultant, etc.) and your relevant remunerated 
or volunteer non-business relationships (e.g., professional organizations, trade 
associations, public interest or civic groups, etc.).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
II. GOVERNMENT SERVICE.  Report your relevant service (full-time or part-time) 
with Federal, State, or local government in the United States (including elected or 
appointed positions, employment, advisory board memberships, military service, etc.). 
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III. RESEARCH SUPPORT.  Report relevant information regarding both public and 
private sources of research support (other than your present employer), including sources 
of funding, equipment, facilities, etc.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IV. PUBLIC STATEMENTS AND POSITIONS.  List your relevant articles, testimony, 
speeches, etc., by date, title, and publication (if any) in which they appeared, or provide 
relevant representative examples if numerous. Provide a brief description of relevant 
positions of any organizations or groups with which you are closely identified or 
associated.  
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V. ADDITIONAL INFORMATION.  If there are relevant aspects of your background or 
present circumstances not addressed above that might reasonably be construed by others 
as affecting your judgment in matters within the topics addressed in the proposed rule, 
and therefore might constitute an actual or potential source of bias, please describe them 
briefly. 
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PART II 
CONFLICT OF INTEREST DISCLOSURE 

 
INSTRUCTIONS 
 

It is essential that a peer reviewer used by the U.S. Fish and Wildlife Service 
(Service) as part of its peer review process for listing determinations under the 
Endangered Species Act of 1973, as amended (ESA) not be compromised by conflict of 
interest.  For this purpose, the term “conflict of interest” means any financial or other 
interest which conflicts with the service of the individual because it (1) could 
significantly impair the individual’s objectivity or (2) could create an unfair 
competitive advantage for any person or organization.1  Except for those situations in 
which the Service determines that a conflict of interest is unavoidable and promptly and 
publicly discloses the conflict of interest, no individual can participate in a peer review 
process used by the Service in either (1) a proposed listing or proposed critical habitat 
rule; or (2) of a Biological Species or Species Status Assessment Report that provides the 
biological underpinning for the Service to make a decision on whether or not a species 
warrants listing or that designating critical habitat is prudent and determinable, if the 
individual has a conflict of interest that is relevant to the functions to be performed. 
 

The term “conflict of interest” means something more than individual bias.  There 
must be an interest that could be directly affected by your participation as a peer 
reviewer.  

 
Conflict of interest requirements are objective and prophylactic.  They are not an 

assessment of one’s actual behavior or character, one’s ability to act objectively despite 
the conflicting interest, or one’s relative insensitivity to particular dollar amounts of 
specific assets because of one’s personal wealth.  Conflict of interest requirements are 
objective standards designed to eliminate certain specific, potentially compromising 
situations from arising, and thereby to protect the individual, the Service, and the public 
interest.  The individual and the Service should not be placed in a situation where others 
could reasonably question, and perhaps discount or dismiss, the information produced 
through the peer review simply because of the existence of conflicting interests. 

 
The term “conflict of interest” applies only to current interests.  It does not apply 

to past interests that have expired, no longer exist, and cannot reasonably affect current 
behavior.  Nor does it apply to possible interests that may arise in the future but do not 
currently exist, because such future interests are inherently speculative and uncertain.  
For example, a pending formal or informal application for a particular job is a current 
interest, but the mere possibility that one might apply for such a job in the future is not a 
current interest. 

      

                                                           
1 This definition and the other information in these instructions are drawn from the National Academy of 
Sciences Policy on Committee Composition and Balance and Conflicts of Interest for Committees Used in 
the Development of Reports (May 12, 2003). 
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The term “conflict of interest” applies not only to the personal interests of the 
individual but also to the interests of others with whom the individual has substantial 
common financial or other interests if these interests are relevant to the functions to be 
performed.  Thus, in assessing an individual’s potential conflicts of interest, consideration 
must be given not only to the interests of the individual but also to the interests of the 
individual’s spouse and minor children, the individual’s employer, the individual’s 
business partners, and others with whom the individual has substantial common financial 
or other interests.  Consideration must also be given to the interests of those for whom 
one is acting in a fiduciary or similar capacity (e.g., being an officer or director of a 
corporation, whether profit or nonprofit, or serving as a trustee). 

 
Such interests could include an individual’s stock holdings in excess of $10,000 

in a potentially affected company or being an officer, director, or employee of the 
company.  Serving as a consultant to the company could constitute such an interest if the 
consulting relationship with the company could be directly affected or is directly related 
to the subject matter of the regulatory process.   

 
An individual’s other possible interests might include, for example, relevant 

patents and other forms of intellectual property, serving as an expert witness in litigation 
directly related to the subject matter of the regulatory process, or receiving research 
funding from a party that would be directly affected by the regulatory process if the 
research funding could be directly affected or is directly related to the subject matter of 
the regulatory process and the right to independently conduct and publish the results of 
this research is limited by the sponsor.  Consideration would also need to be given to the 
interests of others with whom the individual has substantial common financial interests, 
particularly spouses, employers, clients, and business or research partners. 

 
The following questions are designed to elicit information from you concerning 

possible conflicts of interest that are relevant to the functions to be performed by your 
peer review.   
 
 
1.  EMPLOYMENT.  (a) If the information received by the Service through the peer 
review process were to provide the basis for government regulatory action or inaction 
with respect to the Bicknell’s thrush:  
 

(i) If you are employed or self-employed, could your current employment or self-
employment (or your spouse’s current employment or self-employment) be 
directly affected? 

 
(ii) To the best of your knowledge, could any financial interests of your (or your 
spouse’s) employer or, if self-employed, your (or your spouse’s) clients and/or 
business partners be directly affected? 
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(iii) If you are an officer, director or trustee of any corporation or other legal 
entity, could the financial interests of that corporation or legal entity be directly 
affected? 

 
(iv) If you are a consultant (whether full-time or part-time), could there be a direct 
effect on any of your current consulting relationships? 

 
(v) Regardless of the potential effect on the consulting relationship, do you have 
any current or continuing consulting relationships (including, for example, 
commercial and professional consulting and service arrangements, scientific and 
technical advisory board memberships, serving as an expert witness in litigation, 
or providing services in exchange for honorariums and travel expense 
reimbursements) that are directly related to the subject matter of the possible 
government regulatory action or inaction? 

 
(b) If you are or have ever been a U.S. Government employee (either civilian or military), 
to the best of your knowledge are there any Federal conflict of interest restrictions that 
may be applicable to your service in connection with this peer review? 
 
(c) If you are a U.S. Government employee, are you currently employed by the Service?  
 
If the answer to all of the above questions under EMPLOYMENT is either “no” or 
“not applicable,” check here _____ (NO).   

 
If the answer to any of the above questions under EMPLOYMENT is “yes,” check 
here ____ (YES), and briefly describe the circumstances on the last page of this 
form.  
 
 
2.  INVESTMENT INTERESTS.  Taking into account stocks, bonds, and other financial 
instruments and investments including partnerships (but excluding broadly diversified 
mutual funds and any investment or financial interest valued at less than $10,000), if the 
information received by the Service through the peer review process were to provide the 
basis for government regulatory action or inaction with respect to the Bicknell’s thrush: 
 
(a) Do you or your spouse or minor children own directly or indirectly (e.g., through a 
trust or an individual account in a pension or profit-sharing plan) any stocks, bonds or 
other financial instruments or investments that could be affected, either directly or by a 
direct effect on the business enterprise or activities underlying the investments? 
 
(b) Do you have any other significant financial investments or interests, such as 
commercial business interests (e.g., sole proprietorships), investment interests (e.g., stock 
options), or personal investment relationships (e.g., involving parents or grandchildren), 
that could be affected, either directly or by a direct effect on the business enterprise or 
activities underlying the investments? 
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If the answer to all of the above questions under INVESTMENT INTERESTS is 
either “no” or “not applicable,” check here _____ (NO).   

 
If the answer to any of the above questions under INVESTMENT INTERESTS is 
“yes,” check here ____ (YES), and briefly describe the circumstances on the last 
page of this form.      
 
 
3.  PROPERTY INTERESTS.  Taking into account real estate and other tangible 
property interests, as well as intellectual property (patents, copyrights, etc.) interests, if 
the information received by the Service through the peer review process were to provide 
the basis for government regulatory action or inaction with respect to the Bicknell’s 
thrush:  
 
(a) Do you or your spouse or minor children own directly or indirectly any such property 
interests that could be directly affected? 
 
(b) To the best of your knowledge, do any others with whom you have substantial 
common financial interests (e.g., employer, business partners, etc.) own directly or 
indirectly any such property interests that could be directly affected? 
 
If the answer to all of the above questions under PROPERTY INTERESTS is either 
“no” or “not applicable,” check here _____ (NO).   

 
If the answer to any of the above questions under PROPERTY INTERESTS is 
“yes,” check here ____ (YES), and briefly describe the circumstances on the last 
page of this form. 
 
 
4.  RESEARCH FUNDING AND OTHER INTERESTS.  (a) Taking into account your 
research funding and other research support (e.g., equipment, facilities, industry 
partnerships, research assistants and other research personnel, etc.),  if the information 
received by the Service through the peer review process were to provide the basis for 
government regulatory action or inaction with respect to the Bicknell’s thrush:  
 

(i) Could the research funding and support for you or your close research 
colleagues and collaborators be directly affected, or 

 
(ii) If you have any research agreements for current or continuing research 
funding or support from any party whose financial interests could be directly 
affected, and such funding or support is directly related to the subject matter of 
the regulatory process, do such agreements significantly limit your ability to 
independently conduct and publish the results of your research? 
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(b) Is the central purpose of the Species Status Assessment Draft Report for which this 
disclosure form is being prepared a critical review and evaluation of your own work or 
that of your employer? 
 
(c) Do you have any existing professional obligations (e.g., as an officer of a scientific or 
engineering society) that effectively require you to publicly defend a previously 
established position on an issue that is relevant to the proposed rule? 
 
(d) To the best of your knowledge, will your participation in this peer review process 
enable you to obtain access to a competitor’s or potential competitor’s confidential 
proprietary information? 
 
(e) Could your service as a peer reviewer create a specific financial or commercial 
competitive advantage for you or others with whom you have substantial common 
financial interests? 

 
 
If the answer to all of the above questions under RESEARCH FUNDING OR 
OTHER INTERESTS is either “no” or “not applicable,” check here _____ (NO).   

 
If the answer to any of the above questions under RESEARCH FUNDING OR 
OTHER INTERESTS is “yes,” check here ____ (YES), and briefly describe the 
circumstances below. 
       
   
EXPLANATION OF “YES” RESPONSES: 
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During your period of service in connection with the activity for which this form is being 
completed, any changes in the information reported, or any new information, which 
needs to be reported, should be reported promptly by written or electronic 
communication to the responsible staff officer. 

 
 
_______________________________________  ________________________ 
YOUR SIGNATURE      DATE 
 
 
 
Reviewed by:  ___________________________  ________________________ 
  Krishna Gifford    Date   

U.S. Fish and Wildlife Service 
  Northeast Regional Office 
  Endangered Species Listing Coordinator 
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Statement of Work 

Peer Review of the Draft Species Status Assessment Report for the North American Wolverine 
 

Date:  September19 7, 2017 
 

1. Introduction/Background 
 
The Service has drafted a Species Status Assessment (SSA) report to inform an evaluation of 
the status of the North American wolverine (Gulo gulo luscus) under the Endangered Species 
Act of 1973, as amended (Act). The SSA report is a comprehensive evaluation of the biological 
status of the North American wolverine and its viability as a species. The SSA report considers 
the ecological needs as well as current and forecasted future conditions for the species. We are 
seeking peer review on the SSA report. 
 
In compliance with a Court order that remanded our previous withdrawal of a proposed rule to 
list a Distinct Population Segment of the North American wolverine (79 FR 47522; August 13, 
2014), the Service will prepare either a revised proposed rule to list as a threatened or 
endangered species under the Act, or a revised withdrawal of the previous proposed rule (78 FR 
7864; February 4, 2013).  The SSA report will be used to inform a decision (to be published in 
the Federal Register) to classify the North American wolverine as threatened, endangered or 
“not warranted” under the Act.   
 
The wolverine is the largest terrestrial member of the family Mustelidae.  In North America, 
wolverines occur within a wide variety of habitats, primarily boreal forests, tundra, and western 
mountains throughout Alaska and Canada; however, the southern portion of the range extends 
into the contiguous United States.  Currently, wolverines are found in the North Cascades in 
Washington and the Northern Rocky Mountains in Idaho, Montana, Oregon and(Wallowa 
Range), parts of Washington and Oregon, and Wyoming.  Individual wolverines have recently 
dispersed into their historical range in the Sierra Nevada Mountains of California and the 
Southern Rocky Mountains of Colorado, but have not established breeding populations in these 
areas. 
 
2. Description of Review 

 
As part of the Service’s peer review policy we are requesting peer review of the draft Species 
Status Assessment report.  The purpose of the peer review is to help us ensure that we are using 
the best scientific and commercial information in the SSA report.  Thus, we are looking for 
independent scientific perspectives on the draft SSA report.  Peer Reviewers should be advised 
that they are not to provide advice on policy. 

 
3. Methods, Protocols and/or Scientific Standards 

 
1. Each reviewer must have a Ph.D. or a Master’s with significant experience in Wildlife 

Ecology, Ecology, or Wildlife Management; and 
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2.  In combination, the expertise of the qualified reviewers shall include the following;, 
however, each individual is not required to meet all qualifications: 
 

a. Experience or expertise with carnivore management, especially wolverines; 
 

b. Expert knowledge of wildlife biology, wildlife management, demographic management 
of mammals (especially mesocarnivores), genetics, population modeling , small 
population conservation management, and/or scientific literature on wolverines or other 
mustelieds;  
 

c. Expert knowledge of the effects of climate change and climate change modeling, 
specifically in the Mountain West area of the United States, which includes the 
northern Rocky Mountains, the North Cascades, or the southern Rocky Mountains ; 
 

d. Expert knowledge of genetics of metapopulations; 
 
e. Experience as a peer reviewer for scientific publications; 
 
f. Knowledge of wolverine management in Canada, Alaska, and/or Europe. 

 
The Contractor shall ensure the peer review process complies with the Service’s July 1, 1994 peer 
review policy (59 FR 34270), the Service's August 22, 2016 Director's Memo on the Peer Review 
Process, and the Office of Management and Budget’s December 16, 2004 Final Information 
Quality Bulletin for Peer Review.  For example, potential conflicts of interest should be avoided, 
if possible and disclosed if not possible.  Potential conflicts of interest would likely include: 
employment or affiliation with the Service, the States of California, Colorado, Idaho, Montana, 
Nevada, New Mexico, Oregon, Utah, Washington, or Wyoming, or the Canadian Federal 
government; and peer reviewers, who have been or are directly or indirectly employed by any 
organization that has either litigated the federal government concerning wolverines or taken a 
position on one side or the other about the status of the North American wolverine in the 
contiguous United States.  In addition,  individuals who served as peer reviewers for previous 
proposed rules or who were  participants in the April 2-3, 2014 facilitated wolverine workshop 
held by the Service should be disqualified from this peer review process.  Finally, the reviewers 
should have no financial or other conflicts of interest with the outcome or implications of the 
report.  The contractor will be responsible for selecting reviewers and obtaining the individual 
written peer reviews from at least 3 and up to 5 well-qualified reviewers.   

 
Peer Reviewers will provide individual, written responses.  Peer Reviewers will be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public. We will summarize and 
respond to the issues raised by the peer reviewers in the administrative record and address 
these concerns in the SSA report, as appropriate. 
 
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 15 days, starting immediately after the Service receives 
the reviews from the contractor.  Peer reviewers will be advised that they are not to provide 
advice on policy.  Rather, they should focus their review on identifying and characterizing 
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scientific uncertainties.  Peer reviewers will be asked to answer questions pertaining to the logic 
of our assumptions, arguments, and conclusions and to provide any other relevant comments, 
criticisms, or thoughts.  Collectively, the review should cover, but not be limited to, the topics 
listed below.  Individual reviewers should, at their own discretion, provide comments, 
criticisms, and ideas about any of the topics they feel qualified to comment on.  Not all 
reviewers are required to address all issues noted below.  Reviewers should comment on areas 
within their expertise, and may choose to may choose to  should abstain from commenting in 
areas outside of their expertise on other areas other areas. 
 
Peer reviewers will be asked to complete and sign a Conflict of Interest form (see Paragraph 8). 
 

Available Data  
 
(1)  Please identify any oversights or omissions of data or information, and their relevance to the 
assessment. Are there others sources of information or studies that were not included that are 
relevant to assessing current and future threats to this species and not repetitive of other 
information or studies already included? What are they and how are they relevant?  
 
(2)  Provide advice on the overall strengths and limitations of the scientific data used in the 
document. Is the information presented in the SSA report explicit about assumptions and 
limitations of, and concerns regarding, the data, and are these appropriately qualified or explained? 
Are there concerns that the Service did not identify, and if so, how relevant are these concerns to 
the assessment of the North American wolverine? Are there any inconsistencies in how the data are 
presented or assessed?  
 
Analysis of Available Data 
 
(3)  Have the assumptions and methods used in the SSA report been clearly and logically stated in 
light of the best available information? If not, please identify the specific assumptions and methods 
that are unclear or illogical. 
 
(4)  Are there demonstrable errors of fact or interpretation? Have the authors of the SSA report 
provided reasonable and scientifically sound interpretations and syntheses from the scientific 
information presented in the report? Are there instances in the SSA report where a different but 
equally reasonable and sound interpretation might be reached that differs from that provided by the 
Service? If any instances are found where this is the case, please provide the specifics regarding 
those particular concerns. 
 
(5)  Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the 
scientific uncertainties presented and the analyses conducted been clearly identified and has the 
degree of uncertainty been appropriately characterized? If not, please identify any specifics 
concerns. 
 
(6)  Does the SSA report adequately consider what the species needs to maintain viability in terms 
of resiliency, redundancy, and representation?   
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In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that the services provided shall 
consist of unbiased assessments through proper management and enforcement of scientific 
integrity standards, to avoid any conflict of interest. 
 
4. Required Service (Work) Items - Task Line Item Numbers (TLIN): As described in the 

agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this project. The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule:  

 
TLIN 001: Selecting for peer reviewers or review panels, or for task orders to provide 
scientific support. 
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products. 
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 15 consecutive days). 
TLIN 005: Maintaining an official record for peer reviews or task orders. 

 
5. Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement 
paragraph 3, which states, “The Contractor shall provide the Contracting Officer 
Representative with three key deliverables:  (1) Proposed Timeline, (2) Original individual 
scientific reviews and a transmittal letter to the Service (to Regional Director, Noreen Walsh), 
and (3) Complete Official Record.” Original individual scientific reviews will be provided to 
the Contracting Officer Representative electronically in both Word and pdf format. 

 
There are no additional deliverables.  However, the contractor will be required to respond 
to questions, inquiries, or other related requests, and final acceptance, as needed.  These 
request(s) will be by the Contracting Officer Representative (COR) (XXXX), in 
coordination with the Contracting Officer (XXXX).  Inquiries or requests are limited to 
the products provided, and work performed under this contract (order).   
 
Responses include, but not limited to: phone calls, written responses, and/or meetings. 

 
Review comments by the COR will be provided to the contractor via the 
Contracting Officer. 

 
6. Task Schedule. 
The period of performance shall not exceed the contract expiration date without a contract 
modification.  In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays.  Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early).  Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
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TASK/DELIVERABLE CALENDAR DAYS 
AFTER AWARD 

Task 1:  The Service’s COR will provide access to materials 
needed for the review.  

 1 (On XXXX)  

Task 2:  The contractor(s) shall manage a thorough, objective 
peer review of the Service’s draft Species Status Assessment 
report for the North American wolverine. 

 31 (30 days after 
XXXX) 

Task 3:  The contractor(s) will provide 5 expert peer reviews 
and a transmittal letter to the Service (to Regional Director, 
Noreen Walsh). 

 33 (2 days)  

Task 4:  The contractor facilitates specific follow-up 
questions/answers between the Service and the reviewers (task 
limited to a 10-day period, 60 days after delivering initial 
review comments to the Service).  

43 (10 days )   

Task 5: The contractor will provide all applicable official 
records to the Service’s COR. 

45 (2 days )  

 
 
 

TASK/DELIVERABLE CALENDAR 
DAYS AFTER 
AWARD 

Task 1: FWS Project ULT Lead or Field Office? will 
provide the Contractor access to materials needed by the 
Contractor to determine the scope of the activity and 
identify appropriate peer reviewers, such as an early draft 
of the biological report (Note: the final draft SSA 
biological report will not be ready available at the time of 
award to provide to the Contractor.)  

1 day after award 
(estimated as DATE) 

 
Task 2:  The Contractor(s) will provide the Project Lead 
Field Office?? the names and resumes of 5 qualified, 
expert peer reviewers. 

  
1421 days from task 1 
(estimated as DATE)  

Task 3:  The Project Lead will review the names and 
resumes of the peer reviewers and provide feedback to 
Contractor – acceptable / not non-acceptable.  If a peer 
reviewer is determined by the government to be notn- 
acceptable, the Contractor has 10 days from notification 
to submit new names and resumes for government review. 
Government will review within 7 days.  

7 days from Task 2 
(estimated as DATE) 
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 CALENDAR DAYS 
AFTER FINAL DRAFT 
SSA REPORT HAS 
BEEN PROVIDED TO 
CONTRACTOR 
(estimated as DATE – 
subject to change) 

Task 4: The Contractor(s) through use of Peer Reviewers, 
shall conduct a thorough, objective 30-day peer review of 
the draft SSA.    

  
30 days (estimated as 
DATE); Provide reviews 
to the Service within 5 
calendar days after the 30 
days) (estimated as 
DATE).  

Task 5: The Project Lead facilitates specific follow-up 
questions/answers between the Service and the reviewers.  

46 days (estimated as 
DATE) 

Task 6:  The Contractor(s) will provide all applicable 
official records to the Service Project Lead. 

5 days (estimated as 
DATE) 

 
7. Official Administrative Record 
The Contractor is required to prepare an official record. 

 
8. Information Sources 
The key information sources and links for this review will include: (1) the draft North American 
wolverine species status assessment. Pertinent literature will be provided, as well as background 
information including, but not limited to: ADD LIST HERE.  The Service will provide a 
Conflict of Interest form for each peer reviewer to complete. 

 
9. Payment Schedule: 

 
The payment schedule is as follows:  100 percent upon completion of Task 5 above. 

 
10. Points of Contact: 
Contracting Officers, Mr. Steve Gess, (R6) 303-236-4334 or email: steve_gess@fws.gov;  

 
Contracting Officer Representative/Project Lead:  Justin Shoemaker, Classification and 
Recovery Biologist, 309-757-5800 ext. 214 or email: justin_shoemaker@fws.gov  

 
11. List of Enclosures/Attachments 
1) Draft North American wolverine Species Status Assessment 
2) Electronic or cd copies of literature cited in the above document 
3) Conflict of Interest form 
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12. Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value.  Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (reference paragraph 
3). 

 
Price must detail cost in accordance with the agreement. The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers. The approach should be 
no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs. All 
contractors must propose five reviewers. Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV). 



From: Bush, Jodi
To: Snyder, Caitlin
Cc: Justin Shoemaker; Grizzle, Betty
Subject: Re: Draft SOW and peer review plan for wolverine peer review
Date: Tuesday, September 19, 2017 4:37:34 PM
Attachments: 20170919_Wolverine peer review Statement of Work_revised_Jbeds.docx

Conflict of Interest Disclosure Form_template (1).pdf

Caitlin.  I have reviewed SOW please me comments.  Lets finalize this and get it ready to be
awarded asap.  I made some changes that are consistent with the SOW we just did with Fisher
earlier this spring regarding the number of reviewers.  

I also think the simpler version of Betty's Conflict of interest form works.  If you'd like me to
take over finalizing it and getting it to our contracting Office  in R6 -I can do that.  Let me
know.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Sep 19, 2017 at 3:44 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
I am working this week on completing draft SSA Report (so that I can send out by COB
Friday) so have limited time to review the SOW.

But please see a very simple COI form/template that we used in this office.

On Tue, Sep 19, 2017 at 2:08 PM, Snyder, Caitlin <caitlin_snyder@fws.gov> wrote:
Thanks, all.  I revised the draft Statement of Work per your comments/input.  I
have a full track changes version and a revised version with today's date.  The
version with today's date is cleaned up for the most part, but with several
comments/responses remaining for you to review.

I'm also attaching a conflict of interest form we used for another peer review.  We
can revise for wolverine.

Please let me know if you have any questions.

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

mailto:jodi_bush@fws.gov
mailto:caitlin_snyder@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:betty_grizzle@fws.gov
mailto:betty_grizzle@fws.gov
mailto:caitlin_snyder@fws.gov


On Tue, Sep 12, 2017 at 2:34 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Betty and others.  My review on top of Betty's.  Generally I agree with her suggested
edits.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Sep 12, 2017 at 11:46 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Please see attached documents with my comments/suggestions.

On Fri, Sep 8, 2017 at 7:36 AM, Snyder, Caitlin <caitlin_snyder@fws.gov> wrote:
Hi Justin and Betty,

Attached is a draft Statement of Work for the wolverine peer review and a
draft peer review plan.

The SOW will be submitted to contracting and they will put it out to the
contractor to get a bid on the peer review process.  There is template
language in the SOW, so please only look at the specific language related to
wolverine and the schedule (number of days for each task).  

The peer review plan will be posted on the Service's Peer Review page --
I'm assuming it should go under Region 6.  

The peer review plan draws from the language in the SOW, so I recommend
focusing your review on the SOW, because I can easily incorporate the
language from the SOW into the peer review plan later.

Please let me know if you have any questions.

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

mailto:jodi_bush@fws.gov
mailto:betty_grizzle@fws.gov
mailto:caitlin_snyder@fws.gov


-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax



Conflict of Interest Disclosure Form 

Note: A potential or actual conflict of interest exists when commitments and obligations are likely to be 
compromised by the nominator(s)’other material interests, or relationships (especially economic), 
particularly if those interests or commitments are not disclosed.  

This Conflict of Interest Form should indicate whether the nominator(s) has an economic interest in, or 
acts as an officer or a director of, any outside entity whose financial interests would reasonably appear 
to be affected by the addition of the nominated condition to the newborn screening panel. The 
nominator(s) should also disclose any personal, business, or volunteer affiliations that may give rise to a 
real or apparent conflict of interest. Relevant Federally and organizationally established regulations and 
guidelines in financial conflicts must be abided by. Individuals with a conflict of interest should refrain 
from nominating a condition for screening. 

Date: 

Name: 

Position: 

Please describe below any relationships, transactions, positions you hold (volunteer or otherwise), or 
circumstances that you believe could contribute to a conflict of interest: 

_____ I have no conflict of interest to report. 

_____ I have the following conflict of interest to report (please specify other nonprofit and for-profit 
boards you (and your spouse) sit on, any for-profit businesses for which you or an immediate family 
member are an officer or director, or a majority shareholder, and the name of your employer and any 
businesses you or a family member own: 

1. ___________________________________________________________________________________ 

2.___________________________________________________________________________________ 

3.___________________________________________________________________________________ 

I hereby certify that the information set forth above is true and complete to the best of my knowledge. 

Signature: __________________________________________________________________________ 

Date: _________________________________________ 
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Statement of Work 

Peer Review of the Draft Species Status Assessment Report for the North American Wolverine 
 

Date:  September19 7, 2017 
 

1. Introduction/Background 
 
The Service has drafted a Species Status Assessment (SSA) report to inform an evaluation of 
the status of the North American wolverine (Gulo gulo luscus) under the Endangered Species 
Act of 1973, as amended (Act). The SSA report is a comprehensive evaluation of the biological 
status of the North American wolverine and its viability as a species. The SSA report considers 
the ecological needs as well as current and forecasted future conditions for the species. We are 
seeking peer review on the SSA report. 
 
In compliance with a Court order that remanded our previous withdrawal of a proposed rule to 
list a Distinct Population Segment of the North American wolverine (79 FR 47522; August 13, 
2014), the Service will prepare either a revised proposed rule to list as a threatened or 
endangered species under the Act, or a revised withdrawal of the previous proposed rule (78 FR 
7864; February 4, 2013).  The SSA report will be used to inform a decision (to be published in 
the Federal Register) to classify the North American wolverine as threatened, endangered or 
“not warranted” under the Act.   
 
The wolverine is the largest terrestrial member of the family Mustelidae.  In North America, 
wolverines occur within a wide variety of habitats, primarily boreal forests, tundra, and western 
mountains throughout Alaska and Canada; however, the southern portion of the range extends 
into the contiguous United States.  Currently, wolverines are found in the North Cascades in 
Washington and the Northern Rocky Mountains in Idaho, Montana, Oregon and(Wallowa 
Range), parts of Washington and Oregon, and Wyoming.  Individual wolverines have recently 
dispersed into their historical range in the Sierra Nevada Mountains of California and the 
Southern Rocky Mountains of Colorado, but have not established breeding populations in these 
areas. 
 
2. Description of Review 

 
As part of the Service’s peer review policy we are requesting peer review of the draft Species 
Status Assessment report.  The purpose of the peer review is to help us ensure that we are using 
the best scientific and commercial information in the SSA report.  Thus, we are looking for 
independent scientific perspectives on the draft SSA report.  Peer Reviewers should be advised 
that they are not to provide advice on policy. 

 
3. Methods, Protocols and/or Scientific Standards 

 
1. Each reviewer must have a Ph.D. or a Master’s with significant experience in Wildlife 

Ecology, Ecology, or Wildlife Management; and 
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2.  In combination, the expertise of the qualified reviewers shall include the following;, 
however, each individual is not required to meet all qualifications: 
 

a. Experience or expertise with carnivore management, especially wolverines; 
 

b. Expert knowledge of wildlife biology, wildlife management, demographic management 
of mammals (especially mesocarnivores), genetics, population modeling , small 
population conservation management, and/or scientific literature on wolverines or other 
mustelieds;  
 

c. Expert knowledge of the effects of climate change and climate change modeling, 
specifically in the Mountain West area of the United States, which includes the 
northern Rocky Mountains, the North Cascades, or the southern Rocky Mountains ; 
 

d. Expert knowledge of genetics of metapopulations; 
 
e. Experience as a peer reviewer for scientific publications; 
 
f. Knowledge of wolverine management in Canada, Alaska, and/or Europe. 

 
The Contractor shall ensure the peer review process complies with the Service’s July 1, 1994 peer 
review policy (59 FR 34270), the Service's August 22, 2016 Director's Memo on the Peer Review 
Process, and the Office of Management and Budget’s December 16, 2004 Final Information 
Quality Bulletin for Peer Review.  For example, potential conflicts of interest should be avoided, 
if possible and disclosed if not possible.  Potential conflicts of interest would likely include: 
employment or affiliation with the Service, the States of California, Colorado, Idaho, Montana, 
Nevada, New Mexico, Oregon, Utah, Washington, or Wyoming, or the Canadian Federal 
government; and peer reviewers, who have been or are directly or indirectly employed by any 
organization that has either litigated the federal government concerning wolverines or taken a 
position on one side or the other about the status of the North American wolverine in the 
contiguous United States.  In addition,  individuals who served as peer reviewers for previous 
proposed rules or who were  participants in the April 2-3, 2014 facilitated wolverine workshop 
held by the Service should be disqualified from this peer review process.  Finally, the reviewers 
should have no financial or other conflicts of interest with the outcome or implications of the 
report.  The contractor will be responsible for selecting reviewers and obtaining the individual 
written peer reviews from at least 3 and up to 5 well-qualified reviewers.   

 
Peer Reviewers will provide individual, written responses.  Peer Reviewers will be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public. We will summarize and 
respond to the issues raised by the peer reviewers in the administrative record and address 
these concerns in the SSA report, as appropriate. 
 
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 15 days, starting immediately after the Service receives 
the reviews from the contractor.  Peer reviewers will be advised that they are not to provide 
advice on policy.  Rather, they should focus their review on identifying and characterizing 
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scientific uncertainties.  Peer reviewers will be asked to answer questions pertaining to the logic 
of our assumptions, arguments, and conclusions and to provide any other relevant comments, 
criticisms, or thoughts.  Collectively, the review should cover, but not be limited to, the topics 
listed below.  Reviewers should comment on areas within their expertise, and may choose to 
abstain from other areas including restricting your technical comments to your area of expertise, 
but feel free to render opinions or raise questions about larger scientific issues that may be 
relevant.  To the extent possible, justify your comments with supporting evidence just as you 
would do when presenting your own scientific work.  Please do not refrain from offering 
relevant opinions, but also label them as such.  Test your comments for fairness, objectivity and 
tone of delivery by asking yourself if you would be comfortable presenting your comments, 
face-to-face, to the author and a panel of your peers.Individual reviewers should, at their own 
discretion, provide comments, criticisms, and ideas about any of the topics they feel qualified to 
comment on.  Not all reviewers are required to address all issues noted below.  Reviewers 
should comment on areas within their expertise, and may choose to may choose to  abstain from 
commenting in areas outside of their expertise on other areas other areas. 
 
Peer reviewers will be asked to complete and sign a Conflict of Interest form (see Paragraph 8). 
 

Available Data  
 
(1)  Please identify any oversights or omissions of data or information, and their relevance to the 
assessment. Are there others sources of information or studies that were not included that are 
relevant to assessing current and future threats to this species and not repetitive of other 
information or studies already included? What are they and how are they relevant?  
 
(2)  Provide advice on the overall strengths and limitations of the scientific data used in the 
document. Is the information presented in the SSA report explicit about assumptions and 
limitations of, and concerns regarding, the data, and are these appropriately qualified or explained? 
Are there concerns that the Service did not identify, and if so, how relevant are these concerns to 
the assessment of the North American wolverine? Are there any inconsistencies in how the data are 
presented or assessed?  
 
Analysis of Available Data 
 
(3)  Have the assumptions and methods used in the SSA report been clearly and logically stated in 
light of the best available information? If not, please identify the specific assumptions and methods 
that are unclear or illogical. 
 
(4)  Are there demonstrable errors of fact or interpretation? Have the authors of the SSA report 
provided reasonable and scientifically sound interpretations and syntheses from the scientific 
information presented in the report? Are there instances in the SSA report where a different but 
equally reasonable and sound interpretation might be reached that differs from that provided by the 
Service? If any instances are found where this is the case, please provide the specifics regarding 
those particular concerns. 
 
(5)  Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the 
scientific uncertainties presented and the analyses conducted been clearly identified and has the 
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degree of uncertainty been appropriately characterized? If not, please identify any specifics 
concerns. 
 
(6)  Does the SSA report adequately consider what the species needs to maintain viability in terms 
of resiliency, redundancy, and representation?   
 
In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that the services provided shall 
consist of unbiased assessments through proper management and enforcement of scientific 
integrity standards, to avoid any conflict of interest. 
 
4. Required Service (Work) Items - Task Line Item Numbers (TLIN): As described in the 

agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this project. The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule:  

 
TLIN 001: Selecting for peer reviewers or review panels, or for task orders to provide 
scientific support. 
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products. 
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 15 consecutive days). 
TLIN 005: Maintaining an official record for peer reviews or task orders. 

 
5. Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement 
paragraph 3, which states, “The Contractor shall provide the Contracting Officer 
Representative with three key deliverables:  (1) Proposed Timeline, (2) Original individual 
scientific reviews and a transmittal letter to the Service (to Regional Director, Noreen Walsh), 
and (3) Complete Official Record.” Original individual scientific reviews will be provided to 
the Contracting Officer Representative electronically in both Word and pdf format. 

 
There are no additional deliverables.  However, the contractor will be required to respond 
to questions, inquiries, or other related requests, and final acceptance, as needed.  These 
request(s) will be by the Contracting Officer Representative (COR) (XXXX), in 
coordination with the Contracting Officer (XXXX).  Inquiries or requests are limited to 
the products provided, and work performed under this contract (order).   
 
Responses include, but not limited to: phone calls, written responses, and/or meetings. 

 
Review comments by the COR will be provided to the contractor via the 
Contracting Officer. 

 
6. Task Schedule. 
The period of performance shall not exceed the contract expiration date without a contract 
modification.  In accordance with the terms of the contract, the contractor shall notify the 
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Contracting Officer of any delays.  Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early).  Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
 

TASK/DELIVERABLE CALENDAR DAYS 
AFTER AWARD 

Task 1:  The Service’s COR will provide access to materials 
needed for the review.  

 1 (On XXXX)  

Task 2:  The contractor(s) shall manage a thorough, objective 
peer review of the Service’s draft Species Status Assessment 
report for the North American wolverine. 

 31 (30 days after 
XXXX) 

Task 3:  The contractor(s) will provide 3-5 expert peer reviews 
and a transmittal letter to the Service (to Regional Director, 
Noreen Walsh). 

 33 (2 days)  

Task 4:  The contractor facilitates specific follow-up 
questions/answers between the Service and the reviewers (task 
limited to a 10-day period, 60 days after delivering initial 
review comments to the Service).  

43 (10 days )   

Task 5: The contractor will provide all applicable official 
records to the Service’s COR. 

45 (2 days )  

 
 
 

TASK/DELIVERABLE CALENDAR 
DAYS AFTER 
AWARD 

Task 1: FWS Project ULT Lead or Field Office? will 
provide the Contractor access to materials needed by the 
Contractor to determine the scope of the activity and 
identify appropriate peer reviewers, such as an early draft 
of the biological report (Note: the final draft SSA 
biological report will not be ready available at the time of 
award to provide to the Contractor.)  

1 day after award 
(estimated as DATE) 

 
Task 2:  The Contractor(s) will provide the Project Lead 
Field Office?? the names and resumes of 5 qualified, 
expert peer reviewers. 

  
1421 days from task 1 
(estimated as DATE)  
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Task 3:  The Project Lead will review the names and 
resumes of the peer reviewers and provide feedback to 
Contractor – acceptable / not non-acceptable.  If a peer 
reviewer is determined by the government to be notn- 
acceptable, the Contractor has 10 days from notification 
to submit new names and resumes for government review. 
Government will review within 7 days.  

7 days from Task 2 
(estimated as DATE) 

 CALENDAR DAYS 
AFTER FINAL DRAFT 
SSA REPORT HAS 
BEEN PROVIDED TO 
CONTRACTOR 
(estimated as DATE – 
subject to change) 

Task 4: The Contractor(s) through use of Peer Reviewers, 
shall conduct a thorough, objective 30-day peer review of 
the draft SSA.    

  
30 days (estimated as 
DATE); Provide reviews 
to the Service within 5 
calendar days after the 30 
days) (estimated as 
DATE).  

Task 5: The Project Lead facilitates specific follow-up 
questions/answers between the Service and the reviewers.  

46 days (estimated as 
DATE) 

Task 6:  The Contractor(s) will provide all applicable 
official records to the Service Project Lead. 

5 days (estimated as 
DATE) 

 
7. Official Administrative Record 
The Contractor is required to prepare an official record. 

 
8. Information Sources 
The key information sources and links for this review will include: (1) the draft North American 
wolverine species status assessment. Pertinent literature will be provided, as well as background 
information including, but not limited to: ADD LIST HERE.  The Service will provide a 
Conflict of Interest form for each peer reviewer to complete. 

 
9. Payment Schedule: 

 
The payment schedule is as follows:  100 percent upon completion of Task 5 above. 

 
10. Points of Contact: 
Contracting Officers, Mr. Steve Gess, (R6) 303-236-4334 or email: steve_gess@fws.gov;  

 
Contracting Officer Representative/Project Lead:  Justin Shoemaker, Classification and 
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Recovery Biologist, 309-757-5800 ext. 214 or email: justin_shoemaker@fws.gov  
 

11. List of Enclosures/Attachments 
1) Draft North American wolverine Species Status Assessment 
2) Electronic or cd copies of literature cited in the above document 
3) Conflict of Interest form 

 
12. Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value.  Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (reference paragraph 
3). 

 
Price must detail cost in accordance with the agreement. The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers. The approach should be 
no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs. All 
contractors must propose five reviewers. Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV). 
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Statement of Work 

Peer Review of the Draft Species Status Assessment Report for the North American Wolverine 
 

Date:  September19 7, 2017 
 

1. Introduction/Background 
 
The Service has drafted a Species Status Assessment (SSA) report to inform an evaluation of 
the status of the North American wolverine (Gulo gulo luscus) under the Endangered Species 
Act of 1973, as amended (Act). The SSA report is a comprehensive evaluation of the biological 
status of the North American wolverine and its viability as a species. The SSA report considers 
the ecological needs as well as current and forecasted future conditions for the species. We are 
seeking peer review on the SSA report. 
 
In compliance with a Court order that remanded our previous withdrawal of a proposed rule to 
list a Distinct Population Segment of the North American wolverine (79 FR 47522; August 13, 
2014), the Service will prepare either a revised proposed rule to list as a threatened or 
endangered species under the Act, or a revised withdrawal of the previous proposed rule (78 FR 
7864; February 4, 2013).  The SSA report will be used to inform a decision (to be published in 
the Federal Register) to classify the North American wolverine as threatened, endangered or 
“not warranted” under the Act.   
 
The wolverine is the largest terrestrial member of the family Mustelidae.  In North America, 
wolverines occur within a wide variety of habitats, primarily boreal forests, tundra, and western 
mountains throughout Alaska and Canada; however, the southern portion of the range extends 
into the contiguous United States.  Currently, wolverines are found in the North Cascades in 
Washington and the Northern Rocky Mountains in Idaho, Montana, Oregon and(Wallowa 
Range), parts of Washington and Oregon, and Wyoming.  Individual wolverines have recently 
dispersed into their historical range in the Sierra Nevada Mountains of California and the 
Southern Rocky Mountains of Colorado, but have not established breeding populations in these 
areas. 
 
2. Description of Review 

 
As part of the Service’s peer review policy we are requesting peer review of the draft Species 
Status Assessment report.  The purpose of the peer review is to help us ensure that we are using 
the best scientific and commercial information in the SSA report.  Thus, we are looking for 
independent scientific perspectives on the draft SSA report.  Peer Reviewers should be advised 
that they are not to provide advice on policy. 

 
3. Methods, Protocols and/or Scientific Standards 

 
1. Each reviewer must have a Ph.D. or a Master’s with significant experience in Wildlife 

Ecology, Ecology, or Wildlife Management; and 
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2.  In combination, the expertise of the qualified reviewers shall include the following;, 
however, each individual is not required to meet all qualifications: 
 

a. Experience or expertise with carnivore management, especially wolverines; 
 

b. Expert knowledge of wildlife biology, wildlife management, demographic management 
of mammals (especially mesocarnivores), genetics, population modeling , small 
population conservation management, and/or scientific literature on wolverines or other 
mustelieds;  
 

c. Expert knowledge of the effects of climate change and climate change modeling, 
specifically in the Mountain West area of the United States, which includes the 
northern Rocky Mountains, the North Cascades, or the southern Rocky Mountains ; 
 

d. Expert knowledge of genetics of metapopulations; 
 
e. Experience as a peer reviewer for scientific publications; 
 
f. Knowledge of wolverine management in Canada, Alaska, and/or Europe. 

 
The Contractor shall ensure the peer review process complies with the Service’s July 1, 1994 peer 
review policy (59 FR 34270), the Service's August 22, 2016 Director's Memo on the Peer Review 
Process, and the Office of Management and Budget’s December 16, 2004 Final Information 
Quality Bulletin for Peer Review.  For example, potential conflicts of interest should be avoided, 
if possible and disclosed if not possible.  Potential conflicts of interest would likely include: 
employment or affiliation with the Service, the States of California, Colorado, Idaho, Montana, 
Nevada, New Mexico, Oregon, Utah, Washington, or Wyoming, or the Canadian Federal 
government; and peer reviewers, who have been or are directly or indirectly employed by any 
organization that has either litigated the federal government concerning wolverines or taken a 
position on one side or the other about the status of the North American wolverine in the 
contiguous United States.  In addition,  individuals who served as peer reviewers for previous 
proposed rules or who were  participants in the April 2-3, 2014 facilitated wolverine workshop 
held by the Service should be disqualified from this peer review process.  Finally, the reviewers 
should have no financial or other conflicts of interest with the outcome or implications of the 
report.  The contractor will be responsible for selecting reviewers and obtaining the individual 
written peer reviews from at least 3 and up to 5 well-qualified reviewers.   

 
Peer Reviewers will provide individual, written responses.  Peer Reviewers will be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public. We will summarize and 
respond to the issues raised by the peer reviewers in the administrative record and address 
these concerns in the SSA report, as appropriate. 
 
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 15 days, starting immediately after the Service receives 
the reviews from the contractor.  Peer reviewers will be advised that they are not to provide 
advice on policy.  Rather, they should focus their review on identifying and characterizing 
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scientific uncertainties.  Peer reviewers will be asked to answer questions pertaining to the logic 
of our assumptions, arguments, and conclusions and to provide any other relevant comments, 
criticisms, or thoughts.  Collectively, the review should cover, but not be limited to, the topics 
listed below.  Reviewers should comment on areas within their expertise, and may choose to 
abstain from other areas including restricting your technical comments to your area of expertise, 
but feel free to render opinions or raise questions about larger scientific issues that may be 
relevant.  To the extent possible, justify your comments with supporting evidence just as you 
would do when presenting your own scientific work.  Please do not refrain from offering 
relevant opinions, but also label them as such.  Test your comments for fairness, objectivity and 
tone of delivery by asking yourself if you would be comfortable presenting your comments, 
face-to-face, to the author and a panel of your peers.Individual reviewers should, at their own 
discretion, provide comments, criticisms, and ideas about any of the topics they feel qualified to 
comment on.  Not all reviewers are required to address all issues noted below.  Reviewers 
should comment on areas within their expertise, and may choose to may choose to  abstain from 
commenting in areas outside of their expertise on other areas other areas. 
 
Peer reviewers will be asked to complete and sign a Conflict of Interest form (see Paragraph 8). 
 

Available Data  
 
(1)  Please identify any oversights or omissions of data or information, and their relevance to the 
assessment. Are there others sources of information or studies that were not included that are 
relevant to assessing current and future threats to this species and not repetitive of other 
information or studies already included? What are they and how are they relevant?  
 
(2)  Provide advice on the overall strengths and limitations of the scientific data used in the 
document. Is the information presented in the SSA report explicit about assumptions and 
limitations of, and concerns regarding, the data, and are these appropriately qualified or explained? 
Are there concerns that the Service did not identify, and if so, how relevant are these concerns to 
the assessment of the North American wolverine? Are there any inconsistencies in how the data are 
presented or assessed?  
 
Analysis of Available Data 
 
(3)  Have the assumptions and methods used in the SSA report been clearly and logically stated in 
light of the best available information? If not, please identify the specific assumptions and methods 
that are unclear or illogical. 
 
(4)  Are there demonstrable errors of fact or interpretation? Have the authors of the SSA report 
provided reasonable and scientifically sound interpretations and syntheses from the scientific 
information presented in the report? Are there instances in the SSA report where a different but 
equally reasonable and sound interpretation might be reached that differs from that provided by the 
Service? If any instances are found where this is the case, please provide the specifics regarding 
those particular concerns. 
 
(5)  Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the 
scientific uncertainties presented and the analyses conducted been clearly identified and has the 
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degree of uncertainty been appropriately characterized? If not, please identify any specifics 
concerns. 
 
(6)  Does the SSA report adequately consider what the species needs to maintain viability in terms 
of resiliency, redundancy, and representation?   
 
In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that the services provided shall 
consist of unbiased assessments through proper management and enforcement of scientific 
integrity standards, to avoid any conflict of interest. 
 
4. Required Service (Work) Items - Task Line Item Numbers (TLIN): As described in the 

agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this project. The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule:  

 
TLIN 001: Selecting for peer reviewers or review panels, or for task orders to provide 
scientific support. 
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products. 
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 15 consecutive days). 
TLIN 005: Maintaining an official record for peer reviews or task orders. 

 
5. Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement 
paragraph 3, which states, “The Contractor shall provide the Contracting Officer 
Representative with three key deliverables:  (1) Proposed Timeline, (2) Original individual 
scientific reviews and a transmittal letter to the Service (to Regional Director, Noreen Walsh), 
and (3) Complete Official Record.” Original individual scientific reviews will be provided to 
the Contracting Officer Representative electronically in both Word and pdf format. 

 
There are no additional deliverables.  However, the contractor will be required to respond 
to questions, inquiries, or other related requests, and final acceptance, as needed.  These 
request(s) will be by the Contracting Officer Representative (COR) (XXXX), in 
coordination with the Contracting Officer (XXXX).  Inquiries or requests are limited to 
the products provided, and work performed under this contract (order).   
 
Responses include, but not limited to: phone calls, written responses, and/or meetings. 

 
Review comments by the COR will be provided to the contractor via the 
Contracting Officer. 

 
6. Task Schedule. 
The period of performance shall not exceed the contract expiration date without a contract 
modification.  In accordance with the terms of the contract, the contractor shall notify the 
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Contracting Officer of any delays.  Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early).  Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
 

TASK/DELIVERABLE CALENDAR DAYS 
AFTER AWARD 

Task 1:  The Service’s COR will provide access to materials 
needed for the review.  

 1 (On XXXX)  

Task 2:  The contractor(s) shall manage a thorough, objective 
peer review of the Service’s draft Species Status Assessment 
report for the North American wolverine. 

 31 (30 days after 
XXXX) 

Task 3:  The contractor(s) will provide 3-5 expert peer reviews 
and a transmittal letter to the Service (to Regional Director, 
Noreen Walsh). 

 33 (2 days)  

Task 4:  The contractor facilitates specific follow-up 
questions/answers between the Service and the reviewers (task 
limited to a 10-day period, 60 days after delivering initial 
review comments to the Service).  

43 (10 days )   

Task 5: The contractor will provide all applicable official 
records to the Service’s COR. 

45 (2 days )  

 
 
 

TASK/DELIVERABLE CALENDAR 
DAYS AFTER 
AWARD 

Task 1: FWS Project ULT Lead or Field Office? will 
provide the Contractor access to materials needed by the 
Contractor to determine the scope of the activity and 
identify appropriate peer reviewers, such as an early draft 
of the biological report (Note: the final draft SSA 
biological report will not be ready available at the time of 
award to provide to the Contractor.)  

1 day after award 
(estimated as DATE) 

 
Task 2:  The Contractor(s) will provide the Project Lead 
Field Office?? the names and resumes of 5 qualified, 
expert peer reviewers. 

  
1421 days from task 1 
(estimated as DATE)  
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Task 3:  The Project Lead will review the names and 
resumes of the peer reviewers and provide feedback to 
Contractor – acceptable / not non-acceptable.  If a peer 
reviewer is determined by the government to be notn- 
acceptable, the Contractor has 10 days from notification 
to submit new names and resumes for government review. 
Government will review within 7 days.  

7 days from Task 2 
(estimated as DATE) 

 CALENDAR DAYS 
AFTER FINAL DRAFT 
SSA REPORT HAS 
BEEN PROVIDED TO 
CONTRACTOR 
(estimated as DATE – 
subject to change) 

Task 4: The Contractor(s) through use of Peer Reviewers, 
shall conduct a thorough, objective 30-day peer review of 
the draft SSA.    

  
30 days (estimated as 
DATE); Provide reviews 
to the Service within 5 
calendar days after the 30 
days) (estimated as 
DATE).  

Task 5: The Project Lead facilitates specific follow-up 
questions/answers between the Service and the reviewers.  

46 days (estimated as 
DATE) 

Task 6:  The Contractor(s) will provide all applicable 
official records to the Service Project Lead. 

5 days (estimated as 
DATE) 

 
7. Official Administrative Record 
The Contractor is required to prepare an official record. 

 
8. Information Sources 
The key information sources and links for this review will include: (1) the draft North American 
wolverine species status assessment. Pertinent literature will be provided, as well as background 
information including, but not limited to: ADD LIST HERE.  The Service will provide a 
Conflict of Interest form for each peer reviewer to complete. 

 
9. Payment Schedule: 

 
The payment schedule is as follows:  100 percent upon completion of Task 5 above. 

 
10. Points of Contact: 
Contracting Officers, Mr. Steve Gess, (R6) 303-236-4334 or email: steve_gess@fws.gov;  

 
Contracting Officer Representative/Project Lead:  Justin Shoemaker, Classification and 
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Recovery Biologist, 309-757-5800 ext. 214 or email: justin_shoemaker@fws.gov  
 

11. List of Enclosures/Attachments 
1) Draft North American wolverine Species Status Assessment 
2) Electronic or cd copies of literature cited in the above document 
3) Conflict of Interest form 

 
12. Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value.  Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (reference paragraph 
3). 

 
Price must detail cost in accordance with the agreement. The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers. The approach should be 
no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs. All 
contractors must propose five reviewers. Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV). 
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Statement of Work 

Peer Review of the Draft Species Status Assessment Report for the North American Wolverine 
 

Date:  September 21, 2017 
 

1. Introduction/Background 
 
The Service has drafted a Species Status Assessment (SSA) report to inform an evaluation of 
the status of the North American wolverine (Gulo gulo luscus) under the Endangered Species 
Act of 1973, as amended (Act). The SSA report is a comprehensive evaluation of the biological 
status of the North American wolverine and its viability as a species. The SSA report considers 
the ecological needs as well as current and forecasted future conditions for the species. We are 
seeking peer review on the SSA report. 
 
In compliance with a Court order that remanded our previous withdrawal of a proposed rule to 
list a Distinct Population Segment of the North American wolverine (79 FR 47522; August 13, 
2014), the Service will prepare either a revised proposed rule to list as a threatened or 
endangered species under the Act, or a revised withdrawal of the previous proposed rule (78 FR 
7864; February 4, 2013). The SSA report will be used to inform a decision (to be published in 
the Federal Register) to classify the North American wolverine as threatened, endangered or 
“not warranted” under the Act.   
 
The wolverine is the largest terrestrial member of the family Mustelidae. In North America, 
wolverines occur within a wide variety of habitats, primarily boreal forests, tundra, and western 
mountains throughout Alaska and Canada; however, the southern portion of the range extends 
into the contiguous United States. Currently, wolverines are found in the North Cascades in 
Washington and the Northern Rocky Mountains in Idaho, Montana, and, parts of Washington 
and Oregon, and Wyoming. Individual wolverines have recently dispersed into their historical 
range in the Sierra Nevada Mountains of California and the Southern Rocky Mountains of 
Colorado, but have not established breeding populations in these areas. 
 
2. Description of Review 

 
As part of the Service’s peer review policy we are requesting peer review of the draft Species 
Status Assessment report. The purpose of the peer review is to help us ensure that we are using 
the best scientific and commercial information in the SSA report. Thus, we are looking for 
independent scientific perspectives on the draft SSA report. Peer Reviewers should be advised 
that they are not to provide advice on policy. 

 
3. Methods, Protocols and/or Scientific Standards 

 
1. Each reviewer must have a Ph.D. or a Master’s with significant experience in Wildlife 

Ecology, Ecology, or Wildlife Management; and 
 

2.  In combination, the expertise of the qualified reviewers shall include the following; 
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however, each individual is not required to meet all qualifications: 
 

a. Experience or expertise with carnivore management, especially wolverines; 
 

b. Expert knowledge of wildlife biology, wildlife management, demographic management 
of mammals (especially mesocarnivores), genetics, population modeling and/or 
scientific literature on wolverines or other mustelids;  
 

c. Expert knowledge of the effects of climate change and climate change modeling, 
specifically in the Mountain West area of the United States, which includes the 
northern Rocky Mountains, the North Cascades, or the southern Rocky Mountains; 
 

d. Expert knowledge of genetics of metapopulations; 
 
e. Experience as a peer reviewer for scientific publications; 
 
f. Knowledge of wolverine management in Canada, Alaska, and/or Europe. 

 
The Contractor shall ensure the peer review process complies with the Service’s July 1, 1994 peer 
review policy (59 FR 34270), the Service's August 22, 2016 Director's Memo on the Peer Review 
Process, and the Office of Management and Budget’s December 16, 2004 Final Information 
Quality Bulletin for Peer Review. For example, potential conflicts of interest should be avoided, if 
possible and disclosed if not possible. Potential conflicts of interest would likely include: 
employment or affiliation with the Service, the States of California, Colorado, Idaho, Montana, 
Nevada, New Mexico, Oregon, Utah, Washington, or Wyoming, or the Canadian Federal 
government; and peer reviewers, who have been or are directly or indirectly employed by any 
organization that has either litigated the federal government concerning wolverines or taken a 
position on one side or the other about the status of the North American wolverine in the 
contiguous United States. In addition, individuals who served as peer reviewers for previous 
proposed rules or who were participants in the April 2-3, 2014 facilitated wolverine workshop 
held by the Service should be disqualified from this peer review process. Finally, the reviewers 
should have no financial or other conflicts of interest with the outcome or implications of the 
report. The contractor will be responsible for selecting reviewers and obtaining the individual 
written peer reviews from 3-5 well-qualified reviewers.   

 
Peer Reviewers will provide individual, written responses. Peer Reviewers will be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public. We will summarize and 
respond to the issues raised by the peer reviewers in the administrative record and address 
these concerns in the SSA report, as appropriate. 
 
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 15 days, starting immediately after the Service receives 
the reviews from the contractor. Peer reviewers will be advised that they are not to provide 
advice on policy. Rather, they should focus their review on identifying and characterizing 
scientific uncertainties. Peer reviewers will be asked to answer questions pertaining to the logic 
of our assumptions, arguments, and conclusions and to provide any other relevant comments, 
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criticisms, or thoughts. Collectively, the review should cover, but not be limited to, the topics 
listed below. Reviewers should comment on areas within their expertise, and may choose to 
abstain from other areas including restricting your technical comments to your area of expertise, 
but feel free to render opinions or raise questions about larger scientific issues that may be 
relevant.  To the extent possible, justify your comments with supporting evidence just as you 
would do when presenting your own scientific work.  Please do not refrain from offering 
relevant opinions, but also label them as such.  Test your comments for fairness, objectivity and 
tone of delivery by asking yourself if you would be comfortable presenting your comments, 
face-to-face, to the author and a panel of your peers. 
 
Peer reviewers will be asked to complete and sign a Conflict of Interest form (see Paragraph 8). 

 
Available Data  
 
(1)  Please identify any oversights or omissions of data or information, and their relevance to the 
assessment. Are there other sources of information or studies that were not included that are 
relevant to assessing current and future threats to this species and not repetitive of other 
information or studies already included? What are they and how are they relevant?  
 
(2)  Provide advice on the overall strengths and limitations of the scientific data used in the 
document. Is the information presented in the SSA report explicit about assumptions and 
limitations of, and concerns regarding, the data, and are these appropriately qualified or explained? 
Are there concerns that the Service did not identify, and if so, how relevant are these concerns to 
the assessment of the North American wolverine? Are there any inconsistencies in how the data are 
presented or assessed?  
 
Analysis of Available Data 
 
(3)  Have the assumptions and methods used in the SSA report been clearly and logically stated in 
light of the best available information? If not, please identify the specific assumptions and methods 
that are unclear or illogical. 
 
(4)  Are there demonstrable errors of fact or interpretation? Have the authors of the SSA report 
provided reasonable and scientifically sound interpretations and syntheses from the scientific 
information presented in the report? Are there instances in the SSA report where a different but 
equally reasonable and sound interpretation might be reached that differs from that provided by the 
Service? If any instances are found where this is the case, please provide the specifics regarding 
those particular concerns. 
 
(5)  Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the 
scientific uncertainties presented and the analyses conducted been clearly identified and has the 
degree of uncertainty been appropriately characterized? If not, please identify any specific 
concerns. 
 
(6)  Does the SSA report adequately consider what the species needs to maintain viability in terms 
of resiliency, redundancy, and representation?   
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In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that the services provided shall 
consist of unbiased assessments through proper management and enforcement of scientific 
integrity standards, to avoid any conflict of interest. 
 
4. Required Service (Work) Items - Task Line Item Numbers (TLIN): As described in the 

agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this project. The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule:  

 
TLIN 001: Selecting for peer reviewers or review panels, or for task orders to provide 
scientific support. 
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products. 
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 15 consecutive days). 
TLIN 005: Maintaining an official record for peer reviews or task orders. 

 
5. Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement 
paragraph 3, which states, “The Contractor shall provide the Contracting Officer 
Representative with three key deliverables:  (1) Proposed Timeline, (2) Original individual 
scientific reviews and a transmittal letter to the Service (to Regional Director, Noreen Walsh), 
and (3) Complete Official Record.” Original individual scientific reviews will be provided to 
the Contracting Officer Representative electronically in both Word and pdf format. 

 
There are no additional deliverables.  However, the contractor will be required to respond 
to questions, inquiries, or other related requests, and final acceptance, as needed.  These 
request(s) will be by the Contracting Officer Representative (COR) (XXXX), in 
coordination with the Contracting Officer (XXXX).  Inquiries or requests are limited to 
the products provided, and work performed under this contract (order).   
 
Responses include, but not limited to: phone calls, written responses, and/or meetings. 

 
Review comments by the COR will be provided to the contractor via the 
Contracting Officer. 

 
6. Task Schedule 
The period of performance shall not exceed the contract expiration date without a contract 
modification. In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays. Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early). Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
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TASK/DELIVERABLE CALENDAR DAYS 

AFTER AWARD 
Task 1:  The Service’s COR will provide access to materials 
needed for the review.  

 1 (On XXXX)  

Task 2:  The contractor(s) shall manage a thorough, objective 
peer review of the Service’s draft Species Status Assessment 
report for the North American wolverine. 

 31 (30 days after 
XXXX) 

Task 3:  The contractor(s) will provide 3-5 expert peer reviews 
and a transmittal letter to the Service (to Regional Director, 
Noreen Walsh). 

 33 (2 days)  

Task 4:  The contractor facilitates specific follow-up 
questions/answers between the Service and the reviewers (task 
limited to a 10-day period, 60 days after delivering initial 
review comments to the Service).  

43 (10 days )   

Task 5: The contractor will provide all applicable official 
records to the Service’s COR. 

45 (2 days )  

 
 

7. Official Administrative Record 
The Contractor is required to prepare an official record. 

 
8. Information Sources 
The key information sources and links for this review will include: (1) the draft North American 
wolverine species status assessment. Pertinent literature will be provided, as well as any relevant 
background information.  The Service will provide a Conflict of Interest form for each peer 
reviewer to complete (attached). 

 
9. Payment Schedule: 

 
The payment schedule is as follows:  100 percent upon completion of Task 5 above. 

 
10. Points of Contact: 
Contracting Officers, Mr. Steve Gess, (R6) 303-236-4334 or email: steve_gess@fws.gov;  

 
Contracting Officer Representative/Project Lead:  Justin Shoemaker, Classification and 
Recovery Biologist, 309-757-5800 ext. 214 or email: justin_shoemaker@fws.gov  

 
11. List of Enclosures/Attachments 
1) Draft North American wolverine Species Status Assessment 
2) Electronic or cd copies of literature cited in the above document 
3) Conflict of Interest form 

 
12. Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value. Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (reference paragraph 

mailto:steve_gess@fws.gov
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3).  Price must detail cost in accordance with the agreement. The approach must include a 
detailed/ proposed schedule (timeline), and the disciplines/skill mix of reviewers. The approach 
should be no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs. 
All contractors must propose five reviewers. Be sure to include the discipline/skills of all 
reviewers (e.g., a resume or CV). 



Conflict of Interest Disclosure Form 

Note: A potential or actual conflict of interest exists when commitments and obligations are likely to be 
compromised by the nominator(s)’other material interests, or relationships (especially economic), 
particularly if those interests or commitments are not disclosed.  

This Conflict of Interest Form should indicate whether the nominator(s) has an economic interest in, or 
acts as an officer or a director of, any outside entity whose financial interests would reasonably appear 
to be affected by the addition of the nominated condition to the newborn screening panel. The 
nominator(s) should also disclose any personal, business, or volunteer affiliations that may give rise to a 
real or apparent conflict of interest. Relevant Federally and organizationally established regulations and 
guidelines in financial conflicts must be abided by. Individuals with a conflict of interest should refrain 
from nominating a condition for screening. 

Date: 

Name: 

Position: 

Please describe below any relationships, transactions, positions you hold (volunteer or otherwise), or 
circumstances that you believe could contribute to a conflict of interest: 

_____ I have no conflict of interest to report. 

_____ I have the following conflict of interest to report (please specify other nonprofit and for-profit 
boards you (and your spouse) sit on, any for-profit businesses for which you or an immediate family 
member are an officer or director, or a majority shareholder, and the name of your employer and any 
businesses you or a family member own: 

1. ___________________________________________________________________________________ 

2.___________________________________________________________________________________ 

3.___________________________________________________________________________________ 

I hereby certify that the information set forth above is true and complete to the best of my knowledge. 

Signature: __________________________________________________________________________ 

Date: _________________________________________ 



From: Bush, Jodi
To: Nelson, Marjorie
Cc: Kiana Joersz; Annette Naylon; Nicole Alt; Marks, Kaimy; Justin Shoemaker/R6/FWS/DOI
Subject: Re: Wolverine Funds
Date: Friday, September 22, 2017 9:43:51 AM

Thats correct -the funding is coming from the RO.  I talked to Mike yesterday and made sure
we were good to go on the funds.  But the contract will actually be handled by Steve Gess
(COR), who has already received permission from HQ to proceed and will work on it next
week.  I would prefer that Betty be the POC -receiving the Peer review comments. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 22, 2017 at 9:38 AM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Note that the contract will be handled through HQ (Cailtin), though the funding will
come from us.  Justin, correct me if I'm wrong here).

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Fri, Sep 22, 2017 at 8:15 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Steve Gess - the contractor estimated it at $45,000 so if its OK to bump it to that - please
do.  And thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Sep 21, 2017 at 5:53 PM, Kiana Joersz <kiana_joersz@fws.gov> wrote:

Hello – just want to confirm with this group that I’ve tentatively blocked out 40K for wolverine peer-review
studies, but I’m happy to adjust as needed moving forward.  The books re-open for the year in mid-October,
though contracting will have a lot of “holdover” grants on their plates at that time.  We can add this one to
the queue whenever you’re ready. 

 

K
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Kiana Sarraf-Joersz

Ecological Services

U.S. Fish and Wildlife Service, Region 6

134 Union Blvd. Suite 220

Lakewood, CO  80228-1807

303.236.4508 (office)

803.458.2324 (cell)

 

https://maps.google.com/?q=134+Union+Blvd.+Suite+220+Lakewood,+CO+%C2%A080228&entry=gmail&source=g
https://maps.google.com/?q=134+Union+Blvd.+Suite+220+Lakewood,+CO+%C2%A080228&entry=gmail&source=g


From: Guinotte, John
To: Betty Grizzle
Subject: summary
Date: Friday, September 22, 2017 1:35:42 PM
Attachments: DRAFT Summary Section for Future Conditions_jmg.docx

Hi Betty, Here you go. I don't know how to choose key points between new study and
McKelvey. There are a lot of important ones and I don't know how many you want to put in
the summary. The most important point (to me anyway) is the one I put in the doc. You could
refer them back to the mckelvey / NOAA comparison table too.

Biggest Point: If spring snow is critical to wolverine survival, there are several hundred kms of
deep snow projected (on average) for both study areas and a relatively low number (glac) or
no animals (romo) there to use the snow.

Give me a ring if you need to.
Best, John

mailto:john_guinotte@fws.gov
mailto:betty_grizzle@fws.gov


DRAFT Summary Section for Future Conditions: 
 
Models represent tools to describe basic physical and biological behaviors using the best 
available science, and, by presenting a range of reasonable plausible future outcomes, they can 
help generate hypotheses while also identifying knowledge gaps where greater accuracy is 
needed (Batchelet et al. 2016, p. 23). Detecting a species’ response to climate change in a single 
population, and sometimes multiple populations, may not always indicate the response 
throughout its range given the variation in annual mean surface temperatures over the past 
century (Post 2013, p. 5). In addition, inter-annual variability in temperature can be as important 
to a species’ ecological needs as the actual temperature itself (Post 2013, p. 7). 
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Precipitation patterns into the future are less clear as the climate models show 
significant disagreement in their many regional projections. Although drought conditions in the 
western United States are not unusual, drought periods duration and intensity have the potential 
to be exacerbated by projected temperature increases. Projected temperature and precipitation 
changes will affect future snow cover and the persistence of snow on the landscape. 
 
Snow cover is projected to decline in response to warming temperatures and changing 
precipitation patterns, but this varies by elevation, and topography, and by geographic region. 
Simulations of natural snow accumulation at winter recreation locations have also found that, 
overall, sites at higher elevation areass (e.g., Rocky Mountains, Sierra Nevada Mountains) are 
more resilient to projected changes in temperature and precipitation as compared to lower 
elevations (Wobus et al. 2017, p. 12). In general, models indicate higher elevations will retain 
more snow cover than lower elevations, particularly in early spring (April 30, May 1). 
 We present above results from several recent climate models projecting snowpack declines in 
the western United States. In general, higher elevations tend to continue to provide snow cover, 
particularly in early spring (April 30, May 1). More specifically, we reviewed a new analysis 
(ADD short but details of NOAA study esp. in comparison to McKelvey) from NOAA/CU that 
modeled future snow persistence for Glacier and Rocky Mountain National Park (areas that 
encompass the latitudinal and elevational range of the wolverine in the contiguous U.S.) at high 
spatial resolution. Their results indicate significant areas (several hundred sq kms for each site) 
of future snow (>0.5 m in depth) will persist on May 1 at elevations currently used by wolverines 
for denning in both study areas. This is true (on average) across the range of climate models used 
out to the year ~2055.   Simulations of natural snow accumulation at winter recreation locations 
have also found that, overall, sites at higher elevations (e.g., Rocky Mountains, Sierra Nevada 
Mountains) are more resilient to projected changes in temperature and precipitation as compared 
to lower elevations (Wobus et al. 2017, p. 12). 
 
We also considered temperature and precipitation projections from climate change models in 
conjunction with wildland fire risk… 
 
As described above (see Life History and Ecology section), across their North American range, 
wolverines are found in a number of habitats, and exhibit wide-ranging movements. In 
conjunction with behavioral responses (e.g., dispersal, prey switching), physiological 

Commented [GJM1]: This sentence doesn’t make sense to me? 
Should there be some qualifier before “increases” like “large” or 
“significant”? 

Commented [GJM2]: Probably need a citation(s) here. 



adaptations, including observed seasonal changes in the insulative capacity of fur, allow 
wolverines to occupy a variety of habitats throughout the year. Physiological adaptations at the 
cellular and biochemical level are also important in adapting to projected increases in 
temperature due to climate changes, though we are unaware of studies evaluating these types of  
responses in wolverines. 



From: Shoemaker, Justin
To: Caitlin Snyder; Jodi Bush; Bryon Holt; Gregg Kurz; Madeline Drake; Josh Hull; Kit Hershey
Cc: Grizzle, Betty; Stephen Torbit; Guinotte, John
Subject: NOAA Report figures - wolverine
Date: Monday, September 25, 2017 9:03:22 AM
Attachments: Wolverine Report Figures FINAL_7Sept17.pdf

NOAA report figures attached. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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10		Figures	

Section	2	Figures:	Project	Overview	(note:	Section	1:	No	figures)	
 

 
Figure	2-1:	Glacier	National	Park	(GLAC).	The	high-resolution	study	area	domain	(blue	outline)	
consists	of	high-elevation	areas	within	and	in	the	vicinity	of	Rocky	Mountain	National	Park	
(ROMO,	bottom)	including	the	northern	Front	Range	and	Never	Summer	mountain	ranges.	
SNOTEL	stations	indicated	by	red	dots.	Study	areas	were	chosen	to	encompass	areas	with	
elevations	from	the	ridgetops	down	to	~200m	below	treeline	and	do	not	follow	National	Park	
boundaries.		
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Figure	2-2	Rocky	Mountain	National	Park	(ROMO)	Study	Area.	The	high	resolution	domain	
(blue	outline)	consists	of	high-elevation	areas	within	and	in	the	vicinity	of	the	Park	including	the	
northern	Front	Range	and	Never	Summer	mountain	ranges.	SNOTEL	stations	indicated	by	red	
dots.	Study	areas	were	chosen	to	encompass	areas	with	elevations	from	the	ridgetops	down	to	
~200m	below	treeline	and	do	not	follow	National	Park	boundaries.		
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Figure	2-3:	Projected	changes	in	temperature	(left)	and	precipitation	(right)	by	2050	over	the	
western	US	for	winter	and	spring	from	an	ensemble	of	34	CMIP5	global	climate	models	under	
RCP	8.5.	The	large	maps	show	the	mean	of	all	models,	and	the	small	maps	show	mean	changes	
from	highest	20%	and	lowest	20%	of	the	models	based	on	statewide	change	in	Colorado	in	
temperature	(left)	or	precipitation	(right).	All	anomalies	are	calculated	based	on	2035-2064	
relative	1971-2000.	Adopted	and	modified	from	Lukas	et	al.,	2014;	(Data	source:	CMIP5	
projections	re-gridded	to	1-degree	grid,	Reclamation	2013;	http://gdo-dcp.ucllnl.org/).	
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Figure	2-4:	Visual	comparison	of	resolution	of	our	study	(left)	and	the	McKelvey	study.	Maps	
of	the	GLAC	study	area	illustrate	the	differences	in	the	resolution	of	the	two	studies.	This	report	
provides	case	studies	of	two	high	elevation	areas	analyzed	on	a	UTM	grid,	250m	x250	m	
(0.0625	km2).	GLAC	shown	on	the	left	as	an	example.		The	Copeland	and	McKelvey	projects	use	
data	at	1/16	on	a	side	(right).	At	48°N	latitude,	Glacier	National	Park,	the	gridbox	is	slightly	
smaller	than	~5km	by	7	km	(~37km2).	Grid	boxes	at	Rocky	Mountain	National	Park	(southern	
extent	at	~40°N),	are	~5km	by	7	km.	Left	image	from	John	Guinotte.	 
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Section	3	Figures:	Observed	Climate	and	Variability	
 

 
 
Figure	3-1.	Historical	trends	in	cold	season	(October-May)	temperature	for	the	Glacier	
National	Park	(GNP,	left)	and	the	Rocky	Mountain	National	Park	(RMNP,	right).	The	plot	
shows	year	to	year	variability	and	anomalies	in	historic	average	October-May	temperature	
between	1948-2015	based	on	the	800m-resolution	gridded	dataset	from	TopoWx	for	a	
rectangular	grid	surrounding	the	GNP	(left,	47-49.4N;	112.33-115.17W)	and	RMNP	(39.9-40.5N;	
105.5-105.8W).	Anomalies	are	relative	to	the	1971-2000	period.	The	grey	curve	shows	a	10-
year	running	mean	trend.	Linear	regression	(not	shown)	indicates	about	a	1.4	oC	increase	in	
temperature	in	GNP	during	this	period,	and	about	1.2	oC	increase	in	temperature	in	RMNP.	
 

 
Figure	3-2.	Historical	trends	in	cold	season	(October-May)	atmospheric	freezing	level	for	the	
Glacier	National	Park.	Year	to	year	variability	in	historic	freezing	level	estimates	based	on	
NCEP/NCAR	Global	Reanalysis	2.5o	x	2.5o	grid	data	provided	by	the	North	American	Freezing	
Level	Tracker	(NAFLT,	http://www.wrcc.dri.edu/cwd/products/).	The	plot	shows	average	
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October-May	freezing	level	estimates	for	a	broad	atmospheric	column	in	a	gridbox	centered	
over	Glacier	National	Park	(48.76N	and	113.79W).	Linear	regression	shows	about	160	m	(530	ft)	
increase	in	the	freezing	level.	[Note:	graphic	downloaded	from	NAFLT	provided	in	English	units].		
	

 
Fig	3-3.	Historical	trends	in	cold	season	(October-May)	atmospheric	freezing	level	for	the	
Rocky	Mountain	National	Park.	Year	to	year	variability	in	historic	freezing	level	estimates	based	
on	NCEP/NCAR	Global	Reanalysis	2.5o	x	2.5o	data	provided	by	the	North	American	Freezing	
Level	Tracker	http://www.wrcc.dri.edu/cwd/products/).	The	plot	shows	average	October-May	
freezing	level	estimations	for	a	broad	atmospheric	column	in	a	gridbox	centered	over	Rocky	
Mountain	National	Park	(40.34N	and	105.69W).	Linear	regression	shows	about	170	m	(560	ft)	
increase	in	the	freezing	level.	[Note:	graphic	downloaded	from	NAFLT	provided	in	English	units].		
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Fig	3-4.	Relationship	between	temperature	change	and	freezing	level	shifts	for	areas	around	
(A)	Glacier	(GNP)	and	(B)	Rocky	Mountain	(RMNP)	National	Parks.	Note	the	difference	in	the	
y-axis	due	to	the	different	elevations	of	the	park.	There	is	a	strong	relationship	between	historic	
freezing	levels	and	temperature	change	for	both	regions	in	Oct-May	with	R2	close	to	0.8.	For	
RMNP,	there	has	been	about	a	180	m	(600	ft)	increase	in	the	freezing	level	for	1oC	increase	in	
temperature,	whereas	for	GNP,	there	is	about	a	115	m	(375	ft)	increase	in	the	freezing	level	for	
1oC	increase	in	temperature.	

 
 
Figure	3-5.	Cold	Season	(October	–	May)	average	temperature	and	precipitation	anomalies	
compared	to	the	1981-2010	average	for	the	GLAC	(left)	and	ROMO	(right)	study	areas.	
Relatively	warm/dry	winters	are	in	the	upper	left	quadrant,	cool/wet	in	the	lower	right	
quadrant.	Individual	years	are	labeled	(00=2000,	01=2001,	etc);	unlabeled	dots	represent	data	
from	1951-1999	to	illustrate	the	broader	climatological	range	of	year	to	year	variability.	Circles	
show	the	representative	case	study	years	Warm/Dry	(red),	Near	Normal	(green)	and	Cool/Wet	
(blue).	Data	is	from	the	Livneh	(2014)	dataset.	Average	is	taken	over	a	rectangular	area	in	
latitude	and	longitude	surrounding	the	study	areas	GLAC	(48N-49N,112W–114.5	W),	and	ROMO	
(39N	–	41N,	105W-107W).	
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Figure	3-6.	Year	to	year	variability	in	snow	covered	area	and	elevation	profiles.	Panels	(a,	
GLAC)	and	(b,	ROMO)	show	snow	covered	area	(SCA)	from	MODIS	as	a	function	of	year	for	May	
1	(blue),	May	15	(red),	and	June	1	(gray).	Dry,	near	normal,	and	wet	representative	years	are	
circled.		Panels	(c,	GLAC)	and	(d,	ROMO)	show	SCA	as	a	function	of	elevation	for	May	1	and	June	
1.	Note	that	the	“near	normal”	study	years	(green	lines)	are	close	to	the	median	profile	(black	
lines).		
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Section	4	Figures:	MODIS	Historical	Snowcover	Analysis		
	
	
	

	
Figure	4-1.	May	15	snow	cover	from	MODIS	for	the	GLAC	study	area	(red	outline)	and	vicinity.	
“Dry”	year	(2005,	left),	“near	normal	year”	(2009,	middle),	and	“wet”	year	(2011,	right).		Snow	
cover	is	defined	as	NDSI	>	0.1,	and	includes	fractional	snow	cover	(see	text	for	definitions).		
	
	
	

	
	
Figure	4-2:	Year	to	year	variability	in	total	snow	covered	area	(km2)	on	May	1	(blue),	May	15	
(red),	and	June	1	(gray)	by	year	from	MODIS	within	the	GLAC	study	area	polygon.	Snow	cover	
is	defined	as	NDSI	>	0.1,	and	includes	fractional	snow	cover	(see	text).		
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Figure	4-3:	Number	of	Years	(out	of	17	total	years,	2000-2016)	with	snow	cover	on	May	1,	
May	15,	and	June	1	from	MODIS	for	the	GLAC	study	area	(red	outline)	and	vicinity.	Snow	
cover	is	defined	as	NDSI	>	0.1,	and	includes	fractional	snow	cover.		
	
	
	
	
	

	
	
Figure	4-4:		Snow	covered	area	by	number	of	years.	Colored	bars	show	the	area	within	the	
GLAC	study	area	polygon	classified	according	to	the	number	of	years	with	snow	cover	(out	of	17	
total	years)	on	May	1	(blue),	May	15	(orange),	and	June	1	(grey).	Snow	cover	data	from	MODIS.		
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Figure	4-5:	Snow	covered	area	fraction	(%)	as	a	function	of	aspect	for	May	1,	May	15,	and	
June	1	for	the	GLAC	study	area.		Each	year	is	shown	by	a	separate	line.	The	total	snow	covered	
area	has	been	expressed	as	a	percentage	of	the	total	land	area	in	each	aspect	bin.	Aspect	of	the	
slope	is	determined	from	a	digital	elevation	model	and	is	binned	into	eight	octants	according	to	
the	compass	direction.	Concentric	octagons	(gray)	denote	the	magnitude	scale	ranging	from	0	
to	100%.		
	
	
	
	
	
	
	
	

	
Figure	4-6:	Snow	covered	area	fraction	(%)	as	a	function	of	aspect	for	representative	wet	
(2011)	and	dry	(2005)	years	in	the	GLAC	study	area.		May	1	(blue),	May	15	(red),	and	June	1	
(green)	are	shown	for	each	year.	The	total	snow	covered	area	has	been	expressed	as	a	
percentage	of	the	total	land	area	in	each	aspect	octant.	Concentric	octagons	(gray)	denote	the	
magnitude	scale	ranging	from	0	to	100%.		
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Figure	4-7:	Analysis	of	Snow	Cover	versus	elevation	in	the	GLAC	study	area.		Upper	Panel:	
Snow	covered	area	(SCA)	fraction	as	a	function	of	elevation	for	the	GLAC	study	area	for	
representative	wet	(2011;	blue	lines),	near	normal	(2009;	green	lines),	and	dry	years	(2005;	red	
lines).	MODIS	pixels	were	classified	into	200-meter	elevation	bands.	Snow	covered	area	is	
shown	as	the	percentage	of	area	within	each	elevation	band	with	snow	cover	on	May	1	and	
May	15.	The	median	snow	cover	fraction	for	the	given	dates	for	the	period	2000-2017	is	shown	
in	thick	black	lines.	Elevations	of	wolverine	dens	in	or	near	the	study	area	are	denoted	by	
triangles.	Lower	Panel:		Year	to	year	variability	in	historical	total	snow	covered	area	(km2)	in	the	
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1500m	and	2300	m	elevation	band	that	encompasses	den	elevations	on	May	1	(blue),	May	15	
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bfrom	MODIS	within	the	GLAC	study	area	polygon.	Snow	cover	is	defined	as	NDSI	>	0.1,	and	
includes	fractional	snow	cover	(see	text).		
	
	
	

	
Figure	4-8:	May	15	snowcover	from	MODIS	for	the	GLAC	study	area	(red	outline)	and	vicinity.	
Representative	Dry	(2012,	left),	Near	Normal	year	(2007,	right),	and	Wet	years	(right,	2011).		
Snow	cover	is	defined	as	NDSI	>	0.1,	and	includes	fractional	snow	cover.	The	data	were	taken	
from	a	single	MODIS	tile	which	does	not	include	the	southernmost	tip	of	the	study	area.			
	
	
	
	



	

7 September 2017 68	

	
	
Figure	4-9:	Year	to	year	variability	in	total	snow	covered	area	(km2)	on	May	1	(blue),	May	15	
(red)	from	MODIS	within	the	ROMO	study	area	polygon.	Snow	cover	is	defined	as	NDSI	>	0.1,	
and	includes	fractional	snow	cover	(see	text).		
	
	

		
	
Figure	4-10:	Number	of	Years	(out	of	2000-2016,	17	years	total)	with	snow	cover	on	May	1,	
May	15,	and	June	1	from	MODIS	for	the	ROMO	study	area	(red	outline)	and	vicinity.	Snow	
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cover	is	defined	as	NDSI	>	0.1,	and	includes	fractional	snow	cover.	The	data	were	taken	from	a	
single	MODIS	tile	which	does	not	include	the	southernmost	tip	of	the	study	area.	
	
	

	
Figure	4-11:		Area	within	the	ROMO	study	area	polygon	classified	according	to	the	number	of	
years	with	snow	cover	(out	of	17	total,	2000-2016)	on	May	1,	May	15,	and	June	1	from	
MODIS.		 	
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Figure	4-12:	Snow	covered	area	fraction	(%)	as	a	function	of	aspect	for	May	1,	May	15,	and	
June	1	for	the	ROMO	study	area.		Each	year	is	shown	by	a	separate	line.	The	total	snow	
covered	area	has	been	expressed	as	a	percentage	of	the	total	land	area	in	each	aspect	bin.	
Aspect	of	the	slope	is	determined	from	a	digital	elevation	model	and	is	binned	into	eight	
octants	according	to	the	compass	direction.	Concentric	octagons	(gray)	denote	the	magnitude	
scale	ranging	from	0	to	100%.		
	
	

	
Figure	4-13:	Snow	covered	area	fraction	(%)	as	a	function	of	aspect	for	2011	(“wet”)	and	2002	
(‘dry”)	representative	years	in	the	ROMO	study	area.		May	1	(blue),	May	15	(red),	and	June	1	
(green)	are	shown	for	each	year.	The	total	snow	covered	area	has	been	normalized	by	the	total	
land	area	in	each	aspect	octant.	Concentric	octagons	(gray)	denote	the	magnitude	scale	ranging	
from	0	to	100%.	Note	that	while	2012	had	the	least	snow	cover	in	late	Spring,	2002	was	
adopted	as	a	representative	dry	year	due	to	modeling	considerations	discussed	in	in	Section	5.			
We	show	both	dry	years	here	which	exhibit	similar	dependence	of	fractional	snow	cover	on	
aspect.			
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Figure	4-14:	Snow	covered	area	fraction	as	a	function	of	elevation	for	the	ROMO	study	area	
for	representative	wet	(2011;	blue	lines),	near	normal	(2007;	green	lines),	and	dry	years	
(2002;	red	lines).	MODIS	pixels	were	classified	into	200-meter	elevation	bands.	Snow	covered	
area	is	shown	as	the	percentage	of	area	within	each	elevation	band	with	snow	cover	on	May	1	
and	June	1.	The	median	snow	cover	fraction	for	the	given	dates	for	the	period	2000-2017	is	
shown	in	thick	black	lines.	2002	only	is	shown	because	it	was	ultimately	used	as	a	
representative	year	in	the	scenarios	analysis,	not	2012.		Note	that	2012	also	shows	a	decrease	
in	snow	covered	area	at	the	highest	elevations.			
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Chapter	5	Figures:	Future	Snowpack	Projections:	DHSVM	Modeling	
	
	

	
	
Figure	5-1:	Validation	of	DHSVM	Historical	Simulation	at	SNOTEL	sites	in	ROMO	and	GLAC.	a)	
left	panel:	Simulated	and	observed	meltout	date	(numerical	day	of	year)	defined	as	the	first	day	
in	Spring	when	Snow	Water	Equivalent	was	less	than	1mm.	b)	right	panel:	Simulated	and	
observed	snowpack	duration	defined	as	number	of	days	with	greater	than	10cm	of	SWE.	
SNOTEL	station	abbreviation	codes	are	provided	in	Table	5-1.	
	
	

	
Figure	5-2	Time	series	comparing	observed	(blue)	and	modeled	(red	)	Snow	Water	Equivalent	
(mm)	for	the	Glacier	Study	Area	(GLAC)	study	area.		Flattop	Mountain	(left),	Pike	Creek	
(center),	and	Many	Glacier	(right)	SNOTEL	stations.		
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Figure	5-3.	Timeseries	comparing	observed	(blue)	and	modeled	(red	)	Snow	Water	Equivalent	
(mm)	for	the	Rocky	Mountain	National	Park	(ROMO)	study	area.	Copeland	Lake	(upper	left),	
Never	Summer	(upper	right),	Joe	Wright	(lower	left),	and	Lake	Eldora	(lower	right)	SNOTEL	
stations.	
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Figure	5-4.	MODIS	snow	cover	with	DHSVM	snow	cover	for	May	15,	2005	for	the	GLAC	study	
area	(yellow	outline).	Spatial	overlay	of	shows	areas	of	agreement	between	DHSVM	and	
MODIS	snow	cover	(white),	areas	where	only	MODIS	indicated	snow	cover	(green),	and	areas	
where	only	DHSVM	model	indicated	snow	cover	(blue).	Graphic	courtesy	of	John	Guinotte,	
FWS.		
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Figure	5-5.	MODIS	snow	cover	compared	with	DHSVM	snow	cover	for	May	15,	2002	for	the	
ROMO	study	area	(yellow	outline).		Spatial	overlay	of	shows	areas	of	agreement	between	
DHSVM	and	MODIS	snow	cover	(white),	areas	where	only	MODIS	indicated	snow	cover	(green),	
and	areas	where	only	DHSVM	model	indicated	snow	cover	(blue).	Graphic	courtesy	of	John	
Guinotte,	FWS.	
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Figure	5-6:	Example	model	output:	May	15	SWE	from	a)	left:	historical	simulation	for	2011	and	
b)	right,	for	the	Hot/Wet	future	scenario	(#3,	miroc)	applied	for	the	period	2041-2070	derived	
from	the	MIROC	climate	model	projections.	The	future	scenario	represents	a	year	similar	to	
2011,	that	is,	a	relatively	wet	and	cool	year,	but	the	temperature	and	precipitation	adjusted	to	
be	consistent	with	the	2014-2070	projected	climate	from	the	MIROC	climate	model.	Numbering	
on	the	axes	indicates	the	regular	grid	of	250m	x	250m	gridcells	on	a	Universal	Transverse	
Mercator	map	projection	–	these	grid	numbers	are	not	shown	in	subsequent	figures.		
Simulation	with	the	DHSVM	model	was	only	performed	within	the	study	area	polygon.				
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Fig	5-7:	Projected	Changes	in	Cold	Season	(October-May)	Temperature	and	Precipitation	by	
2055.	Left:	GLAC	Study	Area,	Right:	ROMO	study	area.	Filled	red	circles	show	changes	in	
temperature	and	precipitation	for	a	nominal	2055	climate,	i.e.	2041-2070	period	relative	to	
1986-2015,	from	68	global	climate	model	experiments	---	34	models	each	from	RCP	4.5	and	8.5	
emissions	scenarios.	Projections	highlighted	by	the	black	circles	are	the	five	divergent	climate	
scenarios	selected	for	this	region.	Four	of	the	same	GCMs	are	used	as	future	scenarios	for	both	
areas	(#1,	and	3-5);	different	GCMs	are	used	for	#2	in	order	to	represent	a	range	of	futures.	The	
models	and	futures	are	shown	in	Table	5-3.	The	filled	blue	circles	show	the	three	scenarios	
considered	in	the	McKelvey	et	al.	study	for	the	2030-2059	period.	
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Figure	5-8:		Historical	and	projected	May	15th	Snow	Water	Equivalent	(meters)	for	a	
Representative	Wet	Year	in	GLAC.	Historical	simulation	year	2011	(wet	year,	top	left),	and	for	
three	future	scenarios	applied	to	2011:	b)	the	warm/wet	(giss)	scenario	results	in	the	lowest	
change	in	SWE	(top	right),	c)	the	central	scenario	(cnrm)	results	in	a	moderate	change	in	SWE	
(bottom	left),	and	the,	d)	hot/wet	scenario	(miroc)	results	in	the	greatest	change	in	SWE	
(bottom	right).	Scenarios	are	listed	in	Table	5-3	and	shown	in	Figure	5-7,	maps	for	additional	
scenarios	are	provided	in	the	Supplementary	Material.	
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Figure	5-9:	Historical	and	projected	May	15th	Snow	Water	Equivalent	(meters)	for	a	
Representative	Near	Normal	Year	in	GLAC.	Historical	simulation	year	2009	(near	normal	year,	
top	left),	and	for	three	future	scenarios	applied	to	2009:	b)	the	warm/wet	(giss)	scenario	results	
in	the	least	change	in	SWE	(top	right),	c)	the	central	scenario	(cnrm)	results	in	a	moderate	
change	in	SWE	(bottom	left),	and,	d)	the	hot/wet	model	results	in	the	greatest	change	in	SWE	
(bottom	right).	Scenarios	are	listed	in	Table	5-3	and	shown	in	Figure	5-7,	maps	for	additional	
scenarios	are	provided	in	the	Supplementary	Material.	
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Figure	5-10:	Historical	and	projected	May	15th	Snow	Water	Equivalent	(meters)	for	a	
Representative	Dry	Year	in	GLAC.	Historical	simulation	year	2005	(dry	year,	top	left),	and	for	
three	future	scenarios	applied	to	2005:	b)	the	warm/wet	(giss)	scenario	results	in	the	least	
change	in	SWE	(top	right),	c)	the	central	scenario	(cnrm)	results	in	a	moderate	change	in	SWE	
(bottom	left),	and,	d)	the	hot/wet	model	results	in	the	greatest	change	in	SWE	(bottom	right).	
Scenarios	are	listed	in	Table	5-3	and	shown	in	Figure	5-7,	maps	for	additional	scenarios	are	
provided	in	the	Supplementary	Material.	In	May,	snow	depth	=	2.5	x	SWE.	
	
l	
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Figure	5-11:	Snow	Covered	Area	(km2,	³	0.5	meter	“significant”	snow	depth	threshold)	for	
Dry,	Near	Normal,	and	Wet	Case	Study	Years	for	GLAC.	Historical	and	five	future	scenarios	for	
April	15.	Historical	(blue),	Central	(red),	Hot/Very	Wet	(green),	Hot/Wet	(purple),	Warm/Wet	
(aqua),	Warm/Dry	(orange).	These	bar	graphs	illustrate	data	in	Table	5-5.	
	

	
	
Figure	5-12:	Snow	Covered	Area	(km2,	³	0.5	m	“significant”	snow	depth	threshold)	for	Dry,	
Near	Normal,	and	Wet	Case	Study	Years	for	GLAC.	Historical	and	five	future	scenarios	for	May	
15.	Historical	(blue),	Central	(red),	Hot/Very	Wet	(green),	Hot/Wet	(purple),	Warm/Wet	(aqua),	
Warm/Dry	(orange).	These	bar	graphs	illustrate	data	in	Table	5-5.	
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Figure	5-13:	Number	of	years	(out	of	1998-2013)	with	Snow	Depth	³	0.5	m	on	May	15th	for	
GLAC.	Historical	simulation	compared	to	the	Warm/Wet	(giss),	Central(cnrm),	and	
Hot/Wet(miroc)	future	scenarios.	Scenarios	are	described	in	Table	5-3.	In	May,	snow	depth	=	
2.5	x	SWE.	
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Figure	5-14:	Number	of	years	(out	of	1998-2013)	with	Snow	Depth	³	0.5	m	for	historic	and	
two	future	climate	scenarios	for	GLAC.	The	“number	of	years”	indicates	the	yearly	availability	
of	deep	snow	at	each	model	gridcell	across	all	years	in	the	DHSVM	simulations,	including	wet,	
dry,	and	near	normal	years.	Top	Row:	Historical	Simulations	on	April	15th,	May	1st,	and	May	
15th.	Middle	Row:	Warm/Wet	future	scenario	(GISS	model,	“Least	Change”)	at	the	same	dates,	
Bottom	Row:		Hot/Wet	future	scenario	(MIROC	model,	“Greatest	Change”)	at	the	same	dates.	
[Note:	the	label	within	the	panel	is	incorrect,	should	show	Hot/wet,	will	be	revised].	The	
reduction	in	the	number	of	years	on	May	1	for	each	future	scenario	can	be	compared	to	the	
historical	simulation	at	a	later	calendar	date,	showing	a	<	2	week	shift	for	the	Warm/Wet	
scenario	and	a	>	1	month	shift	for	the	Hot/Wet	scenario.	Scenarios	are	listed	in	Table	5-3.	
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Figure	5-15.	Historical	and	projected	May	15th	Snow	Water	Equivalent	(meters)	for	a	
Representative	Wet	Year	in	ROMO:	a)	Historical	simulation	year	2011,	b)	the	Warm/Wet	(giss)	
scenario	shows	the	least	change	in	SWE	of	all	six	scenarios	considered,	c)	the	Central	(cnrm)	
scenario	results	in	a	moderate	change	in	SWE,	and	d)	the	Hot/Wet	(hadgem2)	model	results	in	
the	greatest	change	in	SWE.		Note	that	while	the	representative	wet	year,	2011,	is	the	same	in	
GLAC	and	ROMO,	the	representative	dry	and	near	normal	years	differ	based	on	climatology	
(see	section	3-3).		Scenarios	are	listed	in	Table	5-3	and	shown	in	Figure	5-7,	maps	for	additional	
scenarios	are	provided	in	the	Supplementary	Material.		
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Figure	5-16.	Historical	and	projected	May	15th	Snow	Water	Equivalent	(meters)	for	a	
Representative	Near	Normal	Year	in	ROMO:	a)	Historical	simulation	year	2007,	b)	the	
Warm/Wet	(giss)	scenario	shows	the	least	change	in	SWE	of	all	six	scenarios	considered,	c)	the	
Central	(cnrm)	scenario	results	in	a	moderate	change	in	SWE,	and	d)	the	Hot/Wet	(hadgem2)	
model	results	in	the	greatest	change	in	SWE.		Note	that	while	the	representative	wet	year	is	the	
same	in	GLAC	and	ROMO,	the	representative	dry	and	near	normal	years	differ	based	on	
climatology	(see	section	3-3).		Scenarios	are	listed	in	Table	5-3	and	shown	in	Figure	5-7,	maps	
for	additional	scenarios	are	provided	in	the	Supplementary	Material.		
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Figure	5-17.	Historical	and	projected	May	15th	Snow	Water	Equivalent	(meters)	for	a	
Representative	Dry	Year	in	ROMO:	a)	Historical	simulation	year	2002,	b)	the	Warm/Wet	(giss)	
scenario	shows	the	least	change	in	SWE	of	all	six	scenarios	considered,	c)	the	Central	(cnrm)	
scenario	results	in	a	moderate	change	in	SWE,	and	d)	the	Hot/Wet	(hadgem2)	model	results	in	
the	greatest	change	in	SWE.		Note	that	while	the	representative	wet	year	is	the	same	in	GLAC	
and	ROMO,	the	representative	dry	and	near	normal	years	differ	based	on	climatology	(see	
section	3-3).		Scenarios	are	listed	in	Table	5-3	and	shown	in	Figure	5-7,	maps	for	additional	
scenarios	are	provided	in	the	Supplementary	Material.		
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Figure	5-18:	Snow	Covered	Area	(km2,	³	0.5	m	“significant”	snow	depth	threshold)	for	Dry,	
Near	Normal,	and	Wet	Case	Study	Years	for	ROMO.	Historical	and	five	future	scenarios	for	
April	15.	Historical	(blue),	Central	(red),	Hot/Very	Wet	(green),	Hot/Wet	(purple),	Warm/Wet	
(aqua),	Warm/Dry	(orange).	These	bar	graphs	illustrate	data	in	Table	5-7.	
	

	
	
Figure	5-19:	Snow	Covered	Area	(km2,	³	0.5	m	“significant”	snow	depth	threshold)	for	Dry,	
Near	Normal,	and	Wet	Case	Study	Years	for	ROMO.	Historical	and	five	future	scenarios	for	
May	15.	Historical	(blue),	Central	(red),	Hot/Very	Wet	(green),	Hot/Wet	(purple),	Warm/Wet	
(aqua),	Warm/Dry	(orange).	These	bar	graphs	illustrate	data	in	Table	5-7.	
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Figure	5-20	Number	of	years	(out	of	1998-2013)	with	Snow	Depth	³	0.5	m	on	May	15th	for	
ROMO.	Historical	simulation	compared	to	the	Warm/Wet	(giss),	Central(cnrm),	and	
Hot/Dry(hadgem2)	future	scenarios.	Scenarios	are	described	in	Table	5-3.	Note	that	scenarios	
were	chosen	independently	for	the	two	study	areas.			
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Figure	5-21:	Number	of	years	(out	of	1998-2013)	with	Snow	Depth	³	0.5	m	for	historic	and	
two	future	climate	scenarios	for	ROMO.	The	“number	of	years”	indicates	the	yearly	availability	
of	deep	snow	at	each	model	gridcell	across	all	years	in	the	DHSVM	simulations,	including	wet,	
dry,	and	near	normal	years.	Top	Row:	Historical	Simulations	on	April	15th,	May	1st,	and	May	15th	
.	Middle	Row:	Warm/Wet	future	scenario	(GISS	model,	“Least	Change”)	at	the	same	dates,	
Bottom	Row:		Hot/Dry	future	scenario	(Hadgem2	model,	“Greatest	Change”)	at	the	same	dates.	
The	reduction	in	the	number	of	years	on	May	1	for	each	future	scenario	can	be	compared	to	
the	historical	simulation	at	a	later	calendar	date,	showing	little	shift	for	the	Warm/Wet	scenario	
and	a		>	2	week	shift	for	the	Hot/Dry	scenario.	Scenarios	are	listed	in	Table	5-3.	
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Figure	5-22:	Average	Snow	Covered	Area	(km2	with	depth	³	0.5	m)	at	elevation	bands	for	
GLAC	for	five	future	scenarios	on	May	1.	Central	(cnrm,	red),	Hot/Very	Wet	(canesm,	green),	
Hot/Wet	(miroc,	purple),	Warm/Wet	(giss,	aqua),	Warm/Dry	(fio,	orange).	The	elevations	of	
documented	wolverine	den	sites	are	shown	by	black	triangles.	This	elevation	range	is	~1500m	-
~2250.	All	but	three	of	these	dens	are	between	1800	and	2000m;	two	are	above	2000m	and	
one	is	below	~1500m.	
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Figure	5-23:	Average	Snow	Water	Equivalent	(SWE,	percent	change)	at	elevation	bands	for	
GLAC	for	five	future	scenarios	on	May	1.	Central	(cnrm,	red),	Hot/Very	Wet	(canesm,	green),	
Hot/Wet	(miroc,	purple),	Warm/Wet	(giss,	aqua),	Warm/Dry	(fio,	orange).	Known	wolverine	
den	site	elevations	are	shown	by	black	triangles.	SWE	is	shown	in	addition	to	the	snow	covered	
area	to	emphasize	that	a	Hot/Very	Wet	projection	can	have	increased	snowpack	at	high	
elevations	despite	the	significantly	warmer	temperatures.			
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Figure	5-24:	Average	Snow	Covered	Area	(depth	³	0.5	m)	percent	change	at	elevation	bands	
for	ROMO	for	five	future	scenarios	on	May	1:		Central	(cnrm,	red),	Hot/Very	Wet	(hadgem,	
green),	Hot/Wet	(miroc,	purple),	Warm/Wet	(giss,	aqua),	Warm/Dry	(fio,	orange).	Note	that	the	
highest	elevation	band	at	ROMO	tops	out	at	4000m,	whereas	the	highest	elevation	band	at	
GLAC	tops	out	at	3000m.	Linear	regression	of	den	site	elevations	and	latitude	in	the	contiguous	
U.S.	indicated	den	sites	in	the	ROMO	study	area	would	be	located	in	an	elevation	range	of	
2700-3600	m	(pers	comm,	Guinotte),	however,	no	documented	den	sites	exist	in	ROMO.	
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Figure	5-25:	Average	Snow	Water	Equivalent	(SWE,	percent	change)	at	Elevation	Bands	for	
ROMO	for	five	future	scenarios	on	May	1.	Central	(cnrm,	red),	Hot/Very	Wet	(hadgem,	green),	
Hot/Wet	(miroc,	purple),	Warm/Wet	(giss,	aqua),	Warm/Dry	(fio,	orange).	Note	that	the	highest	
elevation	band	at	ROMO	tops	out	at	4000m,	whereas	the	highest	elevation	band	at	GLAC	tops	
out	at	3000m.	
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Figure	5-26:	Simulated	May	15	average	snow	cover	inferred	from	13cm	snow	depth	on	May	1	
from	McKelvey	et	al.	(2011).		Historical	simulation	and	“MIROC	2080s”	projection	are	shown.	
No	projection	data	were	included	for	Canada.	Outlined	areas	are	shown	from	the	present	
study:	GLAC	(red),	ROMO	(yellow).	Note	that	the	domain	simulated	in	McKelvey	et	al.	(2011)	
did	not	include	all	of	the	GLAC	study	area.	(Data	were	generously	provided	by	Jeff	Copeland.		
Graphic	prepared	by	John	Guinotte).		



From: Grizzle, Betty
To: Guinotte, John
Subject: Re: No Am Wolverine Draft SSA - for Core Team review ONLY
Date: Monday, September 25, 2017 1:15:16 PM

Yes, BUT, please remember I have MANY reviews to reconcile. If he provides track changes
comments, that adds to the pile. Would be easier if he can provide "general" comments.  
Please remind him of the record-keeping process and history of litigation for this species; I
will need to request any emails, etc. from him if he creates any responsive records.

On Mon, Sep 25, 2017 at 12:03 PM, Guinotte, John <john_guinotte@fws.gov> wrote:
Thanks Betty. I'm reading through this now. Is it okay to send this to Kevin Doherty so he
can read it?
Best, John

John Guinotte
Spatial Ecologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Fri, Sep 22, 2017 at 4:40 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Attached is the first draft of the North American wolverine SSA report (thanks to John and
Ed Turner for GIS support!). This draft is intended for review by Core Team members, but
if others in your office/Region are planning to review this initial draft, please send back to
me one edited document from your office/Region.

I expect there will comments to sections to help clarify or correct the discussions
presented. Please provide specific suggestions, rather than commenting "not clear" or
"rewrite."  A careful review of summary sections would be particularly helpful.  Please try
to focus your review on larger content and context, and less on style/grammar or
organization/format---it's going to be challenging enough pulling together up to 10
versions of this draft in a week.  Also, I may be missing a few citations in the references
section, but I will go through those next week.  

Finally, and most importantly, please send back your review to me by next COB Friday,
September 29, so we can stay on track for sending this out to partners and peer reviewers
by mid-October.

Thanks for your time.  Please contact me if you have specific questions.

[Justin - Please distribute this draft to RSOL in separate email message, if necessary]

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
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mailto:john_guinotte@fws.gov
https://maps.google.com/?q=6134+Union+Blvd.,+Lakewood,+CO+80228&entry=gmail&source=g
mailto:john_guinotte@fws.gov
mailto:betty_grizzle@fws.gov


U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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From: Guinotte, John
To: Betty Grizzle; Stephen Torbit
Subject: Fwd: comparison table
Date: Monday, September 25, 2017 3:41:22 PM
Attachments: Table 7_jmg_jjb.docx

Hi Betty, Here are Joe's comments on the comparison table. The one that I had concern about
initially was the "none" for validation on McKelvey. Also, his point on the May 1 date is
important too. Give me a ring if you want to talk about it. I'm going to be out for the next hour
or so.
Best, John

John Guinotte
Spatial Ecologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

---------- Forwarded message ----------
From: Joe Barsugli <joseph.barsugli@noaa.gov>
Date: Mon, Sep 25, 2017 at 3:23 PM
Subject: Re: comparison table
To: "Guinotte, John" <john_guinotte@fws.gov>

Here are my comments and suggested changes.    Joe

On 9/20/17 8:10 AM, Guinotte, John wrote:

No problem Joe. Thanks for taking a look today. It will not take you long.
Best, john

John Guinotte
Spatial Ecologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Tue, Sep 19, 2017 at 11:26 PM, Joe Barsugli <joseph.barsugli@noaa.gov>
wrote:

Sorry John I have been slammed and will be until Weds (tomorrow)  afternoon. 
Can probably squeeze this in then.  
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On 9/19/17 10:35 AM, Guinotte, John wrote:

Hi Joe, Any chance you can take a look at the mckelvey
comparison table I sent you in the next day or two? We are trying
to get the SSA finished up now so we can send it out to the rest of
FWS.
Thanks John

John Guinotte
Spatial Ecologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

-- 
Joseph Barsugli
Research Scientist III
CIRES, UCB 216
University of Colorado at Boulder
cell:720-244-5922

-- 
Joseph Barsugli
Research Scientist III
CIRES, UCB 216
University of Colorado at Boulder
cell:720-244-5922

mailto:john_guinotte@fws.gov


 NOAA / CU study (2017) Copeland et al (2010)  
and McKelvey et al (2011) 

Spatial Resolution 250m x 250m = 62,500 m2 or 0.0625 km2  

(~0.25 mi2) 
0.125 degrees (~5km x 7km;  = 37 km2,   
(14.29 mi2) 

Geographic Area Glacier and Rocky Mountain National Parks, 
300 m below treeline and above 

Western U.S, except California and 
Great Basin 

Topography Slope, aspect, shading were used Slope and aspect were not used 
Validation SNOTEL (ground in-situ stationsobservations) 

and MODIS (satellite dataremote sensing) 
None None specific to the snow dataset 
used.   

Future Scenario 
Method 

Delta Method, used to project 2000-2013 
conditions out to Year 2055 (average of 2041-
2070)2055 

Delta Method (Years: 2045 (2030-
2059) , 2085 (, 2070-2099) 

Future Scenarios 
(GCMs) 

cnrm, canesm (Glacier National Park only), 
miroc, giss, fio; 
hadgem2 (Rocky Mountain National Park only) 

Ensemble mean  of 10 GCMs, pcm1, 
and miroc 3.2 

Time-related Results Long-term means and year-to-year variability 
(i.e., wet, near normal, and dry years)  

Changes in long-term mean snowpack 
only 

Snow Detection and 
Measurements 

Snow presence: 1.25 cm snow depth threshold   
on May 15th.  “Significant snow” : snow depth 
0.5 m (20 inches) threshold.  Snow depth 
determined by conversion from Snow Water 
Equivalent  using bulk snow density. Snow or 
no snow (1.25 cm (0.5 in) threshold), snow 
depth (0.5 m (42.6 ft20 in) threshold for 
"significant snow"), and Snow Water 
Equivalent (SWE)  

Snow or no snowpresence  (13 cm (5.12 
in) snow depth threshold on May 1). 
Snow depth determined by VIC model 

Number of Years of 
MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 
Snow Cover Dates 
Analyzed 

April 15, May 1, and May 15 May 1, May 15 (derived from May 1), 
May 29 (derived from May 1) 
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From: Shoemaker, Justin
To: Kit Hershey; Gregg Kurz; Bryon Holt; Grizzle, Betty; Caitlin Snyder; Jodi Bush; Guinotte, John; Stephen Torbit;

Josh Hull; Madeline Drake; Jacobsen, Dana
Cc: Marjorie Nelson
Subject: Wolverine Recommendation Team Meeting - scheduling, Jan 2018
Date: Tuesday, September 26, 2017 1:25:16 PM

Team,

We are hoping to have the wolverine recommendation team meeting w/ RDs/ARDs/regional
delegates sometime between Jan 9-12, 2018.  Right now I'm assuming it will take 2 days.  And
probably be held at the R6 RO in Lakewood, CO.  

Our RD's Executive Assistant will be reaching out to your RD's office's to arrange scheduling. 
It's up to your regions to determine a recommender/decision maker to attend, be it the RD,
ARD, or whoever. But we generally start by inviting the RD.  And its good to have at least one
core team member from each region attend in person or remotely. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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From: Bush, Jodi
To: Steve Gess
Cc: Justin Shoemaker
Subject: Re: AMEC -Request for Proposal, Reference Number 0092717001 for PEER Review of the Draft Species Status

Assessment Report for the North American Wolverine
Date: Wednesday, September 27, 2017 1:33:46 PM

Awesome Steve.  Thank you!  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Sep 27, 2017 at 1:28 PM, Steve Gess <steve_gess@fws.gov> wrote:

Dawn, Region 6 US FWS  received permission to use the new Scientific
Studies BPA,AMEC was awarded recently. As a result I am requesting a
formal proposal to conduct a PEER review on the subject Daft Specifies
status assessment for the North American Wolverine. The RFP and Statement
of work are attached. Proposals are due October 16, 2017.This will be a
competitive process.

 

Please let me know if you have any questions.

 

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov
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From: Shoemaker, Justin
To: Grizzle, Betty
Cc: Jodi Bush
Subject: Wolverine draft SSA report - RO comments
Date: Thursday, September 28, 2017 10:10:47 AM
Attachments: 20170922_DRAFT Wolverine SSA Report_JMS.docx

Betty,

Very nice job on the report, very well written.  I think the organization is logical and tells the
story well.  I wouldn't change any of that.  The figures and maps are helpful and also very well
done.  

I have comments and suggestions in the attached, the vast majority of which can be quickly
addressed.  

My biggest thing is that I'd like to see more revisiting of the species needs and 3 Rs in the
conclusion sections.  Even though there are things we don't know, there's still a lot we can say
regarding these currently and in the future.  I think a little more fleshing out along those lines
would help to inform the decision.  I've added suggestions. 

Let me know if you want to discuss anything. Thanks for your hard work on this. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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Executive Summary 
 
The North American wolverine (Gulo gulo luscus; wolverine) is a medium-sized carnivore found 
across the west-northwestern contiguous United States, Alaska, and Canada. The most recent 
estimate of wolverine populations in the contiguous United States based on resource function 
modeling is 318 individuals, with a range from 249 to 949; however, systematic monitoring 
across the wolverine’s North American range has not been conducted given the difficulty in 
surveying this highly mobile species, and its occupation across large and remote areas. A multi-
state effort to determine wolverine occupancy in Montana, Idaho, and Washington was 
conducted in winter of 2016–2017 and in Wyoming for the winters of 2015 and 2016–2017. 
Results from this study are still being analyzed, but photographic detections of wolverines were 
found across all States, including areas where wolverines have not recently been observed. In 
Canada, the population is estimated to exceed 10,000 mature individuals and has been stable 
over the past? two decades. Recent density estimates indicate no declining trend for wolverines 
in Alaska. Wolverine populations in Alaska are considered to be continuous with populations in 
the Yukon and British Columbia provinces of Canada. Wolverines that occupy the North 
Cascades region are known to move from Washington into British Columbia.  
 
Wolverines are highly mobile, capable of moving and dispersal over great distances over short 
periods of time. Wolverine populations are also characterized by naturally low densities in North 
America. The species is highly territorial, with very little overlap between same-sex adults. 
Wolverines occupy a variety of habitats, but are generally found in remote locations, away from 
human settlements. Wolverines consume a variety of food resources and seasonal switching of 
prey likely allows for adjustment for nutritional needs throughout their life history. As observed 
in other arctic mammals, wolverines have the ability to dissipate heat to balance the heat loss 
from 30°C to −40°C (86°F to −40°F), due in large part to vasodilatation and rise of skin 
temperature, and rapid and seasonal adjustments in fur insulation. Wolverines can also adapt to 
both cold and warm temperatures by movement and, relatedly, micro- and macro-habitat 
selection. Further, wolverines are not infrequently observed near and in lakes and other water 
bodies. 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., male 
mates with more than one female each year), delayed implantation (up to 6 months), a short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care. The 
reproductive behavior in wolverines is temporally adapted to take advantage of the availability of 
food resources, limited interspecific competition, and snow cover in the winter. 
 
Since the publication of the 2013 proposed rule, many new wolverine studies have been 
published, which has added to our understanding of wolverine biology while also highlighting 
new insights into identifying key species’ needs and their interactions with both abiotic and 
biotic factors. In particular, wolverine populations and wolverine dens have been observed 
outside previously modeled snow projections. Our evaluation of snow cover at previously 
recorded natal den site locations in the western United States indicated that ‘melt-out’ dates at 
these locations extend well past the May 15 date used in persistent spring snow cover models. 
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Overall, the best available information indicates that the wolverine physical and ecological needs 
include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet)) within the contiguous United States;  
(2) access to a variety of food resources, that varies with seasons; and 
(3) reproductive behavior linked to both temporal and physical features. 

 
In this Species Status Assessment (SSA) Report, we provide a discussion of the ecological needs 
of the wolverine, its current conditions, and projected future conditions. We evaluate potential 
stressors to the species, with a particular focus on the impacts associated with projected effects of 
climate change.  
 
In our analysis, we applied the conservation biology principles of redundancy, resiliency, and 
representation (collectively known as the “3Rs”) to evaluate the current and projected future 
condition of the wolverine and its ability to sustain itself (as one or more populations) in the wild 
over time (Carroll et al. 2010, entire; Wolf et al. 2015, entire). This evaluation considers the 
unique demographic, distribution, and diversity characteristics unique to the species. After 
applying the framework of the 3Rs, we determined the following: 

(1) Redundancy: The wolverine occurs at across North America within a metapopulation 
structure. The best available information indicates that the species continues to 
expand into historical, previously occupied areas in the contiguous United States and 
Canada following decades of persecution. 

(2) Representation: The wolverine is currently found across the west-northwestern 
United States, much of Canada, and Alaska. The best available information indicates 
that the species is found across a wide range of habitats. Modeled primary habitat for 
the wolverine in the contiguous United States has been estimated at 164,125 square 
kilometers (km2) (63,369 square miles (mi2)). 

(3) Resiliency: The wolverine appears resilient within its North America range. The 
species exhibits physiological (e.g., seasonal changes in fur) and behavioral plasticity 
in its life history (e.g., reproduction, feeding, movement and use of habitat). 
Estimated population size and growth rates across its North American range are 
uncertain, but the best available information does not suggest that abundance is 
declining in North America, including the contiguous United States. The most 
significant stressor currently and in the future appears to be the effects of climate 
change, such as warming temperatures and loss of snowpack. However, based on the 
best available information, we have no indication that this species is unable to adapt 
or adjust to changing conditions. 

 
Demographic risks to the species from either known or most likely potential stressors (i.e., 
effects from roads, disturbance due to winter recreational activities, effects of wildland fire, and 
overutilization) are low based on our evaluation of the best available information as it applies to 
current and potential future conditions for the wolverine and in the context of the attributes that 
affect its viability. We analyzed the potential effects of climate change to wolverine habitat, 
including snow persistence in the Northern and Southern Rocky Mountains. The future 
timeframe evaluated in this analysis is approximately 40 to 50 years, which captures the range of 
time periods for proposed projects within the species range, as well as our best professional 
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judgment of the projected future conditions related to climate change, wildland fire conditions, 
or other potential cumulative impacts. While population information is lacking for this 
subspecies in some parts of its range, the best available information does not indicate that, winter 
recreational activities, infrastructure features, mortality from road crossings or trapping 
(authorized and incidental), currently and in the future will result in a decline in the subspecies 
across its range. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). 
 
Legal protections include State listing in California and Oregon (as threatened), endangered in 
Colorado (as endangered), as a candidate species in Washington, and protection as a non-game 
species in Idaho and Wyoming. In Canada, provincial designations range from endangered to 
threatened in eastern provinces, and sensitive/special concern to no ranking in other provinces. 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
Trapping effort along the United States–Canada border does not represent a significant barrier to 
wolverine movement and dispersal along the international border.   
 
Approximately 96 percent of modeled wolverine primary habitat is located on Federal lands, 
with 41 percent is located in designated wilderness areas. Management actions, including State 
Wildlife Action Plans, the Idaho Wolverine Conservation Plan, and USDA Forest Service Land 
and Resource Management Plans, and other Federal and Tribal partners, include winter road 
closures, fire management, land acquisition or conservation easements. 
 
Abbreviations and Acronyms Used 
 
ADF&G = Alaska Department of Fish and Game 
BLM = Bureau of Land Management 
°C = degrees Celsius 
CDFW = California Department of Fish and Wildlife 
CNDDB = California Natural Diversity Database 
COSEWIC = Committee on the Status of Endangered Wildlife in Canada  
cm = centimeter 
DNA = deoxyribonucleic acid 
EIS = Environmental Impact Statement 
EPA = U.S. Environmental Protection Agency 
°F = degrees Fahrenheit 
ft = feet 
GCMs = Global Climate Models 
GHG = Greenhouse gas 
GPS = Global Positioning System 
IDFG = Idaho Department of Fish and Game 
in = inch 
IPCC = Intergovernmental Panel on Climate Change 
IUCN = International Union for Conservation of Nature and Natural Resources 
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kg = kilogram 
km = kilometer 
lb = pound 
m = meter 
mi = mile 
MODIS = Moderate-Resolution Imaging Spectroradiometer 
Montana FWP = Montana Fish, Wildlife, & Parks 
NRC = National Research Council  
NRIS = Natural Resource Information System 
ODFW = Oregon Department of Fish and Wildlife 
RCPs = Representative Concentration Pathways 
Service = U.S. Fish and Wildlife Service 
SSA = Species Status Assessment 
SCA = Snow Covered Area 
SGCN = Species of Greatest Conservation Need 
SWCC = Southwestern Crown of the Continent  
SWE = Snow Water Equivalent 
WAFWA = Western Association of Fish and Wildlife Agencies 
WDFW = Washington Department of Fish and Wildlife 
WGFD = Wyoming Game and Fish Department 
WRCC = Western Regional Climate Center 
WSWCP = Western States Wolverine Conservation Project 
YBP = Years Before Present
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Introduction 
 
The wolverine (Gulo gulo) is the largest member of the Mustelidae family (weasels, mink, 
marten, and others) and resembles a small bear with a bushy tail (Hash 1987, p. 575). Wolverines 
have a Holarctic distribution that includes the northern portions of Europe, Asia, and North 
America. In North America, they are found in Alaska, parts of Canada, and the western-
northwestern United States. The wolverine is important to the culture of Native Americans and 
Aboriginal Peoples in North America, as is its conservation status in aboriginal territory 
(Cardinal 2004, p. iv; Edmo 2016; pers. comm.; Miles 2017, pers. comm.). 
   
Wolverines possess a number of morphological and physiological adaptations that allow them to 
travel long distances and they maintain large territories in remote areas (Pasitschniak-Arts and 
Larivière 1995, p. 6). They have been described as curious, intelligent, and playful, but cautious 
animals (e.g., Krott 1958, p. 241; Krott 1960, pp. 25–26; Magoun 1985, p. 94; Cardinal 2004, p. 
7–8; Woodford 2014; entire), though their social behavior and social organization has not been 
well-studied. 
 
During the late 1800s and early 1900s, the wolverine population declined or was extirpated in 
much of the conterminous United States (lower 48 States), which has been attributed to over-
trapping and habitat degradation (Hash 1987, p. 583). Similar range reductions and extirpations 
of some wolverine populations were observed in parts of Canada during this time period (van 
Zyll de Jong 1975, entire; Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC) 2014, p. iv), attributed largely to human exploitation and availability of food (e.g., 
decline in caribou (Rangifer tarandus)), not climate or habitat changes (van Zyll de Jong 1975, 
pp. 434, 436). Habitat loss (historic vs. current range) for the North American wolverine (i.e., 
Canada and United States) has been estimated at 37 percent (Laliberte and Ripple 2004, p. 126). 
Wolverine numbers have recovered to some extent from this steady decline; in the United States, 
wolverines are currently found in parts of Washington, Oregon, Idaho, Montana, Wyoming, and 
California, and, as recently as 2012 in Colorado and 2016 in Utah, though not all of these areas 
contain resident, reproductive populations.  
 
Species Status Assessment Methodology 
 
In preparing the Species Status Assessment (SSA) Report for the wolverine, we reviewed 
available reports and peer-reviewed literature, incorporated survey information, and contacted 
species experts to collect additional unpublished information for the North American subspecies, 
including Canada, Alaska, and Scandinavia. We identified uncertainties and data gaps in our 
assessment of the current and future status of the species. We also evaluated the appropriate 
analytical tools to address these gaps and conducted discussions with species experts and 
prepared updated maps of the known species’ range and denning areas across North America. In 
some instances, we used publications and other reports (primarily from Fennoscandinavia) of the 
Eurasian subspecies (Gulo gulo gulo) in completing this assessment.  
 
Importantly, we note here that, since the publication of the 2013 proposed rule, many new 
wolverine studies have been published, which has added to our understanding of wolverine 
biology while also highlighting new insights into identifying key species’ needs and their 
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interactions with both abiotic and biotic factors. This is particularly relevant for a difficult to 
study animal like the wolverine. 
 
Using the species, individual, and population needs identified for the wolverine and location 
results from surveys and studies, we conducted a geospatial analysis to estimate the species’ 
current range. We then evaluated this range and previous estimates of potentially suitable habitat 
in the west-northwestern United States to assess the species’ current conditions. Our future 
condition analysis includes the potential conditions that the species or its habitat may face, that 
is, the most probable scenario if those conditions are realized in the future. This most probable 
scenario includes consideration of the sources that have the potential to most likely impact the 
species at the population or rangewide scales in the future, including potential cumulative 
impacts. Potential future impacts associated with climate change (probabilistic estimates for 
temperature and precipitation) were based on climate model projections downscaled, including a 
detailed study of two regions in the western United States (Glacier National Park and Rocky 
Mountain National Park).   
 
For the purpose of this assessment, we generally define viability as the ability of the species to 
sustain locations in its natural ecosystem beyond a biologically meaningful timeframe, in this 
case, approximately 40 to 50 years. We chose this timeframe because it is within the range of the 
available modeling efforts related to climate change. We believe this is a reasonable timeframe 
to consider as it would include several generations of the species for observing effects to the 
species.   
 
Using the SSA framework (Figure 1), we consider 
what the species needs to maintain viability by 
characterizing the status of the species in terms of 
resiliency, redundancy, and representation (Wolf et 
al. 2015, entire). 
 

• Resiliency is having sufficiently large 
populations for the species to withstand 
stochastic events (arising from random 
factors). We can measure resiliency based on 
metrics of population health; for example, 
birth versus death rates and population size. 
Resilient populations are better able to 
withstand disturbances such as random 
fluctuations in birth rates (demographic 
stochasticity), variations in rainfall 
(environmental stochasticity), or the effects 
of anthropogenic activities. 

• Redundancy is having a sufficient number of populations for the species to withstand 
catastrophic events (such as a rare destructive natural event or episode involving many 
populations). Redundancy is about spreading the risk and can be measured through the 
duplication and distribution of populations across the range of the species. The greater the 

 
 
Figure 1.  Species Status Assessment 
Framework. 
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number of populations a species has distributed over a larger landscape, the better it can 
withstand catastrophic events. 

• Representation is having the breadth of genetic makeup of the species to adapt to 
changing environmental conditions. Representation can be measured through the genetic 
diversity within and among populations and the ecological diversity (also called 
environmental variation or diversity) of populations across the species’ range. The more 
representation, or diversity, a species has, the more it is capable of adapting to changes 
(natural or human caused) in its environment. In the absence of species-specific genetic 
and ecological diversity information, we evaluate representation based on the extent and 
variability of habitat characteristics within the geographical range. 
 

Species Description 
 
Taxonomy 
 
The taxonomic relationship between North American and Eurasian wolverines has been a 
debated topic (Pasitschniak-Arts and Larivière 1995, p. 1). Most authorities consider all 
wolverines to belong to a single species, Gulo gulo (Rausch 1953, p. 114; Kurten and Rausch 
1959, p. 19; Wozencraft 2008 [in Wilson and Reeder’s Mammal Species of the World, online 
publication]). Some also further consider the New World and Old World wolverines to be two 
subspecies, Gulo gulo luscus and G. g. gulo, respectively, based on morphological 
measurements. Degerbøl (1935, pp. 35–43) noted slight color differences and very slight, if any, 
cranium differences, based on 10 North American (Hudson Bay) specimens examined, and 
regarded the North American and Old World wolverines as conspecific, but identified two 
subspecies. This reference also cites Coues (1877, in litt.), who, based on observations of a slight 
similar cranium difference, had posited that the wolverines of the Old World and New World 
were the same species (Degerbøl 1935, p. 35).  
 
Ellerman and Morrison-Scott’s (1951, p. 251; 1966, p. 251) Checklist of Paleoarctic and Indian 
Mammals (1st and 2nd editions) identified one species of wolverine, but listed several subspecies. 
Rausch (1953, entire) compared various measurements from 1 wolverine skull collected from the 
northern Ural Mountains to 41 Alaskan skulls and reported “no appreciable differences,” noting 
the highly variable skull characteristics for the Alaskan specimens. Krott (1960, p. 20) stated that 
his examination did not reveal distinct differences between Old World and New World 
wolverines, and that pelt size and quality were not distinguishable. However, using biometric 
measurements of both newly collected and previously published cranial measurements (e.g., 
Degerbøl 1935; Rausch 1953), Kurtén and Rausch (1959, p. 19) reported that the North 
American and European (Fennoscandian) wolverine were significantly different in a several 
quantitative characters related to the size and shape of the skull size and teeth size. They 
concluded that the two wolverine populations represented two distinct subspecies, but were the 
same species, Gulo gulo.  
 
The International Union for Conservation of Nature and Natural Resources (IUCN) states that 
“Most recent accounts [citing Jones et al. 1992, Pasitschniak-Arts and Larivière 1995, 
Wozencraft 2005] treat luscus as a subspecies of Gulo gulo, following Degerbøl (1935) and 
Kurtén and Rausch (1959)” (Abramov 2016, p. 1). A review of these cited references revealed 
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the following. Jones et al. (1992, p. 17) only considers Gulo gulo. Pasitschniak-Arts and 
Larivière (1995, p. 1) state there are differences in the taxonomic treatment, and that, while Gulo 
gulo is now considered by most to be the extant species, others (including the above-cited Kurtén 
and Rausch (1959) and Rausch (1953)) have considered two subspecies. The Wozencraft (2005) 
citation is from Wilson and Reeder’s previous 2005 publication, which was updated as of 2008. 
That account lists several “offspring” of Gulo gulo, but does not provide citations for the 
subspecies identified there, and at least two of those listed are not considered to be subspecific 
entities (e.g., G. g. vancouverensis and G. g. luteus (see Banci 1982, p. ii; Banci 1994, p. 104)). 
Finally, the COSEWIC Assessment and Status Report on the Wolverine (Gulo gulo) in Canada 
indicated that taxonomists recognize only a single subspecies (Gulo gulo luscus) in North 
America or consider G. gulo as single Holarctic taxon (COSEWIC 2014, p. 4). 
 
Genetic analyses for the North American wolverine populations have primarily focused on 
genetic structure and variation of wolverine populations or subpopulations (see Kyle and 
Strobeck 2001; Kyle and Strobeck 2002; Zourgis et al. 2012, Zourgis et al. 2013). However, 
Frances’ (2008, pp. 20–21) assessment of wolverine spatial genetic structure and demographic 
history (using mitochondrial DNA) indicated incomplete lineage sorting between North 
American and Eurasian populations, though comprehensive sampling has not been conducted for 
some areas (e.g., eastern Asia). Tomasik and Cook (2005, entire) also concluded that reciprocal 
monophyly (i.e., distinct species) had not been attained between Eurasian and North American 
wolverine populations. Until additional studies are published, including robust genetic analyses 
in conjunction with additional sampling, the Service recognizes the North American wolverine 
as G. g. luscus. 
 
Physical Appearance 
 
Detailed descriptions of the wolverine are described in Novikov (1962, pp. 196–202), Hash 
(1987, p. 575), Pasitschniak-Arts and Larivière (1995, pp. 1–2), and Wilson (1983, pp. 644–646), 
among others. Key distinguishing features are summarized here. 
 
Wolverines are a medium-sized (about 1 meter (m) (3.3 feet (ft)) in length) carnivore, with a 
large head, broad forehead, and short neck (Pasitschniak-Arts and Larivière 1995, p. 1). Males 
are larger than females (Hall 1981, p. 1,007; Banci 1987, p. 35). Wolverines have heavy 
musculature and relatively short legs, and large feet with strong, curved claws for digging and 
climbing (Hash 1987, p. 575). Their feet are well-adapted for travel through deep snow and, 
during the winter, dense, stiff, bristle-type hairs are found between the toes and around the foot 
pad (Grinnell et al. 1937, pp. 265–266; Hash 1987, p. 575); this characteristic becomes 
diminished in the summer (Hash 1987, p. 575).  
 
Adult wolverines are sexually dimorphic, with females weighing from 7 to 13 kilogram (kg) 
(15.4 to 29 pounds (lbs)) and males weighing between 10 to 18 kg (22 to 40 lbs) (North 
America) (Rausch and Pearson 1972, p. 264; Magoun 1985, pp. 19–21; Banci 1994, p. 99; 
Copeland 1996, p. 20; Cardinal 2004, p. 8; Lofroth 2001, p. 11; Inman 2013, pers. comm.; 
Magoun 2013, pers. comm.; Aubry et al. 2016, pp. 17–18). The skulls of wolverine are large and 
heavy, and the strong jaw structure allows animals to feed on frozen flesh and crush bone 
(Haglund 1966, p. 269; Hash 1987, p. 575). Some geographic variation and sexual differences in 
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skull morphology have been reported (Pasitschniak-Arts and Larivière 1995, p. 2). Wolverines 
have small, wide-set eyes, and are reported to have excellent hearing (Grinnell et al. 1937, p. 
265; Krott 1960, p. 25; Bevanger 1992, p. 8).  
 
Various accounts state that wolverines have a strong sense of smell (Grinnell et al. 1937, p. 265; 
Bevanger 1992, p. 8) that allows them to locate carrion from great distances (Hornocker and 
Hash 1981, p. 1,297; in litt Bevanger 1992, p. 8, citing Røskaft 1990; Copeland 1996, p. 100; 
Cardinal 2004, p. 8); however, experiments with young wolverines indicated a poor sense of 
smell, and that wolverines may locate food (areas where previously located or cached) based on 
their memory skills (Magoun 2013, pers. comm.) or learning abilities (e.g., Krott 1958, p. 241).  
 
Scent-marking is used by mammalian carnivores for chemical communication (Hutchings and 
White 2000, p. 160). For wolverines, this behavior commonly includes urination (e.g., trees, 
stumps, snow) (Copeland 1996, p. 115; Magoun 1985, p. 105), but also includes scat, and 
scratches and bites on trees (Haglund 1966, pp. 225, 277; Copeland 1996, p. 115). Scent rubbing 
(see review by Rieger 1979) of the ventral (abdomen/stomach area) and anal rubbing have also 
been observed in wolverines (Pulliainen and Oyaskainen 1975, pp. 268–269; Rieger 1979, p. 22, 
in litt Goethe 1964; Magoun 1985, p. 105). Scent marking by wolverines may also be an 
important chemical communication signal for potential wolverine prey. Field experiments 
conducted by Sullivan et al. (1985, pp. 928, 930) and Sullivan (1986, p. 388) found that black-
tailed deer (Odocoileus hemionus columbianus) and snowshoe hares (Lepus americanus) avoided 
feeding on seedlings that were marked with wolverine urine. 
 
Wolverine fur is short, thick, and uniform in thickness on the head and becomes longer towards 
rear of the body (Hash 1987, p. 1). The coat consists of dense, woolly underfur (2-3 centimeters 
(cm) (0.8-1.2 inches (in) long) and coarse, stiff guard hairs, 6-10 cm (2.4-4 in) in length (Hash 
1987, p. 1). The rich glossy coat can vary from medium brown to black (Banci 1994, p. 99; 
Pasitschniak-Arts and Larivière 1995, p. 1). Seasonal and individual variation in pelt color has 
been described (Degerbøl 1935, pp. 38–42; Grinnell et al. 1937, p. 252). In general, the head, tail 
and legs are darker than the face and the upper body pale buff stripe (Pasitschniak-Arts and 
Larivière 1995, p. 1), which extends from the nape of the neck, along the sides of the body, to the 
base of the bushy tail (Banci 1994, p. 99). White or orange patches are commonly found on the 
throat or chest (Pasitschniak-Arts and Larivière 1995, p. 1; Magoun et al. 2008, p. 24; Figure 
14). The unique property of wolverine fur to shed frost (Hardy 1948, p. 330; Quick 1952, pp. 
492–493), along with its rarity, has made wolverine pelts valuable for trade (Hash 1987, p. 575). 
 
Life History and Ecology 
 
In this section we provide a summary of the individual and population needs (collective, species 
needs), including its life history, physiology and behavior, resource functions necessary for each 
life stage (i.e., breeding, feeding, sheltering, dispersal), demographic information (abundance 
and distribution) and ecological setting. 
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Overview 
 
Wolverines are active year-round and have been considered as primarily nocturnal (Iversen 
1972b, p. 319; Pasitschniak-Arts and Larivière 1995, p. 7, and references cited therein). Krott 
(1958, p. 168; 1960, p. 25) described periods of 3-4 hours of activity followed by 3-4 hours of 
sleep for wolverines in Scandinavia, a pattern also observed in Idaho (Copeland 1996, p. 77). 
The Folk et al. (1977, entire) study of body temperatures of caged wolverines, along with direct 
observations of animals obtained from Alaska and Sweden and previous studied animals 
(Alaska), suggested that wolverines were a day-active species, being very active in the morning, 
with periods of sleep during the night, a pattern that persisted in both winter and summer (Folk et 
al. 1977, p. 233). However, McCue et al. (2007, pp. 98–99) suggest that crepuscular activity 
(period just after dawn and just before sunset) may be a more accurate description for wolverine 
behavior. Others have remarked that wolverines exhibit a plasticity in their behavior (i.e., 
different behavior under different conditions) (Krott 1960, p. 26), a result attributed, in part, to 
their being a scavenging carnivore covering large areas (Stewart et al. 2016, pp. 1,495, 1,497). 
Several aspects of this plasticity can be found within our descriptions below of wolverine life 
history traits.  
 
Wolverines are wide-ranging animals and known for traveling great distances in a short period of 
time (Krott 1960, p. 21; Gardner 1986, p. 603; Woodford 2014, entire ). This is due, in part, to 
their unique body structure. As described by Krott (1960, p. 20), they are “lumbrosacrally 
overbuilt” with heavy musculature and legs that are acutely angled when walking. Wolverine 
gait is characterized as either a 2X pattern (when patterns of two footprints repeat), used 
primarily in deep snow, and the more common 3X lopes (patterns of three footprints), for 
covering long distances over more compacted snow (Halfpenny et al. 1995, p. 104). The latter is 
described as a bouncing gait where all four feet may leave the ground at the same time 
(Halfpenny et al. 1995, p. 104).  
 
As noted in our Species Description section above, in winter, the dense hairs on the foot pad and 
its body structure supports a low foot load, which has been estimated at 22 gram/cm2 (Knorre 
1959, p. 26) and 27–35 gram/cm2 (Novikov 1962, pp. 22–23 (citing Dulkeit 1953)). This foot 
loading is believed to provide an advantage for wolverines preying on ungulates and other large 
mammals whose movements become restricted in deep snow (Knorre 1959, p. 26; Formozov 
1963, pp. 40–41; van Zyll de Jong 1975, p. 435; Banci 1994, p. 113). However, Wright and 
Ernst’s (2004a, pp. 58–59) study of wolverines in boreal forest habitat in Canada present a 
differing interpretation of the wolverine foot adaptation based on tracking wolverines in snow 
over three winters. They observed that wolverines in their study area continuously selected for a 
path of least snow cover, where practicable, and only traveled in upland areas (Wright and Ernst 
2004a, p. 59). They concluded that the low foot load is advantageous when snow crusts form, 
but, in deep snow, wolverines shift to an inefficient walking gait, which increases energy 
demand (Wright and Ernst 2004a, p. 59). They hypothesized that traveling in deep snow during 
winter in search of food may increase the risk of starvation due to the greater energy expenditure 
(Wright and Ernst 2004a, p. 59). 
 
Physiology 
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The wolverine is a snow-adapted, cold climate animal in its physiology, morphology (cf. Telfer 
and Kelsall 1984, p. 1,830), behavior, and habits. Formozov (1961, p. 65) considered the 
wolverine to be one of several “chioneuphores,” or those vertebrates who tolerate snow but have 
no special adaptations; however, wolverines could also be considered as a “chionphile” or those 
animals with snow? adaptations (e.g., increased surface area on feet, pelt characteristics) (see 
definitions in Pruitt 1959, p. 172; Cathcart 2014, p. 22).  
 
In general, mustelids weighing more than 1 kilogram (kg) (2.2 pounds (lbs)) have a basal 
metabolism (defined as the minimum metabolic rate for maintaining a comfortable warm 
temperature; Irving 1972, p. 121) that is about 20 percent higher than other mammals (Iverson 
1972a, p. 343). For the wolverine, Young et al. (2012, p. 222) estimated a basal metabolic rate 
for a 15 kg (33 lbs) adult at 669.4 kcal/day, using Iverson’s derived equation [Metabolic rate 
(M)=84.6*Weight (W, in kg)(0.78) ± 0.15] (Iverson 1972a, p. 343).  
 
Iverson’s (1972b, pp. 320–321; Figure 4) experimental studies found that during their first 2½ 
months, the basal metabolic rate for young wolverines was substantially higher than rates 
reported for other mammals (W1.41 vs. W1.0), then declined after 3 months, and declined again 
after 8 months. Because the early period coincides with weaning, Wilson (1983, p. 646) 
suggested that the observed peak may be related to changes in food consumed as well as 
improved thermoregulation since the mother is leaving the young for longer periods of time.  
 
Energy expenditure during pregnancy is relatively low for mustelids (Oftedal and Gittleman 
1989, p. 374); however, energy requirements for lactation in mammals can be over 4 to 7 times 
basal metabolic rates (Allen and Ullrey 2004, p. 478). Thus, estimates of energetic requirements 
(e.g., less than 1 kg prey/day annually) may be too low to support reproductive activity (Young 
et al. 2012, p. 226). Wolverines are known to consume a variety of food resources and seasonal 
switching of prey likely allows for adjustment for nutritional needs throughout their life history 
(cf. Krebs et al. 2007, p. 2,187 (Canada); Koskela et al. 2013a, pp. 103–104 (Finland); Yates and 
Copeland in prep (Montana)). Additional details on diet and feeding behavior for wolverines are 
provided below.  
 
Relatedly, Casey et al. (1979, p. 335) evaluated metabolic and respiratory responses of eight 
terrestrial Arctic mammals to ambient temperature during summer months. For wolverines, they 
found that the frequency of respiration was generally constant (15-20 per minute), but their tidal 
volume (air moved per breath) increased nearly constantly with decreasing ambient temperature, 
unlike Canada lynx (Lynx canadiensis), which is similar in body mass (Casey et al. 1979, p. 
335). The researchers inferred that the increased ventilation of wolverines at low ambient 
temperatures was the result of an increased energy metabolism (Casey et al. 1979, p. 336).  
 
Thermal neutrality (or thermoneutrality) is the temperature range at which resting metabolism 
is at minimum (Barnett and Mount 1967, p. 468) and animals produce heat at a minimum rate in 
a thermal neutral environment (Barnett and Mount 1967, p. 413). For a resting mammal at 
thermal neutrality, body temperature is primarily maintained by “physical thermoregulation,” 
that is, control of circulation in the skin and by sweating (Barnett and Mount 1967, p. 413). The 
body temperature of wolverine (measured by an implanted temperature transducer) at 
thermoneutrality has been reported at 38°C (100.4°F) (Folk et al; 1977, p. 231; Casey et al. 
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1979, pp. 332–333). The critical temperature is the point at which the metabolic rate starts to 
rise; thus, animals with lower critical temperatures are able to better conserve their energy 
expenditure (Barnett and Mount 1967, p. 413). Studies of arctic mammals defined a zone of 
thermoneutrality in Eskimo dogs (Canis lupus familiaris) and Arctic foxes (Vulpes lagopus) that 
extended to at least −40°C (−40°F), with an estimated critical temperature between −45°C 
(−49°F) and −50°C (−58°F) (Scholander et al. 1950a, p. 254).  
 
Iverson (1972b, (p. 322) concluded that arctic mammals, including wolverine, Arctic fox, and 
wolf (Canis lupus), have a threshold of thermoneutrality of  between −30°C to −40°C (–22°F to 
–40°F) (citing studies by Scholander et al. (1950b) and Hart (1956)). Casey et al. (1979, p. 340) 
estimated a critical temperature for wolverine (14 kg (31 lb)) in summer pelage of 5°C (41°F) 
based on an observed increase in oxygen update at air temperatures below this temperature. For 
comparison, measurements of metabolic rates for the red fox (Vulpes vulpes alascensis) (Alaska) 
observed critical temperatures of 8°C (46°F) in summer (Irving et al. 1955, p. 184). Thus, these 
arctic mammals therefore have the ability to dissipate heat to balance the heat loss from 30°C to 
−40°C (86°F to −40°F), due in large part to vasodilatation and rise of skin temperature 
(Scholander et al. 1950a, p. 251). 
 
Arctic mammals, particularly small mammals, also adapt behaviorally to cold temperatures by 
creating burrows and building nest sites under the snow. Wolverines are known to dig holes in 
snow for shelter (Pruitt 2005, p. 120), and wolverine reproductive den sites located under deep 
snow may provide a thermoneutrality advantage for newborn cubs (Magoun and Copeland 1998, 
p. 1,313). This topic is discussed in more detail below under Use of Dens and Denning Behavior.  
 
Wolverines can also adapt to both cold and warm temperatures by movement and, relatedly, 
micro- and macro-habitat selection. Wolverines are not infrequently observed near and in lakes 
and other water bodies and are good swimmers, easily crossing lakes and rivers (Seton 1909, p. 
950; Krott 1960, p. 23; Magoun 2017, pers. comm.). They likely use these areas more frequently 
during warmer months both for cooling and hydration, or possibly for hygienic reasons (Krott 
1960, p. 23).  
 
Changes in endocrine (hormone) function can also represent a physiological adaptation to cold 
by acting on organs to generate energy (Barnett and Mount 1967, p. 428). The best available 
information does not indicate that these functions have been evaluated in wolverines. However, 
one veterinarian reported an enlarged thyroid in a wolverine during a necropsy procedure 
(Copeland 2017, pers. comm.), which is suggestive of a high metabolism.  
 
In addition to these physiological processes, rapid and seasonal adjustments of fur insulation 
provide an additional mechanism for mammals to overcome large seasonal changes in 
temperature (Casey et al. 1979, p. 340) and have been described for wolverine and other 
mammals in Alaska by Henshaw (1970, p. 522). The seasonal increase in fur depth for captive 
wolverines was reported to be 65 percent (Henshaw 1970, p. 522). That study identified a metric 
termed seasonal insulative advantage (or SIA) as a measure of the degree to which insulative 
compensation changes seasonally in response to ambient temperature (Henshaw 1970, p. 522). 
For wolverines, this advantage was found to be less than unity; that is, the increase in fur did not 
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fully compensate for average winter cold, and therefore other compensating mechanisms were 
needed (Henshaw 1970, p. 522). 
 
Similarly, an evaluation of the seasonal change in the insulation of fur of wolverine (pelts from 
Canada) found a 41.2 percent change in mean insulation values (measured as °C/cal/m2/hr) from 
winter to summer (Hart 1956, p. 56). A single annual molting (between August and December) 
was noted in Grinnell et al. (1937, p. 251) (California), but twice yearly was described by 
Novikov (1962, p. 201) (Russia). The large seasonal change in insulation observed for wolverine 
and other larger mammals is, in large part, due to changes in fur depth, and can be interpreted as 
an adaptation to both high summer temperatures and low winter temperatures (Hart 1956, p. 57). 
The reported seasonal decrease in wolverine fur thickness also correlates with experimental 
results of Casey et al. (1979, p. 337) who indicated that a seasonal shift in oxygen consumption 
below critical temperature was likely due to an increased rate of heat loss in summer. 
 
Range and Habitat Use 
 
Historical Range and Distribution 
 
Phylogeography/Phylogenetics 
 
Results from a molecular study of phylogenetic relationships of the Mustelidae family suggest at 
least six radiation episodes within this family since the Early Eocene Epoch (approximately 50 
million years before present (YBP)) (Marmi et al. 2004, pp. 488, 492). The split of the marten 
(Martes, Gulo) and weasel (Mustela) lineages occurred in the Early Middle Miocene Epoch (14 
to 11 million YBP), with the separation of Old World and New World lineages (Martes, Gulo) 
occurring in the Late Miocene Epoch (8.6 to 5.8 million YBP) (Marmi et al. 2004, p. 488). The 
Gulo genus appears in the fossil record in the mid-Pleistocene in both Europe and North America 
(Bryant 1987, p. 659). 
 
The dispersal of Gulo across Beringia (land mass that extended from Siberia into interior Alaska 
during the Pleistocene) is believed to have produced contemporaneous records for the species in 
Europe and North America (Bryant 1987, p. 659). Malyarchuk et al. (2015, entire) examined 
genomic data using a molecular dating technique to estimate an approximate age of the G. gulo 
ancestor. They estimated a relatively recent origin of the species Gulo gulo at about 181,000 to 
234,000 YBP (Malyarchuk et al. 2015, pp. 1,115–1,116). They note that this latter time period 
corresponds to the Riss glaciation period (187,000 to 230,000 YBP), a time of genetic 
divergence of amphi-Beringian (both sides of Beringia) species and speciation events (Hope et 
al. 2013, p. 426). Their results, along with fossil information, also indicate the divergence of the 
Gulo branch and the other Martes taxa occurred during the Late Miocene-Early Pliocene (5.6 
million YBP), and lends supports for strong evolutionary processes in the northern Siberian 
ecosystems in the Pliocene and Pleistocene Epochs (Malyarchuk et al. 2015, pp. 1,116–1,117).  
 
Bryant (1987, p. 660) describes an evolutionary trend in which Gulo increased in size from the 
mid- to late-Pleistocene, with a subsequent reduction in size post glaciation, as well as small 
changes in selected teeth, and a possible shift to colder habitats. The Late Pleistocene and the 
Pleistocene-Holocene transition represent the end of prolonged period that was characterized by 
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climate fluctuations followed by rapid warming (Post 2013, p. 28). Bryant (1987, p. 660) also 
notes that both the mid-Pleistocene European Gulo schlosseri and the early North American 
Gulo appear to be adapted to warmer climatic environment, but is likely to have also occupied 
colder climates. Other factors such as competition (Guilday 1971, p. 237), predator avoidance, 
and prey abundance may also have been important in creating significant shifts in geographic 
ranges for certain species during glacial cycles. 
 
Wolverines are believed to have migrated to North America during the late Pleistocene, although 
fossil evidence from the Pleistocene Epoch for wolverine is limited (Anderson 1977, p. 15; 
Bryant 1987, p. 660), and most fossil material is either cranial or dental fragments (Bryant 1987, 
p. 660). Bryant (1987, p. 659) notes records in the United States from Colorado, Idaho (e.g., 
White et al. 1987, p. 248 (lava tubes)), Yukon Alaska, Maryland, and Pennsylvania, ranging 
from the Late Wisconsinan-Holocene to Irvingtonian Age.  
 
Genetic studies can provide an understanding of the postglacial recolonization of wolverines 
following the Last Glacial Maximum, a period of rapid cooling, and movement patterns due to 
changed climatic conditions (cf. Frances 2008; Zigouris et al. 2013; McKelvey et al. 2014). 
Following the Last Glacial Maximum, beginning about 21,000 YBP, was a period of rapid 
warming, resulting in a second wave of extinction events, particularly of large mammalian 
megafauna that were cold-adapted (Post 2013, pp. 29, 31). 
 
During the late Wisconsin period (10,000 to 25,000 YBP), approximately 60 percent of North 
America was covered by glacial ice (Rogers et al. 1991, p. 624). However, several ice-free 
refugia existed at that time including the Beringian refugium, which included eastern Siberia, 
most of Alaska, areas of northwestern Canada, and areas of the Bering Sea shelf that were 
exposed by lower sea levels, and this refugium harbored a number of mammalian species 
including wolverine (Rogers et al. 1991, pp. 624, 626). Analyses by Frances (2008, entire) and 
Zigouris et al. (2013, entire) supported a wolverine colonization of North America in which 
individuals “followed retreating glaciers” (Zigouris et al. 2013, pp. 10–11). Beginning about 
21,000 YBP, following the Last Glacial Maximum, when a period of rapid warming occurred 
that resulted in additional extinction events, particularly large mammalian megafauna (Post 
2013, p. 29) 
 
A phylogeographic analysis presented by McKelvey et al. (2014, p. 331) proposed that a unique 
haplotype (Cali 1) observed in historical wolverine samples from California was reflective of an 
independent evolutionary history resulting from isolation (i.e., southern ice-free refugium) of 
wolverines during glacial retreat. However, Zigouris et al. (2013, p. 10, Supplemental Table S5) 
found the Cali 1 haplotype described by Schwartz et al. (2007, p. 2,173; Tables 2 and 4) 
(relabeled as Haplotype 21) also occurred in historical wolverine samples from the eastern region 
of Canada (Quebec-Labrador). In addition, as noted by Zigouris (2014, pp. 232–233) the 
historical samples analyzed by McKelvey et al. (2014, p. 327; Table 1) were primarily those 
from locations at the southwestern edge of the wolverine’s North American range (e.g., 
California, Colorado, Idaho, Montana, Wyoming, Utah, Washington). Without additional 
sampling, it is unclear if this particular haplotype distribution from two of the most peripheral 
North American wolverine populations is a reflection of a skewed dispersal after post-glacial 
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colonization, or was a more widely distributed haplotype that declined or was lost due to hunting 
and trapping pressures and/or fragmentation (Zigouris et al. 2013, p. 10).  
 
Additional discussion of our current understanding of wolverine genetic structure and diversity is 
provided in the Population Structure section below. 
 
Historical Range  
 
In North America, wolverines were historically distributed in much of the northern portion of the 
continent, extending southward to the northernmost region of the United States (Maine to 
Washington) or approximately north of the 38th parallel (Hash 1987, p. 576; Banci 1994, p. 
102). 
 
Aubry et al. (2007, entire) prepared an estimate of wolverine observations and distribution in the 
contiguous United States by compiling 901 verifiable or documented records of wolverine 
occurrence dating from 1801 to 2005 from 24 states in the contiguous United States. This 
included a total of 809 verifiable or documented records for the Rocky Mountain and Pacific 
Coast mountains (west-northwestern United States) for this time period (Aubry et al. 2007, p. 
2,151).  
 
The historical population size of wolverines in Canada is not known (Fortin 2005, p. 4). Its 
historical distribution, as depicted by Seton (1909, p. 947; Map 51) and also later by van Zyll de 
Jong (1975, p. 435; Figure 9) shows a broad range across much of Canada. Examples of early 
descriptive accounts include de Puyjalon (1900, pp. 126–144), who described wolverines as 
inhabiting Labrador, Canada (p. 101), and extending in range to the 66th parallel and perhaps 
further (de Puyjalon 1900, p. 144), reports of both trapped and live wolverines in Labrador in the 
late 1700s (Townsend (ed.), 1911, pp. 73, 93, 228, 255), and reports of wolverines as “common” 
in Canada’s Nunavut Territory (Hudson Bay region) during a 1920s Danish excursion (the Fifth 
Thule Expedition) to Arctic North America (Freuchen 1935, p. 101). The 2014 COSEWIC report 
presents a historical range distribution for Canada based on personal accounts and interpretation 
of the fur trade (COSEWIC 2014, pp. 12–13; Figure 3).  
 
We created a historical range map for wolverine for the west-northwestern United States by 
requesting all available wolverine records from State agencies (e.g., wildlife agencies, natural 
heritage programs) and the Forest Service Natural Resource Information System (NRIS) Wildlife 
Database. We found a total of 4,215 records (1800s to 2016) for this portion of the United States 
(cf. 809 records from Aubrey et al. 2007; Table 1). Figure 2 presents a map of these compiled 
observations, overlaid with the habitat suitability model results presented by Inman et al. (2013, 
p. 281). We acknowledge that some of these records may be in error or inaccurately located, and 
although wolverines have been reported from the Central Great Plains, Great Lakes region, 
Upper Midwest, or Northeast (cf. Wilson 1983, p. 650), we did not create a historical range for 
these regions given the very low number (92) reported by Aubry et al. (2007, p. 2,151) from the 
1880s to 2005, and to present day. We also found a few additional historical records that do not 
appear in Aubry et al. (2007, p. 2,151). For example, Nead et al. (1985, entire) identified several 
positive and probable reports of wolverines in Colorado in the late 1970s. A wolverine was 
reported from the Squaw Valley region of California in the summer of 1953 (Ruth 1954, pp. 
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594–595). Our intent in creating this map was to present an overall geographical depiction of the 
wolverine’s estimated historic range only for the west-northwestern United States, and is not 
intended to represent an estimate of population numbers or historic range in other parts of the 
contiguous United States.  
 
Current Range 
 
Using the best available information, we created a current North American range based on 
results presented by COSEWIC (2014, p. 12) for Canada and Alaska, Forest Service NRIS data, 
and more recent observations (e.g., telemetry, camera traps, mortality reports) reported from 
California, Washington, Colorado, Wyoming, Utah, and North Dakota. This range is illustrated 
in Figure 3.   
 
We recognize that this depiction does not necessarily represent current areas where reproducing 
populations of wolverines are found, nor does it capture unverified accounts from New Mexico, 
described in Frey (2006, pp. 20–21) for the Sangre de Cristo Range, and visual observations 
reported by two individuals (2005 and 2016) in response to our Federal Register notice (81 
FR71670; October 18, 2016) requesting information for our status review. In addition, we did 
not incorporate the Central Great Plains, Great Lakes region, Upper Midwest, or Northeast. 
However, we note here that a female wolverine was observed over several years (2004–2010) in 
the lower peninsula of Michigan, and genetic testing after her death in 2010 suggested she was 
more closely associated with eastern Canada wolverine populations (i.e., Manitoba and Ontario) 
(in litt Zigouris 2013, pers. comm.). It’s unclear how this individual came to occupy this region, 
but given the long distant movements reported for this species (e.g., male wolverine that traveled 
from Wyoming into Colorado and then back to North Dakota), dispersal from Canada is 
plausible. Wilson (1983, p. 650) reported that wolverines on occasion may enter Minnesota from 
Canada. Jackson (1961, pp. 359–360) also reported several authentic records of wolverine in 
Wisconsin and in areas in Minnesota, along the Wisconsin-Minnesota border. However, the 
wolverine was likely never abundant in Wisconsin, even before trapping and hunting in the late 
19th and early 20th centuries (Jackson 1961, p. 359). 
 
We provide a discussion of wolverine population abundance and distribution in more detail in 
the Biological Status–Current Condition section below. 
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Figure 2. Historical range map for the North America wolverine for west-northwestern United States; shown with Inman et al. 
(2013) modeled habitat. 
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Figure 3.  Current range of North American wolverine.  Adapted from COSEWIC (2014), EPA 
(2010), Inman et al. (2013), records from CNDDB; Forest Service NRIS; Idaho Department of Fish 
and Game; Utah Division of Wildlife; Wyoming Game and Fish Department, and den records from 
CNDDB, Inman, and Copeland. 
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Habitat Use 
 
Wolverines occupy a variety of habitats within their current range, including Arctic tundra, 
subarctic-alpine tundra, boreal forest, mixed forest, redwood forest, and coniferous forest (Banci 
1994, p. 114). However, these broad, landscape-scale vegetation associations can obscure other 
habitat variables important for wolverines, including features found within peripherally occupied 
areas or areas of high elevation (Banci 1994, p. 114). In Canada, wolverines use a wide variety 
of forested and tundra vegetation, at all elevations (COSEWIC 2014, p. 18).  
 
When viewed by ecoregion, in general, wolverine observations in the contiguous United States 
are most commonly found in the Northwestern Forested Mountains ecoregion. In Canada, our 
estimate of current range includes Northwestern Forested Mountains, Northern Forests, Marine 
West Coast Forest, Hudson Plain, Taiga (Boreal Forest), Tundra, and parts of the Arctic 
Cordillera (northeastern fringe of Nunavut and northern Labrador); in Alaska, Marine West 
Coast Forest, Northwestern Forested Mountains, Taiga, and Tundra are represented. Appendix 
A provides an illustration of these ecoregions of North America in relationship to our Current 
Range map presented in Figure 3. 
 
Studies of wolverines in central Idaho found that montane coniferous forests comprised two-
thirds of available habitat (Copeland 1996, p. 120). Wolverines in this region also exhibited a 
seasonal preference, with subalpine rock habitats used in summer and montane coniferous forests 
used most often in winter (Copeland 1996, p. 120). In addition, individuals within this study 
population commonly crossed natural openings and those areas with little cover, including burn 
areas, meadows, or open mountain-top areas (Copeland 1996, p. 124). 
 
Observations of summer movements of wolverines in northwestern Montana indicated that both 
male and females moved to higher, cooler elevations and remained there throughout the summer 
(Hornocker and Hash 1981, p. 1,299). In the Greater Yellowstone Ecosystem, wolverines 
selected areas that contained steep terrain with tree cover, high elevation meadows, boulder or 
talus fields, and avalanche chutes (Inman et al. 2012a, p. 785). In this region, wolverines selected 
elevations at and above the treeline during summer, moved slightly lower during winter, but 
avoided low-elevation winter ranges occupied by potential prey (e.g., elk) or areas with little 
human activity (Inman et al. 2012, p. 785).  
 
Several habitat association-type models have been developed for both North American and 
European wolverines. In the northern Rockies (including Canada and the United States), Carroll 
et al. (2001, p. 975) found that elevation and north-facing cirque habitat variables (i.e., alpine 
areas), when incorporated into empirical habitat models, were significantly correlated with 
wolverine occurrence; however, results from multiple regression analyses of these and other 
habitat variables indicated a high degree of unexplained variance for predicting wolverine habitat 
relationships, and underscores the inherent difficulty in identifying appropriate metrics to 
represent difficult to measure underlying factors, or other unrecognized limiting variables 
(Carroll et al. 2001, pp. 971, 973–974). Copeland et al. (2007, entire) also evaluated habitat 
associations for wolverines in central Idaho. Wolverines were found to be associated with high 
elevations (2,200 to 2,600 m (7,218 to 8,530 ft)) with a slight downward shift in summer 
(Copeland et al. 2007, p. 2,207), along with a shift in cover types, from high-elevation whitebark 
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pine (Pinus albicaulis) communities in summer to mid-elevation Douglas fir (Pseudotsuga 
menziezii) and lodgepole pine (Pinus contorta) in winter (Copeland et al. 2007, pp. 2,207–
2,208). Results from a study of wolverines in Scandinavia suggested that topography may be 
important in providing refugia from predators and may therefore facilitate the co-existence of 
wolverines with larger carnivores such as wolves (Khalil et al. 2014, p. 636). 
 
In interior Alaska, wolverines were also found to be positively associated with high elevations 
(Gardner et al. 2010, p. 1,901). This study also reported the wolverines avoided human 
influences, but their sampling design was not able to determine which aspects related to human 
influences; a combination of intensity of development and harvest activities was suggested 
(Gardner et al. 2010, p. 1,901). Current studies are underway in the North Slope region of Alaska 
to evaluate fine-scale habitat selection of wolverines related to denning, caching, day bed use, 
and snow holes (Dorendorf 2016, p. 6). Day beds were also described by Haglund (1966, p. 268) 
for wolverines studied in Sweden. 
 
Krebs et al. (2007, pp. 2,186–2,187) also found that habitat associations, at least for females, are 
more complex, and include combinations of several modeled variables that supported hypotheses 
related to food (prey distribution), predation risk (based on a ruggedness index), or human 
disturbance (winter recreation activity, roads, and forest harvesting) for both summer and winter 
in two study areas located in northcentral and southeast British Columbia. Fisher et al. (2013, pp. 
710–712) found that wolverines in the Rocky Mountains of Alberta, Canada, were more likely to 
occupy areas with increasingly rugged terrain. Camera trapping was used to study wolverine 
behavior in varying habitat in the Rocky Mountains of Alberta, Canada (Stewart et al. 2016, 
entire). That study found that wolverine behavior differed in landscapes that had been 
significantly modified by human activities as compared to those with light modifications or in 
protected areas (Stewart et al. 2016, p. 1,499). They concluded that wolverine occurrence in their 
study areas varied more strongly with linear features (seismic lines created from oil and gas 
exploration, pipelines, transmission lines, roads, and rail lines) than with the degree of snowpack, 
and supports the idea that human footprint is a driver of habitat suitability for wolverines 
(Stewart et al. 2016, p. 1,501).  
 
Bowman et al. (2010, p. 464) reported a negative association with roads with wolverine (and 
caribou) occurrence in boreal forest habitat in northwestern Ontario, Canada, and wolverines in 
their study area avoided deciduous forests. However, Wright and Ernst’s (2004b, p. 59) study of 
wolverines in upland boreal forests of Canada found that wolverines followed open linear 
corridors that offered compact snow conditions, including winter roads, recent seismic lines, 
snowmobile trails, and all-terrain vehicle tire tracks for travel of distances up to 3 kilometers 
(km) (1.86 miles (mi)). In central Idaho, Copeland et al. (2007, p. 2,210) also reported 
wolverines using snowmobile winter access (unmaintained) roads for travel.  
 
Aboriginal knowledge holders in Canada have reported that while wolverines appear to avoid 
human habitation and developed areas, some wolverine will visit these areas if they are not 
threatened or if development activities cease (Cardinal 2004, p. 22). Wolverines have also been 
described as occupying deserted snow huts (Nunavut Territory) during winter months (Freuchen 
1935, p. 98). 
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Scrafford et al.’s (2017, p. 32) study of wolverine selection patterns in boreal forests in 
northwestern Alberta using resource selection function (RSF) modeling techniques1 and data 
from telemetered wolverines found that, for the winter season, both male and female wolverines 
selected for streams, forested areas (broadleaf, coniferous, and mixed) and bogs or fens, while 
avoiding active well sites and low-traffic winter roads (Scrafford et al. 2017, p. 31). That study 
also found that wolverines did not avoid older seismic lines, likely due to the intermediate stage 
of regeneration found in their study area as well as availability of small prey in conjunction with 
minimal risk of human or wolf presence (Scrafford et al. 2017, p. 34). 
 
Johnson et al. (2005, entire) used RSF-based modeling to quantify the relationship between the 
observed distribution of the wolverine and variables representative of habitats and human 
disturbance in the taiga and tundra ecoregions (shown in Appendix A) of the Canadian central 
Arctic (Nunavut and Northwest Territories) (Johnson et al. 2005, p. 10). Using a range defined 
by previously studies of collared wolverines, they identified two seasons for wolverines, based 
on presence or absence of barren-ground caribou (Rangifer tarandus groenlandicus) (Johnson et 
al. 2005, p. 8). They found that, in winter, the occurrence of wolverines was correlated with 
patches of heath rock and rock association, and areas dominated by sedge (Johnson et al. 2005, 
pp. 23–25). Results for models for summer season were less clear, but models that included 
grizzly bear (Ursus arctos), caribou, and wolf were found to be positively associated with 
wolverine, likely due to the scavenging opportunities and hunting of caribou provided by these 
other carnivores (Johnson et al. 2005, p. 24). In Finland, the presence of wolves was found to be 
one of the most important variables influencing habitat selection of wolverines (Koskela 2013, p. 
35). 
 
Inman et al. (2013, p. 281) also used a RSF model to develop a predictive map of wolverine 
habitat for the western United States, as shown in the background of our Figure 3. Their best fit 
model found that, in general, wolverine were most likely to be distributed at high elevations, 
with steeper terrain, more snow, fewer roads, and reduced human activity, but also in proximity 
to high elevation talus, tree cover, and areas that had snow cover on April 1 (Inman et al. 2013, 
pp. 280–281). Primary habitat for the wolverine in the western United States was estimated at 
164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). Additional information related to the 
results of this modeling effort is discussed in the Population Distribution and Abundance section 
below. 
 
Movement 
 
Wolverine movements are related to both territoriality (within home ranges) and dispersal (adults 
and young). Movement within home ranges by adult male and female wolverines is extensive. 
For example, wolverines monitored in the Greater Yellowstone Ecosystem traveled a distance 
that was equivalent to their average home range diameter in less than 2 days, which is also about 

                                                 
1 RSF is any mathematical function that is proportional to the probability of use of a resource unit (Manly et al. 
2002, p. 15). A RSF contains several coefficients that quantify the selection for or avoidance of an environmental 
feature, and the sign/strength of those coefficients represents a differential variation in the distribution of each 
environmental feature measured at a sample of locations to a comparable set of random sites. Thus, when an 
animal's observed use of a resource is greater than those random sites, selection of that feature is inferred (Johnson 
et al. 2005, p. 10). 
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the size of their home range circumference in less than 1 week (Inman et al. 2012a, pp. 782–
783). This study also found that, for a 24-hour period, the average minimum distance traveled 
was 15.5 (km) (9.63 (mi) for males and 7.5 km (4.66 mi) for females (Inman et al. 2012a, p. 
783). Telemetry studies of wolverines in south-central Alaska indicate an average distance 
traveled per day of approximately 12 km (7.46 mi) for females and 8–21 km (4.97–13 mi) for 
males (Woodford 2014, no page number). Observations from snow tracking studies have found 
instances where two individual wolverines traveled together (Wright and Ernst 2004b, p. 63). 
 
Aronsson (2017, p. 40), in a study of resident status of female Fennoscandinavian wolverines, 
found that most (86 percent) females remained stationary in their established territories, with 8 
percent vacating and 6 percent expanding their territory. In addition, this study of 42 female 
wolverines in 122 territories reported that females with established territories only moved to 
available territories that were higher than average in quality (Aronsson 2017, p. 41). Bischof et 
al.’s (2016, p. 1,533) study of spatial and temporal patterns in wolverines (central Norway) using 
noninvasive genetic sampling methods also found that individuals tended to stay in same general 
area from one year to the next. 
 
A number of factors can affect wolverine movements within territories, such as availability of 
food, temperature, and breeding activity. Seasonal shifts in elevation have also been observed for 
wolverines in the contiguous United States. Gardner’s (1985, p. 21) ecological study of 
wolverines in southcentral Alaska found a significant movement up in elevation during late 
winter and early spring as well as a significant movement down in elevation during the late fall 
and winter. Wolverines were also observed moving to and occupying higher and presumably 
cooler elevations in summer months in northwestern Montana (Hornocker and Hash 1981, p. 
1,299). In Central Idaho, wolverines exhibited a preference for higher elevation areas containing 
rock and talus cover in summer months, but moved to lower elevations in winter; this was likely 
the result of an increase in availability of carrion related to the fall hunting season (Copeland 
1996, p. iv). Two aboriginal knowledge holders in the Kivalliq region (Nunavut, Canada) 
reported that wolverines will move closer to communities during caribou migration in the fall, 
likely attracted by the large number of caribou carcasses left by hunters (Cardinal 2004, p. 22). 
 
A study of wolverine movement in boreal forest habitat in Canada (northwestern Alberta and 
northeastern British Columbia) during winter months found that wolverines chose the most direct 
travel route with the least snow cover (Wright and Ernst 2004a, pp. 58–59). Woodford’s (2014, 
no page number) account of wolverines observations from studies in Alaska indicated that, when 
pursued, wolverines will run uphill, which may represent a predator-avoidance adaptive 
behavior. 
 
As discussed in more detail below (Diet and Feeding), several studies have shown that wolverine 
exhibit a seasonal shift in diet, and Hornocker and Hash (1981, p. 1298) concluded that food 
availability was the primary factor determining both movements and home ranges for wolverines 
studieds in northwestern Montana. Movement patterns of adult males during the summer months 
are also likely influenced by breeding activity (Magoun 1985, p. 66).  
 
Males and females maintain large territories with very little overlap between same-sex adults 
(Magoun 1985, p. 38; Banci 1994, p. 118; Inman et al. 2012a, p. 783; Bischof et al. 2016, pp. 
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1,532–1,533; Regehr and Lacroix 2016, p. 249), but breeding pairs have overlapping territories 
(Copeland 1996, pp. 55–61; Hedmark et al. 2007, p. 19; Dawson et al. 2010, p. 413; Persson 
2010, p. 52; Inman et al. 2012a, p. 787). However, ranges of young males, who have not yet 
dispersed, can overlap with resident adult male home ranges (Alaska) (Magoun 1985, p. 64). 
Studies of wolverines in the Greater Yellowstone Ecosystem found a mean percent overlap of 
12.7 percent for same sex, adult–sub-adult pairs and about 24 percent for opposite sex, adult–
sub-adult pairs (Inman et al. 2012a, p. 787). In addition, Inman et al. (2012a, p. 783) found that 
when a resident adult wolverine died, same-sex adults (not known to be located within the dead 
wolverine’s home range) would begin using (within 3–7 weeks) areas of the unoccupied home 
range, or same-sex subadults would expand into and then occupy most or all of the dead 
wolverine’s former home range. Bischof et al. (2016, p. 1,533) study of territoriality of 
wolverines in central Norway (using scat analysis) indicated that within their study population, 
wolverines were also more likely to choose a home range area that was previously used by a 
neighboring same sex individual after that individual’s death. 
 
In central Idaho, annual home ranges of resident adult wolverines averaged 384 km2 (148 mi2) 
for females and 1,582 km2 (610 mi2) for males (Copeland 1996, p. 128). Home ranges for 
wolverines in Greater Yellowstone Ecosystem were estimated at 303 km2 (117 mi2) for adult 
females and 797 km2 (308 mi2) for adult males (Inman et al. 2012a, p. 782). For a parturient 
female, estimates of home range size in this region were significantly smaller, with a minimum 
of 100–150 km2 (39–58 mi2) (i.e., during year raising young) (Inman et al. 2012a, p. 782). 
Average home range sizes for adult wolverines studied in Glacier National Park (Montana) were 
estimated at 139 km2 (54 mi2) for females and 521 km2 (201 mi2) for males (Copeland and Yates 
2008, p. 9). In a 6-year study of wolverines in central Idaho and western Yellowstone region, 
average home range sizes (using minimum convex polygon method) were 357 km2 (138 mi2) 
(range:162–563 km2 (63–217 mi2)) for females and 1,138 km2 (439 mi2) (range: 440–2,365 km2 
(170–1,170 mi2)) for males (Heinemeyer and Squires 2015, p. 10). 
 
In northwestern Alaska, home range sizes (using minimum polygon method) for female 
wolverines varied year-to-year and by season (Magoun 1985, p. 33). The average yearly range 
was 103 km2 (39.8 mi2) (range: 53–232 km2 (20–89.6 mi2)) (Magoun 1985, p. 22). For male 
wolverines, the average yearly range was 666 km2 (257 mi2) (range: 488–917 km2 (188–354 
mi2)) (Magoun 1985, p. 36). The average home range size for lactating females rearing young 
was estimated at 70 km2 (27 mi2) from March through August (Alaska) (Magoun 1985, p. 36). 
 
In Canada, home range sizes have been reported as 50–400 km2 (19–154 mi2) for females and 
230–1,580 km2 (89–610 mi2) for males (COSEWIC 2014, p. 23). Dawson et al. (2010, p. 141) 
estimated mean home range sizes for wolverines in lowland boreal forests of central Canada 
(northwestern Ontario), based on 95% minimum convex polygons (December to October), of 
423 km2 (163 mi2) for females and 2,563 km2 (990 mi2) for males. These researchers also 
reported a home range of 262 km2 (101 mi2) for a lactating female using that same methodology 
(Dawson et al. 2010, pp. 141–142).  
 
In Scandinavia, Bischof et al. (2016, p. 1,532) found that male wolverines in central Norway had 
home ranges just over two-times larger than females (using noninvasive genetic sampling). That 
study estimated average annual home range sizes of 757 km2 (292 mi2) for males and 331 km2 
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(128 mi2) for females (Bischof et al. 2016, p. 1,532). Landa et al.’s (1998, pp. 451–452) radio-
tracking study in southern Norway also found that mean annual home ranges of male wolverines 
were larger than females (663 km2 vs. 274 km2 (256 mi2 vs. 106 mi2)), and observed a reduction 
in activity by females in late winter and late fall, likely related to reproductive behavior. Persson 
et al. (2010, p. 52) found mean home ranges for wolverines in northern Sweden were almost 
four-times larger for males than females (669 km2 (258 mi2) vs. 170 km2 (66 mi2), respectively). 
The distance traveled by female wolverines depends on the location of the reproductive den site 
within the home range, the areas used for locating food/prey, and the territory border (Myhr 
2017, no page number).     
 
In summary, habitat diversity, food availability, and competition for resources can collectively or 
individually influence home range sizes of wolverines (Magoun 1985, p. 63; Inman et al. 2012a, 
p.785), which affects wolverine densities and population structure. Home range sizes of male 
wolverines are likely influenced by the density and reproductive condition of female wolverines 
(Magoun 1985, p. 63).  
 
Dispersal relates to the successful establishment of a breeding territory, generally by juveniles, 
at a location removed from the natal denning area, and can be confused with long-range 
movements of wolverines and other carnivores (Ruggiero et al. 1994, pp. 4–5).  
 
Based on telemetry studies, wolverines have been observed to disperse over very long distances.  
Both male and females can move long distances (cf. Flagstad et al. 2004, pp. 684-686), but 
young (yearling) females tend to establish home ranges closer to nearer their natal ranges than do 
young males (COSEWIC 2014, p. 24), which supports a male-biased dispersal pattern (from 
natal range) for wolverine populations. Vangen et al. (2001, p. 1,647) indicated that dispersal 
patterns of females were likely determined by competition for resources (that is, high quality 
territories) while male dispersal patterns were likely determined by competition for mates. 
 
As noted above, wolverines readily cross water bodies such as rivers, and can cross rugged 
terrain (COSEWIC 2014, p. 24; Woodford 2014, entire). Dispersing wolverines in Idaho traveled 
over 200 km (124 mi) following routes across isolated subalpine habitat (Copeland 1996, p. 
130). Inman et al. (2012a, p. 784) recorded dispersal-related movements of wolverines in the 
Greater Yellowstone Ecosystem and found that the maximum distance of subadults from the 
home range of their mothers was 170 km (106 mi) for males and 173 km (108 mi) for females, 
with an average maximum distance per dispersal movement of 102 km (63 mi) for males and 57 
km (35 mi) for females (Inman et al. 2012a, p. 784). In the Ontario, Canada, region a juvenile 
male reportedly dispersed 100 km (62 mi) (COSEWIC 2014, p. 24, citing unpublished data from 
Dawson et al. 2013). 
 
Two recent examples illustrate the extensive dispersal capability of wolverines. A male 
wolverine apparently dispersed (2008 or earlier) from the western edge of the Rocky Mountain 
region to the Sierra Nevada region of California (Moriarty et al. 2009, p. 160). Another male 
wolverine (M56), whose natal area was the Greater Yellowstone Ecosystem (northwest 
Wyoming), was tracked from this area and moved south to Colorado (about 500 miles), where it 
remained for about 3 years (2009–2012), when its tracking signal was lost. In April 2016, M56 
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was legally shot and killed by a rancher in western North Dakota, or about 1126.5 km (700 mi) 
from where it was last seen (WGFD 2016, pers. comm).  
 
Additional discussion of population distribution and density estimates is provided below (see 
Population Abundance and Distribution). 
 
Reproduction and Growth 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., a male 
mates with more than one female each year), delayed implantation (up to 6 months), short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care 
(Rausch and Pearson 1972, pp. 255–256; Pasitschniak-Arts and Larivière 1995, p. 5; Magoun 
and Copeland 1998, pp. 1,315–1,316; Hedmark et al. 2007, p. 19; Persson et al. 2017 in prep).  
 
Table 1 below presents a summary of wolverine reproductive chronology (extent and peak of 
reproductive events) based on a review of the literature and personal knowledge from field 
studies (Inman et al. 2012b, entire), and studies from Scandinavia (Aronsson 2017; Persson et al. 
2017 in prep). 
 
Table 1. Chronology of wolverine reproductive events (adapted from Inman et al. 2012b). 
 

Reproductive Biology Event Time Interval 
Mating Season May – August; peak in June 
Nidation (implantation of embryo) November – March; peak in late December–early February 
Gestation (45 days) November – April; peak in January–mid-March 
Parturition (birth of young) late January – mid-April; peak in February–mid-March 

(Sweden: peak in mid-February, range from end of January to 
early March)a 

Reproductive Den Use late January – end of June; most commonly, early February–mid-
May 

Weaning April – June; most commonly, late April–May 
Rendezvous Sites April – June; peak in early May 
Independence August – January; peak in September–December 
Dispersal  Peak period at 10–15 months of age; February–mid-April 
Lactation About 10 weeks  

aPersson et al. (2017, in prep). 
 
Wolverine mating is generally assumed to occur in May, June, July (Pulliainen 1968, p. 341; 
Rausch and Pearson 1972, p. 249). Inman et al. 2012b (p. 636) review of both the literature and 
personal observations indicated that June represented the peak in a wolverine mating season, but 
began in at least May and extended into early August. Female wolverines have been reported as 
not breeding in their first summer (under 1 year of age) based on examination of reproductive 
tracts from wolverine carcasses obtained from trappers (Yukon) (Banci and Harestad 1988, p. 
268) and ages of pregnant female wolverines were estimated at 1 to 11-plus years of age (Banci 
and Harestad 1988, p. 266). In another study of wolverine carcasses (also in Yukon), some 
female wolverines were said to be mature at about 1 year (about 15 months), but first litters were 
not produced until 2 years of age (Rausch and Pearson 1972, p. 253). Anderson and Aune (2008, 
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pp. 21–22) also evaluated carcasses in female trapper-harvested wolverines from western 
Montana (1985 to 2005) and estimated median ages at first? pregnancy ranging from 1.5 to 2.5 
years of age. In Scandinavia, the mean age of first reproduction for female wolverines was 3.4 
years, based on monitoring of telemetered animals (Persson et al. 2006, p. 76). Breeding ages 
were reported at 2 to 13 years of age for wolverines in Sweden (mean age of first birth was 3.4, 
range of 2 to 5 years), based on monitoring/observations of female wolverines (Rauset et al. 
2015, p. 3,157).  
 
Genetic-based wolverine studies in Scandinavia have found that “females often reproduced with 
the same male in subsequent breeding years” (Hedmark et al. 2007, p. 18). However, this study 
also found (with some assumptions regarding sampling and paternity) that 8 of 13 female 
wolverines bred with different males, and, based on telemetry results, 2 females bred with a new 
male even though their previous breeding partner was still alive (Hedmark et al. 2007, p. 18). 
This shift in partners may have resulted from a change in the resident male wolverine in the area 
(Hedmark et al. 2007, p. 19). 
 
The reproductive rate of wolverines is relatively low. An early study of 31 wolverine dens in 
Finland, as reported by hunters, found an average of 2 young per den (range 1–4) (Pulliainen 
1968, pp. 338–341). Average litter size for northern Europe (161 litters) was 2.5 (range 1–4) 
(Pulliainen 1968, p. 343). In Alaska, average litter size was reported as 1.75 young, with a 
reproductive rate of 0.69 young per adult female per year (Magoun 1985, p. 28). A summary of 
average litter size for earlier studies of New World and Old World wolverines, based on method 
of determination, was presented in Magoun (1985, p. 29), indicating a range of 2.2 to 3.5. 
Anderson and Aune (2008, entire) evaluated pregnancy rates based on presence of corpora lutea 
(CL) and fetuses in trapper-harvested wolverines from western Montana. That study found 
median CL counts for pregnant adults ranging from 1.6 to 3.0, depending on the subpopulation 
(Anderson and Aune 2008, p. 22), with a mean litter size based on number of fetuses for 
pregnant adult females of 2.6 (Anderson and Aune 2008, p. 23). Studies of telemetered female 
wolverine in Scandinavia, from 1993 to 2002, reported a mean litter size of 1.88, with a range of 
1 to 4 young, with a mean annual birth rate of 0.74 young per female (Persson et al. 2006, pp. 
76–77). More recently, the average number of young per female per year reported for wolverines 
in Sweden was reported as 0.84 (range 0–3); however, for those animals with recorded denning 
behavior, this value increased to 1.38 (range 0–3) (Rauset et al. 2015, p. 3,157).  
 
Results from studies of telemetered female wolverines indicate that studies of wolverine 
reproductive tracts are likely to overestimate wolverine productivity (Persson et al. 2006, p. 77). 
Their findings suggest that young are either lost during pregnancy and/or shortly after birth, and 
are not likely to occur before implantation due, in part, to presumed delayed implantation 
(Persson 2006, p. 77). Delayed implantation (or reabsorption) of fetuses has been observed in 
other mustelids, including mink (Hansson, 1947 p. 62; and references cited therein, pp. 65–66). 
However, the factors that contribute to the observations that female wolverines do not give birth 
during some years are not well understood, and could be due to failure to breed, pseudo-
pregnancy (as demonstrated by Mead et al. 1993, entire), failure of a fetus to implant, absorption 
of implanted fetus, stillbirth, or mortality before emerging from den (e.g. infanticide, etc.) 
(Magoun 2013, pers. comm.).  
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Carnivorous mammals generally have altricial young (poorly developed and dependent young 
(Derrickson 1992, p. 58), and prepare shelter in dens where the mother can feed their young and 
keep them warm (Irving 1972, p. 174). Young wolverines (kits or cubs) weigh about 0.1 kg (3.5 
ounces (oz)) at birth and are blind until about 4 weeks of age (Krott 1960, p. 23). Newborns are 
covered with whitish to yellow hair (Krott 1958, p. 87; Mehrer 1976, p. 570), 4.5 millimeters 
(mm) (0.18 in) in length (Shilo and Tamarovskaya 1981, p. 147), with unerupted teeth (Mehrer 
1976, p. 570; Pasitschniak-Arts and Larivière 1995, p. 5) and closed ear canals (Shilo and 
Tamarovskaya 1981, p. 147). They are generally not left alone in the den at during the first 3-4 
weeks (Krott 1958, pp. 88, 108). Myhr’s (2017, no page number) study of telemetered 
wolverines in Scandinavia found that, on average, a female wolverine spends most of her time 
within 1,000 m (3,281 ft) of the reproductive den during the denning period.   
 
Mustelids, in general, have a short period of growth (Iverson 1972b, p. 317). As noted above, the 
metabolism of young wolverines is highest during the first 2½ months, and individuals are 
almost two-thirds grown by the fall (at about 6 months) (Krott 1960, p. 25). Shilo and 
Tamarovskaya (1981, p. 146) described 45-50 day old cubs (Norway) as having woolly coats, 
muddy grey in color, with teeth beginning to erupt at this age. At about 150 days, all permanent 
teeth have been established (Shilo and Tamaovskaya 1981, p. 147). After 2.5 months, young 
wolverines replace their juvenile coat with the adult summer coat (Shilo and Tamarovskaya 
1981, p. 147). With growth ending at about 8 months (Iverson 1972b, p. 320; Magoun 1985, p. 
23), cubs are generally full grown by October or November.  
 
Use of Dens and Denning Behavior 
 
Dens and breeding burrows of animals are, in general, carefully constructed, well-camouflaged, 
and located in areas not easily accessible (Novikov 1962, p. 25). Wolverines use both natal dens 
(used for birthing) and maternal dens (used subsequent to natal den and before weaning) for 
rearing young (Magoun and Copeland 1998, p. 1,314). The average relocation distance to 
maternal den sites for active wolverine den sites studied in Norway was 268 m (879 ft) (95% 
confidence interval: 40–497 m (131–1,631 ft)) (May et al. 2012, p. 199). The young remain at 
the natal den site for 6 to 8 weeks (Krott 1960, p. 24), and are weaned at 9 to 10 weeks 
(Copeland 1996, p. iv (Central Idaho); Koskela et al. 2013a, p. 101 (Finland)) (cf. 7 to 8 weeks 
reported by Myhre and Myrberget, 1975, p. 754 (Norway)). After weaning, the young are 
dependent on the mother and begin to travel with her by late April (Koskela et al. 2013a, p. 101 
(Finland)). Observations of wolverines in central Idaho reported that females traveled up to 17.9 
km (11 mi) from maternal dens to forage (Copeland 1996, p. 97). 
 
The exact timing of when females abandon natal dens and begin using maternal dens is difficult 
to establish (Inman et al. 2012b, p. 638). Magoun and Copeland (1998, p. 1,316) reported that 
natal den abandonment in Alaska and Idaho “coincided with a period when maximum daily 
temperatures rose above freezing for a number of days for the first time since denning 
commenced.” Aubry et al. (2016, p. 24) reported that a female wolverine moved her single 
young (estimated to be at least 9 weeks old) from a natal den in late April in the North Cascades 
region of Washington. However, other factors can influence shifts in the locations of these den, 
including intraspecific predation, parasites, or other disturbances (Inman et al. 2012b, p. 638). 
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Copeland (1996, p. iv) noted that human disturbance at maternal den sites resulted in den 
abandonment, but not abandonment of young.  
 
Rendezvous sites are those where young are left by mother while she hunts for food (Magoun 
1985, p. 16). These areas provide security to young (Copeland 1996, p. 94) and serve as 
locations at which females bring food to the young, or from which she will guide them to a food 
source (Inman et al. 2012b, p. 638). Copeland 1996 (p. iv) described rendezvous sites for Central 
Idaho as consisting of large boulder talus or riparian areas associated with mature overstory and 
dense timber deadfall (Copeland 1996, p. iv). Magoun (1985, p. 76) reported that rock caves and 
hilltops containing boulders without large snowdrifts were used as rendezvous sites in Alaska. 
Females may move their young to new rendezvous sites several times over a two month period 
(Magoun 1985, p. 73), and distances between consecutives sites have been reported as far away 
as 8.5 km (5.3 mi) (Magoun 1985, p. 76). 
 
Studies of adult female wolverines in Scandinavia (northern Sweden) have provided additional 
details regarding the temporal patterns of reproductive behavior and den site use. Aronsson 
(2017, p. 45) (see also Persson et al. 2017, in prep) found that, in general, most births occurred in 
mid-February. Females spend very little time outside the natal den for the first 2 weeks 
(Aronsson 2017, p. 45). During the first period of den site use, or approximately 2 to 2.5 months 
from mid-February (when females generally give birth and are lactating), females will move 
short distances and do not need to bring food to young (Aronsson 2017, p. 46). This time period 
generally coincides with snow cover and favorable conditions for food caching, and dens offer 
protection from predators and environment (Aronsson, 2017, p. 46). In addition, during the first 
1.5 months of the denning period, females rarely changed den sites, but begin to move outside 
the den in early March (Aronsson 2017, p. 45). In the later denning period (after April 15), 
females begin to move more frequently and at greater distances between den sites (Aronsson 
2017, p. 45). By late April, the young are more active and also begin to rely more on solid food 
that is brought back to them by their mother (Aronsson 2017, p. 46). This also corresponds to 
time periods when prey are more available (reindeer migration and calving period in Sweden) 
and expected less longer distant movements by the mother back to denning or rendezvous sites 
(Aronsson 2017, p. 46). These observations are consistent with Inman et al.’s (2012b, entire) 
proposed cold, low productivity niche for wolverines based on studies of wolverines in the 
Greater Yellowstone Ecosystem. That is, reproductive chronology in wolverines is considered to 
be adapted to take advantage of the availability of food resources, limited interspecific 
competition, and snow cover in the winter (Inman et al. 2012b, p. 635).  
 
In summary, as described by Inman et al. (2012b, entire) and Persson et al. (2017, in prep), 
reproductive behavior of wolverines reflect seasonal shifts in resource abundance within the 
wolverine’s range; that is, adaptation that matches the time of birth and development of young to 
changes in the availability of resources and foraging strategies (Persson et al. 2017, in prep). We 
present in Figure 4 a visual summary of wolverine feeding strategies relative to resource 
availability from time of birth to post-weaning. 
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Figure 4. Wolverine feeding strategies relative to resource availability. Adapted from 
Persson et al. 2017, in prep.  
 
Denning Habitat  
 
Given the wolverine’s observed association with snow, we provide in Box 1.0 a summary of the 
importance of snow for ecological systems. This summary provides a detailed perspective of 
how various physical properties of snow can influence ecological systems occupied by snow-
adapted wildlife, including insulating properties, differences in snow cover in mountainous vs. 
forested habitat, and changes in snow cover due to wind and slope/aspect. However, we also 
emphasize here that there have been limited comprehensive studies of wolverine behavior, or its 
physical and ecological requirements outside of the winter months in North America (cf. Banci 
1987 (Yukon); Hornocker and Hash 1981 (Montana); Gardner 1985 (Alaska); Magoun 1985 
(Alaska); Copeland 1996 (Idaho); Krebs et al. 2007 (Canada); Inman 2013 (Greater Yellowstone 
Ecosystem)) due, in part, to the difficulty in tracking animals when snow cover is absent and 
their ability to move great distances across rugged terrain. In addition, den site locations for 
North America reported in the past has been biased to tundra regions where dens are more 
readily observed and located (Banci 1994, p. 110). In Scandinavia, snow cover has also been 
found to be a poor technique for tracking female wolverines during the time when they give birth 
and initiate denning (Aronsson and Persson 2016, p. 6). 
  



North American Wolverine Species Status Assessment Report  DATE 

26 
 

 
 
 
 
 
 
  

Box 1.0: Snow Cover in an Ecological Context 
Formozov (1961; 1963) prepared comprehensive reviews of the unique properties of snow in the 
context of its role in the ecology of animals and plants in Russia. In his 1961 review (translated 
from the 1946 original), he identified two important factors attributed to snow cover — 
nastization (the thickness of the crust on the surface of mature snow cover) and firnization 
(process of snow compaction) — relative to its ecological influence (Formozov 1961, p. 8). Snow 
cover provides not only a substrate that allows some animals to move across the landscape, it also 
provides a matrix within which other animals can create tunnels and build nests (Formozov 1961, 
p. 8). Additional fundamental concepts described in this study are provided below: 
 

• Snow has very low thermal conductivity which promotes cooling at the surface while at 
the same time protects the deeper layers from chilling; but this property varies by region, 
by depth, by season , and by year (e.g., the more continuous the snow cover during winter, 
the greater the warming effect); as snow changes to ice (through compaction and melting), 
the thermal conductivity decreases (Formozov 1961, pp. 7, 8, 108) 

• Snow therefore creates a thermo-insulating layer, which allows for a unique temperature 
regime on the surface and underneath; as an example, soil temperatures measured in 
January (near Saint Petersburg, Russia) averaged 15°C higher with snow cover than 
without snow cover, with up to a 32°C difference, depending on the day and depth 
measured (Formozov 1946, p. 109) 

• Snow cover in mountains: 
o Depth of snow cover and its duration increases with elevation; even minor 

elevation differences are noticeable (Formozov 1961, p. 123) 
o This spotty distribution is also affected by unequal distribution of snow 

precipitation on slopes with different exposures, transport of snow by wind, 
melting of snow on sun-exposed slopes, avalanche or rolling down of snow from 
steeper areas, and vegetation (Formozov 1961, p. 123)  

o Snow cover areas near Arctic limits and at treeline in mountain regions is more 
strongly influenced by wind (which compacts and re-works snow cover) 
(Formozov 1961, p. 29) 

• Snow cover in forests: 
o The maximum depth, density, duration and date of melting, thickness of snow 

surface crust are all much different in forested areas as compared to open 
treeless areas (Formozov 1961, p. 19) 

o Snow accumulates slowly under trees and is generally thicker the further away 
from the forest than within the forest; thus, the compaction and settling of snow 
under a forest canopy is less than tundra or open fields (with a less icy crust), so 
for some vertebrates, forested areas can provide a more preferable place to 
winter or migrate (Formozov 1961, pp. 24, 26) 

o Snow cover in forested areas also melts slower than open fields and clearings 
(Formozov 1961, p. 28) 

• Snow cover also plays an important role in the overwintering conditions for insect eggs, 
caterpillars, pupae, and adult insects in litter and soil, and some plants (Formozov 1961, p. 
121) 
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Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, including persistent spring snow cover, the key elements or combination of elements 
that define this relationship have not been empirically analyzed. As noted above, adult 
wolverines have a wide range of thermoneutrality. However, newborns, who are born with 
lighter, less dense fur are likely to have a more limited ability to control their internal 
temperature, though huddling (a thermotactic behavior) of small mammals in dens can conserve 
heat (Barnett and Mount 1967, p. 439). Den locations are also assumed to be located in areas that 
provide protection for a nursing female and her young. But it is unclear if the relationship to 
snow cover is based on selecting dens in remote, high elevation areas to avoid predators. 
 
Basal metabolic production of heat is the source of heat that maintains bodily warmth, and is not 
easily modifiable unlike the flexibility of insulation (Irving 1972, p. 121). However, metabolic 
heat above an animal’s basal rate for preservation of warmth is restricted by its not unlimited 
capacity for metabolic production of heat, but also by food availability and the time and 
opportunity for nourishment (Irving 1972, p. 121). In general, metabolic production of heat is 
costly to animals, but variable insulation represents a conservative strategy (Irving 1972, p. 121).  
 
Another key element related to den location is the protection that dens provide to a nursing 
female and her young. Because wolverines are known to den in a variety of structures it is 
unclear if the apparent relationship to snow cover is based on selecting den locations in remote, 
high elevation areas to avoid predators. Bare rock and boulders at den sits can offer dry and 
secure cavities and enhance the ruggedness of the landscape (May et al. 2012, p. 198).  
“Ruggedness,” a measure derived from elevational changes and irregularity of land surface 
(density of contour lines) traversing a given area (Beasom et al. 1983, p. 1,163) has been found 
to be an important variable (i.e., secure habitat from predation risk) for female wolverines in 
winter (British Columbia, Canada) (Krebs et al. 2007, p. 2,188) and for den site selection at site-
specific, home range, and landscape scales (southcentral Norway) (May et al. 2012, pp. 200–
201).   
 
Wolverine denning habitat varies across its Holarctic range. For example, in southcentral 
Norway, wolverine dens were snow tunnels dug into deep snow at the tree line (elevation 1,100 
meters a.s.l. (3,609 ft)), but most of the tunnel systems extended down to boulder fields, talus 
slopes, or rock crevices such that young could crawl around within these structures (May et al. 
2012, p. 201). Snow tunnels are also reported for wolverine natal dens in Alaska (Magoun 1985, 
pp. 84, 185, 190). However, reproductive dens are not always excavated in deep snow. In 
Canada, female wolverines are said to give birth in dens where snow cover persist at least until 
April, and can den under snow-covered rocks, logs, or within snow tunnels (COSEWIC 2014, p. 
v). For example, in northwestern Ontario, den site habitat for a female in lower Boreal Forest 
habitat (elevation 250 to 500 m (820 to 1,640 ft), 51°N) included large boulders and downed 
trees, similar to dens described for wolverines in montane ecosystems (Dawson et al. 2010, p. 
139). In Finland, Pulliainen (1968, p. 340) reported a den site (January) at the base of a tree and 
not covered in snow, and also described other structural features such as rocks, fallen trees, and 
deep ravines as denning habitat (likely both natal and maternal dens) (Pullianinen 1968, pp. 338–
341). In Russia, where wolverine habitat has been described as located far from human-inhabited 
areas within boreal forests and, to some extent, tundra, and taiga (Novikov 1962, pp. 199, 200), 
den locations were described as “clefts in rocks, among stones, and under roots of upturned 
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trees” (Novikov 1962, p. 200). Dawson et al.’s (2010, p. 142) study from northwestern Ontario 
noted that, because lowland boreal forest habitat in this region does not support deep, wind-
hardened snowdrifts, other structural elements within snow layers such as trees and boulders can 
be important components of wolverine denning habitat.  
 
Limited studies to date have evaluated the importance of denning habitat to reproductive success, 
or the key physiological and ecological characteristics, including avoidance and/or protection 
from predators, prey availability, availability of caching habitat, that define denning behavior 
and den site selection. Population density, trapping pressure, population genetics, and other 
measures of habitat quality may also influence wolverine fecundity (Anderson and Aune 2008, p. 
28). In addition, studies of wolverine denning activity have not reported the condition of the 
natal or maternal den location following abandonment; that is, What is the persistence and/or 
depth of snow at the natal den at the end of the denning season and how does this affect survival 
of young?  
 
Copeland et al. (2010, p. 234) used a bioclimatic model to test the following hypothesis: 
“…wolverine distribution at the broadest spatial scale is constrained within a climatic envelope 
defined by an obligate association with persistent spring snow cover and by an upper limit of 
thermoneutrality.”  However, this hypothesis was based on the premise “If persistence of 
wolverine populations is linked to the availability of suitable reproductive den sites ([citing] 
Banci 1994), snow cover that persists throughout the denning period may be a critical habitat 
component that limits the wolverine’s geographic distribution” (Copeland et al. 2010, p. 234). 
The authors tested this hypothesis by “comparing and correlating the locations of wolverine 
reproductive dens from throughout their circumboreal range, and telemetry locations from 10 
recent wolverine studies in western North America and Scandinavia, with spatial models 
representing the distribution of spring snow cover and average maximum August temperatures” 
(Copeland et al. 2010, p. 234) (emphasis added). 
 
Bioclimatic models “use associations between aspects of climate and known occurrences of 
species across landscapes of interest to define sets of conditions under which species are likely to 
maintain viable populations” (Araújo and Peterson 2012, p. 1,527). They are correlational by 
nature and are often applied to study a variety of conservation issues, including forecasting 
potential climate change effects on species’ distributions (Araújo and Peterson 2012, p. 1,527). 
However, these types of correlational models have received some criticisms and require careful 
framing to avoid misapplication (Sieck et al. 2011, p. 6; review by Araújo and Peterson 2012, 
entire).They generally represent a first step for evaluating current and future species 
distributions, and, when coupled with climate change scenarios, results are presented at a coarse 
scale that may not accurately project shifts in species distribution at a smaller scale (Sieck et al. 
2011, p. 6). In particular, when used to estimate extinction risk, these types of models provide 
only an estimate of the empirical relationships between a species’ current distribution and 
climate variables and then use inferred relationships to identify potential areas where the species 
is distributed under future climate scenarios (Araújo and Peterson 2012, p. 1,553). Extinction 
risk is not represented in the model’s input data and therefore is not the targeted parameter of the 
model; thus, a bioclimatic model’s usefulness may be limited in these types of applications given 
that it only offers partial explanatory evidence for reasons for potential extinction related to the 
shifts in climate suitability within the time frame being modeled (Araújo and Peterson 2012, p. 
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1,533 and citations therein). In addition, climate niche projections generally do not incorporate 
factors such as competition, dispersal, and evolutionary capacity, which also influence range 
boundaries (Michalak et al. 2017, p. 370). Thus, these types of models are more applicable at 
broad scales in which the effects of fine-scaled topography and biological interactions play a 
more limited role (Michalak et al. 2017, p. 370); however, both of those effects are important for 
wolverine, particularly at the den-site scale.  
 
Finally, Post (2013, p. 50) suggested that the niche conservatism approach may not be 
appropriate in predicting changes to species’ distributions under future climate change scenarios. 
He concluded that, based on redistribution patterns of flora and fauna throughout the Pleistocene 
epoch, but particularly the Late Pleistocene period of rapid warming, species movement is not 
always predictable in directions or rates based simply on their association with the more 
predictably changing environmental/abiotic measures.  
 
As noted above, Copeland et al. (2010, entire), used a climatic model to evaluate an assumed 
association not at the den site scale, but at a broad scale. The results presented in Copeland et al. 
(2010, entire) were based not on the condition of snow cover at a particular den site at the time of 
denning, but rather their evaluation of snow persistence (April 24 to May 15) was based on 
satellite images summed over a 7-year period (2000 to 2006) for the den locations. The 
resolution of the snow measurement used to detect daily snow cover was 500 m (1,640 ft), using 
Moderate-Resolution Imaging Spectroradiometer (MODIS). If persistent snow cover was 
observed in any one year, it was included in the bioclimatic model regardless of whether denning 
occurred during that particular year.  
 
In addition, although the study found that 69 percent of dens for North American wolverines 
were located within satellite images (pixels) in areas that had snow cover for 6–7 years, just over 
one-third (31 percent) of the identified den locations were located in areas that were identified as 
having spring snow cover 5 years or less out of 7 years. Also, the den location attributes (e.g., 
den structure, how long it was used) were not recorded relative to the observed persistent snow 
cover and some of the 560 dens (e.g., Norway) were identified by snow tracking rather than 
direct observation. In essence, the results presented by Copeland et al. (2010, entire) provided a 
fairly accurate, though preliminary, assessment of where wolverine populations are expected to 
be observed, but did not evaluate (model) snow persistence at the den site scale based on location 
and denning period.  
 
We also note here that results from scoring exercises of a panel of scientists convened by the 
Service in April 2014 (Wolverine Science Panel Workshop), indicated that most panelists 
allocated points to an obligate relationship of wolverines with deep snow at the den-site scale, 
but there was a wide range of scores from the panel as to whether contiguous snow was limiting 
at the home-range or species-range scales (Wolverine Science Panel Workshop Report 2014, pp. 
9–11).  
 
Since the 2013 and 2014 proposed rules for the wolverine, several publications have presented 
additional study results related to wolverine distribution and snow cover. In Alberta, Canada, 
(Webb et al. (2016, entire) found that, based on wolverine harvest data, wolverine occurrence 
relative to spring snow cover varied based on the different regions of Alberta. Although the study 
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found an overall positive trend of more frequent wolverine harvests in those areas expected to 
have spring snow cover, the study did not find consistent large differences between these areas, 
and did not typically detect significant relationships with frequent spring snow cover (4–7 years) 
in all regions (Webb et al. 2016, p. 6). The Rocky Mountains region was the only region in 
which wolverines were reported in areas with more frequent spring snow cover (4–7 years) 
(Webb et al. 2016, p. 5). This region, which is located along the western border of Alberta, 
contains montane, subalpine and alpine habitat, with elevations from 1,000 m (3,281 ft) to 3,700 
m (12,139 ft) (Webb et al. 2016, p. 9). Conversely, the study found that in the Boreal Forest 
region of Alberta (wetland habitat interspersed with coniferous, mixed wood, and deciduous 
forests, with elevations between 1,500 m (4,921 ft) to 1,100 m (3,609 ft), a female wolverine 
denned under large boulders and downed trees (Webb et al. 2016, p. 8). The authors noted that 
wolverine den locations within low elevation, forest habitats have not been well-described 
(Webb et al. 2016, p. 8). As noted above (Novikov 1962, p. 200), in boreal forested habitat, 
wolverines den in rock areas and in tree root structures. A similar finding was reported in 
Sweden, where a majority of dens (n=49) were in boulder areas located within mature, mixed 
coniferous forests (i.e., not alpine or tundra habitat) (Makkonen 2015, p. 14); all den sites 
provided cover for young without snow (Makkonen 2015, p. 17). A recently published study 
reported wolverine natal dens in logged areas (cutblocks) in northern Alberta, Canada; 
specifically, within a slash pile and log deck (Scrafford et al. 2017, p. 35). 
 
Aronsson and Persson’s (2016, p. 6) study of wolverine populations and distribution in Sweden 
observed that wolverine populations were found outside areas with persistent spring snow cover 
and expanding into boreal forest habitat located to the east and south of alpine areas. This 
southern and eastern expansion (from 1996 to 2014) indicates recolonization of their historical 
distribution in Sweden, and is thought to be the result of an increase in population, with more 
dispersers colonizing forest habitat, and an increase in year-round scavenging opportunities due 
to an increase in Scandinavian wolf packs (Aronsson and Persson 2016, p. 6; Aronsson 2017, p. 
43–44). As of the spring of 2017, over 80 reproductive dens have been observed outside the 
boundary of the snow model presented in Copeland et al. (2010) (Persson 2017, pers. comm.). 
Similarly, Koskela (2013, p. 38) found that 10 observed wolverine dens observed in Finland 
were determined to be “snow dens,” but 8 of the 10 dens were located in areas outside the 
modeled, satellite-based spring snow cover area.  
 
Snow depth can be affected at a local level by terrain, ruggedness, slope and aspect; slope and 
aspect together will affect the exposure to snow accumulation (May et al. 2012, p. 198). In an 
effort to document and compare snow persistence at the wolverine den-site scale, Magoun et al. 
(2017, entire) evaluated the use of low-altitude aerial photography during late May 2016 in areas 
within the Rocky Mountains (Idaho and Montana) and northwestern Alaska. Transect segments 
(established along flight lines) in the Rocky Mountain study areas documented snow on May 31 
in all but one segment, with 82 percent classified in low to heavy snow retention categories, and 
58 percent considered as moderate to heavy (Magoun et al. 2017, p. 383). In the Alaska study 
area, photographs documented widely scattered patches of snow on May 29, with remnant 
snowdrifts observed at all four wolverine den sites (Magoun et al. 2017, p. 383). The 
documentation of the existence of scattered patches of snow in the Rocky Mountains persisting 
into late May in areas previously detected to be bare of snow on May 29 (MODIS persistent 
spring snow cover, McKelvey et al. 2011, p. 2,889, Figure 4D; Magoun et al. 2017, p. 384, 
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Figures 2b and 2d) suggests that persistent spring cover is affected by terrain, ruggedness, slope 
and aspect, and may not always be detectable at the den-site scale using remote sensing methods 
(Magoun et al. 2017, p. 384).  
 
To evaluate snow cover at previously recorded den site locations in the western U.S., we 
reviewed natal, maternal, and known den sites relative to derived ‘melt-out’ dates using 
MODIS/Terra Snow Cover, 8-day series (Hall and Riggs 2016). Melt-out dates represent the first 
day of the 8-day composite series when the cell in which the den was located switches from 
“snow” to “no snow.” The spatial resolution for these data is 500 m by 500 m (1,640 ft by 1,640 
ft). Because this MODIS data was only available from the years 2002–2008, we were only able 
to evaluate 21 of the 34 den sites documented in our records. As shown in Table 2, the earliest 
melt-out date was May 14 (2006) and the latest was July 12 (2002). For natal den sites only, the 
range for melt-out dates was May 25 to July 12. All of these sites indicate a melt-out date that is 
past the May 15 date used for the persistent spring snow cover model presented in Copeland et 
al. (2010).  
 
Table 2.  Wolverine Den Site Melt-Out Dates, 2002–2008.  
 

Den # Den Type Melt-out Date Elevation, meters (feet) Structure State 
1 Unknown 7/12/2002 1,814 m (5,951 ft) None Listed WA 
2 Natal 5/25/2003 1,928 m (6,326 ft) Log Complex MT 
3 Maternal 5/25/2003 1,995 m (6,545 ft) Log Complex MT 
4 Natal 6/4/2004 1,807 m (5,923 ft) Log Complex MT 
5 Natal 6/9/2004 2,399 m (7,871 ft) None Listed WY 
6 Natal 6/17/2004 2,487 m (8,160 ft) None Listed MT 
7 Maternal 6/29/2004 1,823 m (5,981 ft) Downed Log MT 
8 Maternal 6/29/2004 1,893 m (6,211 ft) Log/Boulder MT 
9 Maternal 6/11/2005 1,912 m (6,273 ft) Spider Tree MT 

10 Maternal 6/11/2005 1,973 m (6,473 ft) Spider Tree MT 
11 Natal 6/11/2005 1,977 m (6,486 ft) Spider Tree MT 
12 Natal 7/12/2005 2,693 m (8,835 ft) None Listed MT 
13 Unknown 5/14/2006 1,514 m (4,967 ft) Log Complex MT 
14 Unknown 5/25/2006 2,093 m (6,867 ft) None Listed MT 
15 Maternal 5/31/2006 1,851 m (6,073 ft) Log Complex MT 
16 Natal 5/31/2006 1,843 m (6,047 ft) Log Complex MT 
17 Unknown 6/7/2006 2,252 m (7,389 ft) None Listed MT 
18 Natal 6/18/2006 2,695 m (8,842 ft) None Listed MT 
19 Natal 5/25/2007 2,820 m (9,252 ft) None Listed MT 
20 Natal 6/4/2007 1,922 m (6,306 ft) Log/Boulder MT 
21 Unknown 7/3/2008 2,505 m (8,219 ft) None Listed ID 

 
Additional studies are needed to further document wolverine den structure, snow conditions at 
dens, and how long dens are used, particularly for those locations outside of areas expected to 
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have spring snow cover, to better understand the relationship of wolverines and snow cover 
(Webb et al. 2016, p. 8; Magoun et al. 2017, pp. 6–7). 
 
Other physical or biotic variables are also likely to be important for wolverine den site locations. 
Elevation affects snow depth and persistence at the landscape scale (May et al. 2012, p. 198). 
Inman et al. (2012a, p. 782) found that wolverines (12 females and 6 males) monitored in the 
Greater Yellowstone Ecosystem selected, on an annual basis, areas above 2,600 m (8,530 ft) 
latitude-adjusted elevation. In central Idaho, natal dens were also found in secluded, high 
elevation (above 2,500 m (8,202 ft)) cirque basins (Copeland 1996, p. 94).  
 
We evaluated 34 den sites in the lower United States using a linear regression model to evaluate 
whether the elevation of wolverine den sites is related to latitude. We note here that not all of 
these dens were characterized as to whether they were natal or maternal dens and a few records 
were not verified through tracking of females or direct observations. Given these caveats, our 
examination of these records indicated that, in general, wolverine dens at lower latitudes (36 to 
38°N) occur at higher elevations (range: 2,688 to 3,562 m) (8,819 to 11,686 ft) while the 
converse is seen for those dens at higher latitudes, or approximately 44 to 49°N (range: 1,514 to 
2,820 m) (4,967 to 9,252 ft). Given our assumptions (small sample size, test of normality (i.e., 
Shapiro test for elevation is just met)) we used linear regression (R Software; R Core Team, 
2014) to test this association. We found a significant association with elevation and latitude 
[adjusted R2 = 0.76, F = 108.1, df=32; p-value = 8.24 x10-12], such that dens found at lower 
elevation were associated with higher latitudes. However, the results of this simple model 
indicate that 76 percent of the elevation for this sample is explained by latitude; thus, other 
potential explanatory variables or interactions between variables should be considered using 
multiple regression techniques. 
 
The steep slopes found at higher elevations also provide conditions conducive to avalanches, 
which result in debris and talus/boulder piles that provide structure for dens (Inman 2013, pers. 
comm.). Steep slopes and the availability of rocks were found to be important to wolverine den 
site selection for wolverines studied in Norway (May et al. 2012, p. 200). These areas also offer 
either exclusive or higher frequencies of maternal food sources during the high energy demands 
for reproducing females, such as marmot emerging from hibernation and neonatal ungulates 
(Inman 2013, pers. comm.) (see Diet and Feeding discussion below). 
 
In summary, wolverines select den sites for different characteristics depending on location. Dens 
located under snow cover may be related to wolverine distribution based on other life history 
traits, including morphological, demographic, and behavioral adaptations that allow them to 
successfully compete for food resources (Inman 2013, pers. comm.). Structure (e.g., uprooted 
trees, boulders and talus fields) appears to be essential for natal den sites. Sensitivity to human 
disturbance and predator avoidance are also likely important factors in selecting both natal and 
maternal den sites. However, reproductive success of wolverines has not been evaluated relative 
to the depth and persistence of snow cover, or in combination with these or other important 
characteristics, including prey availability and predator avoidance.  
 
Demography 
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The lifespan of the wolverine is variable. Jackson (1961, p. 361) reported an upper range of 8–10 
years and potentially up to 18 years in captivity. Based on trapper-submitted carcasses from the 
Yukon, Jung and Kukka (2013, pp. 8, 12) reported an upper age of 11.9 years for a male 
wolverine and 12.9 years for (pregnant) female. Inman et al. (2012a, p. 781) classified 
wolverines less than 1 year old as juveniles (or cub), those 1 to 2 years old as subadults, and 
those at least 3 years old as adults. Wolverine generation time for wolverines has been estimated 
at 7.5 years (COSEWIC 2014, p. 23). 
 
Survival of adult female wolverines is considered to be an important demographic parameter in 
the wolverine’s life history (Sæther et al. 2005, entire). As noted by Aronsson (2017, p. 13), 
because most polygamous species display a dispersal pattern that is sex-based, their population 
distribution is generally limited by the dispersal behavior of the sex that is more philopatric (the 
tendency of a species to remain within or return to its birth area). Thus, the distribution of 
wolverine populations and colonization is generally limited by dispersal of female wolverines 
(Aronsson et al. 2017, p. 2).  
 
Stochastic factors (both demographic and environmental) also strongly influence the population 
dynamics of the wolverine (Sæther et al. 2005, p. 1,011–1,012). Given the rapid maturity of 
young wolverines, survival of female wolverines with young is likely dependent on the 
availability and distribution of food sources during the “snow-free season” (late spring and 
summer) (Banci 1994, p. 114). For example, a study of wolverines in Norway found that survival 
of young was primarily influenced by the abundance of small rodents (Landa et al. 1997, p. 
1,293).  
 
Evaluating how variations in demographic rates are influenced by the interactions between costs 
of reproduction, individual quality (e.g., breeding status), and environmental factors can provide 
a better understanding of the dynamics and viability of animal populations (Robert et al. 2012; p. 
entire; Rauset et al. 2015, entire). The interactions between individual age, environmental 
resources, and reproductive costs of wolverines in Sweden were recently examined by Rauset et 
al. (2015, entire). The results of this study provide important details regarding the influences on 
wolverine reproduction productivity. The study found that age-related variation in reproductive 
output for female wolverines is driven by the interactions between age, reproductive costs, and 
availability of resources (Rauset et al. 2015, p. 3,160). As an example, female wolverines were 
found to be more likely to give birth and nurse young in home ranges with greater food resource 
abundance at the time of fetal development (Rauset et al. 2015, p. 3,158). The study also 
concluded that a favorable reproductive strategy for female wolverines is a conservative one, 
wherein older female wolverines do not “trade” current reproduction against their own survival 
(Rauset et al. 2015, p. 3,161). 
 
Intraspecific predation of wolverines is another important influence on wolverine population 
dynamics (Persson et al. 2003, p. 26). The altricial life history stage (early May to end of July) is 
likely a period of high juvenile mortality in solitary carnivores, such as the wolverine, since 
females are balancing the energetic demands of lactation (Sadleir 1984, pp. 179–180) and 
providing protection to young (Persson et al. 2003, p. 22). Young (juveniles) wolverines are 
vulnerable to predation during the time period when left unattended in the natal den (generally 
March-April) and when they have first exit the natal den and are left at rendezvous sites 

Commented [SJ20]: Is this in the wild? 



North American Wolverine Species Status Assessment Report  DATE 

34 
 

(locations in which the female leaves young while she hunts for food, and from which they will 
not leave without her), or around May-June (Magoun 1985, pp. 49, 73, 77). An additional 
vulnerability occurs when juvenile wolverines are required to become nutritionally independent 
and begin exploratory movements away from their mother’s protection, generally August-
September (Vangen et al. 2001, p. 1,644).  
 
Mortality 
 
There are a few natural predators of wolverines, but interactions with wolves can lead to severe 
injury and death (Burkholder 1962, p. 264; Banci 1987, pp. 81, 91; White et al. 2002, p. 132). 
Mountain lion are suspected of killing wolverines (Copeland 1996, p. 46; Krebs et al. 2004, p. 
497; Aubry et al. 2016, pp. 27, 32). Starvation has also been identified as a cause of mortality in 
wolverines (Hornocker and Hash 1981, p. 1,296; Banci 1987, pp. 91, 110; Krebs et al. 2004, p. 
497).  Intraspecific predation also contributes to wolverine deaths. Persson et al.’s (2003, p. 25) 
found that juvenile survival rate tended to be lower during the altricial period (May–July), and 
intraspecific predation was the most common cause of mortality, occurring either as infanticide 
and or after independence. Avalanches have also been documented as a cause of wolverine 
deaths (Inman et al. 2007, p. 89). 
 
In North America, anthropogenic causes of mortality for wolverine populations include hunting, 
trapping, and road kill. There is currently no allowable trapping or harvesting of wolverines in 
the contiguous United States, though incidental trapping mortalities have been reported as we 
reported in our proposed rule (78 FR 7881; February 4, 2013). This is discussed in more detail in 
the Biological Status–Current Condition section below. Two mortality events from shootings of 
wolverines were documented in Idaho (2001, 2007) (Idaho Department of Fish and Game 
(IDFG) 2014, p. 26). In Alaska, wolverine trapping and hunting is controlled by seasons and bag 
limits, with about 550 animals harvested each year (Alaska Department of Fish and Game 
(ADF&G) 2017a). Trapping and harvesting of wolverines occurs over much of the range in 
Canada, as summarized in the 2014 COSEWIC wolverine status review (COSEWIC 2014, pp. 
10, 29–35). Harvest levels in western provinces have remained relatively stable since 1992 
(COSEWIC 2014, p. 38; Table 1). Trapping is closed in Ontario (except through treaty rights), 
though incidental trapping results in 1 to 4 mortalities per year (Bowman et al. 2010, p. 465). 
 
In their review of 12 radio-telemetry studies (1972 to 2001) of wolverines in North America, 
Krebs et al. (2004, p. 497) reported 3 mortalities of wolverines from road-rail kills. More 
recently, road mortalities have been recorded in Idaho (1 confirmed in 2014) (Idaho Department 
of Fish and Game 2017) and 2 in Montana (2004) (Kociolek et al. 2016, p. 68); one in Utah 
(2016) (Hersey 2017, pers. comm.); and two other wolverine road-rail fatalities were reported in 
2015 (Inman 2017a, pers. comm.). In Canada, anthropogenic causes of mortality for wolverine 
populations also include road kill (COSEWSIC 2014, p. v). Dawson et al. (2010, p. 142) 
reported a road mortality for a male in a lowland boreal forest region of Ontario, Canada. More 
recently, Scrafford et al. (2017, p. 34) described a report in which 9 wolverines were struck and 
killed by vehicles in the Hay-Zama region of northwestern Alberta, Canada (2013–2015), and 1 
road mortality within the town of Rainbow Lake in Alberta. 
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Additional discussion of the effects of hunting, trapping, and human development is discussed 
included below (see Biological Status–Current Condition section below).   
 
Diet and Feeding 
 
Wolverines have been described as opportunistic foragers (Inman et al. 2012b, p. 639) and as a 
“seasonal scavenger on the fringe of the food web” (Larsen 1980, p. 399). They are both 
scavengers and predators, with a diet that varies between seasons and years, and switching 
between food sources depending on availability (Magoun 1987, p. 396; Cardinal 2004, pp. 19–
22; Mattisson et al. 2016, p. 9). Landa et al. (1997, p. 1,292) used the term “polyphagous” to 
describe the switching of food sources depending on prey availability by wolverines. Regional 
variations in diet have also been observed for wolverine populations (Nunavut, Canada) (Awan 
and Szor 2012, p. 9). The availability of ungulate carrion is believed to be more important than a 
particular habitat type for wolverines (Cardinal 2004, p. 20). 
 
Early studies from northwestern Montana using scat analysis found that carrion (deer or elk) was 
an important component of wolverine diet (Hornocker and Hash 1981, p. 1,297). However, 
during winter, hoary marmots (Marmota caligata) were also important food items consumed 
and, in the spring, Columbian ground squirrels (Urocitellus columbianus) were heavily preyed 
upon (Hornocker and Hash 1981, p. 1,298). Cardinal (2004, pp. 20–21) described a large and 
varying diet for wolverines in Canada based on reports from aboriginal traditional knowledge 
holders; in addition to large animals as prey or carrion, wolverine diet includes rabbits and 
ptarmigans (Lagopus sp.), porcupine (Erethizon dorsatum), mice, beaver (Castor canadensis), 
fish, ducks, seals, gulls and gull eggs, and lemmings, as well as antlers, bones, and skulls. Native 
mountain goats (Oreamnos americanus) and bighorn sheep (Ovis canadensis), who occupy high 
elevation winter ranges in portions of North America, have also been suggested as important 
components of wolverine winter diet, particularly during the reproductive denning period (Buell 
2016, pers. comm.). Snowshoe hares may also be an important food item for wolverines in parts 
of Canada (Jung and Kukka 2013, p. 20). 
 
In northwestern Alaska, analyses of wolverine winter diet using carcasses collected from hunters 
(1996–2002) within the migratory range of the Western Arctic Caribou Hard Herd found that 
caribou represented the most common food item, likely through scavenging behavior, followed 
by moose (Alces alces), and to a lesser degree, microtine rodents, Arctic ground squirrels 
(Spermophilus parryii), porcupines, wolverines, red fox (Vulpes vulpes), sheep and ptarmigan 
(Dalerum et al. 2009, p. 249). One study year found stomach contents contained a large portion 
of muskoxen (Ovibos moschatus) and Dall’s sheep (Ovis dalli) (Dalerum et al. 2009, p. 249). 
Gustine et al. (2006, pp. 13–14) found that wolverines were the main predator of caribou calves 
(less than 14 days of age) in northern British Columbia, Canada. Magoun (1987, entire) 
evaluated wolverine diets in winter (scat analysis) and summer (primarily direct observation) in 
northwestern Alaska. Results from that study indicate a large number of Arctic ground squirrels 
were eaten in summer, while winter diet consisted primarily of caribou and Arctic ground 
squirrels (Magoun 1987, p. 393). Scavenging was found to be an important feeding strategy in 
winter, including remnants of caribou buried caribou carcasses or bone/hide in tundra (Magoun 
1987, p. 396). 
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Yates and Copeland (in prep) documented food habits of wolverines from 2002 to 2007 in 
Glacier National Park by reviewing prey remains and scat samples, or direct observations of 
feeding behavior. Their scat analysis found that 72 percent of samples contained more than one 
prey species, and 89 percent contained plant material, primarily conifer needles (Yates and 
Copeland, in prep). The latter may be related to scent-marking behavior of territories, either by 
defecation after chewing on twigs/shrubs or terpenes released during urination, or the result of 
stomach contents found within their consumed herbivorous prey (Yates and Copeland, in prep). 
Overall, deer and elk represented the most frequent prey item (37 percent), but hibernating 
rodents were also common in scats (36 percent).  Other prey items included mice, voles, 
lemmings, bovids (e.g., bighorn sheep, mountain goat), birds, and hares (Yates and Copeland, in 
prep). Temporal differences in the occurrence of prey were also observed. 
 
Snow tracking in Montana found that wolverines hunted in brush piles, log jams, and heavy 
cover, and routinely entered "tree wells," areas immediately under dense, low growing conifers 
where snow does not accumulate, that provide easy access to small, ground-dwelling mammals 
(Hornocker and Hash 1981, p. 1298). Wolverines have been described as moving and lifting 
large stones in order to access human-cached meat (Freuchen 1935, p. 98). 
 
Several foraging strategies have been described for wolverines. Predation behavior on reindeer 
(Sweden) was detailed by Haglund (1966, p. 275). A study of elk in Siberia, Russia, noted that, 
in most instances, wolverines will attack young, pregnant females, young of the year, and 
wounded or sick animals (Knorre 1959, p. 27). Elk were chased, sometimes by two wolverines 
during periods of heavy snow (Knorre 1959, pp. 10, 27) and wolverines have been observed 
feeding in groups on large animal carcasses (Cardinal 2004, p.21). However, wolverines have 
been described as neither an effective predator of large game animals, nor a serious competitor 
with other predators (Cardinal 2004, p. 21).  
 
Based on studies in Alaska, Dalerum et al. (2009, p. 251) suggested that wolverines occupying 
this region are large ungulate specialists, but use a generalist feeding strategy by switching 
between ungulate food sources (e.g., caribou and moose) depending on their availability. Thus, 
during periods of low caribou abundance, wolverines can switch from caribou (migratory) to 
moose (non-migratory) while still maintaining their ecological role as a scavenger on ungulate 
carcasses (Dalerum et al. 2009, p. 251).  
 
A study of wolverine diet using scat samples in Finland found that breeding female wolverines 
opportunistically used carrion and hunted less on small prey as compared to males and non-
breeding females (Koskela 2013, p. 35). In addition, in areas with low densities of mid-size 
ungulates, smaller prey and carcasses may be important in the wolverine diet (Koskela 2013, p. 
35). These results supported an optimal foraging theory; that is, wolverines will opportunistically 
use foods that are the most energy-efficiently available (Koskela 2013, p. 41). In other words, 
hunting ungulates or smaller prey (rabbits, birds) may incur greater energetic costs than 
scavenging for food, but searching for wolf- or human-killed carcasses will take more time 
(Koskela 2013, p. 41).  
 
Finally, Mattisson et al. (2016, entire) evaluated diet and feeding strategies of wolverines in 
Scandinavia. They found that wolverine feeding strategies were flexible and temporarily shifted 
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from scavenging to predation and heavily influenced by seasonally dependent responses to 
availability of prey and the supply of carrion (Mattisson et al. 2016, p. 9). Predictable 
anthropogenic food sources (i.e., remains from hunted ungulates) also influenced wolverine 
feeding strategies in their study area by increasing scavenging behavior relative to predation 
(Mattisson et al. 2016, p. 10). 
 
Aboriginal traditional knowledge holders (Canada) have reported wolverines as being largely 
dependent on wolves or another large predator to obtain large mammal carrion such as caribou, 
but also scavenge off polar bear (Ursus maritimus) and grizzly bear (summer) kills (Cardinal 
2004, p. 20). Wolverines were observed following the tracks of lynx and then scavenging on 
prey left behind from lynx kills (Haglund 1966, pp. 272-273). Myhre and Myrberget (1975, p. 
756) noted that the hunting abilities of wolverine and lynx are not the same and that the two 
animals use the meat of their prey differently, which, together, may allow the two carnivores to 
coexist in the same environment.  
  
In Sweden, Mattisson et al.’s (2011b, p. 1,326) study of Global Positioning System (GPS)-
collared wolverines found that they spent three times longer scavenging ungulate carrion as 
compared to feeding on wolverine-killed prey, and more than half of the reindeer carcasses 
scavenged by wolverines were killed by lynx. That study concluded that lynx can increase the 
availability of food for wolverines and other scavengers and that lynx behavior around kill sites 
minimizes potential encounter conflicts (Mattisson et al. 2011b, p. 1,328). In their study area, 
lynx do not appear to pose a significant threat to wolverines, neither by exclusion in space or 
time (Mattisson et al. 2011a, p. 79) nor from mortality (Persson et al. 2009, p. 327). We are not 
aware of similar evaluations for North American populations of wolverines and Canada lynx. 
Fisher et al. (2013, p. 712) remarked that this lack of study on interspecific processes in the more 
predator-diverse North American landscape is an important gap in our understanding of 
wolverine distribution. 
 
Large carnivores can act as “sympatric ungulate predators” (Dalerum et al. 2009, p. 251), 
generating carrion at kill sites, particularly during winter months, but also as competitors and 
potential sources of mortality (cf. White et al. 2002, p. 132; Krebs et al. 2004, p. 497; Koskela et 
al. 2013b, p. 221). Scrafford et al. (2017, p. 32) concluded that wolverines balanced their 
exposure to the risk of predation with foraging opportunities. Thus, even though wolverines may 
not be dependent on lynx or other sympatric predators for their survival or reproduction, an 
increase in the availability of carrion likely has a positive influence on the reproductive rate (e.g., 
number of offspring) in wolverine populations (Mattisson et al. 2011b, p. 1,328). 
 
Caching of food is an important behavior of wolverines and is an important component of 
wolverine population dynamics (Hornocker and Hash 1981, p. 1,297; Inman et al. 2012b, p. 
640). Food is cached in both summer and winter, by both sexes, and allows for food to be 
available past the peak periods of mortality and predation (Inman et al. 2012b, pp. 639). 
Wolverines will typically move between carcasses and cache sites and are able to remove large 
parts of a carcass in a short time (Mattisson et al. 2011, p. 1,327). Haglund (1966, p. 274) 
(Sweden) reported caching behavior most commonly in snow, as well as crevices in rock piles, 
and found that wolverines carried food to cache sites over long distances (8 and 10 km (5 and 6 
mi)). Bjӓrvall (1982, p.319) reported a female wolverine carried a reindeer head (with antlers) 
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about 22 km (13.67 mi) back to a den site in Sweden. In northwestern Alaska, wolverines fed on 
cached ground squirrels during winter (Magoun 1987, p. 395).  
 
A study of wolverine caching behavior in boreal forest habitat in Canada reported that cache 
sites varied from simple caches, a single feeding site or excavation, to cache complexes, which 
included feeding stations, latrines, resting sites, and climbing trees dispersed over varying spatial 
landscapes (Wright and Ernst 2004b, pp. 61–62). All cache sites included bones and hides of 
moose, which were likely scavenged from wolf kills (Wright and Ernst 2004b, p. 62). Cache 
sites were often excavated in snow, but also in the ground under boughs of large spruce (Picea 
spp.) trees (Wright and Ernst, 2004b, p. 62). Wolverines also appeared to select cache sites and 
resting areas that offered good visibility of approaching competitors or predators (Wright and 
Ernst 2004b, pp. 63–64). 
 
Wolverine energetic demands and food requirements are related to their foraging strategies. 
Caching provides important energy for female wolverines during the lactation period and helps 
ensure survival of newborns (Inman et al. 2012b, p. 640). Young et al. (2012, p. 2,252) reported 
that wolverines have high energetic needs compared to other mammalian carnivores, which is 
similar to results previously presented by Iverson (1972a, p. 343), who concluded the basal 
metabolism of mustelids weighing over 1 kg (2.2 lbs) is approximately 20 percent higher than for 
other mammals. Andrén et al. (2011, p. 36) estimated a 1.2 kg/day (2.65 lbs/day) (range: 1.0–1.4 
kg/day (2.2–3 lbs/day)) food requirement for wolverines, while Young et al. (2012, p. 223) 
estimated a male wolverine would require an average of 0.85 kg (1.87 lb) of prey/day in winter 
and 0.95 kg/day (2.1 lbs/day) in “snow-free” periods.” Based on energy equivalent value of 
various prey sources, Young et al. (2012, pp. 223, 225) estimated that a winter diet for a male 
wolverine would include the equivalent of 1.8 ungulates, 70.7 sciurids (squirrels), 20.6 
lagomorphs (rabbits), and 832.7 small mammals, while in snow free season this would include 
the equivalent of 0.9 ungulates, 122.9 sciurids, and 3362.1 small mammals. 
 
Young et al. (2012, p. 225) concluded that wolverines consume 0.1 kg (0.22 lb) of prey per day 
more outside winter season, but that prey expected to be consumed in winter had a higher caloric 
content than other season; thus, the mass requirement is lower. As an example, they cite the 
higher proportion of ungulates consumed in winter, which provide about 1.3 times more energy 
(kilojoules per kilogram) than squirrels (Young et al. 2012, p. 225). Inman et al. (2012b, pp. 
640–642) also noted that food during the summer is just as important as the availability of 
cached ungulate food in the winter (e.g., during the energy demanding lactation period). Inman et 
al. (2012b, p. 640) identified the post-weaning growth period (May–August) for wolverines as a 
high energetic demand for food by a wolverine family group. Taken together with the lactation 
period, the calories available to wolverines therefore likely reaches a maximum from March to 
April (Inman et al. 2012b, p. 640).  
 
Population Structure 
 
As discussed above, wolverines recolonized much of North America after periods of glaciation 
and then experienced heavy human persecution in much of their range. As shown in our current 
range map (Figure 3) and described below in our Population Abundance and Distribution section 
wolverines occur across a broad expanse of North America, where the contiguous United States 
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represents the southern extent of the species’ range. A number of biological factors can affect 
wolverine populations, including the species’ low intrinsic rate of population increase, naturally 
low densities, and need for large, intra-sexual home ranges (Banci and Proulx 1999, p. 180). 
Their extensive dispersal abilities make possible the recolonization of individuals into vacant 
habitats (cf. Vangen et al. 2001, p; 1,647; Aronsson 2017, p. 43). As noted above (Diet and 
Feeding), interactions with sympatric predators and the availability of prey and carrion can also 
directly and indirectly affect wolverine populations.  
 
Wolverines in the contiguous United States are considered to represent a metapopulation (set of 
local or subpopulations within a larger area and where migration is possible between patches 
(Hanski and Simberloff 1997, p. 11)) (Inman et al. 2013, p. 277) and occupy habitat in high 
alpine patches at low densities, dispersing into suitable areas (Inman et al. 2012a, pp. 782–784). 
Wolverine populations in Alaska are considered to be continuous with populations in the Yukon 
and British Columbia provinces of Canada based on genetic studies (COSEWIC 2014, p. 37). 
Similarly, studies of wolverines in the North Cascades region have documented movement of 
wolverines from Washington into British Columbia (Aubry et al. 2016, pp. 16, 20). The 2014 
COSEWIC Report indicated that rescue (immigration from another population) of Canadian 
wolverine populations along the Canada-Alaska international boundary was likely (based on 
nuclear DNA evidence), but was negligible from the contiguous United States (COSEWIC 2014, 
p. 37). Based on mitochondrial DNA studies, Tomasik and Cook (2005, p. 390) concluded the 
gene flow in wolverines in northwestern North America is likely male-mediated, and is primarily 
due to long distance dispersal between low-density populations. Genetic studies of North 
American wolverines conducted by Kyle and Strobeck (2002, entire) found high levels of gene 
flow across northern populations (Canada and Alaska).  
 
Genetics 
 
Evaluation of genetic material can provide an understanding of population dynamics (Cegekski 
et al. 2006, p. 209). The geographical genetic structure of wolverines is believed to be largely 
structured around the strong female philopatry characteristic of this species (Rico et al. 2015, p. 
2), and, given the species polygamous behavior, wolverine population distributions (at least in 
Scandinavia) are considered to be primarily limited by dispersal of the more philopatric sex 
(Aronsson 2017, p. 13). However, the extensive and often asymmetrical movement of male 
wolverines from core populations to the periphery of their range can result in the addition of 
nuclear genetic material to these edges (Zigoruis et al. 2012, p, 1553). Thus, the dispersal pattern 
for male wolverines may help explain why allelic richness (i.e., nuclear DNA) can be similar 
across regions, but haplotype richness (mitochondria DNA) is lower at the periphery of the 
species’ range (Zigouris et al. 2012, p. 1,553). Additionally, the extensive dispersal movements 
of both male and female wolverines can produce gene flow among diverged populations, making 
it difficult to distinguish, without additional sampling and analysis, between long-distance 
dispersal and fragmentation based on the patchy distribution of some haplotypes (Zigouris et al. 
2013, p.10).  
 
Studies evaluating the genetic structure of wolverines, primarily within its core range in North 
America, were presented in Chappell et al. (2004) and Kyle and Strobeck (2001, 2002). Using 
microsatellite markers, Kyle and Strobeck (2002) and Zigouris et al. (2012) found a greater 
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genetic structure of wolverines toward their eastern and southern peripheries of their North 
American distribution, likely due to a west-to-east recolonization during the Holocene (Zigouris 
et al. 2013, p. 9). Similarly, based on mitochondria DNA, McKelvey et al. (2014, p. 330) 
concluded that modern wolverine populations in the contiguous United States are the result of 
recolonization (following persecution from hunting and trapping) from the north.   
 
Cegelski et al. (2006, entire) examined genetic diversity and population genetic structure of a 
larger sample size of wolverines in the southern extent of their North American range using both 
microsatellite markers and mitochondrial DNA. They concluded that the wolverine populations 
in the contiguous United States were not sources for dispersing individuals into Canada 
(Cegelski et al. 2006, p. 208). The also concluded that there was significant differentiation 
between most of the populations in Canada and the United States (Cegelski et al. 2006, p. 208). 
However, they cautioned that their statistical analysis may not have been able to detect “effective 
migrants” and that sample size can affect the detection of dispersers (Cegelski et al. 2006, p. 
208). They concluded that some migration of wolverines was occurring between the Rocky 
Mountain Front region (northwestern Montana) and Canada as well as among wolverine 
populations in the United States, with the exception of Idaho (Cegelski et al. 2006, p. 208). In 
addition, results from testing of allelic differences among the populations were interpreted by the 
authors as likely inadequate to counter the effects of genetic drift due to low numbers of migrants 
(Cegelski et al. 2006, p. 208). They estimated that, based on genetic diversity observed at that 
time, two effective migrants from either Canada or Wyoming into the Rocky Mountain Front 
population would be needed to maintain the levels of genetic diversity in that population, and 
one effective migrant was needed to maintain levels of diversity in the Gallatin, Crazybelt, or 
Idaho populations (Cegelski et al. 2006, p. 209). The authors concluded that migration is 
essential for maintaining diversity in wolverine populations in the contiguous United States since 
effective population size may never be reached due to the naturally low population densities of 
wolverines (Cegelski et al. 2006, p. 209). 
 
Effective population size (Ne) (see Box 2.0) is defined as “the size of an idealized population that 
would experience the same amount of genetic drift and inbreeding as the population of interest. 
In popular terms, Ne is the number of individuals in a population that contribute offspring to the 
next generation.” (Hoffman et al. 2017, p. 507). It represents a metric for quantifying rates of 
inbreeding and genetic drift and is often used in conservation management to set genetic viability 
targets (Olsson et al. 2017, p. 1). It is not the same as the more commonly used metric, census 
population size (N), but is often assumed to represent the genetically effective population size.  
 
An effective population size analysis for wolverines in the contiguous United States was 
presented in Schwartz et al. (2009, p. 3,225) using wolverine samples from the main part of the 
Rocky Mountains populations. Excluded in this analysis, were subpopulations from Crazy and 
Belt Mountains (based on suggestion by Cegelski et al. (2003) that they represented separate 
groups) (Schwartz et al. 2009, p. 3,225). Samples were divided into three time frames and the 
computer program ONeSAMP was used to estimate effective population size in each time frame 
[sample size appears to be between 142 and 210]. The summed effective population size was 
estimated at 35, with credible limits from 28–52, and the summed values for the three time 
frames was reported as follows: Ne 1989–1994 = 33, credible limits 27–43; Ne 1995–2000 = 35, credible 
limits 28–57; Ne 2001–2006 = 38, credible limits 33–59 (Schwartz et al. 2009, p. 3,226).  
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However, Cegelski et al.’s (2006, p. 203) evaluation of nuclear DNA population structure in 
wolverines in Canada (sample size of 101) and the contiguous United States (sample size of 
116), as depicted by a principle component analysis plot and dendrogram, found that all of the 
Canadian wolverine populations clustered together. In the contiguous United States, the Rocky 
Mountain Front subpopulation clustered with the Wyoming subpopulation, the Crazybelts area 
subpopulation clustered with the Gallatin (Montana) population, and the Idaho population was 
highly differentiated (Cegelski et al. 2006, p. 203). That study concluded that some exchange of 
migrants is occurring between the Gallatin and Crazybelt wolverine populations (Cegelski et al. 
2006, p. 207), but noted that this grouping is more genetically differentiated and isolated from 
the other populations they sampled when compared to the Rocky Mountain Front population 
(Cegelski et al. 2003).  
 
In addition, the map presented in Schwartz et al. (2009, p. 3,223) depicting the locations of the 
wolverine samples used in preparing their effective population size estimate shows significant 
gaps within the wolverine’s range in Idaho and parts of Montana (e.g., interior of the Bob 
Marshall Wilderness area). Thus, other wolverine subpopulations and/or individuals were likely 
missed for this analysis. Studies within the Southwestern Crown of the Continent (SWCC) in 
northwestern Montana have detected cross-valley movements of wolverines, which researchers 
believe is an indication of good connectivity in this region (SWCC Wildlife Working Group 
2016, pers. comm.).  Current efforts to collect additional wolverine hair samples for genetic 
analyses are underway through a multi-state occupancy survey project (see Population 
Abundance and Distribution section below). 
 
Francis’ (2008, p. 12) evaluation of mitochondria DNA found an overall lack of regional 
(geographic) genetic structure for North American wolverines, but noted that a few populations  
(Crazybelts (Montana), Southeast Alaska, Nunavut  (Canada), and Kenai Peninsula) appeared to 
be isolated from the others. However, statistical testing did not identify any genetically defined 
sampling localities (Francis 2008, p. 13). Minimal differences were found between core and 
peripheral wolverine populations, as grouped in that analysis (Francis 2008, p. 21; Table 4). 
Conversely, Zigouris et al. (2012, p. 1,554; Table 5) did find support for genetic clusters for 
wolverine populations in Canada, and Zigouris et al. (2013, p. 5; Table 3) identified several 
worldwide regional genetic groups. In addition, an analysis of estimated population growth 
found signals of population expansion in several wolverine populations (Francis 2008, p. 13; 
Table 5) including Rocky Mountain Front, Wyoming, Central, South, and Northwestern Alaska, 
British Columbia, Northwest Territories, and Nunavut. 
 
[Update here with any new genetic studies] 
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It can be difficult to make inferences about the relationship between population size and point 
estimates of genetic diversity without continued genetic monitoring and an understanding of the 
demographic history of a species’ population (Hoffman et al. 2017, p. 507), including factors 
that have influenced movement patterns and connectivity. It’s also important to note that genetic 
diversity can be a reflection of favorable adaptations (natural selection) and is necessary for 
species to locally adapt to environmental stressors or to facilitate range shifts (Zigouris et al. 
2012, p. 1,544). Genetic distinctiveness in peripheral populations may play a role in both 
maintaining and generating biological diversity for a species (Zigouris et al. 2012, p. 1,544; 
citing results presented in Channell and Lomolino 2000, p. 84). Genetic variation that is adaptive 
is a better for predictor of the long-term success of populations as compared to overall genetic 
variation (Hoffman et al. 2017, p. 510).The challenge is to be able to determine whether genetic 
variation is adaptive and is a reflection of remnants of high genetic diversity from ancestral 
populations, or whether that variation is a reflection of accumulated deleterious, nonadaptive 
genes due to genetic drift in small populations (Hoffman et al. 2017, p. 509).  
 
In summary, the currently known spatial distribution of genetic variability in wolverines in North 
America appears to be a reflection of a complex history where population abundance has 
fluctuated since the time of the last glaciation, and insufficient time has passed since human 
persecution for a full recovery of wolverine densities (cf. Cardinal 2004, pp. 23–24; Zigouris 
2012, p. 1,554). Zigouris et al. (2012, p.1,545) noted that the genetic diversity reported in 
Cegelski et al. (2006) and Kyle and Strobeck (2001, 2002) for the southwestern edge of the 
North American range represented only part of the diversity in the northern populations of 
wolverines. The authors believe that the irregular distribution of wolverines in the southwestern 
periphery and the genetic diversity observed in those analyses is a result of population 

Box 2.0: Effective Population Size and Genetic Variation 
The concept of effective population size (Ne) (see review by Wang et al. 2016) and, relatedly, minimum 
viable population, has been a topic of debate, particularly the 50/500 rule, which was developed over 30 
years ago. As noted by Laikre et al. (2016, p. 280), the concept and guidelines for genetically effective 
population size were developed for single, isolated populations, but it’s unclear which of the various Ne 
metrics was referenced in the original concept proposed by Franklin (1980) (i.e., inbreeding effective size, 
realized effective size, total inbreeding effective size of a metapopulation, or eigenvalue effective size 
(Laikre et al. 2016, p. 288)). 
 
There are differing interpretations of the values proposed for effective population size. For example, 
should the minimum viable effective population size be derived genetically to set a threshold for a 
minimum viable population? Here, the rule is interpreted as 50 being the short-term number (for 
inbreeding depression) and 500 as the long-term number (for retention of genetic variation). Or should the 
Ne value of 500 can be interpreted as a long-term goal for maintaining a healthy, genetically robust 
population, and not a threshold trigger that predicts extinction risk? In addition, some view the 500 value 
to be a global reference value rather than a local value, and that it may not be necessary to maintain a local 
Ne of 500 as long as there is some gene flow into a population (Jamieson and Allendorf 2012, p. 580).  
 
Finally, others have recommended changes to the 50/500 rule. Laikre et al. (2016, entire) presented an 
analysis of the metapopulation effective size for the Fennoscandian wolf population and recommended 
that long-term conservation genetic target for metapopulations (NeMeta) ≥ 500, but also a realized effective 
size of each subpopulation (NeRx) ≥ 500. Frankham et al. (2014, p. 59) have recommended modifying the 
50/500 rule to 100/1000. 
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bottlenecks that were caused by range contractions from a panmictic (random mating) northern 
core population approximately 150 years ago (Zigouris et al. 2012, p. 1,545). Demographic 
studies as well as additional genetic analyses from contemporaneous wolverines currently 
occupying the contiguous United States are needed to evaluate the current status of wolverine 
populations in North America. In addition, ecological, phenotypical, and environmental 
information should be used to complement genomic data when interpreting the strength of 
conclusions or inferences of spatial patterns of adaptation or for adaptively divergent populations 
(Jamieson and Allendorf 2012, p. 492). 
 
Summary 
 
In the SSA Report, we have incorporated information from several new studies related to the 
wolverine published since our 2013 proposed rule and previous studies that were not considered 
(e.g., Magoun et al. 2017;). We have also reviewed new publications and publications in 
preparation from wolverine researchers in Scandinavia (e.g., Aronsson 2017; Bischof et al. 2016; 
Makkonen 2015; Mattisson et al. 2016; Myhr 2015; Persson et al. 2017, in prep). This 
information informs our assessment of the most current information regarding the description of 
the wolverine and its life history and ecology across its North American range. We have included 
in this SSA Report detailed discussions of wolverine physiology, and spatial and temporal 
patterns and trends related to reproduction and diet/feeding. We also prepared a revised current 
range map (see Figure 3) based on information we received from Federal, State, and others, 
including Canada. 
 
Overall, the best available information indicates that the wolverine’s physical and ecological 
needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet)) within the contiguous United States  
(2) access to a variety of food resources, that varies with seasons; and 
(3) reproductive behavior linked to both temporal and physical features. 

 
Biological Status – Current Condition 
 
This section provides an overview of the wolverine’s current condition, including those stressors 
that may be impacting the species or its habitat. In this SSA Report, we have identified stressors 
based on impacts that may negatively affect the ecological needs of the species, including 
temporary or permanent impacts to habitat features that the species relies on for survival and 
reproduction.   
 
Population Abundance and Distribution 
 
Since our 2013 proposed rule, we have received additional reports of wolverine observations 
including Utah, Colorado, and Oregon, and an updated Canadian status review for the wolverine 
has been prepared (COSEWIC 2014, entire). Additional studies have also been published related 
to wolverine populations in British Columbia and Alberta (e.g., Regehr and Lacroix 2016; 
Stewart et al. 2016; Webb et al. 2016). As noted above, we developed a Current Range map for 
the North American wolverine (see Figure 3). For the conterminous United States, this map was 
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based on several resources, including the primary habitat model developed by Inman et al. 
(2013), EPA Ecoregion mapping (2010), Forest Service NRIS data, and information received 
from State agencies. We used the 2014 COSEWIC Assessment and Status Report’s current range 
map for Canada and Alaska. For Canada , the range of occurrence includes the Yukon, 
Northwest Territories, Nunavut, British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, 
Québec, Newfoundland, and Labrador (COSEWIC 2014, p. vii).  
 
Contiguous United States 
 
Inman et al. (2013, entire) identified areas in the western contiguous United States suitable for 
wolverine survival (long-term survival; used by resident adults, or primary habitat (Inman et al. 
2013, p. 279), reproduction (used by reproductive females), and dispersal (female and male) of 
wolverines using resource selection function habitat modeling based on telemetry data collected 
in the Yellowstone region (see methodology in Inman et al. 2013, pp. 279–280; Figure 2). From 
these results, the researchers estimated potential and current distribution and abundance of 
wolverines in the western contiguous United States (Inman et al. 2013, p. 282). They estimated 
current population size of wolverines to be 318 (range 249–626) located within the Northern 
Continental Divide (Montana) and areas within the following ecoregions: Salmon-Selway 
(Idaho, portion of eastern Oregon), Central Linkage (primarily Idaho, Montana), Greater 
Yellowstone (Montana, Idaho, Wyoming), and Northern Cascades (Washington) (Inman et al. 
2013, p. 282). Potential wolverine population capacity was estimated to be 644 (range: 506–
1881) (Inman et al. 2013, p. 282). However, these estimates did not consider spatial 
characteristics related to behavior, such as territoriality, of wolverine populations. The discussion 
below provides a summary of recent studies of wolverine detections and observations in the 
western United States; however, no comprehensive surveys have been conducted across the 
species’ entire range. 
 
In the northern Cascades region of Washington and Canada, researchers tracked activity areas for 
14 wolverines via satellite telemetry from 2007 through 2015 (Aubry et al. 2016, entire). This 
study demonstrated that the region supports a resident population, with 9 of 11 study animals 
documented primarily with Washington (Aubry et al. 2016, p. 40). 
 
The Oregon Department of Fish and Wildlife (ODFW) reports that wolverines have been found 
on Three-fingered Jack in Linn County on the Steens Mountain in Harney County, Broken Top 
Mountain in Deschutes County, in the Eagle Cap Wilderness Area in the Wallowa Mountains of 
northeastern Oregon, and, more recently (2012), in Wallowa County, northeast Oregon (ODFW 
2017). 
 
In California, the California Department of Fish and Wildlife (CDFW) has received reports of 
wolverine detections from the public over past several years, particularly the region near Carson 
Pass, as well as near Meeks Bay, Lake Tahoe (Stermer 2017, pers. comm.). CDFW researchers 
are conducting multi-species predator surveys, targeting the potential occurrence of Sierra 
Nevada red fox and wolverine using camera trapping with hair snares in an effort to determine 
occupancy, detection probability, distribution, and habitat associations (Stermer 2017, pers. 
comm.).  
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A pilot study to evaluate wolverine occupancy was conducted in Wyoming from February 
through June in 2015 (Inman et al. 2015, entire). Results from that survey (hair snares and 
camera traps in 18 stations across 5 mountain ranges) indicated at least three individual 
wolverines (at five stations) with at least one individual in the Gros Ventre and Wind River 
mountain ranges, and at least two individuals in the Southern Absaroka mountain range (Inman 
et al. 2015, p. 9). Occupancy modeling estimated a probability of occupancy for sampled sites of 
62.9 percent (Inman et al. 2015, p. 8). 
 
In an effort to assess wolverine occupancy in the western United States, the Western Association 
of Fish and Wildlife Agencies (WAFWA), in coordination with Tribal partners, have formed a 
multi-state, multi-agency working group (Western States Wolverine Working Group) to design 
and implement the Western States Wolverine Conservation Project (WSWCP)–Coordinated 
Occupancy Survey (see Bjornlie et al. 2017 for details of protocol). The primary objectives of 
the WSWCP include: 1) implement a monitoring program to define a baseline wolverine 
distribution and genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, 
and Washington, 2) model and maintain the connectivity of the wolverine metapopulation in 
western United States, and 3) develop policies to address socio-political needs to assist wolverine 
population expansion as a conservation tool, including translocation of wolverines (IDFG 2016, 
pers. comm.; Montana Fish, Wildlife, & Parks (FWP) 2016, pers. comm.;Wyoming Game and 
Fish Department (WGFD) 2016, pers. comm.).  
 
The WGFD began implementation of the survey in Wyoming in the Greater Yellowstone 
Ecosystem region and the Bighorn Mountains (25 grid cells) in the winter of 2015–2016 (Smith 
2016, pers. comm.). That initial survey detected, based on unique fur markings, at least two 
unique wolverines in the Wind River and southern Absaroka Mountain Ranges (Smith 2016, 
pers. comm.). The WGFD reported 26 independent wolverine visits, and detections at least once 
within their study area during each of the four sampling periods (December 2015 through March 
2016) (Bjornlie et al. 2017, pp. 4–5). Genetic analyses of collected hair samples, including sex 
and individual identification, are underway. 
 
The monitoring effort was expanded in the winter of 2016–2017 to 187 cells (cell area of 225 
km2 (87 mi2)) across four states (Washington, Idaho, Montana, and Wyoming). Preliminary 
results for the 2016–2017 winter detected wolverines in 85 survey cells (WAFWA 2017). 
Photographic detections of wolverine include 18 from Idaho, 48 in Montana (including detection 
of wolverines in all 10 cells surveyed in the SWCC region (Davis 2017, pers. comm.)), 10 in 
Washington, including detections south of Interstate 90 (Davis 2017, pers. comm.), and 9 in 
Wyoming; genetic analyses, to date, have reported a total of 157 wolverine samples (WAFWA 
2017). It has not yet been determined from the camera-trap images and hair samples how many 
of these detections are the same individual. Appendix B contains a map illustrating these 
preliminary detections (as of July 2017).  
 
Heinemeyer (2016, pers. comm.) suggested that, based on a 6-year study of resident wolverines 
in central Idaho and the western Yellowstone region, subpopulations of the species at the 
southern periphery of their North American range are still unstable with low rates of recruitment 
and bBased on monitoring (live trapping and camera stations), the researchers suggested that 
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there was some instability in subpopulations in their study areas (Heinemeyer 2017, pers. 
comm.). 
 
We therefore requested additional information from State and Federal agencies regarding the 
most recent wolverine detections in the Winter Recreation Project study areas of Idaho and 
Wyoming. In the Teton Mountains region, two wolverines were detected in March 2017, in two 
different areas (Dewey 2017, pers. comm.). In addition, at least one wolverine was detected on 
the east side of the Teton Mountains during the winter of 2016-2017, as part of the Western 
States Wolverine Conservation Project–Coordinated Occupancy Survey monitoring and 
occupancy study, and a member of the public reported wolverine tracks within Grand Teton 
National Park in March 2017, while skiing (Walker 2017, pers. comm.). In Idaho, IDFG reports 
5 wolverine detections in the Salmon Mountains in Central Idaho in the winter of 2016 (Mack 
2017, pers. comm.). These recent detections are displayed in Appendix C relative to the study 
areas of the Winter Recreation Project study areas for the McCall, Idaho, and Teton Mountains. 
A wolverine was also detected in the winter of 2016-2017 in the Gravelly Range in southwestern 
Montana about 25 km (15.5 mi) north of the Centennial Mountains area surveyed during the 
winter recreation project (Inman 2017b, pers. comm.).  
 
Alaska 
 
The 2016 ADF&G Trapper Questionnaire Annual Report includes the estimates of relative 
abundance and trends of wolverines and other furbearers as reported by trappers (Parr 2016, p. 
38). Table 3 below provides a summary of those reports by region. 
 
Table 3.  Relative Abundance and Trend of Wolverine Populations, Alaska (as reported by 
trappers), 2015–2016.  Source: Parr, 2016. 
 

Region Relative Abundance Trend 
Region I – Southeast Alaska Scarce Decrease 
Region II – Southcentral Alaska Scarce Decrease 
Region III – Interior Alaska Scarce Decrease 
Region IV – Central and Southwest Alaska Scarce Decrease 
Region V - Northwest Scarce Decrease 

 
However, relying exclusively on trapping reports is likely to present an incomplete assessment of 
wolverine populations. The accuracy of information provided in the most recent report is 
dependent on how many trappers reply to the annual survey; for 2016 the response rate was only 
11.7 percent (Parr 2016, p. 3). Trapping effort was reported to have increased by some trappers 
(45 percent of those reporting) during the 2015–2016 season, and 80 percent of those who 
increased their efforts reported an increased in their overall catch (Parr 2016, p. 15). However, 
this assessment does not consider how this increased trapper effort relates to harvest levels for 
wolverine, nor does it account for an unknown and unreported number of wolverines taken for 
subsistence purposes (Gardner et al. 2010, p. 1,894). Estimates of density, described below, 
provide a better depiction of wolverine population status in Alaska. 
 
Canada 
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Similar to Alaska, determining wolverine population abundance and trends in Canada is difficult 
as numbers are developed from harvest activity (COSEWIC 2014, p. 25). Wolverine harvest 
trends are also difficult to estimate given the temporal and spatial variability in trapping effort 
and reporting of harvest, and not all regions use mandatory pelt sealing, compulsory reporting, or 
fur export permits/fur dealer records (COSEWIC 2014, p. 26). Aboriginal traditional knowledge 
(the knowledge Aboriginal Peoples have accumulated about wildlife species and their 
environment) indicate that wolverine is widespread and stable across northern Canada, and is 
now found in areas where they occurred in past; however, they are still considered naturally 
uncommon (Cardinal 2004, pp. iii– iv, 10).  
 
According to the most recent COSEWIC Assessment and Status Report on the Wolverine, Gulo 
gulo in Canada (COSEWIC 2014, entire), the population size of wolverines in Canada is 
unknown, but is estimated to be over 10,000 adults (COSEWIC 2014, p. 36). Canada’s western 
sub-population has been estimated at 15,688 to 23,830 adults, though this value is based on 
several assumptions (consistent trapping effort and uniform densities across the species’ range); 
the eastern population is estimated at less than 100 individuals or may be extirpated (COSEWIC 
2014, p. 36). Population trends across all of Canada are not known, but wolverine populations 
have been stable over areas within the country’s northern range for the last three generations 
(22.5 years) (COSEWIC 2014, p. v).  
In northern Manitoba and Ontario, wolverines may be increasing in number as aerial surveys in 
northern Ontario have indicated an eastward reoccupation of its former range (towards James 
Bay and Québec) (COSEWIC 2014, p. v). However, although observations of wolverines 
continue to be reported within Québec and Labrador (the eastern sub-population), there have 
been no verifiable observations since 1978, and wolverines are likely extirpated from much of 
southern and eastern Canada (COSEWIC 2014, p. v). In addition, declines in the southern 
regions (within parts of British Columbia and Alberta) may be occurring (COSEWIC 2014, p. 
36). Table 3 4 presents a more detailed summary of wolverine populations in Canada. 
 
The total wolverine population in Canada is estimated at over 10,000 adults (COSEWIC 2014, p. 
36). Canada’s western sub-population has been estimated at 15,688 to 23,830 adults, though this 
value is based on several assumptions (consistent trapping effort and uniform densities across the 
species’ range); the eastern population is estimated at less than 100 individuals or may be 
extirpated (COSEWIC 2014, p. 36). Table 4 provides a summary of estimates by Territory.  
 
Table 4. Wolverine Population Estimates for Canadian Territories.  Source: COSEWIC, 2014. 
 

Territory Number of wolverines 
Yukon Territory 3,500–4,500 
Northwest Territories 3,430–7,325 (with an additional 220–470 juveniles) 
Nunavut Estimated at 2,000–2,500 
British Columbia 2,700–4,760 
Alberta  Estimated at 1,500–2,000 
Saskatchewan Less than 1,000 
Manitoba 1,100–1,600 
Ontario 458–645 
Québec Very rare, at non-detectable level, or extirpated 
Labrador (including mainland Newfoundland) Very rare or extirpated 
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In addition to the 2014 COSEWIC summary, Cardinal 2004 (entire) prepared a complimentary 
summary report of wolverine trends in Canada based on Aboriginal traditional knowledge. 
Trends reported indicate: (1) high, relatively stable levels of wolverines in the Yukon; (2) high 
levels of wolverines in the North Slave region of the Northwest Territories, though  population 
levels are estimated to be stable to decreasing; (3) high levels of wolverine along forested areas 
in the northern portions of the mainland within the Inuvialuit Settlement Region (ISR) (located in 
the northwest corner of the Northwest Territories) and Kitikmeot region of Nunavut; (4) an 
increase in wolverines in the Kivalliq region of Nunavut, but at lower levels than populations in 
the Boreal and North Mountain ecological areas; and (5) least abundant in the northeastern 
corner of Nunavut and the Arctic Islands (Cardinal 2004, pp. 22–29). In sum, the majority of 
knowledge holders in Nunavut, Northwest Territory, and Yukon Territory described wolverine 
populations as either stable or increasing; only in Yellowknife did people report that wolverines 
might be decreasing (Cardinal 2004, p. 23).  
 
Other inventory and occupancy studies include an inventory of wolverines conducted by Regehr 
and Lacroix (2016, entire) in the winter of 2012 on the east side of the Coast Mountains in 
British Columbia using a multi-method approach. They identified six individuals using genetic 
analysis, and one additional individual by photography, which was higher than expected as 
compared to model predictions of density and habitat quality (Regehr and Lacroix 2016, pp. 
248–249). Estimates of wolverine occupancy were also evaluated for the Canadian Crown of the 
Continent ecosystem (central and southern Canadian Rockies) (Clevenger et al. 2016, entire). 
Occupancy estimates were found to vary from year-to-year and exhibited a north-south gradient, 
likely due to the differences in habitat quality among areas that were sampled by year (Clevenger 
et al. 2016, p. 4). For 2016, estimated wolverine occupancy was 0.40 for their British Columbia 
Rockies study area, with a declining pattern from north to south (Clevenger et al. 2016, p. 4). In 
general, their research has found that wolverines are more abundant in rugged, remote areas that 
have minimal human activity and landscape disturbance (Clevenger et al. 2016, p. 5). Clevenger 
et al. (2017, p. 6) projected an expected number of wolverines in their study area of about 28. To 
the south, in the Southwestern Crown of the Continent (SWCC) region (northwestern Montana, 
approximately 1.5 million acres), wolverine surveys (snow tracking, bait stations/hair snares) 
have been conducted since 2012 (SWCC Wildlife Working Group 2016, pers. comm.). These 
survey efforts have detected 22 unique wolverines (11 males, 11 females) across three U.S. 
Forest Service districts, and they reported an increase in the frequency of detections from 2012 to 
2015 (SWCC Wildlife Working Group 2016, pers. comm.). 
 
The 2014 COSEWIC report concluded that a climate-driven decline in wolverine populations in 
North America is not evident at this time in much of its range (COSEWIC 2014, p. 22). The 
report indicates that trends in wolverine populations in the northern range, while uncertain, 
appear to be stable or increasing, but also notes that there is some concern for populations in the 
southern areas of British Columbia and parts of the northern United States (COSEWIC 2014, p. 
22, and references cited therein).  
 
Estimates of Density 
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Wolverine densities vary across North America, and have been described as “naturally low” (van 
Zyll de Jong 1975, p. 434) and “naturally uncommon” (Cardinal 2004, p. iii) given the species’ 
large home range, wide-ranging movements, and solitary characteristics. Inman et al. (2012a, p. 
789; Table 5) presented the most recent estimates (at that time) of density (number of wolverines 
per 1,000 km2 (386 mi2)) for North America. In the contiguous United States, density estimates 
ranged from 3.5 for the Greater Yellowstone region (2001–2008) (areas above 22,150 m (7,054 
ft) (latitude-adjusted elevation), 4.5 for central Idaho (1992–1995), to 15.4 for northwestern 
Montana (1972–1977).  
 
In Alaska and Yukon, density estimates presented by Inman et al. (2012a, p. 789) range from 3 
to about 14 wolverines per 1000 km2 (386 mi2), using a number of methods. For example, Royle 
et al. (2011, p. 609) estimated wolverine densities for southeastern Alaska (Tongass National 
Forest; 2008) from 8.2 to 9.7 per 1000 km2 (386 mi2) (using mark-recapture), where the higher 
estimate incorporates a positive, trap-specific behavioral response. Density of wolverines were 
recently reported as an estimated 5–10 wolverines per 1000 km2 (386 mi2) (based on snow 
tracking) for southcentral Alaska, and approximately 10 per 1000 km2 (386 mi2) (based on DNA 
mark-recapture methods) for southeast Alaska (Golden 2017, pers. comm.). A wolverine 
occupancy study in 2015 within an area of central Alaska reported a density estimate of 9.48 
wolverines per 1,000 km2 (386 mi2) (ADF&G 2015a, p. 7).  
 
Wolverine density estimates for Canada varies across regions, from 5 to 10 per 1000 km2 (386 
mi2) in northern mountain and boreal regions to 1 to 4 per 1000 km2 (386 mi2) in southern boreal 
areas (COSEWIC 2014, p. 27). More recently, Clevenger et al. (2017, entire) presented a density 
estimate (using spatial capture/recapture models) for the Kootenay region of British Columbia of 
0.78 wolverines per 1000 km2 (386 mi2), for 3 study years (2014–2016), which they reported as 
lower than expected (Clevenger et al. 2017, p. 6).  
 
Stressors – Causes and Effects 
 
We reviewed the best available information to identify current conditions and potential stressors 
that may be affecting wolverine populations or its habitat. These include roads and other 
infrastructure, recreational activity and other human disturbances, wildland fire, disease or 
predation, and overutilization for commercial, recreational, scientific, or educational purposes.   
 
As an initial step, we reviewed the land ownership of the area defined as primary habitat by 
Inman et al. (2013, entire) in the contiguous United States, and determined that 96 percent of that 
modeled habitat is located on Federal land (see Appendix D). Lands managed by the Forest 
Service represent the largest portion of Federal lands (89 percent) within this modeled primary 
habitat. 
 
Effects from Roads 
 
As noted above (see Demography section), roads and rail lines can be a cause of mortality to 
wolverines and habitat models have identified road density as an important association 
(avoidance) for selection of habitat (e.g., Rowland et al. 2003; Bowman et al. 2010; Inman et al. 
2013). Road density has been listed as a threat to wolverines occupying the boreal/western 
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mountain regions of Canada (Canadian Boreal Forest Agreement 2014, p. 2). An evaluation of 
road density by Dawson et al. (2010, p.142) in lowland boreal forest habitat in Ontario, Canada, 
suggested that road densities may have an effect on the selection of home range by wolverines. 
In the wolverine’s southern Canadian range, roads may be facilitating direct mortality by 
improving motorized access of hunters, trappers, and recreational users into remote areas 
(COSEWIC 2014, p. 21).  
 
Roads may also affect den site selection (May 2012, p. 202), particularly areas within their range 
where they cannot select for high elevation habitat (e.g., central lowland forests of Canada) 
(Dawson et al. 2010, p. 143). In Norway, May et al. (2012, p 202) found that wolverine dens 
were generally located far from infrastructures (public roads and private roads and/or 
recreational cabins). However, despite this observation of a minimum threshold, the authors also 
reported that wolverines had a wide tolerance range, supporting conclusions from other studies 
that have found that, once a general area is used, it appears to be re-used in subsequent years 
including by successive individual wolverines that colonize the sites (May et al. 2012, p. 202). 
 
Wolverine road crossings were evaluated in the western Greater Yellowstone region through 
telemetered animals and visual observations of snow tracks, direct observations of crossings, and 
road-kill mortality (Packila et al. 2007, entire). That study documented 43 crossings of U.S. and 
State highways by 12 wolverines (Packila et al. 2007, p. 105). Within the Big Sky, Montana, 
area, they documented 67 crossings of MT64/Jack Creek Road by 4 wolverines (Packila et al. 
2007, p. 105). Most (76%) road crossings were made by subadult wolverines, dispersing or 
otherwise exploring new areas (Packila et al. 2007, p. 105). One road-caused mortality was 
observed and the authors report two others from additional sources during their study period 
(Inman et al. 2007, p. 89). The study results indicate that roads do not act as absolute barriers to 
movement by wolverines, but they can directly affect individuals (road kill) and may have 
secondary affects at the population level (Packila et al. 2007, p. 105). 
 
In an effort to evaluate the potential impact of major roads to wolverine (individuals and 
populations), we conducted a spatial analysis of roads2 found within Inman et al.’s (2013, p. 
281) primary wolverine habitat and female wolverine dispersal habitat in the western United 
States, as measured by number of kilometers (miles). In our analysis, we identified four road 
classes: Interstate Highway, U.S. Highway, State Highway, and secondary roads. Secondary 
roads encompassed all roads not included in any of the first three categories. Our analysis found 
that secondary roads represented 97 percent (29,892 km (18,574 mi)) of all roads (30,805 km 
(19,141 mi)) within modeled primary habitat, and 97.5 percent (144,279 km (89,650 mi)) of all 
roads (148,029 km (91,980 mi)) within modeled female dispersal habitat.  
 
We then evaluated the type of roads at high elevation within our estimated Current Range 
(shown in Figure 3). Using the 2,300 m (7,546 ft) elevation as a benchmark (based on its use as a 
predictor variable for wolverine occurrence in Inman et al. 2013, and results from predictive 
models presented in Copeland et al. 2007, p. 2,205), we evaluated the length of roads above and 
below this elevation, and also the type of roads at or above 2,300 m (7,546 ft). The results are 

                                                 
2 Using U.S. Geological Survey National Transportation Dataset Downloadable Data Collection based on 
TIGER/Line data provided through U.S. Census Bureau and supplemented with ‘HERE’ road data to create tile 
cache base maps 
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illustrated in Appendix E. Overall, we found that approximately 85 percent of all roads were 
below 2,300 m (7,546 ft). Of the roads located at or above 2,300 m (7,546 ft), 95 percent are 
secondary roads (see charts in Appendix E). 
 
Using the same dataset, we evaluated road density (km/km2) based on regional blocks of primary 
wolverine habitat in the western United States delineated by Inman et al. (2013; Figure 3). Those 
results are shown in Table 5. With the exception of the Southern Rockies (at 0.47 km/km2), the 
mean road densities at elevations equal to or greater than 2,300 m (7,546 ft) are very low. 
 
Table 5.  Mean Road Density in Wolverine Primary Habitat, by Region. 
 

Geographic Region Mean density (km/km2), 
all roads 

Mean density (km/km2),  
all roads ≥ 2,300 m (7,546 ft) 

Northern Cascade 0.54 0.00 
North Continental Divide 0.54 0.00 
Salmon-Selway 0.70 0.03 
Central Linkage 0.84 0.06 
Greater Yellowstone 0.24 0.06 
Southern Rockies 0.55 0.47 
Sierra Nevada 0.09 0.03 
Uinta 0.15 0.12 
Bighorn 0.00 0.00 
Great Basin 0.06 0.03 
Oregon Cascade 0.72 0.00 
 
We also reviewed den site locations (natal, maternal, or unknown dens) within our database 
relative to roads (see map in Appendix E). Our results indicate that wolverine dens are located 
in areas with minimal roads, including secondary roads; however, we caution that this analysis is 
based on a limited den site dataset and should be viewed in the context of other abiotic and biotic 
variables including landscape features at the den site scale and availability of food. Additionally, 
most den locations in much of the wolverine’s range in the contiguous United States are at high 
elevations and roads in these areas would likely be impassable or closed entirely to vehicles 
during the time of denning (January–March). 
 
In summary, wolverines are associated with habitat found in high elevation areas, but are known 
to disperse across great distances. Major highways can present mortality risks to dispersing 
individuals and affect immigration to open territories, but roads do not represent absolute barriers 
to wolverine movements. Wolverines den during winter months in remote locations that are often 
inaccessible or restricted to motorized vehicles, though, secondary roads and trails are used for 
winter recreational activity. Although we recognize there are likely additional events that have 
not been reported, we estimated the total number of wolverine mortalities due to roads-rails from 
1972 to 2016 in North America was 20, at least 11 of which are from Canada (see citations in 
Mortality section above). As discussed above, we calculated a low proportion of major highways 
in both modeled primary habitat and female dispersal habitat, and a low mean density of roads at 
high elevations where wolverines have been observed, with the exception of the southern Rocky 
Mountains. Roads present a low risk to wolverines in most of its current contiguous U.S. range, 
affecting wolverines at the individual and population level. 
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Disturbance due to Winter Recreational Activity 
 
Wolverine behavior patterns, such as denning, rearing of young, movement and dispersal, and 
foraging/scavenging, may be affected by recreational activities (COSEWIC 2014, p. 42). As 
noted above, in Norway, May et al. (2012, p. 201) found, at the home range scale, a minimal 
threshold distance of approximately 1.5 km (0.93 mi) for wolverine den sites from private roads 
and/or recreational cabins. Krebs et al. (2007, entire) evaluated habitat use associations for 
wolverines in two multiple use areas in British Columbia, Canada. Using logistic regression 
models, the authors found that in an area of active recreation (Columbia Mountains), female 
wolverines were negatively associated with helicopter and backcountry skiing in their winter 
models (Krebs et al. 2007, p. 2,187–2,188). However, in summer months, Copeland et al. (2007, 
p. 2,210) reported that wolverines in their study area of central Idaho were not uncommonly 
found near maintained trails and active campgrounds.  
 
The Wolverine–Winter Recreation Study represents an on-going project to evaluate the potential 
effects of backcountry winter recreation on wolverines (Heinemeyer 2017, pers. comm.). The 
multiyear study areas include central Idaho and areas in the western Yellowstone region (‘Island 
Park’ and Teton Mountains) (Heinemeyer and Squires 2015, p. 3). The study monitored 19 
wolverines using GPS collars using movement rates and percent of time active (vs. resting) as 
indicators of potential responses of wolverines to winter recreation activities (Heinemeyer 2013, 
pers. comm.). Backcountry winter recreation activities were monitored through GPS units 
voluntarily carried by recreationists (Heinemeyer 2017, pers. comm.). Early analysis of the data 
suggest that wolverines demonstrate a behavioral response to recreation activities, such as 
increased movement rates and a reduction in resting periods in areas of high recreation activity, 
especially high recreation days (Saturday and Sunday) (Heinemeyer and Squires 2013, pp. 5, 7–
8). 
 
However, this research has also found that wolverines maintained their home ranges within areas 
with relatively high winter recreation activity over several years of monitoring, including some 
areas found to contain the highest recreational activities (Heimemeyer 2017, pers. comm.). The 
study has not been able to determine whether these resident wolverines are reproductively 
successful (Heinemeyer 2017, pers. comm.).  
 
Conservation measures that address the effects of roads currently being implemented in the 
Teton Mountains include winter closures in certain areas (generally from November 1 through 
May 1), including road closures in the Bridger-Teton and Caribou-Targhee National Forests and 
in Grand Teton National Park as shown in Appendix F (additional details for Grand Teton 
National Park are described in Superintendent’s Compendium (National Park Service 2017; pp. 
8–9); see also maps at https://jhalliance.org/campaigns/dont-poach-the-powder/ Jackson Hole 
Conservation Alliance 2017). These closures are being implemented to help minimize 
disturbance to wildlife (e.g., migration pathways).  
 
State Wildlife Action Plans prepared for individual western States identify recreation 
management strategies within wolverine habitats. For example, in the State of Oregon, the 
ODFW Conservation Strategy identifies management of winter recreation use in order to avoid 
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impacts to wolverines (ODFW 2016). In Montana’s State Wildlife Action Plan, conservation 
actions are identified for potential impacts from recreation, such as consideration of seasonal 
closures during breeding season (Montana FWP 2015, p. 63). The IDFG Management Plan for 
the Conservation of Wolverines in Idaho also includes conservation strategies related to winter 
recreation (e.g., characterizing wolverine response to recreational activities (IDFG 2014, p. 35)), 
and the State continues to support the Wolverine-Winter Recreation Study. Appendix F provides 
additional details on individual State conservation strategies. 
 
In summary, wolverine behavior (movement) can be affected by winter recreational activity. 
Results from one long-term study in parts of the wolverine’s range in the contiguous United 
States have found that wolverines can maintain residency in high winter recreational use areas. 
Wolverines have recently been detected in areas that experience winter recreational activity. 
Conservation strategies and actions have been identified in several western States’ Wildlife 
Action Plan to address potential impacts of this stressor to wolverines. Based on the best 
available scientific and commercial information, the effect of roads represents a low stressor to 
the wolverines in the contiguous United States at the individual and population level. 
 
Other Human Disturbance 
 
Infrastructure, such as pipelines, active logging or clearcuts, seismic lines, and activities 
associated with mining (e.g., producing mines, mines under development, mineral exploration 
areas), may also affect individual wolverine behavior or wolverine habitat. As discussed above 
(see Habitat Use section), Johnson et al. (2005, entire) evaluated habitat relationships for the 
wolverine and other arctic wildlife, including the cumulative effects of human activities and 
associated infrastructure on the distribution of wolverines in the Canadian central Arctic using 
RSF modeling. However, because human disturbance factors (i.e., major developments, mineral 
explorations, seasonal outfitter camps) were mostly absent from the range of monitored 
wolverines that were monitored, the researchers were not able to reliably model their effects 
(Johnson et al. 2005, p. 23). 
 
The 2014 COSEWIC status review identified several potential stressors to wolverines and their 
habitat in Canadian territories. They indicated potential permanent, temporary, and functional 
losses to wolverine habitat from forestry; oil, gas and mineral exploration and development; and 
large hydroelectric reservoirs (COSEWIC 2014, p. 21). As discussed above, Scrafford et al. 
(2017, entire) evaluated habitat selection of wolverines in response to human disturbance in the 
western Canadian boreal forest in both winter and summer months. Their analysis found that 
wolverines were attracted to some industrial infrastructure (older seismic lines exhibiting latter 
stages of regeneration) and disturbance (areas of active logging), likely related to foraging 
opportunities (e.g., small prey), but avoided interior areas of intermediate-aged cutblocks (areas 
authorized for logging) (Scrafford et al. 2017, pp. 32–34). Their results found evidence of road 
avoidance, but wolverines were attracted to all-season road sections with borrow pits, which they 
suggest was related to foraging opportunities at these pits (e.g., presence of beavers in water-
filled pits) and less predation risk, since wolves avoid these roads (Scrafford et al. 2017, p. 34). 
In sum, these authors concluded that wolverine selection patterns relative to industrial activity 
and infrastructure in their study area represent a balance between exposure to predators and 
foraging opportunities (Scrafford et al. 2017, p. 32).  
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Additional studies of wolverine behaviors related to the effects of disturbance due to 
infrastructure and other human activities are needed. Based on the best available scientific and 
commercial information, these effects are site- and temporally-specific, and appear to represent a 
trade-off between foraging opportunities in areas that provide minimal risk of predation and 
avoidance of open areas and/or higher predation risk (Scrafford et al. 2017, pp. 33–34). 
 
Effects from Wildland Fire 
 
Wildland fire can produce both direct and indirect effects to wildlife. Direct effects include 
injury and mortality as well as escape or emigration movement away from fires (Lyon et al. 
2000, pp. 17–21). Small mammals will generally find refuge underground or within sheltered 
places within the burning area, while larger mammals will move to safe areas in unburned 
patches or outside the burn (Lyon et al. 2000, p. 18). For animals that emigrate during fire 
events, the length of time before they return is dependent on the degree to which fire has altered 
habitat structure and food supply (Lyon et al. 2000, p. 20). 
 
We are unaware of any studies evaluating direct effects of wildland fire to wolverines. Wildland 
fire is likely to temporarily displace wolverines, which could affect home range dynamics.  
Given that wolverines can travel long distances in a short period of time, individuals would be 
expected to move away from fire and smoke (Luensmann 2008, p. 14). In addition, because 
young are born during winter months, fire risk at that critical time life stage is very low 
(Luensmann 2008, p. 14). 
 
Indirect effects of wildland fire can include habitat-related effects or effects to prey and 
competitors/predators; however, we are unaware of empirical studies evaluating these potential 
effects as they relate to wolverines. In a study area within the Yukon (Canada), wolverines were 
reported occupying regenerating forested habitat that contained remnants of mature timber which 
had burned 30 years prior (Slough and Mowat 1996, p. 948). Additionally, fire suppression in 
conjunction with logging activities in boreal forests (northwestern Ontario) can increase the 
prevalence of deciduous tree habitats, at least at a regional level, which is negatively associated 
with wolverine occurrence (Bowman et al. 2010, p. 464).  
 
A study in northern Idaho of the effects of multiple wildland fires over several years, including 
very large fires, to forest habitat occupied by another mustelid, the American marten (Martes 
americana) found that fire events had created a mosaic of vegetation that supported a diverse 
assemblage of cover and food resources that was favorable to this species (Koehler and 
Hornocker 1977, p. 503). Similar to wolverines, the summer and fall diet of the American marten 
is represented by diverse prey, and wildland fire events can create and maintain forest openings 
for ground squirrels and voles (Koehler and Hornocker 1977, p. 504). The development of these 
types of mosaic forest communities following certain wildland fire events also provides 
discontinuous fuel loads, which in turn should result in smaller and cooler wildland fires, with 
less replacement of marten habitat (Koehler and Hornocker 1977, p. 504). However, large, 
uniform burns would be expected to result in more severe impacts to American marten habitat 
(Lyon et al. 2000, p. 21).  
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Studies of the effects of wildland fire to a key prey species for the wolverine in parts of its North 
American range, the caribou, was reviewed by Klein (1982, entire). This review highlighted the 
importance of separating short-term effects of wildland fire in boreal forests to caribou ecology 
from long-term effects (Klein 1982, p. 393). Given that long-term benefits to the species’ 
ecology can be disproportionate to the short-term detrimental effects on populations and herds, 
(including the species’ lack of reproductive plasticity), caribou may be more appropriately 
considered as fire-influenced, rather than fire-adapted (Klein 1982, p. 393). Other ungulate prey 
species respond more positively to fire. An increase in spring and summer grasses following fall 
burns can provide forage for elk and deer, and sprouting of deciduous trees, such as aspen, birch 
and willow, following burns provides forage for moose (Luensmann 2008, p. 18). 
 
Management measures to address this potential stressor are identified in USDA Forest Service 
National Forest Land Management Plans. Examples of these goals and objectives are described 
in Appendix G. In addition, the Idaho State Wildlife Action Plan includes measures to address 
fire threats to the wolverine and its habitat, including removal of perceived barriers to allow 
more prescribed natural fire on State and private forest lands and promoting/facilitating the use 
of prescribed fire as a habitat restoration tool, on both public and private lands where 
appropriate, and leaving fire-killed trees standing as wildlife habitat if they pose no safety 
hazard, all in an effort to restore a more natural fire interval that allows for return to historical 
forest conditions (IDFG 2017, pp. 91, 134, 180).  
 
Given the diversity of habitats occupied by wolverines, their occupancy of high elevations, and 
extensive mobility, wildland fire represents a limited short-term stressor to wolverine habitat and 
its prey.  
 
Disease or Predation 
 
Disease 
 
We are unaware of comprehensive surveys evaluating the prevalence of diseases in wolverines in 
the contiguous United States. Early accounts of endoparasites species and their prevalence in 
wolverines include a review by Erickson (1946, p. 503), and a report by Rausch (1959, entire), 
who documented 7 species of helminth parasitess in 86 percent of wolverines examined from 
trapper-supplied carcasses in Alaska. In 1994, Copeland (1996, p. 26) collected a single 
specimen of the parasite Toxascaris sp. from wolverine scat in Idaho. In Alaska, carcasses 
sampled (during necropsy or predator control activities) in 2012–2014 to determine the 
prevalence of Trichinella and its genotypes reported one wolverine with T6 genotype in that 
single sample (ADF&G 2015b, p. 8). Results from Alaska trapper questionnaires for the 
prevalence of ectoparasites on wolverines were either scarce or not present across all reporting 
regions in 2015–2016 (Parr 2016, p, 21). 
 
Rabies is endemic to Alaska in Arctic and red fox along north and west coasts of Alaska 
(ADF&G 2013). Under the ADF&G enhanced rabies surveillance program, the agency 
confirmed rabies in one wolverine (out of 49 sampled) in 2012, a female found dead in the North 
Slope region (Woodford and Beckman 2012). This was the first confirmed case of rabies in 
wolverines in North America (Woodford and Beckham 2012).  

Commented [SJ41]: This is a trichinella? Or a wolverine gene 
for reistence to trichinella?  



North American Wolverine Species Status Assessment Report  DATE 

56 
 

 
The 2014 COSEWIC Assessment and Status Report for the wolverine presented a summary of 
reported parasitic species observed in wolverines in Canada (COSEWIC 2014, p. 25). These 
observations included: parasitic nematode roundworms (Trichinella spp.) in 88 percent of 
wolverine samples tested from Nunavut and 26 percent from the lower MacKenzie region; 
helminth parasites (trematodes, cestodes and nematodes) in wolverine digestive tracts from the 
lower Mackenzie River valley; and, from the Nunavut region, protozoan parasites infections 
including Sacrosystis spp. (80 percent) and Toxoplasma gondii (41 percent) (citations omitted). 
Banci (1987, pp. 81, 110) reported parasitic pneumonia as a cause of mortality in southwest 
Yukon Territory, a female thought be nutritionally-stressed following the raising of young.  
 
An evaluation of trapper-submitted wolverine carcasses harvested was conducted for the Yukon 
Territory in the fur trapping seasons 2005–2006 through 2011–2012 (Jung and Kukka 2013, 
entire). No samples tested positive for rabies (Jung and Kukka 2013, p. 17). Another study of 
intestinal parasites of wolverine carcasses from both the Yukon and Northwest Territories 
reported Trichinella spp. in 74 percent of carcasses and several intestinal parasites, including 
cestodes (parasitic flatworms) such as Taenia spp. (Luck et al. 2016, no page number). 
 
Other than these accounts of prevalence of parasitic infections, including one rabies case, and a 
reported parasitic pneumonia mortality event, we are not aware of any studies documenting 
impacts of disease to wolverines in North America. At this time, based on the best available 
scientific and commercial information, disease is not a stressor to the wolverine in the 
contiguous United States or within its range in North America. 
 
Predation 
 
As discussed above (Diet and Feeding section), a number of potential natural predators, have 
been identified for wolverines across its North American range, including intraspecific predation. 
However, we have no information that suggests this predation represents a significant stressor to 
the wolverine at either an individual or population level.  
 
In summary, the best scientific and commercial information available indicates that disease or 
predation is not a stressor the wolverine. We are unaware of any management or conservation 
measures currently in place to reduce potential impacts associated with disease or predation. 
 
Overutilization for Commercial, Recreational, Scientific, or Educational Purposes 
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
In Montana, wolverines were a legally harvested furbearer in Montana up until 2012; however, 
the trapping season is currently suspended with a zero statewide quota (Montana Natural 
Heritage Program and Montana FWP 2017). Unlike populations in Eurasia, wolverines rarely 
prey on livestock in North America (cf., domestic sheep predation in Wyoming reported (Mead 
2013, pers. comm.)) and therefore they are not directly targeted for predator control (COSEWIC 
2014, p. 41). However, incidental trapping can result in the capture of non-target species such as 
wolverine. In Idaho, the IDFG has a mandatory furtaker harvest report that requests all live 
incidental catches be reported by species (IDFG 2013, pers. comm.). Since 1965, 16 incidentally-
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trapped wolverines were reported during the State’s furbearing seasons, with 6 animals known to 
be released alive and 6 mortalities (IDFG 2013, pers. comm.; IDFG 2016, pers. comm.). This 
total includes four wolverines caught during the 2013-2014 furbearer season, with three released 
alive and one mortality (IDFG 2014, p. 26). Within the State of Wyoming, there are two 
confirmed reports of incidental take of Wyoming in 1996 (Mead 2013, pers. comm.) and 2006; 
the 2006 animal was released unharmed (Inman 2012, pers. comm.). In Montana, since the 
closing of trapping season for wolverine in 2013, three animals have been incidentally trapped 
(Montana FWP 2016, pers. comm.). 
 
Krebs et al. (2004, p. 499) modeled several population growth rate scenarios for North American 
wolverines, including trapped and untrapped populations. Estimated (logistic) rates of population 
growth (λ) were found to be lower for trapped populations (λ = 0.878) as compared to untrapped 
populations (λ = 1.064) (Krebs et al. 2004, p. 499). Harvesting is considered to be an additive 
mortality in the populations studied and is likely sustained by dispersal from untrapped areas that 
provide refugia (Krebs et al. 2004, pp. 499–500). Of note, at the time of this study, wolverines 
were considered furbearer or game animals and trapped or hunted in 8 of their 12 study areas in 
North America, including Montana (Krebs et al. 2004, p. 495; Table 1). 
 
Predator control programs targeting wolves, including poison and incidental trapping, can result 
in incidental losses of wolverines (COSEWIC 2014, p. 41). Specific to wolf control for livestock 
protection in Idaho, three wolverines have been trapped incidental to authorized wolf control 
activities since 1995, with two released alive and one animal euthanized (IDFG 2014, p. 26). 
Additional preventive measures have been adopted to reduce these incidental captures (IDFG 
2014, p. 26). The IDFG has also implemented educational programs to minimize incidental 
capture of wolverines during trapping seasons and licensed wolf trappers are required to 
complete a Wolf Trapper Education course with specific instruction for reducing incidental 
trapping of wolverine, lynx, and other non-target species (IDFG 2014, p. 27). In addition, the 
U.S. Department of Agriculture Wildlife Services (Wildlife Services) agency has also 
temporarily stopped (as of April 2017) using cyanide predator control devices in the State of 
Idaho (Moeller 2017). 
 
Wolverine hunting and trapping is permitted in the State of Alaska. For the 2015–2016 reporting 
period, wolverine harvest, based on furbearer sealing records, totaled 527 animals (Parr 2016, p. 
42). This level of harvest has been fairly consistent since 2010, as shown in table below: 
 
Table 6.  Number of wolverines harvested in Alaska, as reported from regulatory year sealing 
records, 2010–2015. Adapted from Parr (2016, p. 42; Table 10). 
 

Alaska 
Region 2010 2011 2012 2013 2014 2015 

I 25 20 25 31 14 15 
II  25 29 50 31 16 37 
III  233 235 261 358 268 214 
IV  180 160 170 158 99 150 
V  140 110 135 133 109 111 
Total 603 554 641 711 506 527 
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In Canada, wolverines are harvested in the northern and western territories–Manitoba, 
Saskatchewan, Alberta, British Columbia, Yukon, Northwest Territories, and Nunavut 
(COSEWIC 2014, p. 43). Non-aboriginal harvest of wolverines has not permitted since 2001–
2002 in Québec, Labrador, or Ontario, though incidental harvest has been reported in Ontario 
(COSEWIC 2014, p. 43). The management of wolverine harvest in Canada incorporates spatial 
and temporal elements such as season length, quotas, limited entry, and trapline management by 
trappers (reviewed by Slough et al. 1987). Wolverine harvest levels in Canada are monitored 
using mandatory pelt sealing, annual harvest reporting, or through monitoring of fur exports 
(COSEWIC 2014, p. 43). In some northern communities, wolverine pelts are used locally and 
harvests are monitored through carcass collection programs (COSEWIC 2014, p. 43).  
 
The COSEWIC Assessment and Status Report for the wolverine also noted that range 
contraction and habitat trends of wolverines in Canada are not solely the result of habitat or 
trapping pressure (COSEWIC 2014, p. 20). Reductions in ungulate (e.g., caribou) populations, 
which provide an important winter food resource, were also likely an important factor in range 
contractions of wolverines in its northern range (COSEWIC 2014, p. 20), and likely continue to 
influence populations today. Although the table above shows relatively stable numbers of harvest 
in Canada, snowmobiles have allowed for better access for hunters and trappers and may be 
increasing the number of wolverine harvested in its northern North America range; however, the 
areas of exploitation are still relatively small concentrated areas, and large areas of refugia 
continue to be found (Cardinal 2004, p. 31). That report concluded that harvest pressure is 
sustainable in most areas as young wolverines migrate from these areas of refugia that, if left 
undisturbed, into empty home ranges of wolverines lost to harvest or other mortality events 
(Cardinal 2004, p. 31).  
 
We evaluated trapping of wolverines in British Columbia and Alberta regions of Canada in an 
effort to document potential impacts to dispersing wolverines along the U.S.–Canada border. As 
described above (Population Abundance and Distribution), the population of wolverines in British 
Columbia is estimated to be 2,700–4,760 and 1,500–2,000 animals in Alberta (COSEWIC 2014, p 
36). We obtained 9 years (2007-2015) of harvest data for southern BC wildlife management units 
from the British Columbia Ministry of Environment, Ecosystems Branch for our analysis. Twenty 
seven years (1989–2015) of harvest data was obtained for Alberta in addition to locations of 
wolverines from a run pole study (2012–2015) and other sources (Webb et al. 2016, p. 1,465; 
Webb 2017, pers. comm.). 
 
Figure 5 presents the results from our spatial analysis and indicates a total of 77 wolverines were 
trapped in British Columbia wildlife management units within 110 km (68.35 mi) of the U.S.–
Canada border from 2007–2015 (average of 8.5 animals per year). We used this distance since it’s 
similar to both the average maximum distance per dispersal movement of 102 km (63 mi) for 
male wolverines reported by Inman et al. (2012a, p. 784) for the Greater Yellowstone region of 
Montana, and a reported 100 km (62 mi) dispersal distance for a juvenile male for Ontario, 
Canada (COSEWIC 2014, p. 24, citing unpublished data from Dawson et al. 2013). As shown 
below, one management area contains nearly one-third (23 individuals) of this total number. The 
other management units along the international border indicate very few animals harvested over 
this 8-year period. For Alberta, we identified a total of 15 wolverines harvested by trappers and 
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data presented in other studies within 110 km (68.35 mi) of the U.S.–Canada border from 1989–
2014 (average of less than 1.0 animal per year).  
 

 
Figure 5. Numbers of wolverines harvested in British Columbia and Alberta, Canada.  
Sources: British Columbia Ministry of Environment; Webb et al. 2016; Webb 2017, pers. 
comm.  
 
Based on this analysis, trapping effort along the United States–Canada border does not represent 
a significant barrier to wolverine movement and dispersal along the international border. As 
noted above, Regehr and Lacroix’s (2016, entire) multi-method inventory of wolverines within 
an area located in the eastern side of the Coast Mountains of British Columbia (see black star in 
Figure 5 above) found unexpectedly high numbers of wolverines, which may have been the 
result of the rugged landscape features in this mountainous area and abundant food resources 
(both winter and summer) (Regehr and Lacroix, pp. 249–250). 
 
Legal Status/Protection 
 
In the western United States, the wolverine status is as follows: a state-threatened species in 
Oregon (ODFW 2016) and California (CDFW 2017a); state-endangered species in Colorado 
(Colorado Parks and Wildlife 2015a) ; a candidate species in Washington (Washington 
Department of Fish and Wildlife 2013); a protected nongame species and species of greatest 
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conservation need in Idaho (IDFG 2014); a protected animal and species of greatest conservation 
need in Wyoming (WGFD 2017); a species of greatest conservation need in Utah (Utah Division 
of Wildlife 2015); a furbearer and species of concern in Montana (Montana Natural Heritage 
Program and Montana FWP 2017); and, in Nevada, the Nevada Administrative Code lists 
wolverines as a protected mammal (NAC 503.030), which provides full legal protection. There is 
no protected status for wolverines in the State of Alaska. The State of New Mexico Department 
of Game and Fish does not recognize the wolverine as a native mammal. Additional discussion 
regarding State regulatory mechanisms that provide protections for wolverines is provided in 
Appendix G. 
 
The Idaho Department of Fish and Game issues permits allowing live capture, handling, and 
release of wolverines for scientific studies, which usually involved log box-traps that do not 
cause physical injury to the captured animals (IDFG 2014, p. 27). The agency also issues 
scientific collection permits to various agencies and organizations and to IDFG biologists that 
can include the capture, chemical immobilization, and placement of radio-collars/radio-markers 
on wolverines (IDFG 2014, p. 27). These permittees (and IDFG staff) are required to comply 
with animal trapping and handling protocols approved by IDFG’s Wildlife Health/Forensic 
Laboratory and other animal welfare and research institutions. Over the past 20 years, there have 
been two documented wolverine deaths due to live capture activities in Idaho (IDFG 2014, p. 
27). 
 
In Wyoming, the Wyoming Game and Fish Commission (Commission) Regulation Chapter 52, 
Nongame Wildlife, authorizes take of wolverine only for scientific or educational purposes as 
regulated by Commission Regulation Chapter 33 (Regulation Governing Issuance of Scientific, 
Research, Educational, or Special Purpose Permits). We received information from the State of 
Wyoming indicating that a search of electronic records of Chapter 33 permits (issued since 1997) 
found (as of May 2013) three permits have been issued for scientific purposes to further 
understanding of wolverine ecology in Wyoming (Mead 2013, pers. comm.). 
 
In California, research permits for State-listed, State-candidate, and fully protected species in 
California are issued as a Memorandum of Understanding (MOU). Currently, there are no active 
MOUs for research on wolverine in California (Burkett 2017, pers. comm.). 
 
In Canada, provincial designations for the wolverine include Endangered in Labrador, and 
Threatened in Ontario and Québec (‘Threatened’ is equivalent to Endangered in Québec), with 
the remaining provincial designations ranging from no ranking to Sensitive or Special Concern 
and the Vancouver Island population designated as Imperilled (COSEWIC 2014, p. 44).  
Recovery planning for the wolverine is focused on the eastern population (Canadian Boreal 
Forest Agreement Secretariat 2015, p. 3). 
 
In summary, overutilization does not represent a threat to the wolverine the contiguous United 
States. Wolverine populations in the contiguous United States are currently protected under 
several State laws and regulations. Hunting and trapping activities for wolverines are currently 
suspended or closed entirely for animals within the contiguous United States, though low levels 
of incidental trapping can occur. Trapping in Alaska and Canada has been and appears to be 
sustainable given large areas of available refugia in these regions. Trapping or harvesting of 
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wolverines along the contiguous United States–Canada border does not represent a stressor to 
wolverines migrating into the contiguous United States at the individual or population level. In 
addition, wolverine populations along the Alaska–Canada border are continuous with the Yukon 
region of Canada, which suggests a rescue effect for Canadian populations along this 
international boundary (COSEWIC 2014, p. 37). 
 
Summary of Current Conditions 
 
Wolverine populations in much of North America are still recovering from large losses of 
individuals from intensively hunting and persecution pressures in the late 1880s into the mid-20th 
century. Although there is limited rangewide survey information, based on the best available 
information, wolverines continue to be detected across suitable habitat within the contiguous 
United States. Studies are currently underway to estimate the species’ current distribution and 
genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, and Washington. 
In Canada, the total wolverine population is estimated at over 10,000 adults (COSEWIC 2014, p. 
47). In Alaska, estimates of populations are best evaluated based on density, which are naturally 
low for this species. Recent density estimates are generally about 10 wolverines per 1000 km2 
(386 mi2) for Alaska. 
 
Based on our collection of observations and detections of wolverines in the contiguous United 
States and the 2014 status review for Canada, we prepared a Current Range map to illustrate the 
species’ North American range (Figure 3). We estimated that the proportion of the current North 
American range of the wolverine encompassed within the contiguous United States is 
approximately 6 percent.  
 
We determined that 96 percent of the previously modeled primary habitat (Inman et al. 2013) in 
the lower United States is considered to be lands owned or managed by the Federal government 
(see Appendix D). We also estimated that this 41 percent of this modeled primary habitat is 
located in designated wilderness areas. Appendix G, Regulatory Mechanisms and Conservation 
Measures, provides a more detailed summary of management actions. 
 
We evaluated several potential stressors that may be affecting wolverine populations or its 
habitat, including effects from roads, disturbance due to winter recreation and other activities, 
effects from wildland fire, disease and predation, and overutilization for (primarily) commercial 
purposes. We determined that the effects of roads (evaluated by number of miles, density, and 
location) and disturbance represent low level stressors to the wolverine in the contiguous United 
States. Wildland fire was determined to be a short-term stressor to wolverine habitat and its prey. 
Disease and predation are not considered stressors to the wolverine. 
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
Incidental trapping of wolverines is infrequent in the contiguous United States, and, in Idaho, 
education programs are being implemented to reduce this stressor. In Alaska, the level of harvest 
of wolverines has been fairly consistent since 2010, and, as noted above, density estimates 
indicate no declining trend in wolverine populations.  
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Wolverines are harvested in several Canadian provinces with management and monitoring 
oversight based on spatial and temporal elements. We reviewed trapping information from 
Canada (within 110 km (68.35 mi) of the contiguous U.S.–Canada border) to assess potential 
impacts to dispersing wolverines into the United States. We found that, in Alberta, 15 wolverines 
were harvest over a 25 year period (average of less than 1.0 animal per year), and, for British 
Columbia, we found an average of 8.5 animals per year, though one management area contained 
nearly one-third (23 individuals) of this total. Based on the best available commercial and 
scientific information, overutilization does not represent a stressor to the wolverine in the 
contiguous United States. 
 
Status – Future Conditions  
 
The future timeframe evaluated in our analysis is approximately 40 to 50 years, which captures 
the range of time periods for proposed projects within the species’ range, as well as our best 
professional judgment of the projected future conditions related to trapping/harvesting, climate 
change, or other potential cumulative impacts. 
 
After considering the current conditions for the wolverine and its habitat, we describe here one 
circumstance that could potentially result in the most likely future conditions scenario:   

• Climate change effects (i.e., significantly elevated temperatures resulting in decline in 
snowpack) may modify suitable habitat, which could also change the scope of the 
wildland fire stressor. 
 

Based on our review of the best available information, we determined that there were no other 
scenarios that were likely to occur for this species. 
 
Climate Change Effects 
 
In this section, we consider climate changes that may affect environmental conditions that the 
wolverine relies on. As defined by the Intergovernmental Panel on Climate Change (IPCC), the 
term “climate” refers to the mean and variability of different types of weather conditions over 
time, with 30 years being a typical period for such measurements, although shorter or longer 
periods also may be used (IPCC 2013a, p. 1450). The term “climate change” thus refers to a 
change in the mean or the variability of relevant properties, which persists for an extended 
period, typically decades or longer, due to natural conditions (e.g., solar cycles) or human-caused 
changes in the composition of atmosphere or in land use (IPCC 2013a, p. 1,450).  
 
Scientific measurements spanning several decades demonstrate that changes in climate are 
occurring. In particular, warming of the climate system is unequivocal and many of the observed 
changes in the last 60 years are unprecedented over decades to millennia (IPCC 2013b, p. 4). The 
change in temperature reported in the Northern Hemisphere in recent history (past 150 years) at 
+0.6°C (1.08°F) is twice the change reported for the Southern Hemisphere (+0.3°C (0.54°F)) and 
there is much year-to-year variation (Post 2013, p. 4). With regard to precipitation over land, 
there has been a decline in global total annual precipitation, but the variability between years in 
total precipitation has increased since about the 1970s (Post 2013, p. 9). The Palmer Drought 
Severity Index (PDSI) compares the actual amount of precipitation received in an area during a 
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certain time period with the normal or average amount expected during that same period 
(National Weather Service (NWS) 2015) and is generally used as a measure of water stress. 
Time series analysis of the PDSI indicates worsening persistent drought-like or drought-potential 
conditions across the globe since 1980, a reflection of the influence of temperature on 
atmospheric dynamics (Post 2013, pp. 10–11).  
 
Comprehensive assessments of other observed and projected changes in climate and associated 
effects and risks, and the bases for them, are provided for global and regional scales in recent 
reports issued by the IPCC (2013c, 2014), and similar types of information for the United States 
and regions within it can be found in the National Climate Assessment (Melillo et al. 2014, 
entire). Results of scientific analyses presented by the IPCC show that most of the observed 
increase in global average temperature since the mid-20th century cannot be explained by natural 
variability in climate and is “extremely likely” (defined by the IPCC as 95 to 100 percent 
likelihood) due to the observed increase in greenhouse gas (GHG) concentrations in the 
atmosphere as a result of human activities, particularly carbon dioxide emissions from fossil fuel 
use (IPCC 2013b, p. 17 and related citations).   
 
Scientists use a variety of climate models, which include consideration of natural processes and 
variability, as well as various scenarios of potential levels and timing of GHG emissions, to 
evaluate the causes of changes already observed and to project future changes in temperature and 
other climate conditions. Model results yield very similar projections of average global warming 
until about 2030, and thereafter the magnitude and rate of warming vary through the end of the 
Century depending on the assumptions about population levels, emissions of GHGs, and other 
factors that influence climate change. Thus, absent extremely rapid stabilization of GHGs at a 
global level, there is strong scientific support for projections that warming will continue through 
the 21st century, and that the magnitude and rate of change will be influenced substantially by 
human actions regarding GHG emissions (IPCC 2013b, 2014; entire).  
 
Global climate projections are informative, and, in some cases, the only or the best scientific 
information available. However, projected changes in climate and related impacts can vary 
substantially across and, as noted above, within different regions and hemispheres (e.g., IPCC 
2013c, 2014; entire) and within the United States (Melillo et al. 2014, entire). Therefore, we use 
“downscaled” projections when they are available and have been developed through appropriate 
scientific procedures, because such projections provide higher resolution information that is 
more relevant to spatial scales used for analyses of a given species (see Glick et al. 2011, pp. 58–
61, for a discussion of downscaling). We note here that multiple lines of evidence, not just 
projections derived from quantitative models, should be examined when conducting climate 
vulnerability assessments (Michalak et al. 2017, entire). Thus, we provide below projected 
effects from climate change in the western United States relative to both abiotic (e.g., 
temperature, precipitation, snow cover) and biotic (e.g., phenology, behavior) factors.  
 
Abiotic Factors 
 
California 
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Regional temperature and precipitation observations for assessing climate change are often used 
as an indicator of how climate is changing. For evaluating climate trends in California, the 
Western Regional Climate Center (WRCC) has defined 11 climate regions (Abatzoglou et al. 
2009, p. 1,535). The relevant region for our assessment is the north/north-central Sierra Nevada 
region (Tahoe National Forest) currently occupied by a male wolverine is the northeast region. 
 
Two indicators of temperature, the increase in mean temperature and the increase in maximum 
temperature, are important for evaluating trends in climate change in California. For the climate 
region that encompasses the Tahoe National Forest region, the 100-year linear trends provided 
by the WRCC indicate an increase in mean temperatures (Jan–Dec) of approximately 0.92°C/100 
yr (± 0.29°C/100 yr) (1.66°F ± 0.53°F/100 yr) since 1895 from present day; 1.55°C/100 yr (± 
0.67°C/100 yr ) (2.79°F ± 1.21°F/100 yr) since 1949 to present day; and 2.41°C/100 yr 
(±1.54°C/100 yr ) (4.33°F ± 2.78°F/100 yr) since 1975 to present day (WRCC 2017). Thus, the 
increase in mean temperature has not been constant—the rate of increase over the past 42 years 
in this region has been 2.6 times higher than the past 122 years. We assume the rate of 
temperature increase for this region is higher for the second and third time periods (since 1949 
and 1975, respectively) than for the first time period (since 1895) due to the increased use of 
fossil fuels in the later part of the 20th and early 21st century. 
 
Although these observed trends provide information as to how climate has changed in the past, 
climate models can be used to simulate and develop future climate projections. Pierce et al. 
(2013, entire) presented both state-wide and regional probabilistic estimates of temperature and 
precipitation changes for California (by the 2060s) using downscaled data from 16 global 
circulation models and 3 nested regional climate models. The study looked at a historical (1985–
1994) and a future (2060–2069) time period using the IPCC Special Report on Emission 
Scenarios A2 (Pierce et al. 2013, p. 841), which is an IPCC-defined scenario used for the IPCCs 
Third and Fourth Assessment reports, and is based on a global population growth scenario and 
economic conditions that result in a relatively high level of atmospheric GHGs by 2100 (IPCC 
2000, pp. 4–5; see Stocker et al. 2013, pp. 60–68, and Walsh et al. 2014, pp. 25–28, for 
discussions and comparisons of the prior and current IPCC approaches and outcomes). 
Importantly, the projections by Pierce et al. (2013, pp. 852–853) include daily distributions and 
natural internal climate variability.  
 
Simulations using these downscaling methods project an increase in yearly temperature for the 
area that encompasses the Tahoe National Forest (Sierra Nevada) ranging from 2.1°C (3.78°F) to 
3.2°C (5.76°F) by the 2060s time period (Pierce et al. 2013, p. 844), compared to 1985–1994. 
The simulations indicated a yearly upper temperature increase of 2.5°C (4.5°F) from 1985–1994 
to 2060–2069 (averaged across models) for this area, and an increase of 1.9°C (3.42°F ) for the 
December–February period (Pierce et al. 2013, p. 842).  
 
In California (Griffin and Anchukaitis 2014, p. 9020), beginning in 2012 and continuing into 
2016, California experienced a severe drought throughout most of the state. Although three year 
droughts in California are not unusual when evaluated over the past 1000 years, the severity of 
these drought conditions during this period was demonstrated in the 2014 summer PDSI, 
which was estimated to be the lowest on record (1901–2014) (Williams et al. 2015, p. 6,823). 
Griffin and Anchukaitis (2014, entire) investigated how unusual this drought event was in the 
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context of the last millennium using blue oak (Quercus douglasii) tree ring data from four 
sampling sites (with additional tree sampling following the 2014 growth season). Their 
paleoclimate drought and precipitation reconstructions for Central and Southern California show 
that, although the precipitation during this drought has not been anomalously low, it was not 
outside the range of variability (Griffin and Anchukaitis 2014, p. 9,017). However, the 2014 
drought was the worst single drought year of at least the last 1,200 years in California and the 
2012–2014 drought was the most severe of three consecutive drought years, based on three 
events found in the record for the last 1,200 years (Griffin and Anchukaitis 2014, pp. 9,020–
9,021). The study concluded that low precipitation combined with high temperatures was 
responsible for creating this worst short-term drought episode (Griffin and Anchukaitis 2014, pp. 
9,021–9,022). 
  
Williams et al. (2015, entire) recently estimated the anthropogenic contribution to California’s 
drought during 2012–2014. They found that the intensifying effect of high potential 
evapotranspiration on this drought event (measured by summer PDSI) was almost entirely the 
result of high temperatures (18–27 percent in 2012–2014; 20–26 percent in 2014) (Williams et 
al. 2015, p. 6,825). Another study evaluating the influence of temperature on the drought in 
water year 2014 in California found that, although the low level of precipitation was the 
primary driver for the drought conditions, temperature was an important factor in exacerbating 
the drought, noting that the water year 2014 was the third year of the multiyear drought event 
and therefore conditions were drier than normal at the beginning of the water year (Shukla et al. 
2015, p. 4,392).  
 
In sum, these projections indicate that increased temperatures are likely to occur in the Tahoe 
National Forest region by the 2060s due to the effects of climate change. 
 
Precipitation patterns can also be used as an indicator of potential climate change. We obtained 
yearly snowfall data for the Tahoe City station located in the northern Sierra Nevada region from 
the Western Regional Climate CenterWRCC (https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758) 
since that dataset was the most complete for the area. We then conducted a nonparametric 
correlation test, the Mann-Kendall statistical test (Hipel and McLeod 1994, pp. 63–64, 856–
858), which is commonly used for analyzing climatic time series (e.g., Ahmad et al. 2015, 
entire), to evaluate trends in snowfall over time. This analysis was conducted using the R and 
R Studio software programs (Version 3.1.2; R Development Core Team, 2014) with the 
“Kendall” package (Version 2.2) (McLeod 2011). We found that annual snowfall amounts 
showed no statistically significant trend (increasing or decreasing) from 1909–2017 (tau = –
0.0289, two-sided p-value of 0.6705) for the Tahoe City station.  
 
State-wide and regional probabilistic estimates of precipitation changes for California were also 
evaluated by Pierce et al. (2013, entire). When averaged across all models and downscaling 
methods, a small annual mean decreases in precipitation were found for the Sierra Nevada region 
of California, but an increase in precipitation for the December through February period (wetter 
winters) (Pierce et al. 2013, pp. 849, 855). However, there was significant disagreement across 
the models, with percent changes ranging from a12 percent decrease to a 9 percent increase 
(Pierce et al. 2013, p. 851).   
 

https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758
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Columbia River Basin Region  
 
This region covers a large area within Washington, Oregon, and Idaho, and parts of British 
Columbia, Canada, and includes portions of the current range of the wolverine. Rupp et al. 
(2017, entire) used simulations from 35 Global Climate Models (GCMs) to provide projections 
of climate in the Columbia River Basin into the 2080s under two with two emissions scenarios 
Representative Concentration Pathways (RCP) (RCP 4.5, which represents moderate reduction in 
GHG emissions (“intermediate emissions”), and RCP 8.5, which represents a continued increase 
in GHG emission “high emission”). The results of their multi-model ensemble for the RCP 4.5 
scenario indicate mean annual temperature increases (above Bonneville Dam), above the 1970–
1999 baseline average, of 1.3°C (2.34°F) for the 2010–2039 period, 2.3°C (4.14°F) for the 2040–
2069 period, and 2.8°C (5.04°F), for the 2070–2099 future period (Rupp et al. 2017, p. 1,788). 
By season, the winter period (December–February) mean change result indicates an increase of 
1.1°C (2.52°F) for 2010–2039, 2.2°C (3.96°F) for 2040-2069, and 2.7°C (4.86°F) for 2070–
2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788).  
 
For the RCP 8.5 scenario, the multi-model ensemble projections indicate mean annual 
temperature increases, above the 1970–1999 baseline average, of 1.4°C (2.34°F) for the 2010–
2039 period, 3.1°C (5.58°F) for the 2040–2069 period, and 5.0°C (9.0°F), for the 2070–2099 
period (Rupp et al. 2017, p. 1,788). For the winter season (December–February) mean change 
increase of 1.4°C (2.34 °F) for 2010–2039, 2.9°C (5.22°F) for 2040-2069, and 4.7°C (8.46°F) for 
2070–2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788). The 
anthropogenic-forced change for these projections is higher than the annual variability; thus, by 
the year 2050, it is very unlikely that the temperature for this year or any year following during 
this century would be as low as the historical average (Rupp et al. 2017, p. 1,788). 
 
Precipitation projections were much less robust; the multi-model ensemble mean precipitation 
projections indicate an increase above baseline of up to 8 percent by 2099 for RCP 8.5 and 
slightly less for RCP 4.5 (Rupp et al. 2017, p. 1,788). When viewed seasonally, for the winter 
season, the ensemble projections indicate increases for all three future time periods for both the 
RCP 4.5 and RCP 8.5 scenarios (ranging from 3 to 14 percent) as compared to the baseline 
period (1970–1999) (Rupp et al. 2017, p. 1,788). The anthropogenic-forced change for these 
projections is lower than the annual variability; however, the authors indicate that years of 
anomalously low precipitation relative to baseline would be expected with high frequency 
throughout the 21st century (Rupp et al. 2017, p. 1,788). 
 
Sheehan et al. (2015, p. 20; Table 4) also found that, within three subregions of the Pacific 
Northwest, when compared to a historical baseline (1971–2000), all future climate projections 
(RCP scenarios 4.5 and 8.5; 2036–2066, 2071–2100) indicate a rise in both minimum and 
maximum monthly temperatures, and a generally positive change in mean annual precipitation, 
though the latter results varied across projections.  
 
Upper Snake River Basin 
 
The Upper Snake River Tribe Foundation and its Tribal members prepared a climate change 
vulnerability assessment for the Upper Snake River Watershed (Petersen et al. 2017, entire). The 
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assessment the assessment covers large areas of southern Idaho and eastern Oregon, and small 
areas of northern Nevada, northern Utah, and western Wyoming (Petersen et al. 2017, p. 15). 
Within three geographic/model domains of this larger region, downscaled climate projections 
were created from 20 GCMs run with two emissions scenarios (RCPs 4.5 and 8.5) and these 
outputs were then used to calculate potential future changes in temperature and precipitation 
(Petersen et al. 2017, pp. 15–16). The projections were analyzed in reference to a baseline period 
(1950-2005) for three future time periods—the 2030s (2020–2049), the 2050s (2040–2069), and 
the 2080s (2070–2099) (Petersen et al. 2017, p. 16). 
 
For temperature, their projections indicated an increase in average annual temperatures in both 
future emission scenarios and across all time periods. Under RCP 8.5 (high emissions scenario), 
the ensemble mean temperature increase was about 6.11°C (11ºF), and 2.78°C (5ºF) under the 
RCP 4.5 lower emissions scenario across all three geographic/model domains (Petersen et al. 
2017, Appendix A, p. 2). For the North and East domains (areas with greater topographical 
variability), there was some indication of a small increase in total annual precipitation by the end 
of the century, though there was less agreement among the models (Petersen et al. 2017, 
Appendix A, p. 2). 
 
For all geographic/model domains, the average temperature is projected to increase under both 
emissions scenarios for all seasons (Petersen et al. 2017, Appendix A, p. 2). For the winter 
months (December, January, February), for RCP 4.5, the average seasonal temperature is 
projected to increase by 3.89 to 5°C (7 to 9ºF) by the end of the century, and an increase of 
approximately 2.22 to 3.33°C (4 to 6ºF) for the other seasons (Petersen et al. 2017, Appendix A, 
pp. 2, 6). The winter season projections for RCP 8.5 add an additional 1.67 to 2.22°C (3 to 4ºF) 
by the end of the century (Petersen et al. 2017, Appendix A, pp. 2, 6).  
 
Rocky Mountain Region (Colorado) 
 
Lukas et al. (2014, entire) presented an assessment of observed and future projections of climate 
change effects for Colorado. They reported that, statewide, annual average temperatures have 
increased by 1.1°C (2.0°F) over the past 30 years, and 1.4°C (2.5°F) over the past 50 years 
(Lukas et al. 2014, p. 11). These warming trends have been observed in much of the State (Lukas 
et al. 2014, p. 11). They report no significant long-term trends in annual precipitation (30-, 50-, 
and 100-year trends) through 2012, but they indicate an observed trend towards more severe soil-
moisture drought conditions in Colorado, based on the PDSI, over the past 30 years (Lukas et al. 
2014, pp. 12, 21).  
 
This report also presents results from climate change modeling using an ensemble of CMIP5 
model projections, run with RCP 4.5 and 8.5 scenarios (Lukas et al. 2014; Section 5). The results 
indicate future warming in Colorado for all of the climate model projections (Lukas et al. 2014, 
p. 59). By 2050, for the RCP 4.5 (intermediate) emissions scenario, the statewide average annual 
temperatures are projected to increase by 1.4 to 2.8°C (2.5 to 5°F) (relative to a 1971–2000 
baseline), and increase by 1.9 to 3.6°C (3.5 to 6.5°F) under the RCP 8.5 (high) emissions 
scenario (Lukas et al. 2014, p. 59). For precipitation, they report that climate model projections 
show less agreement regarding future precipitation change for Colorado, but most projections 
indicate increasing winter precipitation by 2050 (Lukas et al. 2014, p. 59). 
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Summary 
Observed trends and future climate model projections indicate warming temperatures for much 
of the western United States. The degree of future warming varies by region and is dependent 
upon the future emission scenario used during the modeling process. Future precipitation trends 
are less certain for many regions, in part, due to naturally high, inter-annual variability; some 
regions are projected to experience greater winter precipitation. 
 
Biotic Factors 
 
In addition to evaluating changes in these abiotic factors, biotic interactions should be considered 
in evaluating species’ response to climate change (reviewed by Post 2013). Although abiotic 
changes drive ecological processes, the alterations in biotic interactions (e.g., competition among 
conspecifics, interactions with competitors, resources, and predators) represent the ecological 
responses that result from those changes (Post 2013, p 1). Changes in certain abiotic factors, such 
as snow and ice cover, should also be considered in an ecological context since they represent 
habitat for many species (Post 2013, p. 11). 
 
Ecological studies evaluating the effects of climate change often evaluate phenology, the timing 
of life history events and how they vary in space and time, generally at the population or site-
specific level, though phenological variation at the individual level may also be important (Post 
2013, p. 54). Previous meta-analyses of the rate of phenological advancement have suggested 
advances of between 2–5 days per decade, across taxa, and between low-mid to mid-high 
latitudes (Post 2013, p. 59). A more recent meta-analysis from Cohen et al. (2017, p. 4) found, 
on average, significant advancement in the phenology of animals since 1950, advancing by about 
2.88 days per decade and 3.08 days per degree Celsius.  
 
Within the Pacific Northwest region, Ford et al. 2016 (entire) modeled the timing of growth 
initiation in coast Douglas-fir trees (Pseudotsuga menziezii var. menziezii) within the species’ 
range in Washington and Oregon to evaluate its ability to track changes in climate with changes 
in phenology. This study found that, for high latitudes and elevations, growth initiation was 
predicted to occur earlier in the year, which allows trees to track the beginning of favorable 
growing conditions, without exposure to frost risk (i.e., adaptive phenological response) (Ford et 
al. 2016, pp. 3718, 3,721). Conversely, their model predicted that at lower latitudes and 
elevations, growth initiation will lag behind climate change shifts due to reduced chilling with 
lower productivity, which suggested that coast Douglas-fir has an obligate chilling requirement 
for height (but not diameter growth initiation) (Ford et al. 2016, pp. 3,717–3,719). 
 
Another study reported on the effects of encroachment of woody plants (willows (Salix sp.)) in 
alpine environments to alpine wildflowers and their pollinators due to temporal overlap in 
flowering phenology, which may result in establishment of plant species with broader 
environmental tolerance in high alpine ecosystems (Kettenbach et al. 2017, p. 6,969). Similarly, 
in Sweden, Wilson and Nilsson (2009, entire) reported on encroachment of woody vegetation in 
arctic-mountain habitat, though primarily at lower elevations in response to observed 
temperature increase of 2.0°C (3.6°F) over 20 years, though this increase in cover was observed 
primarily at lower elevations (Wilson and Nilsson 2009, p. 1,682). 
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A high-latitude, North American study evaluated the effect of weather and broad-scale climate 
variables and vegetation productivity on the timing of spring and fall migrations of migratory 
caribou herds in northern Québec and Labrador, Canada (Le Corre et al. 2017, entire). That 
study found that, since 2000, except for the spring arrival, migrations occurred earlier, and were 
affected by resource availability, likely through intraspecific competition factors (Le Corre et al. 
2017, p. 266).  
 
In addition to phenological changes related to habitat variables or reproduction patterns, the 
effects of climate change may affect food resources important to wolverine, either directly (e.g., 
survival) or indirectly (e.g., effects to their habitat). An early study by Wang et al. (2002, p. 217) 
projected a potential increase in ungulate populations in Rocky Mountain National Park 
(Colorado) under future climate scenarios due to enhanced survival and recruitment of juvenile 
animals in response to less severe winters. The authors note that their results should be 
interpreted qualitatively given the uncertainties in applying climate change scenarios based on 
global models to ecological systems at the local scale (Wang et al. 2002, p. 217). In addition, 
they report that vegetation response (e.g., succession) in response to climate change effects may 
result in changes to ungulate habitat (Wang et al. 2002, p. 219). Overall, the study concluded that 
their results were consistent with those reported in other studies that have evaluated the 
relationships between the effect of weather and density dependence and ungulate population 
dynamics (Wang et al. 2002, p. 219). 
 
Summary 
 
The results presented above indicate biotic effects resulting from climate change, varying from 
phenological changes to shifts in vegetation and vegetation succession. We are unaware of 
studies that have directly evaluated these types of effects to the North American wolverine or its 
habitat. 
 
Climate Change and Potential for Cumulative Effects  
 
Threats can work in concert with one another to cumulatively create conditions that may impact 
the wolverine or its habitat beyond the scope of each individual threat. Given an expected 
increase in temperature in the western United States, the best available information indicates 
that, if there are any cumulative impacts in the future, the most likely could be changes in 
snowpack from the combination of increased temperature and temperature/precipitation? 
changes or from a combination of increased? wildland fire potential and changes in? snowpack. 
 
Snowpack/Snow Cover 
 
Upper Snake River Watershed (Pacific Northwest region) 
 
The Upper Snake River Tribal Foundation assessment (discussed above) included projected 
changes in snowpack for three locations in the Upper Snake River watershed, including areas 
location within our estimated Current Range of the wolverine (from Climate Impacts Group 
Pacific Northwest (PNW) Hydroclimate Scenarios Project (2860); 
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http://warm.atmos.washington.edu/2860/products/sites/). Model results, based on snow water 
equivalent (SWE) (the water content of snowpack, expressed as depth), indicate a projected loss 
in April 1st snowpack of 36 percent for the 2030–2059 period and 64 percent for the 2070–2099 
period for the Salmon River at White Bird location (average of percent change across all models 
relative to the long-term average for 1916–2006 (“historical period”)). For the Snake River at 
Brownlee Dam location, the projected loss is 37 percent for the 2030–2059 period and 64 percent 
for the 2070–2099 period (summary presented in Petersen et al. 2017, p. 20). These projected 
changes were found to be consistent with overall changes projected for the Columbia River 
Basin snowpack in an earlier study. Hamlet et al. (2013, p. 404; Figure 7) found that, relative to 
the long-term average for 1916 to 2006, the April 1st snowpack in the Columbia River Basin is 
projected to decline by 29% for the 30-year period spanning 2030-2059 and decline by 52% for 
the period spanning 2070-2099 for the A1B emissions scenario. [Note: the A1B emission 
scenario represents a more balanced energy portfolio than RCP 8.5, with GHG emissions 
leveling off by the middle of the 21st century]. 
 
Sierra Nevada 
 
Walton et al. (2017, entire) developed snow cover projections for the Sierra Nevada region in 
California, incorporating snow albedo feedback using a hybrid downscaling approach to develop 
future climate projections. This feedback loop is known to be important for regional climate 
change (Thackeray and Fletcher 2016, p. 395) and occurs when warming causes snow pack to 
shrink at margins and the exposed ground absorbs more sunlight than snow, which enhances the 
warming, and resulting in more melting of snow (Walton et al. 2017, p. 1,417). This study (using 
3 km (1.86 mi) resolution) found that, by the end of the 21st century (2081–2100), warming and 
loss of snow cover is expected to occur, though the degree varies depending on the GHG 
scenario (Walton 2017, p. 1,430). Under the RCP 8.5 (high emissions) scenario, the study found 
that the total area covered by snow during the typical month of April decreases by 48 percent, as 
compared to historical average (1981–2000) (using ensemble mean) (Walton et al. 2017, p. 
1,432). Under the RCP 4.5 (moderate emissions) scenario, snow cover losses were projected at 
about half of those for RCP 8.5 (Walton et al. 2017, p. 1,434; Figure 13).Warming was more 
pronounced with elevation, and was most severe in May and June (Walton et al. 2017, p. 1,431; 
Figure 12). For the months of March and April, the highest elevations were found to have nearly 
complete snow covered (measured as snow covered fraction) for all GCM simulations (Walton et 
al. 2017, p. 1,431; Figure 12).  
 
Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks 
 
The effects of climate change on snow persistence has been suggested as an important negative 
impact on wolverine habitat and populations by the mid-21st century (McKelvey et al., 2011, 
entire). The Service therefore pursued a refined methodology to provide insights into the 
potential impacts of climate change on snow persistence. 
 
The Service engaged the National Oceanic and Atmospheric Administration (NOAA) 
laboratories and University of Colorado in Boulder, Colorado (CU) regarding their ability to 
evaluate and model fine scale persistence of snow in occupied and potential wolverine habitat in 
the contiguous United States. Those discussions revealed significant progress in fine scale 
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modeling approaches since the early 2000s and the Service provided funding for an assessment 
of snow extent and depth to assess the effects of climate on snow persistence in two areas of the 
western United States, Rocky Mountain and Glacier National Parks (Ray et al. 2017, entire). The 
primary objective of this study was to refine the spatial and temporal scale of snow modeling 
efforts and improve the scientific understanding of the extent of spring snow retention currently 
and into the future under a changing climate (Ray et al. 2017, p. 9). The objectives of the study 
included (Ray et al. 2017, p. 10): 
 

• Use of fine-scale models to analyze the topographic effects of snow, including slope and 
aspect (compass direction that slope faces)  

• Use of a range of plausible future climate change scenarios to assess snow persistence 
• Analysis of extremes and year-to-year variability by selecting representative wet, dry, 

and near normal years (using observed conditions) and then modeling changes for those 
base years under several future climate scenarios 

• Assessment of changes in snow persistence by elevation 
 
The study was designed to parallel as much as possible and thereby refine the previous 
assessment of snow cover persistence in the western United States presented in McKelvey et al. 
(2011). However, an exact replication of the McKelvey et al (2011) study was not possible given 
the time, funding, and computational constraints needed to develop a fine-scale assessment. The 
current study was limited to two study areas (approximately 1,500 to 3,000 km2 (579 to 1,158 
mi2) each) in the northern and southern Rocky Mountains (see Appendix H for maps). The two 
study areas were selected because they encompass the latitude and elevational range of 
wolverines within the contiguous United States. Glacier National Park (GLAC) is representative 
of a high latitude and relatively low elevation area currently occupied by wolverines. The Rocky 
Mountain National Park region (ROMO) is a lower latitude and higher elevation area within the 
wolverine’s historical range, which was recently occupied by a wolverine from 2009 to at least 
2012. 
 
Methods: We provide here a brief summary of the methods used in this study. Additional details 
are contained in the full report authored by Ray et al. (2017). The initial step of the analysis was 
a review of the observed climate and variability to provide context for trends and year-to-year 
variability. Next, historical snow cover extent and variability were analyzed using satellite 
remote sensing (MODIS) data from 2000 to 2016 to calculate a snow disappearance date for 
each year at each pixel. Summary statistics include total snow covered area (total area covered 
by snow), representation of snow pack by aspect (percent of land areas covered by snow for each 
of the 17 years in the historical record by topographic aspect based on compass direction that the 
slope faces), and elevation dependence for wet, near-normal, and dry years (with median of all 
years used as reference). Future snow pack projections were then generated using the Distributed 
Hydrology Soil Vegetation Model (DHSVM), for the historic period 1998-2013, and then 
validated against SNOTEL observing stations and MODIS satellite data.  

Both Ray et al. (2017) and McKelvey et al. (2011) used the delta method to estimate future snow 
persistence. The NOAA-DHSVM delta method uses historical observed weather (1998–2013) as 
the baseline and applies future changes in temperature and precipitation from the chosen GCMs 
(approximately Year 2055) to estimate future snow persistence on the landscape. Five future 
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scenarios (GCMs) were selected from CMIP5 global climate model projections to capture 
variability in temperature and precipitation, using the RCP 4.5 (moderate) and RCP 8.5 (high) 
emissions scenarios. Representative wet, near normal, and dry years were analyzed for the 
historical simulations and evaluated for the five future scenarios. The number of years (out of 16) 
with snow depth greater than 0.5 m (20 in) was also analyzed as was the change in Snowcovered 
Area (SCA) with depth greater than 0.5 m (20 in). This snow depth was selected based on an 
analysis of the snow depth at documented wolverine den sites in Glacier National Park (Ray et 
al. 2017; Table 5-2). Results were reported for “light snow cover” (snow depth greater than 1.25 
cm (0.5 in)) and “significant” snow (snow depth > 0.5 m (20 in)) for April 15, May 1, and May 
15 for previously defined representative years. The term “light snow cover” was incorporated as 
the most directly comparable parameter to McKelvey et al.’s “light” snow cover. The average 
change in SCA and SWE was analyzed as a function for both study areas of elevation and was 
overlaid with the elevations of documented wolverine den sites (2003–2007) in GLAC.  

Comparison with McKelvey et al. (2011): Although the methods used in this study have 
similarities with those presented in McKelvey et al. (2011), there are several key differences. 
Ray et al. (2017) used a finer spatial resolution model (DHSVM) than McKelvey et al. (2011) 
(0.0625 km2 vs. 35 km2) that incorporated slope and aspect. The grid cells represented in 
McKelvey et al. (2011) were assumed to be flat (i.e., north-facing slopes treated as identical to 
south-facing slopes). McKelvey et al. (2011) focused on May 1st snow depth as a proxy for May 
15th snow disappearance, while Ray et al. (2017) focused directly on May 15th snow 
disappearance and produced results for the presence or absence of deeper snow (nominally 
greater than or equal to 0.5 m (20 in) depth) on May 1st and April 15th.3 Because of the increased 
resolution of this study, Ray et al. (2017) was able to consider whether any pockets of snow with 
depth greater than 0.5 m (20 in) will persist in these areas. Additional comparisons are outlined 
below in Table 7 and in Ray et al. (2017, p. 6). 
 
Table 7. Comparison of Methods, Ray et al. (2017) vs. Copeland et al. (2010)/ McKelvey et al. 
(2011) 
 Ray et al. (2017) Copeland et al. (2010)  

and McKelvey et al. (2011) 
Spatial Resolution 250 m x 250 m = 62,500 m2 or 0.0625 km2  

(0.24 mi2) 
~5 km x 7 km = 35 km2  

(13.51 mi2) 
Geographic Area Glacier and Rocky Mountain National Parks, 

300 m below treeline and above 
Western United States, except 
California and Great Basin 

Topography Slope, aspect, and shading were used Slope and aspect were not used 
Validation SNOTEL (ground stations) and MODIS 

(satellite data) 
None 

Future Scenario 
Method 

Delta Method, used to project 2000-2013 
conditions out to Year 2055 

Delta Method (Years: 2045, 2085, 
2070-2099) 

Future Scenarios 
(GCMs) 

miroc, giss, fio, cnrm (both study areas); 
canesm (Glacier National Park only) 
hadgem2 (Rocky Mountain National Park only) 

Ensemble of 10 GCMs, pcm1, and 
miroc 3.2 

Time-related Results Long-term means and year-to-year variability 
(i.e., wet, near normal, and dry years)  

Changes in long-term mean snowpack 
only 

                                                 
3 The NOAA/CU study originally focused on May 15th to compare to the McKelvey et al. (2011) study, and June 1st 
to bracket the snowmelt season. However, April 15 and April 30 dates were added to the evaluation of snowcovered 
areas to align with temporal reproductive patterns of the wolverine (see Life History section above).   
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Snow Detection and 
Measurements 

Snow or no snow (1.25 cm (0.5 in) threshold), 
snow depth (0.5 meter (20 in) threshold for 
"significant snow"), and snow water equivalent  

Snow or no snow (13 cm (5.12 in) 
threshold) 

Number of Years of 
MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 
Snow Cover Dates 
Analyzed 

April 15, May 1, and May 15 May 1, May 15 (derived from May 1), 
May 29 (derived from May 1) 

 
Results: While there are challenges in comparing the results from McKelvey et al. (2011) 
directly to the NOAA/CU study due to differences in methodology and focus, the qualitative 
picture can be summarized as follows: projected warming has a larger effect at lower elevations 
whereas projected precipitation changes may dominate the springtime snowpack in the high 
country. We present below a summary of the main results from Ray et al. (2017). 
 
MODIS Observed Historic Snowpack Variability Analysis:   
 

● In GLAC, SCA varies considerably by year, including wet years such as 2011 with very 
persistent snow, years with strong melt in early May, such as 2012, or in late May (2009, 
2001), and dry years (2004, 2005) (Ray et al. 2017, Section 4.3).  

● Even in dry years, northeast-facing slopes in GLAC tend to hold more snow and melt 
later in the season.  

● More than 80 percent of the GLAC study area above approximately 2,000 m (6,562 ft) 
elevation on May 1 has snow cover during dry years, and more than 95 percent has snow 
cover above approximately 1,200 m (3,937 ft) during wet years.  

● In ROMO, the SCA also varies considerably by year. 
● The northwest-facing slopes in ROMO tend to hold more snow even during dry years. In 

very dry years, snow cover peaks at intermediate elevations, suggesting that the high-
altitude snowpack may be particularly vulnerable in this region under warm/dry 
conditions. 

 
Future Snowpack Projections: The area-wide SCA results include snow cover changes in both 
forested and above-treeline (alpine) terrain, which may have different implications for wolverine 
biology. 
 
Glacier National Park (GLAC): 
 

• Projections for April 15th, May 1st, and May 15th SCA and area with snow depth greater 
than 0.5 m (20 in) show declines on average in all scenarios, compared to the 2000–2013 
historic average, except for small increases in the Warm/Wet scenario and for almost all 
years.  

o For April 15th, light SCA area is reduced by 3 to 23 percent and significant snow 
cover (greater than 0.5 m (20 in)) declines by 7 to 44 percent.  

o For May 15th, light SCA is reduced by 10 to 36 percent, and the area with 
significant snow cover declines by 13 to 50 percent. 

• All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 m (20 in)). Areas with frequent availability (at least 14 out of 16 years) 
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of significant snow become concentrated in smaller high elevation areas. Lower elevation 
areas had the largest decreases in the number of years with significant snow cover.  

• Most of the known den sites are located between 1,800 m (5,906 ft) and 2,000 m (6,562 
ft) in GLAC. Below that elevation band, large snow losses are predicted (40 to 70 percent 
decrease for two of the scenarios, 16 to 20 percent for the other three). Above that 
elevation band, there is little change in SCA for four of the five scenarios (2 to 8 percent) 
except in maximum warming scenario (decline of 40 percent (Ray et al. 2017; Figure 5-
22). In the 1,800–2,000 m (5,906–6,562 ft) band, the snowpack change is sensitive to 
elevation and to the future climate scenario used. 

• For representative wet years, for May 15th, the higher elevations of the study areas 
experience only 2 to 7 percent loss of snowpack under the scenarios with “least” change 
and the “central” change, although for the dry years, losses range from 18 to 57 percent. 

o The implication is that the wet, cold climate of the GLAC study area could act as 
a “buffer” to change in areas with of 0.5 m (20 in) of deep snow on May 1st, at 
least for elevations above 1,800 m (5,906 ft). 

 
Rocky Mountain National Park (ROMO):  
 

• Projections of May 15th SCA in ROMO decline on average in all scenarios, except for 
small increases in the Warm/Wet scenario, and for almost all years. 

o For April 15th, light SCA (depth ≥ 5 mm (0.2 in)) declines by 3 to 18 percent and 
significant SCA (depth > 0.5 m (20 in)) changes from −1 to +16 percent for the 
five scenarios considered (compared to the 2000-2013 historical average).  

o For May 15th, the area with light snow cover declines 8 to 35 percent and the area 
with significant snow cover declines 6 to 38 percent. 

• All projections show declines in the number of years with significant snow. The areas 
with frequent availability (at least 14 out of 16 years) of significant snow (equal to or 
greater than 0.5 m (20 in)) become concentrated in smaller high elevation areas. In 
contrast, lower elevation areas had the largest decreases in the number of years with 
significant snow cover.  

• Although no dens have been documented in ROMO, the elevation band for denning, 
modeled by regression analysis, is estimated at 2,700 to 3,600 m (8,858 to 11,811 ft). On 
May 1st, modest declines in SWE of about 15 percent and less for areas at 3,400 m 
(11,155 ft) or above result in losses of only about 10 percent snow cover.  

o The implication is that the wet, cold climate of the higher parts of the ROMO 
study area could also act as a “buffer” to change in the area of 0.5 m (20 in) deep 
snow on May 1st.  

 
Elevation Dependence of Change: In general, and supported by the literature, the snowpack in 
the higher elevations of both areas is more responsive to precipitation change, while lower 
elevations are more responsive to temperature change. For GLAC, most of the observed den sites 
are located within the zone where temperature dominates the future effects of change. For the 
elevation of den sites in GLAC (i.e., above 1800 m (5,906 ft)), loss of SCA on May 1st spans the 
range of 5–40 percent, with a 70 percent decrease for the Hot/Wet (miroc GCM) scenario. Above 
2,200 m (7,218 ft), the losses are less than 5 percent for all but the Hot/Wet scenario.  
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Current results may be a reasonable estimate for the high mountain ranges within the Rockies 
that lie between GLAC and ROMO. However, without further study, we cannot reasonably 
extend these results to say whether or not snow refugia will persist in lower elevations of? the 
Central Rockies below our study elevations (approximately 1,000 m (3,281 ft)). These lower 
elevations are where McKelvey et al. (2011) predicted the greatest losses in snowpack. The 
NOAA/CU results also cannot be extrapolated to mountain ranges outside of the Rockies (i.e. the 
Cascade Range) that have different climates (temperature and precipitation). We note here that 
we have no documented wolverine den sites in the contiguous United States below 1,500 m 
(4,921 ft) elevation; that is, no documented den locations in the areas where McKelvey et al. 
(2011) predicted the greatest loss in snowpack. 

 
Interpretation and additional analysis relative to wolverine den site scale: The Service was 
interested in exploring the question, “If snow cover is required for wolverine denning, will there 
be a sufficient amount of significant snow cover in the future in areas wolverines have 
historically used for denning in the contiguous United States?” The Service integrated future 
DHSVM projections (2000–2013 averages) of snow covered area (greater than 0.5 m (20 in) 
depth) on May 1st for GLAC and ROMO with new information obtained from a spatial analysis 
of documented den sites in the contiguous United States. This spatial analysis indicated 31 of 34 
documented den sites in the contiguous U.S. were located in areas with slope less than 25 
degrees. Avalanche risk increases significantly in areas with slope greater than 25 degrees (Scott 
2017; pers. comm.) and wolverines may avoid these areas for denning due to this risk.  
 
Using the projections prepared by Ray et al. (2017), we present in Figures 6 and 7 the spatial 
distribution of significant snow covered area with slopes less than 25 degrees and within the 
elevation bands indicated above for three future scenarios in each study area. The three scenarios 
for GLAC (miroc, cnrm, and giss) and for ROMO (hadgem2, fio, and giss) were chosen to span 
the range of GCM uncertainty regarding future? temperature and precipitation, and by extension 
significant SCA (see Figures 6a and 7a). We found that large portions of the study areas meet all 
three criteria— greater than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m 
(4,967–7,389 ft), and with a slope less than 25 degrees—across both study sites in the future.   
 
The GLAC miroc simulation shows the greatest decrease in future snow covered area in the 
elevation band historically used for denning (orange line in Figure 7a). Figure 6b shows the 
spatial distribution of significant SCA with slope less than 25 degrees and elevation of 1,514–
2,252 m (4,967–7,389 ft) for the miroc simulation on May 1st (approximately Year 2055). 
Approximately 494 km2 (191 mi2) of area meet the three criteria with an additional 803 km2 (310 
mi2) of area retaining significant snow covered area, primarily at higher elevations. Moreover, 
we determined that large tracts of significant SCA are projected in close proximity to 
documented historical den sites across all three scenarios (Figures 6b–6d). A shown in Table 8, 
wolverines would not have to travel far, or at all, relative to either distance or elevation to reach 
areas with significant snow covered area in the future.  
 
A similar analysis was performed for the ROMO study area and the results indicate that large 
portions of the study area meet all three criteria identified above. The hadgem2 (Figure 7b) and 
cnrm scenarios were found to have the greatest decrease in significant snow covered area of the 
five scenarios analyzed. Figure 7b (hadgem2 simulation) shows the spatial distribution of 

Commented [SJ70]: Have we fully fleshed out somewhere why 
May 1 is biologically important to wolverine?  

Commented [SJ71]: Should we remind the reader here that this 
is a highly mobile species that can easily travel several miles ber day 
over diverse terrain? 



North American Wolverine Species Status Assessment Report  DATE 

76 
 

significant SCA (greater than 0.5 m (20 in) depth), elevation of 2,700–3,600 m (8,858–11,811 
ft), and slopes less than 25 degrees where denning would be expected to occur. Total area 
meeting these three criteria was 339 km2 (131 mi2) (dark blue in Figure 7b), with an additional 
446 km2 (172 mi2) with snow depth greater than 0.5 m (20 in) (light blue in Figure 7b), mostly at 
higher elevations. Figures 7c (fio scenario) and Figure 7d (giss scenario) show a similar 
distribution, albeit larger areas of significant snow retention in the future (see map legends in 
Figures 7c and 7d for area estimates). 
 
Table 8. Distance of historical GLAC dens (Years 2003–2007) from projected significant snow 
covered area in the future (approximately Year 2055) (using 2000–2013 average). A 0 (zero) 
value indicates the den site location meets all three criteria in the future (greater than 0.5 m (20 
in) snow depth on May 1st, at elevation 1,514–2,252 m (4,967–7,389 ft), and with a slope less 
than 25 degrees).   
 

Den Site Elevation, m 
(ft) 

Distance from den site to nearest model cell, m (ft) 
GCM scenario 

miroc cnrm giss 
1 2,252 (7,389 ft) 0 0 0 
2 2,093 (6,867 ft) 0 0 0 
3 1,995 (6,545 ft) 0 0 0 
4 1,977 (6,486 ft) 210 (689 ft) 0 0 
5 1,973 (6,473 ft) 208 (682 ft) 0 0 
6 1,928 (6,326 ft) 0 0 0 
7 1,922 (6,306 ft) 9 (29.5 ft) 8 (26 ft) 8 (26 ft) 
8 1,912 (6,273 ft) 170 (558 ft) 0 0 
9 1,893 (6,211 ft) 110 (361 ft) 0 0 
10 1,851 (6,073 ft) 87 (285 ft) 0 0 
11 1,843 (6,047 ft) 74 (243 ft) 0 0 
12 1,823 (5,981 ft) 56 (184 ft) 0 0 
13 1,807 (5,929 ft) 0 0 0 
14 1,514 (4,967 ft) 574 (1,883 ft) 571(1,873 ft) 296 (971 ft) 
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Wildland Fire  
 
California 
 
Keeley and Syphard (2016, entire) analyzed fire-climate relationships to predict future fire 
regimes in California. Their review concluded that: (1) Climate is not a major determinant of fire 
activity across all landscapes; (2) hotter and drier conditions for areas at lower elevations and 
lower latitude were found to have little or no increase in fire activity as vegetation types in these 
regions are ignition limited; (3) increasing annual temperatures by themselves are not good 
predictors of increased fire activity; seasonality, especially spring and summer temperatures, are 
more important; and (4) fire-climate models need to be scaled to vegetation types; broad-scale 
models may produce over-predictions of the total increase in future fire regimes (Keeley and 
Syphard 2016, pp. 1, 10). Additionally, drought is a key factor in defining fire regimes and 
annual precipitation is the primary driver of drought variability (Williams et al. 2015, p. 6,819), 
but, at the present time, it is difficult to separate current droughts in California from natural 
cycles of drought (Keeley and Syphard 2016, p. 6). 
 
Pacific Northwest 
 
Sheehan et al. (2015, entire) used downscaled CMIP5 projections to model vegetation and fire 
changes, with and without fire suppression, within three subregions of the Pacific Northwest. 
RCP 4.5 and 8.5 emission scenarios were used for future climate projections. The resulting 
trends varied by geographic region. In the Western Northwest subregion (from the crest of the 
Cascade Mountains west), the mean fire interval (MFI) averaged over all climate projections 
decreased by up to 48 percent, an increase in annual percent area burned (PAB), and the 
predominant conifer forest is replaced by mixed forest under future climate under both RCP 
scenarios, with and without fire suppression; thus, climate, rather than fire was found to be the 
primary influence in this subregion (Sheehan et al. 2015, pp. 22–26). In the Eastern Northwest 
Mountains (ENWM) subregion (mountainous areas east of the Cascade Mountains), the MFI 
(averaged across all climate projections) decreased by up to 81 percent, there was a projected 
increase in mean annual PAB, and, while subalpine communities are projected to be lost, conifer 
forests were projected to continue to dominate this subregion (Sheehan et al. 2015, pp. 22–24). 
When modeled using a without fire suppression regime, the future projections for ENWM 
indicated a lower MFI and higher mean annual PAB as compared to the with fire suppression 
regime (Sheehan et al. 2015, p. 22; Table 5). However, the eastern portion of the ENWM 
subregion was found to show a differing response based on elevation; that is, higher elevations 
were found to have a higher MFI and a lower mean annual PAB during the 20th century as 
compared to lower elevations (Sheehan et al. 2015, p. 23). 
 
Gergel et al. (2017, entire) evaluated the effects of climate change on snowpack, and soil 
moisture and fuel moisture (fire potential) in the western United States. This study used a 
statistical downscaling approach, using an ensemble of 10 GCMs across several mountainous 
regions known to be occupied by wolverines, with a 6.25 km (3.88 mi) spatial resolution 
hydrologic model. The authors report significant declines in snowpack (measured as SWE) in all 
mountain ranges for all future scenarios (using RCPs 4.5 and 8.5) and GCMs (Gergel et al. 2017, 
p. 295).This study found that spring snowpack in mountains along the Pacific Coast is quite 
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sensitive to warmer temperatures, but in the continental mountain ranges (Northern and Southern 
Rocky Mountains) spring snowpack is more sensitive to changes in precipitation (Gergel et al. 
2017, p. 295). Differences were observed based on elevation (Gergel et al. 2017, p. 292). The 
study reported on future projected declines of summer soil moisture in forested areas (e.g., 
Northern Rockies) and the likelihood of increased risk of drought and therefore an increase in 
wildland fire risk for forested areas (e.g., Northern Rocky Mountains), though they recognize 
there is significant uncertainty in these future projections in high-elevation areas (Gergel et al. 
2017, pp. 295–296). 
 
Other Cumulative Effects 
 
Finally, we note here that the effects of climate change on snowpack are projected to negatively 
affect the season lengths for winter recreational activities, such as skiing and snowmobiling 
(Wobus et al. 2017, entire), thus, potentially reducing this stressor to the wolverine in the future. 
Wobus et al. (2017) modeled potential changes in snowpack at locations across the contiguous 
United States using output from five GCMs, two representative pathways (RCPs) that represent a 
future scenario with continued high emissions growth with limited efforts to reduce GHGs (RCP 
8.5) and a future scenario with global GHG mitigation (RCP 4.5), and two future time periods 
(2050 and 2090) (Wobus et al. 2017, pp. 2, 5). Although there was some inter-annual variability 
in 2050 for some model projections, in general, the Rocky Mountains and Sierra Nevada regions 
had smaller reductions in season length than other locations due to higher elevation, though for 
the RCP 8.5 scenario coupled with the 2090 future time period, the smallest projected reduction 
in season length was 15 percent (Wobus et al. 2017, p. 9). 
 
Summary of Future Conditions  
 
Models represent tools to describe basic physical and biological behaviors using the best 
available science, and, by presenting a range of plausible future outcomes, they can help generate 
hypotheses while also identifying knowledge gaps where greater accuracy is needed (Batchelet et 
al. 2016, p. 23). Detecting a species’ response to climate change in a single population, and 
sometimes multiple populations, may not always indicate the response throughout its range given 
the variation in annual mean surface temperatures over the past century (Post 2013, p. 5). In 
addition, inter-annual variability in temperature can be as important to a species’ ecological 
needs as the actual temperature itself (Post 2013, p. 7). 
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Precipitation patterns into the future are less clear as the climate models show 
significant disagreement in their many regional projections. Although drought conditions in the 
western United States are not unusual, drought duration and intensity have the potential to be 
exacerbated by projected temperature increases. Projected temperature and precipitation changes 
will affect future snow cover and the persistence of snow on the landscape. 
 
Snow cover is projected to decline in response to warming temperatures and changing 
precipitation patterns, but this varies by elevation, topography, and by geographic region. 
Simulations of natural snow accumulation at winter recreation locations have found that, overall, 
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higher elevation areas (e.g., Rocky Mountains, Sierra Nevada Mountains) are more resilient to 
projected changes in temperature and precipitation as compared to lower elevations (Wobus et 
al. 2017, p. 12). In general, models indicate higher elevations will retain more snow cover than 
lower elevations, particularly in early spring (April 30/May1).We present above results from 
several recent climate models projecting snowpack declines in the western United States. More 
specifically, we reviewed a new analysis from NOAA/CU that modeled future snow persistence 
for Glacier and Rocky Mountain National Parks (areas that encompass the latitudinal and 
elevational range of the wolverine in the contiguous United States) at high spatial resolution 
(Ray et al. 2017, entire). Their results indicate significant areas (several hundred square 
kilometers (miles) for each site) of future snow (greater than 0.5 m (20 in) in depth) will persist 
on May 1st at elevations currently used by wolverines for denning. This is true, on average, 
across the range of climate models used out to approximately Year 2055. 
 
Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, the key variables or combination of variables, that defined this relationship have not 
been empirically analyzed. As discussed above (Box 1.0), depth of snow cover and its duration 
increases with elevation; even minor elevation differences are noticeable (Formozov 1961, p. 
123). The spotty distribution of snow cover is also affected by unequal distribution of snow 
precipitation on slopes with different exposures, transport of snow by wind, melting of snow on 
sun-exposed slopes, avalanche or rolling down of snow from steeper areas, and vegetation 
(Formozov 1961, p. 123). In addition, very few studies to date have evaluated the importance of 
denning habitat to reproductive success, or the key physiological and ecological characteristics, 
including avoidance and/or protection from predators, prey availability, availability of food 
caching habitat, that define denning behavior and den site selection.   
 
We also considered temperature and precipitation projections from climate change models in 
conjunction with wildland fire risk. This risk is likely to increase across the western United 
States, but patterns and trends are dependent on several factors (e.g., degree of warming and 
drought conditions, fuel and soil moisture) and geographic region. 
 
As described above (see Life History and Ecology section), across their North American range, 
wolverines are found in a number of habitats, and exhibit wide-ranging movements. In 
conjunction with behavioral responses (e.g., dispersal over great distances, prey switching), 
physiological adaptations, including observed seasonal changes in the insulative capacity of fur, 
allow wolverines to occupy a variety of habitats throughout the year. Physiological adaptations at 
the cellular and biochemical level are also important in adapting to projected increases in 
temperature due to climate changes, though we are unaware of studies evaluating these types of 
responses in wolverines. 
 
Risk Assessment or Viability Analysis 
NOTE: The structure presented in the following sections has been adopted in other SSA Reports 
in Region 8. If this needs to be revised, please let me know. 
Introduction 
 
In order to characterize a species’ viability and demographic risks, we consider the concepts of 
resilience, representation, and redundancy. We also consider known and potential stressors that 

Commented [SJ73]: Should we retate in this paragraph that thre 
are recnet records of them denning outside of snow?  

Commented [SJ74]: We need to wrap in discussion of these 
below.  And more connection of conclusions to wolverine in 
contiguous US/lower 48.  
 
I don’t know that we need separate sections for the 3 R’s or not, but 
could at least point out in these sections were we are talking about 
things related to either one of the R’s.   
 
Consider: 
Resilience – generally, lower 48 wovlerines would need abundant 
(relatively speaking for a wide ranging huge homerange species like 
wolverines) individuals within habitat of adequate area and quality 
to maintain survival in spite of future disturbances.  We don’t know 
exactly how abundant they are, or what adequate abundance exacty 
would be for wolverine, but we do know there are more now than 
there were in recent history and they are seemingly occupying the 
large ares of adequate habitat that exist in the lower 48. And we have 
no reason to believe that will change in the future given the 
distrubrances we can foresee, even if they depend on snow.  We can 
say that much regarding resiliency at least.  
 
Redundancy – usually discussed as a function of number and spread 
of populations, I think we’re really dealing w/ a portion of one larger 
population here in the lower 48.  That said, we could discuss 
redundancy simply in terms of spatial extent and degree of 
connectivity amongst lower 48 wolverines, and perhaps connectivity 
w/ Canada, as influencing lower 48 wolverines’ ability to withstand 
catastrophic events that we could foresee happening in the future 
(CC?).  
 
Representation – Some of this is already discussed below, just call it 
out. In a very general sense, we could discuss geographic, genetic, or 
life history variation, or lack thereof, and the effect (if any) on the 
wolverines ability to adapt to changing conditions in future.  



North American Wolverine Species Status Assessment Report  DATE 

82 
 

may negatively impact the physical and biological features that the species needs for survival and 
reproduction. Stressors are expressed as risks to its demographic features such as abundance, 
population and spatial structure, and genetic or ecological diversity. We consider the level of 
impact a stressor may have on a species along with the consideration of demographic factors 
(e.g., whether a species has stable, increasing, or decreasing trends in abundance, population 
growth rates, diversity of populations, and loss or degradation of habitat). The following 
discussion provides a representation of the demographic risks for the wolverine. 
 
Abundance 
 
Accurate historical and current estimates of abundance are not available for the wolverine at the 
present time. As noted above, recent surveys (winter 2015, winter 2016-2017) conducted as part 
of an occupancy estimate in the western United States across four States recorded 85 
observations, including in locations where they have not been recently detected (e.g., south of 
Interstate 90 in Washington, Teton Mountain Range/Grand Teton National Park). At this time, 
the best available information does not indicate that the species’ abundance is significantly 
impacted by human-caused stressors. The best available information does not indicate either 
increasing or declining numbers of the wolverine in North America, including the contiguous 
United States.  
 
We recognize that there is limited information on population sizes for the wolverine in the 
contiguous United States, and no comprehensive studies to indicate what a viable (or minimal) 
wolverine population size should be across its North American range. Regardless, surveys 
conducted in the winter of 2016–2017 continue to document its presence across its range in the 
contiguous United States. Wolverine populations in Canada and Alaska are considered stable. 
Therefore, the total abundance across the wolverine’s North American range is not likely to be at 
or near a level that would significantly affect the species demographic stochasticity (i.e. 
resiliency). 
 
Population or Spatial Structure Resiliency  
 
The geographical range limits of species result from a complex interactions including species-
specific physiological, phenological, and ecological characteristics, dispersal ability, and biotic 
interactions, as well as phylogenetic history (Bozinovic et al. 2011, p. 156).   
 
A recent evaluation of behavioral plasticity, as an adaptive response to climate change effects, 
was presented by Beever et al. (2017, entire) using the American pika (Ochotona princeps; 
pika), as a case study. As with the wolverine, this species is known to use several behavioral 
responses to variability in climate including changes in foraging strategies, use of habitat, and 
thermoregulation (Beever et al. 2017, p. 302). The pika was recently detected in heavily shaded 
rainforest habitat adjacent to talus patches at lower elevation (Columbia River Gorge) not typical 
of the talus-type habitats commonly used in many alpine areas of the western United States 
(Beever et al. 2017, p. 302). The authors suggest that, in the Columbia River Gorge region, this 
species is selecting microclimates in nearby shaded forests that provide insulation from warm 
summer temperatures (Beever et al. 2017, p. 302).This study also included results from a review 
of available literature related to behavior as a response to changing environmental conditions in 
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various species?. They found that behavioral responses to climate change effects were most 
commonly observed in longer-lived species, and the most common response, across all taxa, was 
a change in reproductive behavior, followed by dispersal or migration (Beever et al. 2017, p. 
300). Most of the studies they evaluated identified temperature as the climate metric that was 
responsible for, or correlated with, changes in behavior; however, about 14 percent of the 
examined literature included responses to indirect (biotic) factors, such as changes in food 
resources (Beever et al. 2017, p. 300).  
 
The authors also note that there are tradeoffs (e.g., reduction in time for foraging due to 
sheltering) that may impact long-term persistence and population viability (Beever et al. 2017, 
pp. 301–302), and the pika’s flexibility in habitat selection has not been observed in populations 
in the Great Basin (Beever et al. 2017, p. 302), where some populations have been extirpated 
(Beever et al. 2016, p. 1,498; Table 1). A recent study concluded that the pika has been 
extirpated from an interior portion of its geographic distribution in the Sierra Nevada region 
(California) due to climate effects (i.e., increase in temperature, decline in snowpack), and 
although sites surrounding this core area still harbor the species, the net effect has been 
fragmentation of habitat and species distribution (Stewart et al., 2017, entire).  
 
However, the pika continues to be found at sites that are outside of areas contained within 
bioclimatic envelop models (Jeffress et al. p. 253). Jeffress et al. (2017, entire) found previously 
undocumented extant populations of the American pika in a region of the Great Basin 
(northwestern Nevada) that has been described as extirpated. Relative to wolverine, the authors 
note that these results highlight the need for monitoring programs, particularly at remote and 
isolated locations, and the importance of evaluating occupancy at multiple scales (Jeffress et al. 
2017, p. 266). In addition, the study noted the inconsistency of modeled climate factors in 
explaining occupied/unoccupied sites, and the likely importance of the pika’s talus (micro) 
habitat as well as the scale in which environmental variables are examined (Jeffress et al. 2017, 
p, 264). Resilience of pika populations is therefore likely related to these types of landforms, 
which act to decouple surface temperatures, with the talus rock habitat providing cool refugia 
(Jeffress et al. 2017, pp. 253, 264–265), but additional microsite data is needed as well as 
analyses of physiological variables are needed to develop predictions of persistence (Jeffress et 
al. 2017, pp. 265-266). In sum, these studies indicate that small mammals exhibit adaptive 
responses to changing climate provided that refugia are available to support life history 
requirements. 
 
As indicated above, population size, growth rate, and current population trends are unknown for 
the wolverine due to the lack of abundance information. The range of the wolverine occurs 
within a large area of northern North America (see Figure 3). The most recent estimate for 
Canada indicates over 10,000 adult wolverines, and expansion into historically occupied areas in 
both Canada and the contiguous United States.  
 
We are unaware of studies of the wolverine that have formally evaluated the species’ responses 
(e.g., reproductive success) in response to warming temperatures or other climate change effects. 
As reported above, the best available information indicates confirmed observations of wolverines 
denning in areas with patchy snow cover in Alaska, Canada, and Scandinavia. Given their high 
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rate of movement, large dispersal, and other observed life history traits (e.g., behavioral 
plasticity), we do not predict a significant loss of resiliency to the species in the future. 
 
Diversity 
 
As discussed above (Status–Future Conditions), both direct and cumulative effects of climate 
change (e.g., higher temperatures, loss of snow cover, wildland fire) may affect the resilience of 
the wolverine by creating an environment that is less favorable to its physiological and 
ecological needs. 
 
Currently, we are unaware of any documented specific risks for the wolverine related to a 
substantial change or loss of diversity in life history traits, population demographics, 
morphology, behavior, or genetic characteristics. Rates of dispersal or gene flow are not known 
to have changed. Additionally, there is no currently available information to indicate that the 
current abundance of the wolverine across its current range is at level that is causing inbreeding 
depression or loss of genetic variation. Nor is there any information to indicate that this species 
is unable to adapt or adjust to changing conditions (e.g., reduction in snow cover). 
 
Overall Assessment 
 
The wolverine’s current range extends across the west-northwestern United States, large areas of 
Canada, and Alaska. In the contiguous United States, potentially suitable habitat (i.e., primary 
habitat), as determined by the physical and ecological features and the ecological needs of the 
wolverine, has been estimated at 164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). The 
species is found in a variety of habitat, but generally occurs in remote locations.  
 
In the contiguous United States, the wolverine is represented as a metapopulation, although its 
genetic structure relative to its entire North American range has not been comprehensively 
evaluated. Wolverine populations in Alaska are considered to be continuous with populations in 
the Yukon and British Columbia provinces of Canada based on genetic studies (COSEWIC 
2014, p. 37). Similarly, studies of wolverines in the North Cascades region have documented 
movement of wolverines from Washington into British Columbia (Aubry et al. 2016, pp. 16, 20). 
 
Based on our review of available relevant literature for similar species, we identified the physical 
and ecological needs of the species as follows: large territories in remote landscapes; at high 
elevation (1,800 to 3,500 meters (5,906 to 11,483 feet)) within the contiguous United States; 
access to a variety of food resources, that varies with seasons; and reproductive behavior linked 
to both temporal and physical features. 
 
Wolverines select den sites for different characteristics depending on location. Dens located 
under snow cover may be related to wolverine distribution based on other life history traits, 
including morphological, demographic, and behavioral adaptations that allow them to 
successfully compete for food resources (Inman 2013, pers. comm.). Structure (e.g., uprooted 
trees, boulders and talus fields) appears to be essential for natal den sites. However, reproductive 
success of wolverines has not been evaluated relative to the depth and persistence of snow cover, 
or in combination with these or other important characteristics, including prey availability and 
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predator avoidance. Recent studies of wolverine populations and distribution in Sweden have 
observed wolverine populations and reproductive den sites outside areas with persistent spring 
snow cover (Aronsson and Persson 2016; Persson 2017, pers. comm.). 
 
We identified several potential stressors that may be affecting the species’ and its habitat 
currently or in the future, including impacts associated with climate change effects. We 
recognize there is limited information available for the wolverine, including population estimates 
and abundance trends. Based on the best available information, demographic risks to the species 
from either known or most likely potential stressors (i.e., effects from roads, disturbance due to 
winter recreational activities, effects of wildland fire, and overutilization) are low based on our 
evaluation of the best available information as it applies to current and potential future conditions 
for the wolverine and in the context of the attributes that affect its viability.  
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). If spring snow is critical to wolverine survival, our review of projected snow 
persistence (to approximately Year 2055) within the Northern and Southern Rocky Mountains, 
indicates that several hundred kilometers (miles) of deep snow will persist on May 1st at 
elevations used by the wolverine for denning. 
 
Legal protections include State listing in California and Oregon (as threatened), endangered in 
Colorado (as endangered), as a candidate species in Washington, and protection as a non-game 
species in Idaho and Wyoming. In Canada, provincial designations range from endangered to 
threatened in eastern provinces, and sensitive/special concern to no ranking in other provinces.  
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States.  
Trapping effort along the United States–Canada border does not represent a significant barrier to 
wolverine movement and dispersal along the international border.   
 
Approximately 96 percent of modeled wolverine primary habitat is located on Federal lands, 
with 41 percent located in designated wilderness areas. Management actions for conservation of 
the wolverine and its habitat are included within State Wildlife Action Plans, the Idaho 
Wolverine Conservation Plan, and USDA Forest Service Land and Resource Management Plans 
(see Appendix G), and other Federal and Tribal partners, and include winter road closures, fire 
management, land acquisition or conservation easements. These management measures, 
currently and in the future, will alleviate effects associated with impacts related to potential 
stressors discussed in this report.   
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Appendix A – Ecoregions of North American within Estimated Current Range of North 
American Wolverine 
(Adapted from EPA 2010)  
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Appendix B – Wolverine Detections, Winter 2016–2017 (as of July 2017)   
Source: Inman 2017b, pers. comm. 
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Appendix C – Recent Wolverine Detections, Idaho and Wyoming  
Sources: Dewey 2017, pers. comm.; Evans Mack 2017, pers. comm.; IDFG 2017; Walker 2017, pers. comm. 
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Appendix D – Land Ownership of Modeled Wolverine Primary Habitat in Contiguous United 
States 
(based on model from Inman et al. 2013) 

 
Ownership  
(% of total) 

Agency or other Entity Total  
(acres) 

Total 
(hectares) 

Federal Lands Bureau of Indian Affairs 453,866 183,673  
 Bureau of Land Management 498,977 201,929  
 Bureau of Reclamation 1,868 756  
 Forest Service 34,331,515 13,893,471  
 U.S. Fish and Wildlife Service 5,528 2,237  
 National Park Service 3,791,491 1,534,362  
 Other U.S. Department of Agriculture 13,312 5,387  
 Other Federal 0.05 0.02  
Total Federal  
 (96.4%) 

 39,096,557 15,821,815 

State Lands  
(0.68%) 

Arizona, California, Colorado, Idaho, 
Montana, Nevada, New Mexico, Oregon, 
Utah, Washington, Wyoming 

277,181 112,171 

Local 
Government 
(0.12%) 

 49,464 20,017 

Private Lands 
(2.63%) 

 1,064,858 430,933 

No Code (“99”) 
(0.15%) 

 60,380 24,435 

Undetermined 
(0.02%) 

 7,598 3,075 

Total (100%)  40,556,038 16,412,446 
 
Note: Numbers may not total to 100 percent due to rounding. 
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Appendix E – Results from Spatial Analysis of Roads within Current Range of Wolverine 
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Appendix F – Road Closure Map, Grand Teton National Park 
Retrieved from:  https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-
content/uploads/2015/11/GTNP-closure-map.pdf  
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Appendix G – Existing Regulatory Mechanisms and Voluntary Conservation Measures 
 
Federal Mechanisms 
 
Organic Administration Act of 1897 and the Multiple–Use, Sustained–Yield Act of 1960 
 
The USFS Organic Act of 1897 (16 U.S.C. § 475–482) established general guidelines for 
administration of timber on USFS lands, which was followed by the Multiple–Use, Sustained–
Yield Act (MUSY) of 1960 (16 U.S.C. § 528–531), which broadened the management of USFS 
lands to include outdoor recreation, range, watershed, and wildlife and fish purposes. 
 
National Forest Management Act 
 
The National Forest Management Act (NFMA) (16 U.S.C. § 1600 et seq.) requires the Forest 
Service to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. § 528–
531). The NFMA outlines the process for the development and revision of the land management 
plans and their guidelines and standards (16 U.S.C. § 1604(g)). 
 
A new National Forest System (NFS) land management planning rule (Planning Rule) was 
adopted by the U.S. Department of Agriculture Forest Service (Forest Service) in 2012 (77 FR 
21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision 
of land management plans for all units of the NFS to maintain and restore NFS land and water 
ecosystems while providing for ecosystem services and multiple uses. Land management plans 
(also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and 
resources; (2) meet the need for forest restoration and conservation, watershed protection, and 
species diversity and conservation; and (3) assist the Forest Service in providing a sustainable 
flow of benefits, services, and uses of NFS lands that provide jobs and contribute to the 
economic and social sustainability of communities (77 FR 21261, April 9, 2012). A land 
management plan does not authorize projects or activities, but projects and activities must be 
consistent with the plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of 
plant and animal communities including species-specific plan components in which a 
determination is made as to whether the plan provides the “ecological conditions necessary 
to…contribute to the recovery of federally listed threatened and endangered species…” (77 FR 
21265; April 9, 2012). 
 
The Record of Decision for the final Planning Rule was based on the analyses presented in the 
Final Programmatic Environmental Impact Statement, National Forest System Land 
Management Planning (77 FR 21162–21276; April 9, 2012), which was prepared in accordance 
with the requirements of the National Environmental Policy Act (NEPA) (discussed below). In 
addition, the NFMA requires land management plans to be developed in accordance with the 
procedural requirements of NEPA, with a similar effect as zoning requirements or regulations as 
these plans control activities on the national forests and are judicially enforceable until properly 
revised (Coggins et al. 2001, p. 720). 
 
A Species of Conservation Concern (SCC) is defined in the 2012 Planning Rule and in 
regulation (36 CFR 219.9(c)), as “a species, other than federally recognized threatened, 
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endangered, proposed, or candidate species, that is known to occur in the plan area and for which 
the regional forester has determined that the best available scientific information indicates 
substantial concern about the species' capability to persist over the long-term in the plan area.” 
The 2012 Planning Rule requires Regional Foresters to identify SCC for plan revision, and, when 
identified for a National Forest, monitoring plans are changed as needed (77 FR 21250, 21267; 
April 9, 2012). Wolverine is considered a SCC in the Rocky Mountain Region (Region 2). It is a 
considered a Sensitive Species in the Intermountain Region (Region 4) and Northern Region 
(Region 1). 
 
Within our estimated Current Range of the wolverine (see Figure 3), we identified 49 National 
Forests or Scenic Recreation Areas in the contiguous United States, and 2 within the State of 
Alaska. These areas are contained within 6 Forest Service Regions across the western United 
States and Alaska.  
 
National Forest Land Management Plans (Forest Plans) 
 
We reviewed several Forest Plans or related planning documents in an effort to describe how 
these plans provide conservation management for the wolverine and its habitat, including 
wildland fire management practices. The sections below are, in most cases, taken directly from 
relevant documents. However, this discussion is not intended to be inclusive of all NFS 
management strategies and activities across the entire Current Range of the wolverine in the 
contiguous United States. 
 
Sierra Nevada Forest Plan Implementation 
 
The 2004 Sierra Nevada Forest Plan Amendment (referred to as the Sierra Nevada Framework) 
amended the Land and Resource Management Plans (LRMP) for the eleven National Forests in 
the Sierra Nevada range to improve protection of old forests, wildlife habitats, watersheds and 
communities in the Sierra Nevada Mountains and Modoc Plateau. This amendment applies to the 
Tahoe National Forest, which has been occupied by a single male wolverine since at least 2008 
(Moriarty et al. 2009, p. 150). The emphasis of the 2004 Sierra Nevada Framework is to adopt an 
integrated strategy for vegetation management that is aggressive enough to reduce the risk of 
wildfire to communities in the wildland urban interface, while modifying fire behavior over the 
broader landscape. Direction is provided as management goals and strategies, desired conditions, 
management intents and objectives, and management standards and guidelines. The 2004 
Framework addressed five problem areas: old forest ecosystems and associated species; aquatic, 
riparian and meadow ecosystems and associated species; fire and fuels management; noxious 
weeds; and lower west side hardwood ecosystems (Forest Service 2013, p. 13).  
 
Kootenai National Forest 
 
The Kootenai National Forest is located in the northwest corner of Montana along the Canadian 
border and includes about 2.2 million acres of public land (Forest Service 2015, p. 7). The Forest 
Service published a Revised Land Management Plan for the Kootenai National Forest in 2015 
that identifies forestwide direction includes goals, desired conditions, objectives, standards, and 
guidelines for physical and biological elements including wildlife such as management activities 
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that promote connectivity and avoiding or minimizing disturbance at known active denning sites 
for sensitive, threatened, or endangered species not covered under other forestwide guidelines. It 
also outlines objectives and guidelines related to the use of fire to maintain or improve habitat 
and maintaining unlogged conditions in some portions of areas burned by wildfires for 5 years 
post-fire (Forest Service 2015, pp. 28–32).  
 
The Kootenai National Forest Land Management Plan also identifies proposed or possible 
actions for wildlife management that includes establishing and maintaining the vegetation 
diversity necessary to provide food, cover, and security for wildlife species native to the 
Kootenai National Forest in cooperation with federal, state, and other organizations. For 
wolverine, those management activities might include maintaining, managing, and protecting 
lands known or suspected to contribute to landscape linkages for wolverine (and other 
carnivores) in order to promote genetic dispersal and healthy populations (Forest Service 2015, 
p. 128). 
 
Beaverhead-Deerlodge National Forest 
 
The Beaverhead-Deerlodge National Forest covers 3.38 million acres in southwest Montana 
(Forest Service 2009, p. 2). The Beaverhead-Deerlodge National Forest Land and Resource 
Management Plan identifies goals, objectives, and standards for wildlife management (Forest 
Service 2009, pp. 45–49). Of relevance to the wolverine, wildlife security management goals 
include securing areas and connectivity for ungulates and large carnivores and managing the 
density of open motorized roads and trails by landscape region (Forest Service 2009, p. 45). 
Objectives include management of habitat conditions for elk security and winter habitat integrity 
for wolverine and mountain goat relative to changes in abundance of these Management 
Indicator Species (Forest Service 2009, p. 47). Monitoring elements are defined in the Land and 
Resource Management Plan that link goals and objectives to elements of the National 
Monitoring and Evaluation Framework (Forest Service 2009, pp. 273–280). For wildlife 
security, three performance measures relative to determininge whether management activities are 
effectively protecting high elevation winter habitats for wolverines and mountain goats are 
defined: (1) presence or absence of wolverines in high elevation habitats, (2) populations of 
mountain goats (from Montana Fish Wildlife & Parks), and (3) number of snowmobile entries 
into non-motorized high elevation units protected for wolverines and mountain goats (Forest 
Service 2009, p. 277). In addition, in order to evaluate objectives related to road and trail 
densities, a performance measure related to changes in open motorized road and trail density for 
both seasons by landscape is included (Forest Service 2009, p. 277). 
 
The Forest Service is monitoring the Mount Jefferson Recommended Wilderness boundary for 
illegal snowmobile intrusions into the wolverine habitat closure; that is, illegal use will be 
monitored and recorded (number and distance of intrusions) during the period open to 
snowmobiles December 2 to May 15 and any other time of the year snow conditions make 
snowmobiling possible (Forest Service 2009, p. 277). A reassessment of the decision to allow 
snowmobile use will be triggered if: (1) illegal intrusions are documented throughout the closure 
period; (2) illegal intrusions into the closed area, or (3) illegal intrusions that extend as far as the 
Bureau of Land Management (BLM) Wilderness Study Area (Forest Service 2009, p. 277). 
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Flathead National Forest 
 
The Flathead National Forest is located in the northern Rocky Mountains in western Montana 
and includes approximately 2.4 million acres of public land (Forest Service 2016a, p. 3). This 
National Forest is surrounded by the Kootenai, Lewis and Clark, and Lolo National Forests, 
Glacier National Park, and Canada and includes large areas of designated wilderness (e.g., Bob 
Marshall Wilderness Complex, Mission Mountains Wilderness), Crown of the Continent 
Ecosystem, and wild and scenic river systems (Forest Service 2016a, pp. 3–4).  
 
A Draft Revised Forest Plan was prepared for the Flathead National Forest in 2016 (Forest 
Service 2016b, entire). The Draft Revised Forest Plan identifies components to guide future 
projects and activities and the plan monitoring program, though these components are not 
commitments or final decisions approving projects or activities (Forest Service 2016b, p. 3). 
These components include desired conditions, objectives, standards, guidelines, suitability, and 
monitoring questions and monitoring indicators (Forest Service 2016b, p. 3). [A desired 
condition is a description of specific social, economic, and/or ecological characteristics of the 
plan area, or a portion of the plan area, toward which management of the land and resources 
should be directed, while an objective a concise, measurable, and time-specific statement of a 
desired rate of progress toward a desired condition or conditions (Forest Service 2016b, p. 4). A 
standard is a mandatory constraint on project and activity decision making, established to help 
achieve or maintain the desired condition or conditions, and a guideline is a constraint on project 
and activity decision-making that allows for departure from its terms, and are established to help 
achieve or maintain a desired condition or conditions, to avoid or mitigate undesirable effects, or 
to meet applicable legal requirements (Forest Service 2016b, pp. 4–5).] 
 
Relative to wolverine, plan components for the revised forest plan include two guidelines that are 
protective of wolverine habitat; one that would protect modeled wolverine maternal denning 
habitat with respect to new projects or activity authorizations involving helicopter use and one 
that stipulates no net increase in the percentage of modeled wolverine maternal denning habitat 
where motorized over-snow vehicle use would be suitable on National Forest System lands. 
Additionally, as described in the Final EIS, management area allocations for Alternatives A, B 
modified and C include recommended wilderness areas that would add to existing wilderness. 
Desired conditions related to maintaining connectivity for wolverine and other wildlife are also 
identified within several geographic areas (Kuennen 2017, pers. comm.). 
 
Federal Land Policy and Management Act (FLPMA) of 1976 
 
FLMPA (43 U.S.C. 1711-1712) represents the BLM’s “organic act” for public lands 
management under the principles of multiple use and sustained yield. Its implementing 
regulations give BLM regulatory authority over activities for protection of the environment, 
including mining claims. Under FLPMA and BLM policy, public lands must be managed so as 
to protect the quality of scientific, scenic, historical, ecological, environmental, air and 
atmospheric, water resource, and archaeological values (BLM 2005, p. 1). 
 
Land Use and Resource Management Plans  
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BLM land use planning requirements are established by Sections 201 and 202 of FLMPA and 
regulations at 43 CFR 1600 (BLM 2005, p. 1). A Land Use Planning Handbook (BLM 2005, 
entire) provides guidance for implementing land use planning requirements established under 
FLMPA and implementing regulations. Land use plans prepared by BLM include resource 
management plans (RMPs) and management framework plans (BLM 2005, p. 1). The RMPs 
establish the basis for actions and approved uses on the public lands and are prepared for areas of 
public lands, called planning areas (BLM 2005, pp. 1, 14). These plans are periodically evaluated 
and revised in response to changed conditions and resource demands (BLM 2005, pp. 33–34).  
 
National Environmental Policy Act (NEPA) 
 
All Federal agencies are required to adhere to the NEPA of 1970 (42 U.S.C. 4321 et seq.) for 
projects they fund, authorize, or carry out. Prior to implementation of such projects with a 
Federal nexus, NEPA requires the agency to analyze the project for potential impacts to the 
human environment, including natural resources. The Council on Environmental Quality’s 
regulations for implementing NEPA state that agencies shall include a discussion on the 
environmental impacts of the various project alternatives (including the proposed action), any 
adverse environmental effects that cannot be avoided, and any irreversible or irretrievable 
commitments of resources involved (40 CFR part 1502). The public notice provisions of NEPA 
provide an opportunity for the Service and other interested parties to review proposed actions 
and provide recommendations to the implementing agency. NEPA does not impose substantive 
environmental obligations on Federal agencies—it merely prohibits an uninformed agency 
action. However, if an Environmental Impact Statement is prepared for an agency action, the 
agency must take a “hard look” at the consequences of this action and must consider all 
potentially significant environmental impacts. Federal agencies may include mitigation measures 
in the final Environmental Impact Statement as a result of the NEPA process that may help to 
conserve the wolverine and its habitat.   
 
Although NEPA requires full evaluation and disclosure of information regarding the effects of 
contemplated Federal actions on sensitive species and their habitats, it does not by itself regulate 
activities that might affect the wolverine; that is, effects to the subspecies and its habitat would 
receive the same scrutiny as other plant and wildlife resources during the NEPA process and 
associated analyses of a project’s potential impacts to the human environment. The Service 
receives notification letters for Draft and Final Environmental Impact Statements prepared by the 
Forest Service, BLM and other Federal agencies pursuant to NEPA for specific proposed 
projects including those within National Forests or National Parks, and preparation of Forest 
Service Land and Resource Management Plans, as discussed above.   
 
Wilderness Act 
 
The Wilderness Act of 1964 (16 U.S.C. 1131–1136) provides protection of habitat from most 
forms of development, though no single agency is responsible for administration of lands 
provided this designation, which are designated (or modified) by Congress. The Wilderness Act 
prohibits commercial enterprises and permanent roads within wilderness area and restricts 
temporary roads, motorized and mechanical transport, and structures, but does not prohibit all 
commercial uses (e.g., grazing). Within the portion of our estimated Current Range of the 
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wolverine in the contiguous United States and Alaska, approximately 15 percent is designated as 
wilderness areas under the Wilderness Act. We also evaluated wilderness contained within 
modeled wolverine primary habitat from Inman et al. (2013). We found 41 percent of this 
suitable habitat was designated as wilderness areas. 
 
State Mechanisms 
 
California  
 
As noted above, the wolverine is a threatened species under the California Endangered Species 
Act or CESA, which prohibits the take of any species of wildlife designated by the California 
Fish and Game Commission as endangered, threatened, or candidate species (CDFW 2017b). 
CDFW may authorize the take of any such species if certain conditions are met through the 
issuance of permits (e.g., Incidental Take Permits) (CDFW 2017b). The wolverine is also a 
Species of Greatest Conservation Need (SGCN) in the State’s Wildlife Action Plan4 and is a 
focal species of conservation strategies for conservation targets in the Southern Cascades and 
Sierra Nevada Ecoregions, and in the Mono Ecoregion of the Deserts Province section (Big 
Sagebrush Scrub (CDFW 2015, pp. 5.2-16, 5.4-23, 5.6-19). 
 
In 2011, the CDFW (formerly California Department of Fish and Game) prepared an 
assessment/briefing document, California Wolverine Population Augmentation Considerations, 
in response to a Feasibility Assessment and Implementation Plan for Population Augmentation of 
Wolverines in California (November 2010) submitted to the Department by the Institute for 
Wildlife Studies (California Department of Fish and Game, 2011). As of August 2017, no action 
has been taken by CDFW toward implementation of augmentation of wolverines in California. 
 
Oregon 
 
The wolverine has been listed as threatened species in Oregon since 1975, under the Oregon 
Endangered Species Act, and is fully protected under management authority of the ODFW 
(Anglin 2013, pers. comm.).  
 
A Conservation Strategy for conserving the State’s fish and wildlife has been prepared by the 
ODFW. The Conservation Strategy identifies 294 Strategy Species, which are Oregon’s SGCN, 
(including wolverine) and are defined as those species having small or declining populations, are 
at-risk, and/or are of management concern (ODFW 2016). For each of the Strategy Species, the 
Conservation Strategy identifies information on the special needs, limiting factors, data gaps, and 
conservation actions. For wolverine, conservation actions include management of recreational 
use to avoid impacts to the species (ODFW 2016). Other Strategy Species identified in the 

                                                 
4 The U.S. Congress created the State Wildlife Grant (SWG) funding program in 2000 (Title IX, Public Law 106-
553 and Title 1, Public Law 107-63). SWG funds are to be used "…for the planning and implementation of [States 
and territories] wildlife conservation and restoration program and wildlife conservation strategy, including wildlife 
conservation, wildlife conservation education, and wildlife-associated recreation projects.” Congress stipulated that 
each State or territory applying for this funding program must develop a wildlife conservation strategy (State 
Wildlife Action Plan (SWAP)) by October 1, 2005. All 56 states and territories submitted SWAPs by 2005 and 
made commitments to review and/or revise their SWAP at least every 10 years. 
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State’s Conservation Strategy are prey species important to wolverine, including the Rocky 
Mountain bighorn sheep and Columbian white-tailed deer (ODFW 2016). 
 
Washington 
 
The wolverine is a candidate species for listing in the State of Washington and, since 2006, the 
Washington Department of Fish and Wildlife (WDFW) has been collaborating with wolverine 
researchers in the Cascades of northern Washington and southern British Columbia to better 
understand the status, distribution, and general ecology of wolverines in this region (WDFW 
2013). It is also considered a SGCN, and is identified as a species whose population is in critical 
condition (WDFW 2013, p. 3-7). 
 
Washington’s State Wildlife Action Plan (updated in 2015) identifies several major conservation 
strategies to address the conservation of fish and wildlife habitat and biodiversity in Washington, 
on both public and private lands (WDFW 2015, pp. 2-12–2-28). The wolverine is included in 
several identified ecological systems of concern such as alpine scrub, forb meadow, and 
grassland vegetation, cliff, scree and rock vegetation, and temperate forests (WDFW 2015, pp. 4-
19, 4-27, 4-98). The State’s Wildlife Action Plan identifies major stressors and key actions 
needed to maintain habitat quality for each of these ecological systems. 
 
Of relevance to wolverine, the WDFW and its partners have been targeting land acquisition and 
conservation easements with high habitat or biodiversity values such as mixed-conifer forests as 
well as areas that support winter range and connectivity for wolverine and other carnivores (e.g., 
Methow River and Okanogan River Watersheds projects) (WDFW 2015, pp. 2-15–2-17). Other 
landscape conservation efforts highlighted in the State’s Wildlife Action Plan include a Federal-
State partnership with Washington’s Department of Transportation to implement the Interstate-
90 Snoqualmie Pass East Project to enhance wildlife connectivity that includes wildlife 
underpasses under the highway along creeks and rivers and two 150-foot wide wildlife bridges 
over the highway (WDFW 2015, p. 2-26). 
 
Idaho 
 
In Idaho, the wolverine is a protected nongame species and SGCN in Idaho (IDFG 2014). The 
Idaho State Wildlife Action Plan, 2015 is a statewide plan for conserving and managing Idaho’s 
fish and wildlife and their habitats, and provides a framework for conserving Idaho’s 205 SGCN 
and their habitats, which includes the wolverine, (IDFG 2017, pp. xv–xviii). The wolverine is 
identified as a Tier 1 SGCN, which indicates it represents a species of most critical conservation 
need (IDFG 2017, p. xvi). The statewide plan presents a species assessment for each SGCN and 
ecological section plans. Each of the ecological section plans presents a conservation target (e.g., 
habitat, species assemblage) that summarizes its viability as well as prioritized threats and 
strategies (IDFG 2017, p. xv). A section outlining species designation, planning, and monitoring 
is also provided. The wolverine is included in three of the defined conservation targets—forested 
lowlands, subalpine-high montane conifer forest, and low density forest carnivores (IDFG 2017, 
p. 76). Along with objectives and strategies, these summaries identify actions for the SGCNs 
included in the defined conservation targets. Examples include: develop and implement a long-
term multi-taxa monitoring program; determine high risk areas for wildlife crossings; construct 
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highway over- and underpasses; promote and/or facilitate the use of prescribed fire as a habitat 
restoration tool, on both public and private lands where appropriate; determine best management 
practices to maintain cool microsites and benefit cool air associated species; and implement 
strategies to minimize disturbance from winter recreation activities as outlined in the 
Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 (IDFG 2017, pp. 79, 
80, 91, 94, 110). 
 
The Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 (Management 
Plan) (IDFG 2014, entire) represents a framework for proactive efforts to ensure the long-term 
persistence and viability of wolverine populations in Idaho (IDFG 2016, pers. comm.). The 
Management Plan is described as a voluntary guidance document to lead conservation efforts at 
the State and local level, as well as to facilitate communication and collaboration efforts among 
wildlife and land managers (IDFG 2014, p. v). 
 
Conservation issues and management actions are described in the Management Plan and the 
appropriate section plans of the Idaho State Wildlife Action Plan. The recommended strategies 
include development of finer-scale climate projections, research regarding wolverine-snow 
relationships, characterizing wolverine response to recreational activities, developing predictions 
of the potential overlap of wolverine and high levels of snow-sports recreation, and educating 
trappers to minimize incidental trapping of nontarget species, including the wolverine (IDFG 
2014, pp. 32–39; IDFG 2017, p. 1058). Seven conservation and management objectives are 
outlined in the Management Plan (IDFG 2014, pp. 32–39) and, as outlined in a November 2016 
response letter, there has been progress on all of these objectives (IDFG 2016, pers. comm.). As 
an example, the agency (under the Multi-species Baseline Initiative) has developed and 
implemented a baseline micro-climate monitoring protocol for collecting environmental 
parameters in an effort to identify areas that serve as cool-air refugia (IDFG 2016, pers. comm.). 
As described above (Overutilization for Commercial, Recreational, Scientific, or Educational 
Purposes), the IDFG has prepared educational materials to promote best management practices 
for minimizing non-target wolverine captures and continues to educate trappers under a 
legislative mandate passed in 2016 (State of Idaho House Bill 378) (IDFG 2016, pers. comm.).  
 
In addition, the management of prey species important to the wolverine diet are outlined in the 
Idaho Elk Management Plan 2014-2024 (IDFG 2014a), the Mule Deer Management Plan 2008-
2017 (IDFG 2008), and the Bighorn Sheep Management Plan (IDFG 2010). 
 
Montana 
 
In the State of Montana, the wolverine is classified as a furbearer and species of concern. Since 
2013, there has been a zero quota for trapping or harvest of wolverine and trappers that capture a 
wolverine must notify a designated Montana FWP employee within the relevant trapping district 
within 24 hours for collection if the animal cannot be released uninjured (Montana FWP 2016, 
pers. comm.).  
 
There are two broad-scale wildlife conservation efforts that provide conservation benefits to the 
wolverine. Montana’s State Wildlife Action Plan (updated and revised in 2015) identifies the 
wolverine as one of 128 SGCN (Montana FWP 2015, Appendix N). The State’s Wildlife Action 
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Plan identifies priority community types, focal Areas, and species to help informing Montana 
FWP’s priorities and decisions and to assist other agencies and organizations in making 
decisions as to where to focus their conservation efforts (Montana FWP 2015, p. 2). Community 
types and focal areas are designed to identify and direct attention to specific geographical areas 
in the State that have the greatest conservation need (Montana FWP 2015, p. 5). For the 
wolverine, Montana’s State Wildlife Action Plan identifies wolverine habitats in seven 
community types, all designate Tier I (or those with greatest conservation need), and in all focal 
areas (also Tier I) within those community types (Montana FWP 2016, pers. comm.). For each 
community type, impacts, threats, and corresponding conservation actions are identified, as well 
as specific impacts and threats such as habitat fragmentation (e.g., prioritize land acquisition, 
provide wildlife under- and overpasses), land management (e.g., management to address altered 
fire regimes), recreation (e.g., consider seasonal closures during breeding season), and climate 
change (e.g., collection of baseline data to document shifting range limits of SGCN and 
Community Types of Greatest Conservation Need) (Montana FWP 2015, pp. 59–63). 
 
The second conservation effort in the State of Montana is a Crucial Area Assessment to identify 
crucial areas and fish and wildlife corridors, and development of a Crucial Areas Planning 
System (URL: http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html). This 
is a Montana FWP mapping application and planning tool designed to assist in future planning of 
development and conservation (Montana FWP 2016, pers. comm.). 
 
The State of Montana is also conserving wildlife habitat through land acquisition and 
conservation easements (Montana FWP 2016, pers. comm.). In western Montana, including areas 
known to be occupied by the wolverine, 425 properties for a total 310,523 ha (767,320 ac) have 
been either acquired (e.g., State Parks, Wildlife Management Areas) or protected by conservation 
easements, as of November 2016, as shown in figure below (Montana FWP 2016, pers. comm.). 

 

http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html
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Wyoming 
 
The wolverine is a protected animal and SGCN in Wyoming (WGFD 2017). The Wyoming 
Game and Fish Department State Wildlife Action Plan directs the activities of the WGFD and 
serves as to guide in conserving Wyoming’s SGCN through the combined efforts of government 
agencies, conservation organizations, academia, tribes, and others (WGFD 2017, p. I–1-1). As 
noted above, the wolverine is identified as a SGCN, a designation intended to identify species 
whose conservation status warrants increased management attention and funding, and 
consideration in conservation, land use, and development planning in the State (WGFD 2017, p. 
IV– i-1). The State Wildlife Action Plan incorporates the wolverine as a SGCN in several 
terrestrial habitat types or ecological systems, including cliffs, canyons, and rock outcrops, 
montane and subalpine forests, and mountain grasslands and alpine tundra (WGFD 2017, pp. III–
2-5, III–5-7, III–6-5).  
 
In 2015, Wyoming funded a pilot project (through The Wolverine Initiative) to evaluate 
wolverine detection and monitoring of the species in the State and is a contributing collaborator 
in the Multistate Wolverine Working Group implementing a monitoring strategy (the WSWCP) 
in the winter of 2016–2017 across four western states (WGFD 2017, p. IV–5-357). Results of 
those studies (e.g., Inman et al. 2015) are summarized above (Population Abundance and 
Distribution). The WSWCP is also updating and refining connectivity models for the wolverine 
in an effort to focus and prioritize habitat conservation and management (WGFD 2016, pers. 
comm.). 
 
Colorado 
 
The wolverine is a state-endangered species in Colorado (Colorado Parks and Wildlife 2015a); 
however, there is no known current resident or reproducing wolverine population.  
 
The Colorado State Action Plan (Colorado Parks and Wildlife 2015b) provides a blueprint for a 
collaborative effort to conserve Colorado’s at-risk wildlife and their habitats, with a primary goal 
for securing wildlife populations in order to avoid protections implemented via from so that they 
do not require protection via federal or state listing regulations (Colorado Parks and Wildlife 
2015b, p. 1). The wolverine is designated as a Tier 1 (highest conservation priority; up from Tier 
2) SGCN (Colorado Parks and Wildlife 2015, p. 19). The primary conservation action for 
wolverine described in the 2015 State Action Plan is to continue discussions among wildlife 
managers, conservation partners and stakeholders of the social and political aspects regarding 
reintroduction of wolverine populations into the southern Rocky Mountains (Colorado Parks and 
Wildlife 2015, p. 186). The State has not yet prepared a potential restoration program for the 
species (Broscheid 2016, pers. comm.). 
 
Other Conservation Mechanisms 
 
Tribes 
 
Nez Perce Tribe 

Commented [SJ87]: Delete? 
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Wolverines are found within the aboriginal territory of the Nez Perce Tribe in north-central 
Idaho, and conservation and restoration of the species within the Nez Perce homeland is 
important to the Nez Perce Tribe (Miles 2017, pers. comm.). The Nez Perce Tribe is currently 
preparing an Integrated Resource Management Plan (IRMP), a Plant and Wildlife Conservation 
Strategy, and a Forest Management plan with the wolverine defined as a species of conservation 
concern in all three draft plans (Miles 2017, pers. comm.). The planning area for the IRMP, 
which is being prepared in partnership with the Bureau of Indian Affairs, incorporates the 
approximately 311,608 ha (770,000 ac) Nez Perce Reservation, located within portions of Nez 
Perce, Lewis, Clearwater, Latah, and Idaho Counties in north-central Idaho 
(http://www.nezperce.org/irmp/; accessed August 24, 2017). The preparation of the IRMP is 
currently at the scoping stage in the NEPA process for development of a Programmatic 
Environmental Impact Statement (http://www.nezperce.org/irmp/; accessed August 24, 2017). 
 
The Shoshone-Bannock Tribes 
 
The Shoshone-Bannock Tribes are currently conducting climate change modeling for the 
Northern Rocky Mountains as part of its preparation of a Climate Change Adaptation Plan 
(Edmo 2016, pers. comm.). The Upper Snake River Tribes Foundation (USRT), which is 
comprised of four member tribes—the Burns Paiute Tribe, Fort McDermitt Paiute-Shoshone 
Tribe, Shoshone-Bannock Tribes of the Fort Hall Reservation, and Shoshone-Paiute Tribes of the 
Duck Valley Reservation—within the Upper Snake River Watershed region, prepared a Climate 
Change Vulnerability Assessment in February 2017 (Petersen et al. 2017, entire). The assessment 
is the first of three steps the USRT and its member tribes plan activities over the next several 
years as part of a comprehensive climate change effort, and will include an Adaptation Plan 
(expected to be completed in 2017–2018), and, depending on future funding, a process for 
development of Implementing Adaptation Actions and Monitoring (Petersen et al. 2017, p. 7). 
 
 
 
  

http://www.nezperce.org/irmp/
http://www.nezperce.org/irmp/
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Appendix H–NOAA/CU Study Areas Used to Evaluate Future Snow Persistence  
(from Ray et al., 2017)   
 
Glacier National Park Study Area 
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Rocky Mountain National Park Study Area 

 
 



From: Grizzle, Betty
To: Drake, Madeline
Cc: Hull, Josh
Subject: Re: No Am Wolverine Draft SSA - for Core Team review ONLY
Date: Friday, September 29, 2017 2:42:20 PM

Thanks Madeline and Josh!  Yes, I have spoken to Chris a couple of times about "Buddy."  I
will make sure to incorporate additional information.

On Fri, Sep 29, 2017 at 1:35 PM, Drake, Madeline <madeline_drake@fws.gov> wrote:
Hi Betty,

This is Madeline Drake in the Sacramento Fish and Wildlife Office. Josh Hull and I
reviewed the wolverine draft SSA and think it looks great! We have just one minor
comment. In the current condition section for California (page 44), currently there is only
discussion of reported sightings in the areas of Carson Pass and Meeks Bay. I think it could
be helpful to also include the confirmed wolverine in the Truckee area. CDFW has camera
trap data from as recent as March 2017. I received this information from a presentation by
Chris Stermer with CDFW in July. Attached is the draft SSA with our comment in the text
and a citation for the information. Please let me know if you have any questions.

Best,
Madeline

On Fri, Sep 22, 2017 at 3:40 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Attached is the first draft of the North American wolverine SSA report (thanks to John and
Ed Turner for GIS support!). This draft is intended for review by Core Team members, but
if others in your office/Region are planning to review this initial draft, please send back to
me one edited document from your office/Region.

I expect there will comments to sections to help clarify or correct the discussions
presented. Please provide specific suggestions, rather than commenting "not clear" or
"rewrite."  A careful review of summary sections would be particularly helpful.  Please try
to focus your review on larger content and context, and less on style/grammar or
organization/format---it's going to be challenging enough pulling together up to 10
versions of this draft in a week.  Also, I may be missing a few citations in the references
section, but I will go through those next week.  

Finally, and most importantly, please send back your review to me by next COB Friday,
September 29, so we can stay on track for sending this out to partners and peer reviewers
by mid-October.

Thanks for your time.  Please contact me if you have specific questions.

[Justin - Please distribute this draft to RSOL in separate email message, if necessary]

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service

mailto:betty_grizzle@fws.gov
mailto:madeline_drake@fws.gov
mailto:josh_hull@fws.gov
mailto:madeline_drake@fws.gov
mailto:betty_grizzle@fws.gov


Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 
Madeline Drake
Listing and Recovery Division
Sacramento Fish and Wildlife Office
2800 Cottage Way, W-2605
Sacramento, CA 95825

916-414-6685

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax



From: Guinotte, John
To: Doherty, Kevin
Cc: Stephen Torbit
Subject: Re: Fire GIS
Date: Monday, October 2, 2017 9:53:23 AM

Betty didn't find any papers on direct impact of fire on wolverines, but concluded "fire
represents a limited short-term stressor to wolverine habitat and its prey"

John Guinotte
Spatial Ecologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Mon, Oct 2, 2017 at 9:45 AM, Doherty, Kevin <kevin_doherty@fws.gov> wrote:
I would think the fires would be good for wolverines.  Huge nitrogen release = lots of
protein in the grass = lots of food that eats the grass from rabbits to elk.  

On Mon, Oct 2, 2017 at 9:42 AM, Guinotte, John <john_guinotte@fws.gov> wrote:
Yeah, it is pretty interesting. I didn't pay much attention to the regression, but agree w
you. The where question was more interesting to me than the how much. The up trend
pink in the last map covers a lot of the wolverine current range. Wish they would have
included WY.

On Mon, Oct 2, 2017 at 9:13 AM, Doherty, Kevin <kevin_doherty@fws.gov> wrote:
John, 

Interesting paper,  I liked all the analyses except the last regression.  Liner regression
and trends can be so misleading.  What do you think the red line would have looked like
if they started the regression in 1998 and ended in 2014?    This is were some folks in
the USFWS are set up to get our buts kicked.  

So my take: 
Spatial pattern analyses, awesome. 
Emerging hotspots, even better work!  
Project forward using an oviously biased regression line for 40 years to "predict" the
effect of any boggy man (which these authors did not due but some folks just can help
themselves under the guise of it is available therefore it is BEST).......the titanic just hit
another ice-berg

On Mon, Oct 2, 2017 at 9:00 AM, Guinotte, John <john_guinotte@fws.gov> wrote:
                  

---------- Forwarded message ----------
From: Guinotte, John <john_guinotte@fws.gov>

mailto:john_guinotte@fws.gov
mailto:kevin_doherty@fws.gov
mailto:stephen_torbit@fws.gov
mailto:john_guinotte@fws.gov
mailto:kevin_doherty@fws.gov
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mailto:kevin_doherty@fws.gov
mailto:john_guinotte@fws.gov
mailto:john_guinotte@fws.gov


Date: Mon, Oct 2, 2017 at 9:00 AM
Subject: Fire GIS
To: Betty Grizzle <betty_grizzle@fws.gov>, Stephen Torbit
<Stephen_Torbit@fws.gov>

http://geospatialtraining.com/what-can-spatial-analytics-tell-us-about-30-years-of-
large-wildfires-in-the-pacific-northwest/

-- 
______________________________________________

Kevin Doherty, PhD
Spatial Ecologist
USFWS  Region 6 --Science Applications 
134 Union Blvd, Lakewood, CO 80228
Phone: (303) 921-0524
Email: kevin_doherty@fws.gov
__________________________________________

-- 
______________________________________________

Kevin Doherty, PhD
Spatial Ecologist
USFWS  Region 6 --Science Applications 
134 Union Blvd, Lakewood, CO 80228
Phone: (303) 921-0524
Email: kevin_doherty@fws.gov
__________________________________________

mailto:betty_grizzle@fws.gov
mailto:Stephen_Torbit@fws.gov
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From: Doherty, Kevin
To: Stephen Torbit
Cc: John Guinotte
Subject: Re: Fire GIS
Date: Monday, October 2, 2017 10:21:19 AM

Indeed.  Both fire I was on this summer were actually really good ecologically.  Slow burning,
creeping like lava, clearing the understory and thinning out the snags.  Deer mecca

On Mon, Oct 2, 2017 at 10:16 AM, Stephen Torbit <Stephen_Torbit@fws.gov> wrote:

Fire would certainly be a good deal for getting forage below the old canopy and providing more
potential prey for wolverine, including small mammals.  Funny how fire is good or bad depending
on the day.  Catastrophic fires that sterilize the soils are clearly not good, but there is a window for
benefits by changing plant communities.

 

ST

 

Stephen C. Torbit

Assistant Regional Director

Science Applications

U.S. Fish and Wildlife Service

134 Union Blvd.

Lakewood, Colorado 80228

303-236-4602 – Office

720-626-7504 – Cell

 

From: Doherty, Kevin [mailto:kevin_doherty@fws.gov] 
Sent: Monday, October 02, 2017 9:46 AM
To: Guinotte, John
Cc: Stephen Torbit
Subject: Re: Fire GIS

 

I would think the fires would be good for wolverines.  Huge nitrogen release = lots of
protein in the grass = lots of food that eats the grass from rabbits to elk.  
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On Mon, Oct 2, 2017 at 9:42 AM, Guinotte, John <john_guinotte@fws.gov> wrote:

Yeah, it is pretty interesting. I didn't pay much attention to the regression, but agree w you.
The where question was more interesting to me than the how much. The up trend pink in the
last map covers a lot of the wolverine current range. Wish they would have included WY.

 

On Mon, Oct 2, 2017 at 9:13 AM, Doherty, Kevin <kevin_doherty@fws.gov> wrote:

John, 

 

Interesting paper,  I liked all the analyses except the last regression.  Liner regression and
trends can be so misleading.  What do you think the red line would have looked like if they
started the regression in 1998 and ended in 2014?    This is were some folks in the USFWS
are set up to get our buts kicked.  

 

So my take: 

Spatial pattern analyses, awesome. 

Emerging hotspots, even better work!  

Project forward using an oviously biased regression line for 40 years to "predict" the effect
of any boggy man (which these authors did not due but some folks just can help themselves
under the guise of it is available therefore it is BEST).......the titanic just hit another ice-berg

 

On Mon, Oct 2, 2017 at 9:00 AM, Guinotte, John <john_guinotte@fws.gov> wrote:

                  

 

 

---------- Forwarded message ----------
From: Guinotte, John <john_guinotte@fws.gov>
Date: Mon, Oct 2, 2017 at 9:00 AM
Subject: Fire GIS
To: Betty Grizzle <betty_grizzle@fws.gov>, Stephen Torbit <Stephen_Torbit@fws.gov>

http://geospatialtraining.com/what-can-spatial-analytics-tell-us-about-30-years-of-large-
wildfires-in-the-pacific-northwest/
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--

______________________________________________

 

Kevin Doherty, PhD
Spatial Ecologist
USFWS  Region 6 --Science Applications 
134 Union Blvd, Lakewood, CO 80228
Phone: (303) 921-0524
Email: kevin_doherty@fws.gov

__________________________________________

 

 

--

______________________________________________

 

Kevin Doherty, PhD
Spatial Ecologist
USFWS  Region 6 --Science Applications 
134 Union Blvd, Lakewood, CO 80228
Phone: (303) 921-0524
Email: kevin_doherty@fws.gov

__________________________________________

-- 
______________________________________________

Kevin Doherty, PhD
Spatial Ecologist
USFWS  Region 6 --Science Applications 
134 Union Blvd, Lakewood, CO 80228
Phone: (303) 921-0524
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Email: kevin_doherty@fws.gov
__________________________________________
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From: Shoemaker, Justin
To: Grizzle, Betty; Jodi Bush; Guinotte, John; Stephen Torbit; Caitlin Snyder; Bryon Holt; Gregg Kurz; Josh Hull;

Madeline Drake; Kit Hershey
Cc: Jacobsen, Dana; Marjorie Nelson; Douglas Keinath
Subject: Agenda for Wolverine Core Team call today - Oct 3
Date: Tuesday, October 3, 2017 9:52:40 AM
Attachments: Wolverine Detailed Timeline_10032017.docx

Team,

For those of you reviewing the SSA report, comments were due to Betty last week.  If you
haven't responded to her, please let her know if you have comments, or not, as soon as
possible. 

We'll have a call today to discuss the following:

1. Schedule (Justin/Betty)
2. SSA report status (Betty)
3. Peer Review process (Justin/Jodi)
4. Partner Review (Justin/Jodi)
5. Recommendation Meeting - scheduling (Justin)

Attached is a revised timeline for discussion (track change version).  I've revised some dates
leading up to the Recommendation Team Meeting.  

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:betty_grizzle@fws.gov
mailto:jodi_bush@fws.gov
mailto:john_guinotte@fws.gov
mailto:stephen_torbit@fws.gov
mailto:caitlin_snyder@fws.gov
mailto:bryon_holt@fws.gov
mailto:gregg_kurz@fws.gov
mailto:josh_hull@fws.gov
mailto:madeline_drake@fws.gov
mailto:kit_hershey@fws.gov
mailto:Dana.Jacobsen@sol.doi.gov
mailto:marjorie_nelson@fws.gov
mailto:douglas_keinath@fws.gov
mailto:justin_shoemaker@fws.gov


*Includes States, Tribes, Federal Agencies 
 

Wolverine Listing Determination Timeline 
10/3/17 version 

 
Task Responsible Parties Dates Length of time 

Species Status Assessment (SSA) Phase 
FR notice opening comment 
period on 2013 proposed listing 
rule 

MTFO Oct 18, 2016 done 

DIP letters sent out to States and 
partners 

MTFO Oct 2016 done 

Public comment period,  input 
from States, partners, etc.  

 Oct 18-Nov 17, 
2016 

30 days, done 

Conduct science analysis (SSA) SSA core team By Sept 15, 2017 in process 
Draft SSA report Betty Grizzle (FO 

Lead Bio) 
By Oct 7, 2017 in process  

SSA core team meeting in Denver Core team, R6 
management and 
decision support 
staff 

Feb 15-16, 2017 2 days, done 

SSA report check-in w/ RD SSA core team, 
management 

June 15, 2017 1 hr briefing 

Peer review planning and 
contracting  

Justin Shoemaker 
(ULT lead), Caitlin 
Snyder (ULT assist) 

Aug – Oct 2017 2 months to get 
contracted peer 
reviewers in place 

SSA report core team review SSA core team Sept 22-Sept 29, 
2017 

1 week 

Edit SSA report based on core 
team review  

Betty Grizzle Sept 29-Oct 20, 
2017 

3 weeks 

SSA report to peer reviewers and 
partners* 

Justin Shoemaker, 
Jodi Bush (MTFO 
Project Leader) 

Oct 20-Nov 22, 
2017 

33 days after peer 
review contract 
awarded 

Edit and finalize SSA report   Betty Grizzle Nov 22-Dec 20, 
2017 

4 weeks  

Listing Decision Analysis Phase 
SSA report to recommendation 
team 

Justin Shoemaker, 
Jodi Bush 

Dec 20, 2017 At least 2 weeks prior 
to recommendation 
team meeting 

Decision meeting RDs or delegates, 
ARDs, other 
management, SSA 
core team 

Jan 9-12, 2018  1-2 days, exact date(s) 
TBD, but will be 
between Jan 9 & 12 

Draft decision summary for the 
record or certify decision meeting 
notes 

R6 RD or delegate mid Jan 2018 3 days (after 
recommendation 
team meeting) 

Process for final withdrawal of proposed listing (if decision is to not list) - 
or revised proposed listing rule (if decision is to list) 

Draft final withdrawal (not-
warranted) FR notice or revised 
proposed listing rule (and if 

Justin Shoemaker 
and Betty Grizzle 

Jan 15-Feb 12, 2018 4 weeks 

Deleted: 6

Deleted: 14

Deleted: Oct 7

Deleted: 14

Deleted: Oct 14

Deleted: 21

Deleted: 1 

Deleted: 21

Deleted: 21

Deleted: 1 month

Deleted: 21

Deleted: 19

Deleted: 19

Deleted: First or second week of Jan 2018

Deleted: early 



*Includes States, Tribes, Federal Agencies 
 

necessary, proposed 10(j), 4(d)) 
Core team reviews FR notice, 
make revisions 

SSA core team, 
Justin Shoemaker 

Feb 12-Feb 26, 
2018 

2 weeks 

Regional Office Surnames and 
concurrence 

Marjorie Nelson, 
Mike Thabault, Matt 
Hogan, Noreen 
Walsh, and 
concurring regional 
RDs/ARDs or 
delegates 

Feb 26-March 12, 
2018 

2 weeks 

SOL surname DOI SOL Feb 26-March 12, 
2018 

2 weeks 

PPM  PPM Feb 26-March 12, 
2018 

2 weeks 

Revise based on RO/SOL/PPM 
comments 

Justin Shoemaker 
and Betty Grizzle 

March 12-March 
21, 2018 

10 days 

HQ review  Sarah Quamme, 
Bridget Fahey 

March 21, 2018 2 weeks (submit 6 
weeks prior to FR 
submittal date) 

Asst. Director for ES Surname Asst. Director for ES April 4, 218 5 business days 
FWS Director Surname Director of FWS April 11, 2018 5 business days 
Fish, Wildlife, and Parks Surname FWP April 18, 2018 10 business days 
Executive Secretary Surname Executive 

Secretary’s Office 
May 2, 2018 3 business days 

Deliver to FR HQ May 7, 2018  
Publication of withdrawal or 
proposed rule 

Federal Register May 14, 2018  

Public comment period on 
revised proposed listing (only if 
decision is to list) 

 May 14-June 12, 
2018 

30 days (may need to 
be 60 days, if so will 
revise) 

Process for final listing Federal Register document 
Comment and response strategy 
meeting – develop plan to review 
and address comments received  

SSA core team, 
management  

Mid May 2018  half day 

Review and address public 
comments on proposed listing 

SSA core team, 
support staffing as 
needed from R6 RO 

June 12-July 16, 
2018 

1 month 

Meeting with decision team to 
discuss public comment and any 
new info, revisit decision  

Marjorie Nelson, 
Mike Thabault, Matt 
Hogan, Noreen 
Walsh, and 
concurring regional 
RDs/ARDs or 
delegates 

Early July 2018 half day 

Draft final listing FR doc (if 
necessary 10(j), 4(d)) 

Justin Shoemaker 
and Betty Grizzle 

by July 16, 2018 2 months from 
proposed listing 
publication 

SSA core team reviews FR notice, 
make revisions 

SSA core team July 16-July 23, 
2018 

1 week 



*Includes States, Tribes, Federal Agencies 
 

Regional Office Surnames and 
concurrence 

Marjorie Nelson, 
Mike Thabault, Matt 
Hogan, Noreen 
Walsh, and 
concurring regional 
RDs/ARDs or 
delegates 

July 23-Aug 6, 2018 2 weeks 

SOL surname DOI SOL July 23-Aug 6, 2018 2 weeks 
PPM  PPM July 23-Aug 6, 2018 2 weeks 
Revise based on RO/SOL/PPM 
comments 

Justin Shoemaker 
and Betty Grizzle 

Aug 6-Aug 13, 2018 1 week 

HQ review  Sarah Quamme, 
Bridget Fahey 

Aug 7, 2018 6 weeks prior to FR 
date (may need to 
start this review 
concurrent w/ 
RO,SOL, PPM 
revisions) 

AES Surname Assistant Director 
Ecological Services 

Aug 21, 2018 5 business days 

FWS Director Signature Director of FWS Aug 28, 2018 5 business days 
Fish, Wildlife, and Parks Surname FWP Sep 5, 2018 10 business days 
Executive Secretary Surname Executive 

Secretary’s Office 
Sep 19, 2018 3 business days 

Deliver to FR HQ Sep 24, 2018  
Publication of final rule Federal Register Sep 28, 2018  Note: We’ve 

committed to final 
rule in FY 18 in the 
work plan 

 



From: Shoemaker, Justin
To: Grizzle, Betty; Jodi Bush; Guinotte, John; Stephen Torbit; Caitlin Snyder; Bryon Holt; Gregg Kurz; Josh Hull;

Madeline Drake; Kit Hershey
Cc: Jacobsen, Dana; Marjorie Nelson; Douglas Keinath
Subject: Agenda for Wolverine Core Team call today - Oct 3
Date: Tuesday, October 3, 2017 9:53:26 AM
Attachments: Wolverine Detailed Timeline_10032017.docx

Team,

For those of you reviewing the SSA report, comments were due to Betty last week.  If you
haven't responded to her, please let her know if you have comments, or not, as soon as
possible. 

We'll have a call today to discuss the following:

1. Schedule (Justin/Betty)
2. SSA report status (Betty)
3. Peer Review process (Justin/Jodi)
4. Partner Review (Justin/Jodi)
5. Recommendation Meeting - scheduling (Justin)

Attached is a revised timeline for discussion (track change version).  I've revised some dates
leading up to the Recommendation Team Meeting.  

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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*Includes States, Tribes, Federal Agencies 
 

Wolverine Listing Determination Timeline 
610/143/17 version 

 
Task Responsible Parties Dates Length of time 

Species Status Assessment (SSA) Phase 
FR notice opening comment 
period on 2013 proposed listing 
rule 

MTFO Oct 18, 2016 done 

DIP letters sent out to States and 
partners 

MTFO Oct 2016 done 

Public comment period,  input 
from States, partners, etc.  

 Oct 18-Nov 17, 
2016 

30 days, done 

Conduct science analysis (SSA) SSA core team By Sept 15, 2017 in process 
Draft SSA report Betty Grizzle (FO 

Lead Bio) 
By Oct 7, 2017 in process  

SSA core team meeting in Denver Core team, R6 
management and 
decision support 
staff 

Feb 15-16, 2017 2 days, done 

SSA report check-in w/ RD SSA core team, 
management 

June 15, 2017 1 hr briefing 

Peer review planning and 
contracting  

Justin Shoemaker 
(ULT lead), Caitlin 
Snyder (ULT assist) 

Aug – Oct 2017 2 months to get 
contracted peer 
reviewers in place 

SSA report core team review SSA core team Oct 7Sept 22-Sept 
2914, 2017 

1 week 

Edit SSA report based on core 
team review  

Betty Grizzle Sept 29Oct 14-Oct 
2120, 2017 

1 3 weeks 

SSA report to peer reviewers and 
partners* 

Justin Shoemaker, 
Jodi Bush (MTFO 
Project Leader) 

Oct 2120-Nov 2122, 
2017 

1 month33 days after 
peer review contract 
awarded 

Edit and finalize SSA report   Betty Grizzle Nov 2122-Dec 1920, 
2017 

4 weeks  

Listing Decision Analysis Phase 
SSA report to recommendation 
team 

Justin Shoemaker, 
Jodi Bush 

Dec 1920, 2017 At least 2 weeks prior 
to recommendation 
team meeting 

Decision meeting RDs or delegates, 
ARDs, other 
management, SSA 
core team 

First or second 
week of Jan 
2018Jan 9-12, 2018  

1-2 days, exact date(s) 
TBD, but will be 
between Jan 9 & 12 

Draft decision summary for the 
record or certify decision meeting 
notes 

R6 RD or delegate early mid Jan 2018 3 days (after 
recommendation 
team meeting) 

Process for final withdrawal of proposed listing (if decision is to not list) - 
or revised proposed listing rule (if decision is to list) 

Draft final withdrawal (not-
warranted) FR notice or revised 
proposed listing rule (and if 

Justin Shoemaker 
and Betty Grizzle 

Jan 15-Feb 12, 2018 4 weeks 



*Includes States, Tribes, Federal Agencies 
 

necessary, proposed 10(j), 4(d)) 
Core team reviews FR notice, 
make revisions 

SSA core team, 
Justin Shoemaker 

Feb 12-Feb 26, 
2018 

2 weeks 

Regional Office Surnames and 
concurrence 

Marjorie Nelson, 
Mike Thabault, Matt 
Hogan, Noreen 
Walsh, and 
concurring regional 
RDs/ARDs or 
delegates 

Feb 26-March 12, 
2018 

2 weeks 

SOL surname DOI SOL Feb 26-March 12, 
2018 

2 weeks 

PPM  PPM Feb 26-March 12, 
2018 

2 weeks 

Revise based on RO/SOL/PPM 
comments 

Justin Shoemaker 
and Betty Grizzle 

March 12-March 
21, 2018 

10 days 

HQ review  Sarah Quamme, 
Bridget Fahey 

March 21, 2018 2 weeks (submit 6 
weeks prior to FR 
submittal date) 

Asst. Director for ES Surname Asst. Director for ES April 4, 218 5 business days 
FWS Director Surname Director of FWS April 11, 2018 5 business days 
Fish, Wildlife, and Parks Surname FWP April 18, 2018 10 business days 
Executive Secretary Surname Executive 

Secretary’s Office 
May 2, 2018 3 business days 

Deliver to FR HQ May 7, 2018  
Publication of withdrawal or 
proposed rule 

Federal Register May 14, 2018  

Public comment period on 
revised proposed listing (only if 
decision is to list) 

 May 14-June 12, 
2018 

30 days (may need to 
be 60 days, if so will 
revise) 

Process for final listing Federal Register document 
Comment and response strategy 
meeting – develop plan to review 
and address comments received  

SSA core team, 
management  

Mid May 2018  half day 

Review and address public 
comments on proposed listing 

SSA core team, 
support staffing as 
needed from R6 RO 

June 12-July 16, 
2018 

1 month 

Meeting with decision team to 
discuss public comment and any 
new info, revisit decision  

Marjorie Nelson, 
Mike Thabault, Matt 
Hogan, Noreen 
Walsh, and 
concurring regional 
RDs/ARDs or 
delegates 

Early July 2018 half day 

Draft final listing FR doc (if 
necessary 10(j), 4(d)) 

Justin Shoemaker 
and Betty Grizzle 

by July 16, 2018 2 months from 
proposed listing 
publication 

SSA core team reviews FR notice, 
make revisions 

SSA core team July 16-July 23, 
2018 

1 week 



*Includes States, Tribes, Federal Agencies 
 

Regional Office Surnames and 
concurrence 

Marjorie Nelson, 
Mike Thabault, Matt 
Hogan, Noreen 
Walsh, and 
concurring regional 
RDs/ARDs or 
delegates 

July 23-Aug 6, 2018 2 weeks 

SOL surname DOI SOL July 23-Aug 6, 2018 2 weeks 
PPM  PPM July 23-Aug 6, 2018 2 weeks 
Revise based on RO/SOL/PPM 
comments 

Justin Shoemaker 
and Betty Grizzle 

Aug 6-Aug 13, 2018 1 week 

HQ review  Sarah Quamme, 
Bridget Fahey 

Aug 7, 2018 6 weeks prior to FR 
date (may need to 
start this review 
concurrent w/ 
RO,SOL, PPM 
revisions) 

AES Surname Assistant Director 
Ecological Services 

Aug 21, 2018 5 business days 

FWS Director Signature Director of FWS Aug 28, 2018 5 business days 
Fish, Wildlife, and Parks Surname FWP Sep 5, 2018 10 business days 
Executive Secretary Surname Executive 

Secretary’s Office 
Sep 19, 2018 3 business days 

Deliver to FR HQ Sep 24, 2018  
Publication of final rule Federal Register Sep 28, 2018  Note: We’ve 

committed to final 
rule in FY 18 in the 
work plan 

 



From: Grizzle, Betty
To: John Guinotte
Subject: NOAA study section for review
Date: Tuesday, October 3, 2017 11:45:14 AM
Attachments: Section for John to review.docx

John - See Justin's review/comments attached (I may have lost some formatting in the
copy/paste process).  I will fix the citations to say Ray et al. instead of NOAA/CU.

Thanks for your help!
Betty

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

mailto:betty_grizzle@fws.gov
mailto:john_guinotte@fws.gov


Section for John to review: 
 
Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks 
 
The effects of climate change on snow persistence has been suggested as an important negative 
impact on wolverine habitat and populations by the mid-21st century (McKelvey et al., 2011, 
entire). The Service therefore pursued a refined methodology to provide insights into the 
potential impacts of climate change on snow persistence. 
 
The Service engaged the National Oceanic and Atmospheric Administration (NOAA) 
laboratories and University of Colorado in Boulder, Colorado (CU) regarding their ability to 
evaluate and model fine scale persistence of snow in occupied and potential wolverine habitat in 
the contiguous United States. Those discussions revealed significant progress in fine scale 
modeling approaches since the early 2000s and the Service provided funding for an assessment 
of snow extent and depth to assess the effects of climate on snow persistence in two areas of the 
western United States, Rocky Mountain and Glacier National Parks (Ray et al. 2017, entire). The 
primary objective of this study was to refine the spatial and temporal scale of snow modeling 
efforts and improve the scientific understanding of the extent of spring snow retention currently 
and into the future under a changing climate (Ray et al. 2017, p. 9). The objectives of the study 
included (Ray et al. 2017, p. 10): 
 

 Use of fine-scale models to analyze the topographic effects of snow, including slope and 
aspect (compass direction that slope faces)  

 Use of a range of plausible future climate change scenarios to assess snow persistence 
 Analysis of extremes and year-to-year variability by selecting representative wet, dry, 

and near normal years (using observed conditions) and then modeling changes for those 
base years under several future climate scenarios 

 Assessment of changes in snow persistence by elevation 
 
The study was designed to parallel as much as possible and thereby refine the previous 
assessment of snow cover persistence in the western United States presented in McKelvey et 
al[SJ1]. (2011). However, an exact replication of the McKelvey et al (2011) study was not 
possible given the time, funding, and computational constraints needed to develop a fine-scale 
assessment. The current study was limited to two study areas (approximately 1,500 to 3,000 km2 
(579 to 1,158 mi2) each) in the northern and southern Rocky Mountains (see Appendix H for 
maps). The two study areas were selected because they encompass the latitude and elevational 
range of wolverines within the contiguous United States. Glacier National Park (GLAC) is 
representative of a high latitude and relatively low elevation area currently occupied by 
wolverines. The Rocky Mountain National Park region (ROMO) is a lower latitude and higher 
elevation area within the wolverine’s historical range, which was recently occupied by a 
wolverine from 2009 to at least 2012. 
 
Methods: We provide here a brief summary of the methods used in this study. Additional details 
are contained in the full report authored by Ray et al. (2017). The initial step of the analysis was 
a review of the observed climate and variability to provide context for trends and year-to-year 
variability. Next, historical snow cover extent and variability were analyzed using satellite 



remote sensing (MODIS) data from 2000 to 2016 to calculate a snow disappearance date for 
each year at each pixel. Summary statistics include total snow covered area (total area covered 
by snow), representation of snow pack by aspect (percent of land areas covered by snow for each 
of the 17 years in the historical record by topographic aspect based on compass direction that the 
slope faces), and elevation dependence for wet, near-normal, and dry years (with median of all 
years used as reference). Future snow pack projections were then generated using the Distributed 
Hydrology Soil Vegetation Model (DHSVM), for the historic period 1998-2013, and then 
validated against SNOTEL observing stations and MODIS satellite data.  
 
Both Ray et al. (2017) and McKelvey et al. (2011) used the delta method to estimate future snow 
persistence. The NOAA-DHSVM delta method uses historical observed weather (1998–2013) as 
the baseline and applies future changes in temperature and precipitation from the chosen GCMs 
(approximately Year 2055) to estimate future snow persistence on the landscape. Five future 
scenarios (GCMs) were selected from CMIP5 global climate model projections to capture 
variability in temperature and precipitation, using the RCP 4.5 (moderate) and RCP 8.5 (high) 
emissions scenarios. Representative wet, near normal, and dry years were analyzed for the 
historical simulations and evaluated for the five future scenarios. The number of years (out of 16) 
with snow depth greater than 0.5 m (20 in) was also analyzed as was the change in Snowcovered 
Area (SCA) with depth greater than 0.5 m (20 in). This snow depth was selected based on an 
analysis of the snow depth at documented wolverine den sites in Glacier National Park (Ray et 
al. 2017; Table 5-2). Results were reported for “light snow cover” (snow depth greater than 1.25 
cm (0.5 in)) and “significant” snow (snow depth > 0.5 m (20 in)) for April 15, May 1, and May 
15 [SJ2]for previously defined representative years. The term “light snow cover” was 
incorporated as the most directly comparable parameter to McKelvey et al.’s “light” snow cover. 
The average change in SCA and SWE [SJ3]was analyzed as a function for both study areas of 
elevation and was overlaid with the elevations of documented wolverine den sites (2003–2007) 
in GLAC.  
 
Comparison with McKelvey et al. (2011): Although the methods used in this study have 
similarities with those presented in McKelvey et al. (2011), there are several key differences. 
Ray et al. (2017) used a finer spatial resolution model (DHSVM) than McKelvey et al. (2011) 
(0.0625 km2 vs. 35 km2) that incorporated slope and aspect. The grid cells represented in 
McKelvey et al. (2011) were assumed to be flat (i.e., north-facing slopes treated as identical to 
south-facing slopes). McKelvey et al. (2011) focused on May 1st snow depth as a proxy for May 
15th snow disappearance, while Ray et al. (2017) focused directly on May 15th snow 
disappearance and produced results for the presence or absence of deeper snow (nominally 
greater than or equal to 0.5 m (20 in) depth) on May 1st and April 15th.1[SJ4] Because of the 
increased resolution of this study, Ray et al. (2017) was able to consider whether any pockets 
[SJ5]of snow with depth greater than 0.5 m (20 in) will persist in these areas. Additional 
comparisons are outlined below in Table 7 and in Ray et al. (2017, p. 6). 
 
Table 7. Comparison of Methods, Ray et al. (2017) vs. Copeland et al. (2010)/ McKelvey et al. 
(2011) 

                                                            
1 The NOAA/CU study originally focused on May 15th to compare to the McKelvey et al. (2011) study, and June 1st 
to bracket the snowmelt season. However, April 15 and April 30 dates were added to the evaluation of snowcovered 
areas to align with temporal reproductive patterns of the wolverine (see Life History section above).   



 
Ray et al. (2017) 

Copeland et al. (2010)  
and McKelvey et al. (2011) 

Spatial 
Resolution 

250 m x 250 m = 62,500 m2 or 0.0625 
km2  

(0.24 mi2) 

~5 km x 7 km = 35 km2  

(13.51 mi2) 

Geographic Area Glacier and Rocky Mountain National 
Parks, 300 m below treeline and above 

Western United States, except 
California and Great Basin 

Topography Slope, aspect, and shading were used Slope and aspect were not used 
Validation SNOTEL (ground stations) and 

MODIS (satellite data) 
None 

Future Scenario 
Method 

Delta Method, used to project 2000-
2013 conditions out to Year 2055 

Delta Method (Years: 2045, 
2085, 2070-2099) 

Future Scenarios 
(GCMs) 

miroc, giss, fio, cnrm (both study 
areas); 
canesm (Glacier National Park only) 
hadgem2 [SJ6](Rocky Mountain 
National Park only) 

Ensemble of 10 GCMs, pcm1, 
and miroc 3.2 

Time-related 
Results 

Long-term means and year-to-year 
variability (i.e., wet, near normal, and 
dry years)  

Changes in long-term mean 
snowpack only 

Snow Detection 
and 
Measurements 

Snow or no snow (1.25 cm (0.5 in) 
threshold), snow depth (0.5 meter (20 
in) threshold for "significant snow"), 
and snow water equivalent  

Snow or no snow (13 cm (5.12 
in) threshold) 

Number of Years 
of MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 
Snow Cover 
Dates Analyzed 

April 15, May 1, and May 15 May 1, May 15 (derived from 
May 1), May 29 (derived from 
May 1) 

 
Results: While there are challenges in comparing the results from McKelvey et al. (2011) 
directly to the NOAA/CU[SJ7] study due to differences in methodology and focus, the 
qualitative picture can be summarized as follows: projected warming has a larger effect at lower 
elevations whereas projected precipitation changes may dominate the springtime snowpack in 
the high country. We present below a summary of the main results from Ray et al. (2017). 
 
MODIS Observed Historic Snowpack Variability Analysis:   
 

● In GLAC, SCA varies considerably by year, including wet years such as 2011 
with very persistent snow, years with strong melt in early May, such as 2012, or in late 
May (2009, 2001), and dry years (2004, 2005) (Ray et al. 2017, Section 4.3).  

● Even in dry years, northeast-facing slopes in GLAC tend to hold more snow and 
melt later in the season.  



● More than 80 percent of the GLAC study area above approximately 2,000 m 
(6,562 ft) elevation on May 1 has snow cover during dry years, and more than 95 percent 
has snow cover above approximately 1,200 m (3,937 ft) during wet years.  

● In ROMO, the SCA also varies considerably by year. 
● The northwest-facing slopes in ROMO tend to hold more snow even during dry 

years. In very dry years, snow cover peaks at intermediate elevations, suggesting that the 
high-altitude snowpack may be particularly vulnerable in this region under warm/dry 
conditions. 

 
Future Snowpack Projections: The area-wide SCA results include snow cover changes in both 
forested and above-treeline (alpine) terrain, which may have different implications for wolverine 
biology. 
 
Glacier National Park (GLAC): 
 

 Projections for April 15th, May 1st, and May 15th SCA and area with snow depth greater 
than 0.5 m (20 in) show declines on average in all scenarios, compared to the 2000–2013 
historic average, except for small increases in the Warm/Wet scenario and for almost all 
years.  

o For April 15th, light SCA area is reduced by 3 to 23[SJ8] percent and significant 
snow cover (greater than 0.5 m (20 in)) declines by 7 to 44 percent.  

o For May 15th, light SCA is reduced by 10 to 36 percent, and the area with 
significant snow cover declines by 13 to 50 percent. 

 All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 m (20 in)). Areas with frequent availability (at least 14 out of 16 years) 
of significant snow become concentrated in smaller high elevation areas. Lower elevation 
areas had the largest decreases in the number of years with significant snow cover.  

 Most of the known den sites are located between 1,800 m (5,906 ft) and 2,000 m (6,562 
ft) in GLAC. Below that elevation band, large snow losses are predicted (40 to 70 percent 
decrease for two of the scenarios, 16 to 20 percent for the other three). Above[SJ9] that 
elevation band, there is little change in SCA for four of the five scenarios (2 to 8 percent) 
except in maximum warming scenario (decline of 40 percent (Ray et al. 2017; Figure 5-
22). In the 1,800–2,000 m (5,906–6,562 ft) band, the snowpack change is sensitive to 
elevation and to the future climate scenario used. 

 For representative wet years, for May 15th, the higher elevations of the study areas 
experience only 2 to 7 percent loss of snowpack under the scenarios with “least” change 
and the “central” change[SJ10], although for the dry years, losses range from 18 to 57 
percent. 

o The implication is that the wet, cold climate of the GLAC study area could act as 
a “buffer” to change in areas with 0.5 m (20 in) of deep snow on May 1st, at least 
for elevations above 1,800 m (5,906 ft). 

 
Rocky Mountain National Park (ROMO):  
 

 Projections of May 15th SCA in ROMO decline on average in all scenarios, except for 
small increases in the Warm/Wet scenario, and for almost all years. 



o For April 15th, light SCA (depth  5 mm (0.2 in)) declines by 3 to 18 percent and 
significant SCA (depth > 0.5 m (20 in)) changes from −1 to +16 percent for the 
five scenarios considered (compared to the 2000-2013 historical average).  

o For May 15th, the area with light snow cover declines 8 to 35 percent and the area 
with significant snow cover declines 6 to 38 percent. 

 All projections show declines in the number of years with significant snow[SJ11]. The 
areas with frequent availability (at least 14 out of 16 years) of significant snow (equal to 
or greater than 0.5 m (20 in)) become concentrated in smaller high elevation areas. In 
contrast, lower elevation areas had the largest decreases in the number of years with 
significant snow cover.  

 Although no dens have been documented in ROMO, the elevation band for denning, 
modeled by regression analysis, is estimated at 2,700 to 3,600 m (8,858 to 11,811 ft). On 
May 1st, modest declines in SWE of about 15 percent and less for areas at 3,400 m 
(11,155 ft) or above result in losses of only about 10 percent snow cover.  

o The implication is that the wet, cold climate of the higher parts of the ROMO 
study area could also act as a “buffer” to change in the area of 0.5 m (20 in) deep 
snow on May 1st.  

 
Elevation Dependence of Change: In general, and supported by the literature, the snowpack in 
the higher elevations of both areas is more responsive to precipitation change, while lower 
elevations are more responsive to temperature change. For GLAC, most of the observed den sites 
are located within the zone where temperature dominates the future effects of change. For the 
elevation of den sites in GLAC (i.e., above 1800 m (5,906 ft)), loss of SCA on May 1st spans the 
range of 5–40 percent, with a 70 percent decrease for the Hot/Wet (miroc GCM) scenario. Above 
2,200 m (7,218 ft), the losses are less than 5 percent for all but the Hot/Wet scenario.  
 
Current results may be a reasonable estimate for the high mountain ranges within the Rockies 
that lie between GLAC and ROMO. However, without further study, we cannot reasonably 
extend these results to say whether or not snow refugia will persist in lower elevations of? the 
Central Rockies below our study elevations (approximately 1,000 m (3,281 ft)). These lower 
elevations are where McKelvey et al. (2011) predicted the greatest losses in snowpack. The 
NOAA/CU results also cannot be extrapolated to mountain ranges outside of the Rockies (i.e. the 
Cascade Range) that have different climates (temperature and precipitation). We note here that 
we have no documented wolverine den sites in the contiguous United States below 1,500 m 
(4,921 ft) elevation; that is, no documented den locations in the areas where McKelvey et al. 
(2011) predicted the greatest loss in snowpack. 
 
Interpretation and additional analysis relative to wolverine den site scale: The Service was 
interested in exploring the question, “If snow cover is required for wolverine denning, will there 
be a sufficient amount of significant snow cover in the future in areas wolverines have 
historically used for denning in the contiguous United States?” The Service integrated future 
DHSVM projections (2000–2013 averages) of snow covered area (greater than 0.5 m (20 in) 
depth) on May 1st for GLAC and ROMO with new information obtained from a spatial analysis 
of documented den sites in the contiguous United States. This spatial analysis indicated 31 of 34 
documented den sites in the contiguous U.S. were located in areas with slope less than 25 



degrees. Avalanche risk increases significantly in areas with slope greater than 25 degrees (Scott 
2017; pers. comm.) and wolverines may avoid these areas for denning due to this risk.  
 
Using the projections prepared by Ray et al. (2017), we present in Figures 6 and 7 the spatial 
distribution of significant snow covered area with slopes less than 25 degrees and within the 
elevation bands indicated above for three future scenarios in each study area. The three scenarios 
for GLAC (miroc, cnrm, and giss) and for ROMO (hadgem2, fio, and giss) were chosen to span 
the range of GCM uncertainty regarding future? temperature and precipitation, and by extension 
significant SCA (see Figures 6a and 7a). We found that large portions of the study areas meet all 
three criteria— greater than 0.5 m (20 in) snow depth on May 1st[SJ12], at elevation 1,514–2,252 
m (4,967–7,389 ft), and with a slope less than 25 degrees—across both study sites in the future.   
 
The GLAC miroc simulation shows the greatest decrease in future snow covered area in the 
elevation band historically used for denning (orange line in Figure 7a). Figure 6b shows the 
spatial distribution of significant SCA with slope less than 25 degrees and elevation of 1,514–
2,252 m (4,967–7,389 ft) for the miroc simulation on May 1st (approximately Year 2055). 
Approximately 494 km2 (191 mi2) of area meet the three criteria with an additional 803 km2 (310 
mi2) of area retaining significant snow covered area, primarily at higher elevations. Moreover, 
we determined that large tracts of significant SCA are projected in close proximity to 
documented historical den sites across all three scenarios (Figures 6b–6d). A shown in Table 8, 
wolverines would not have to travel far[SJ13], or at all, relative to either distance or elevation to 
reach areas with significant snow covered area in the future.  
 
A similar analysis was performed for the ROMO study area and the results indicate that large 
portions of the study area meet all three criteria identified above. The hadgem2 (Figure 7b) and 
cnrm scenarios were found to have the greatest decrease in significant snow covered area of the 
five scenarios analyzed. Figure 7b (hadgem2 simulation) shows the spatial distribution of 
significant SCA (greater than 0.5 m (20 in) depth), elevation of 2,700–3,600 m (8,858–11,811 
ft), and slopes less than 25 degrees where denning would be expected to occur. Total area 
meeting these three criteria was 339 km2 (131 mi2) (dark blue in Figure 7b), with an additional 
446 km2 (172 mi2) with snow depth greater than 0.5 m (20 in) (light blue in Figure 7b), mostly at 
higher elevations. Figures 7c (fio scenario) and Figure 7d (giss scenario) show a similar 
distribution, albeit larger areas of significant snow retention in the future (see map legends in 
Figures 7c and 7d for area estimates). 
 
Table 8. Distance of historical GLAC dens (Years 2003–2007) from projected significant snow 
covered area in the future (approximately Year 2055) (using 2000–2013 average). A 0 (zero) 
value indicates the den site location meets all three criteria in the future (greater than 0.5 m (20 
in) snow depth on May 1st, at elevation 1,514–2,252 m (4,967–7,389 ft), and with a slope less 
than 25 degrees).   
 



From: Snyder, Caitlin
To: Bush, Jodi
Cc: Shoemaker, Justin; Grizzle, Betty
Subject: Re: Draft SOW and peer review plan for wolverine peer review
Date: Tuesday, October 3, 2017 2:43:49 PM

Hi Jodi,

Can you send me the clean version of the SOW that went out to the contractors?  I
can make sure the Peer Review Plan reflects what we have in the SOW and then we
can get that posted on the peer review website.

Thanks,
Caitlin

Caitlin Snyder
Endangered Species Listing Program
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

On Thu, Sep 21, 2017 at 2:23 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
done

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Sep 20, 2017 at 5:05 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Jodi,

I talked to Caitlin about this today, I think we're good w/ it.  If you have time and are able
to take it from here, that would be great.  If you need anything else from us, let us know.  

The conflict of interest form is simpler than I'm used to, but as long as it fits the bill, that's
fine with me.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Sep 19, 2017 at 5:37 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Caitlin.  I have reviewed SOW please me comments.  Lets finalize this and get it ready
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mailto:jodi_bush@fws.gov


to be awarded asap.  I made some changes that are consistent with the SOW we just did
with Fisher earlier this spring regarding the number of reviewers.  

I also think the simpler version of Betty's Conflict of interest form works.  If you'd like
me to take over finalizing it and getting it to our contracting Office  in R6 -I can do that. 
Let me know.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Sep 19, 2017 at 3:44 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
I am working this week on completing draft SSA Report (so that I can send out by
COB Friday) so have limited time to review the SOW.

But please see a very simple COI form/template that we used in this office.

On Tue, Sep 19, 2017 at 2:08 PM, Snyder, Caitlin <caitlin_snyder@fws.gov> wrote:
Thanks, all.  I revised the draft Statement of Work per your comments/input. 
I have a full track changes version and a revised version with today's date. 
The version with today's date is cleaned up for the most part, but with
several comments/responses remaining for you to review.

I'm also attaching a conflict of interest form we used for another peer
review.  We can revise for wolverine.

Please let me know if you have any questions.

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

On Tue, Sep 12, 2017 at 2:34 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Betty and others.  My review on top of Betty's.  Generally I agree with her
suggested edits.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
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https://maps.google.com/?q=5275+Leesburg+PikeFalls+Church,+VA+22041&entry=gmail&source=g
https://maps.google.com/?q=5275+Leesburg+PikeFalls+Church,+VA+22041&entry=gmail&source=g
mailto:jodi_bush@fws.gov


585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Sep 12, 2017 at 11:46 AM, Grizzle, Betty <betty_grizzle@fws.gov>
wrote:

Please see attached documents with my comments/suggestions.

On Fri, Sep 8, 2017 at 7:36 AM, Snyder, Caitlin <caitlin_snyder@fws.gov>
wrote:

Hi Justin and Betty,

Attached is a draft Statement of Work for the wolverine peer review
and a draft peer review plan.

The SOW will be submitted to contracting and they will put it out to the
contractor to get a bid on the peer review process.  There is template
language in the SOW, so please only look at the specific language
related to wolverine and the schedule (number of days for each task).  

The peer review plan will be posted on the Service's Peer Review page
-- I'm assuming it should go under Region 6.  

The peer review plan draws from the language in the SOW, so I
recommend focusing your review on the SOW, because I can easily
incorporate the language from the SOW into the peer review plan later.

Please let me know if you have any questions.

Thanks,
Caitlin

Caitlin Snyder
Unified Listing Team
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
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U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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From: Bush, Jodi
To: Caitlin Snyder
Cc: Justin Shoemaker; Betty Grizzle
Subject: Fwd: EMPSI-Request for Proposal, Reference Number 0092717001 for PEER Review of the Draft Species Status

Assessment Report for the North American Wolverine
Date: Tuesday, October 3, 2017 2:47:15 PM
Attachments: 20170921_Wolverine peer review Statement of Work_Draft Final.docx

Conflict of Interest Disclosure Form_template (2).pdf
RFP .doc

Caitlin.  Here are the materials we sent to all 3 peer reviewers.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Steve Gess <steve_gess@fws.gov>
Date: Wed, Sep 27, 2017 at 1:30 PM
Subject: EMPSI-Request for Proposal, Reference Number 0092717001 for PEER Review of
the Draft Species Status Assessment Report for the North American Wolverine
To: David Batts <david.batts@empsi.com>
Cc: Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>

Region 6 US FWS  received permission to use the new Scientific Studies
BPA,EMPSI was awarded recently. As a result I am requesting a formal
proposal to conduct a PEER review on the subject Daft Specifies status
assessment for the North American Wolverine. The RFP and Statement of work
are attached. Proposals are due October 16, 2017.This will be a competitive
process.

 

Please let me know if you have any questions.

 

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service
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Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov
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Statement of Work 

Peer Review of the Draft Species Status Assessment Report for the North American Wolverine 
 

Date:  September 21, 2017 
 

1. Introduction/Background 
 
The Service has drafted a Species Status Assessment (SSA) report to inform an evaluation of 
the status of the North American wolverine (Gulo gulo luscus) under the Endangered Species 
Act of 1973, as amended (Act). The SSA report is a comprehensive evaluation of the biological 
status of the North American wolverine and its viability as a species. The SSA report considers 
the ecological needs as well as current and forecasted future conditions for the species. We are 
seeking peer review on the SSA report. 
 
In compliance with a Court order that remanded our previous withdrawal of a proposed rule to 
list a Distinct Population Segment of the North American wolverine (79 FR 47522; August 13, 
2014), the Service will prepare either a revised proposed rule to list as a threatened or 
endangered species under the Act, or a revised withdrawal of the previous proposed rule (78 FR 
7864; February 4, 2013). The SSA report will be used to inform a decision (to be published in 
the Federal Register) to classify the North American wolverine as threatened, endangered or 
“not warranted” under the Act.   
 
The wolverine is the largest terrestrial member of the family Mustelidae. In North America, 
wolverines occur within a wide variety of habitats, primarily boreal forests, tundra, and western 
mountains throughout Alaska and Canada; however, the southern portion of the range extends 
into the contiguous United States. Currently, wolverines are found in the North Cascades in 
Washington and the Northern Rocky Mountains in Idaho, Montana, and, parts of Washington 
and Oregon, and Wyoming. Individual wolverines have recently dispersed into their historical 
range in the Sierra Nevada Mountains of California and the Southern Rocky Mountains of 
Colorado, but have not established breeding populations in these areas. 
 
2. Description of Review 

 
As part of the Service’s peer review policy we are requesting peer review of the draft Species 
Status Assessment report. The purpose of the peer review is to help us ensure that we are using 
the best scientific and commercial information in the SSA report. Thus, we are looking for 
independent scientific perspectives on the draft SSA report. Peer Reviewers should be advised 
that they are not to provide advice on policy. 

 
3. Methods, Protocols and/or Scientific Standards 

 
1. Each reviewer must have a Ph.D. or a Master’s with significant experience in Wildlife 

Ecology, Ecology, or Wildlife Management; and 
 

2.  In combination, the expertise of the qualified reviewers shall include the following; 
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however, each individual is not required to meet all qualifications: 
 

a. Experience or expertise with carnivore management, especially wolverines; 
 

b. Expert knowledge of wildlife biology, wildlife management, demographic management 
of mammals (especially mesocarnivores), genetics, population modeling and/or 
scientific literature on wolverines or other mustelids;  
 

c. Expert knowledge of the effects of climate change and climate change modeling, 
specifically in the Mountain West area of the United States, which includes the 
northern Rocky Mountains, the North Cascades, or the southern Rocky Mountains; 
 

d. Expert knowledge of genetics of metapopulations; 
 
e. Experience as a peer reviewer for scientific publications; 
 
f. Knowledge of wolverine management in Canada, Alaska, and/or Europe. 

 
The Contractor shall ensure the peer review process complies with the Service’s July 1, 1994 peer 
review policy (59 FR 34270), the Service's August 22, 2016 Director's Memo on the Peer Review 
Process, and the Office of Management and Budget’s December 16, 2004 Final Information 
Quality Bulletin for Peer Review. For example, potential conflicts of interest should be avoided, if 
possible and disclosed if not possible. Potential conflicts of interest would likely include: 
employment or affiliation with the Service, the States of California, Colorado, Idaho, Montana, 
Nevada, New Mexico, Oregon, Utah, Washington, or Wyoming, or the Canadian Federal 
government; and peer reviewers, who have been or are directly or indirectly employed by any 
organization that has either litigated the federal government concerning wolverines or taken a 
position on one side or the other about the status of the North American wolverine in the 
contiguous United States. In addition, individuals who served as peer reviewers for previous 
proposed rules or who were participants in the April 2-3, 2014 facilitated wolverine workshop 
held by the Service should be disqualified from this peer review process. Finally, the reviewers 
should have no financial or other conflicts of interest with the outcome or implications of the 
report. The contractor will be responsible for selecting reviewers and obtaining the individual 
written peer reviews from 3-5 well-qualified reviewers.   

 
Peer Reviewers will provide individual, written responses. Peer Reviewers will be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public. We will summarize and 
respond to the issues raised by the peer reviewers in the administrative record and address 
these concerns in the SSA report, as appropriate. 
 
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 15 days, starting immediately after the Service receives 
the reviews from the contractor. Peer reviewers will be advised that they are not to provide 
advice on policy. Rather, they should focus their review on identifying and characterizing 
scientific uncertainties. Peer reviewers will be asked to answer questions pertaining to the logic 
of our assumptions, arguments, and conclusions and to provide any other relevant comments, 
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criticisms, or thoughts. Collectively, the review should cover, but not be limited to, the topics 
listed below. Reviewers should comment on areas within their expertise, and may choose to 
abstain from other areas including restricting your technical comments to your area of expertise, 
but feel free to render opinions or raise questions about larger scientific issues that may be 
relevant.  To the extent possible, justify your comments with supporting evidence just as you 
would do when presenting your own scientific work.  Please do not refrain from offering 
relevant opinions, but also label them as such.  Test your comments for fairness, objectivity and 
tone of delivery by asking yourself if you would be comfortable presenting your comments, 
face-to-face, to the author and a panel of your peers. 
 
Peer reviewers will be asked to complete and sign a Conflict of Interest form (see Paragraph 8). 

 
Available Data  
 
(1)  Please identify any oversights or omissions of data or information, and their relevance to the 
assessment. Are there other sources of information or studies that were not included that are 
relevant to assessing current and future threats to this species and not repetitive of other 
information or studies already included? What are they and how are they relevant?  
 
(2)  Provide advice on the overall strengths and limitations of the scientific data used in the 
document. Is the information presented in the SSA report explicit about assumptions and 
limitations of, and concerns regarding, the data, and are these appropriately qualified or explained? 
Are there concerns that the Service did not identify, and if so, how relevant are these concerns to 
the assessment of the North American wolverine? Are there any inconsistencies in how the data are 
presented or assessed?  
 
Analysis of Available Data 
 
(3)  Have the assumptions and methods used in the SSA report been clearly and logically stated in 
light of the best available information? If not, please identify the specific assumptions and methods 
that are unclear or illogical. 
 
(4)  Are there demonstrable errors of fact or interpretation? Have the authors of the SSA report 
provided reasonable and scientifically sound interpretations and syntheses from the scientific 
information presented in the report? Are there instances in the SSA report where a different but 
equally reasonable and sound interpretation might be reached that differs from that provided by the 
Service? If any instances are found where this is the case, please provide the specifics regarding 
those particular concerns. 
 
(5)  Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the 
scientific uncertainties presented and the analyses conducted been clearly identified and has the 
degree of uncertainty been appropriately characterized? If not, please identify any specific 
concerns. 
 
(6)  Does the SSA report adequately consider what the species needs to maintain viability in terms 
of resiliency, redundancy, and representation?   
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In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that the services provided shall 
consist of unbiased assessments through proper management and enforcement of scientific 
integrity standards, to avoid any conflict of interest. 
 
4. Required Service (Work) Items - Task Line Item Numbers (TLIN): As described in the 

agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this project. The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule:  

 
TLIN 001: Selecting for peer reviewers or review panels, or for task orders to provide 
scientific support. 
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products. 
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 15 consecutive days). 
TLIN 005: Maintaining an official record for peer reviews or task orders. 

 
5. Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement 
paragraph 3, which states, “The Contractor shall provide the Contracting Officer 
Representative with three key deliverables:  (1) Proposed Timeline, (2) Original individual 
scientific reviews and a transmittal letter to the Service (to Regional Director, Noreen Walsh), 
and (3) Complete Official Record.” Original individual scientific reviews will be provided to 
the Contracting Officer Representative electronically in both Word and pdf format. 

 
There are no additional deliverables.  However, the contractor will be required to respond 
to questions, inquiries, or other related requests, and final acceptance, as needed.  These 
request(s) will be by the Contracting Officer Representative (COR) (XXXX), in 
coordination with the Contracting Officer (XXXX).  Inquiries or requests are limited to 
the products provided, and work performed under this contract (order).   
 
Responses include, but not limited to: phone calls, written responses, and/or meetings. 

 
Review comments by the COR will be provided to the contractor via the 
Contracting Officer. 

 
6. Task Schedule 
The period of performance shall not exceed the contract expiration date without a contract 
modification. In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays. Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early). Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
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TASK/DELIVERABLE CALENDAR DAYS 

AFTER AWARD 
Task 1:  The Service’s COR will provide access to materials 
needed for the review.  

 1 (On XXXX)  

Task 2:  The contractor(s) shall manage a thorough, objective 
peer review of the Service’s draft Species Status Assessment 
report for the North American wolverine. 

 31 (30 days after 
XXXX) 

Task 3:  The contractor(s) will provide 3-5 expert peer reviews 
and a transmittal letter to the Service (to Regional Director, 
Noreen Walsh). 

 33 (2 days)  

Task 4:  The contractor facilitates specific follow-up 
questions/answers between the Service and the reviewers (task 
limited to a 10-day period, 60 days after delivering initial 
review comments to the Service).  

43 (10 days )   

Task 5: The contractor will provide all applicable official 
records to the Service’s COR. 

45 (2 days )  

 
 

7. Official Administrative Record 
The Contractor is required to prepare an official record. 

 
8. Information Sources 
The key information sources and links for this review will include: (1) the draft North American 
wolverine species status assessment. Pertinent literature will be provided, as well as any relevant 
background information.  The Service will provide a Conflict of Interest form for each peer 
reviewer to complete (attached). 

 
9. Payment Schedule: 

 
The payment schedule is as follows:  100 percent upon completion of Task 5 above. 

 
10. Points of Contact: 
Contracting Officers, Mr. Steve Gess, (R6) 303-236-4334 or email: steve_gess@fws.gov;  

 
Contracting Officer Representative/Project Lead:  Justin Shoemaker, Classification and 
Recovery Biologist, 309-757-5800 ext. 214 or email: justin_shoemaker@fws.gov  

 
11. List of Enclosures/Attachments 
1) Draft North American wolverine Species Status Assessment 
2) Electronic or cd copies of literature cited in the above document 
3) Conflict of Interest form 

 
12. Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value. Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (reference paragraph 

mailto:steve_gess@fws.gov
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3).  Price must detail cost in accordance with the agreement. The approach must include a 
detailed/ proposed schedule (timeline), and the disciplines/skill mix of reviewers. The approach 
should be no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs. 
All contractors must propose five reviewers. Be sure to include the discipline/skills of all 
reviewers (e.g., a resume or CV). 
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United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

Mountain-Prairie Region 
134 Union Boulevard  

Lakewood, CO 80228-1807 
 
 
IN REPLY REFER TO: 

BA/CGS 
Mail Stop 60181                                                                                                     September 27, 2017 
TRANSMITTED ELECTRONICALLY – NO HARD COPY TO FOLLOW 
 
Attention:  Scientific, Technical and Advisory Services Contractors 
 

Subject: Request for Proposal, Reference Number 0092717001 for PEER Review of the Draft 
Species Status Assessment Report for the North American Wolverine 

 
DUE: 16 OCT 2017 C.O.B. (Close of Business) 

The purpose of the letter is to request a proposal from your firm.  The award of this 
requirement is subject to the availability of funds.  The Statement of Work, Peer Review of the 
Draft Species Status Assessment Report for the North American Wolverine, is enclosed for your 
review and to assistance in preparing your proposal.  The due date for your proposal is noted in 
the subject line. 

 
The firm fixed priced order will be awarded based on best value (Reference the Statement 

of Work, paragraph 12).  Additional information may be requested and required to determine the 
best value to the Government. 

 
In order to be responsive to this request for proposal the following must be submitted in 

accordance with the Statement of Work: 
1. Price   
2. Approach/Qualifications 
3. Schedule 
 
If you require clarification or feedback as to this requirement and/or as to your 

assumptions please provide questions via email by 10 OCT 2017, 1:00 PM.  Please feel free to 
contact me at (303) 236-4334 or via email at steve_gess@fws.gov    
 
 
Sincerely, 
/s/ 
Steven Gess 
Contracting Officer 
 
CC: 
Jodi Bush 



From: Bush, Jodi
To: Betty Grizzle
Subject: Fwd: Wolverine Meeting Next week
Date: Tuesday, October 3, 2017 4:33:51 PM
Attachments: AgendaOctober2017.docx

are you calling in or something?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Inman, Bob <bobinman@mt.gov>
Date: Tue, Oct 3, 2017 at 2:36 PM
Subject: RE: Wolverine Meeting Next week
To: "Bush, Jodi" <jodi_bush@fws.gov>

Hello Jodi,

 

The meeting is near Missoula. The 11th and 12th. It will be focused on analysis of the
occupancy data collected last winter. The nuts and bolts stuff that will frankly be over most of
our heads as Dr. Lukacs from UM runs the numbers. You are welcome to come if you want
and I can give you more details if so. Agenda attached.

 

-Bob Inman

 

 

 

Robert M. Inman, PhD

Carnivore-Furbearer Coordinator

Montana Fish, Wildlife and Parks

1420 East 6th Ave., PO Box 200701,

Helena, MT 59620-0701

mailto:jodi_bush@fws.gov
mailto:betty_grizzle@fws.gov
mailto:bobinman@mt.gov
mailto:jodi_bush@fws.gov


406-444-0042 (o)

406-570-5326 (c)

bobinman@mt.gov

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Tuesday, October 03, 2017 2:28 PM
To: Inman, Bob <bobinman@mt.gov>
Subject: Wolverine Meeting Next week

 

Bob.  Heard about wolverine meeting next week.   Would it be helpful if I stop by?  JB

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

mailto:bobinman@mt.gov
mailto:jodi_bush@fws.gov
mailto:bobinman@mt.gov


 

Agenda  
Multistate Wolverine Survey Analysis Workshop 

Lubrecht Experimental Forest, 38689 Hwy 200 East, Greenough, MT 
October 11-12, 2017 

 
 
Purposes: The objectives of the workshop are: 

1. To conduct an occupancy analysis for the Western State Wolverine Conservation project multi-
state survey, for which fieldwork was completed last winter; 

2. To engage project partners in discussion of analysis results and inferences; 
3. To plan the major topics to cover in the project report & manuscript;  
4. To plan future survey protocols considering current field and analysis results; and 
5. As time permits, to discuss other analysis options and projects. 

Participants: Hannah Anderson, Jeff Lewis (Washington Department of Fish & Wildlife); Robert Long 
(Woodland Park Zoo); Rex Sallabanks, Diane Evans Mack (Idaho Department of Fish & Game); Bob 
Inman, Justin Gude, John Vore (Montana Fish, Wildlife & Parks); Stacy Courville (Confederated Salish & 
Kootenai Tribes); Bob Lanka, Zack Walker (Wyoming Game and Fish Department); Scott Jackson,  Mike 
Schwartz (USDA Forest Service); Rick Kahn (National Park Service); Jake Ivan (Colorado Parks and 
Wildlife); Andrew Hansen , Katie Carroll (Montana State University); Paul Lukacs, Anna Moeller 
(University of Montana); Steve Torbit (USFWS) 

 
October 11 

8:00  Introductions & logistics 

8:15  Review data submitted 

- Lukacs presents summary stats of submitted data 

9:00  Discussion of issues that arose in the field that may affect analysis 

10:00  Review/ development of occupancy analysis objectives  

- Focus on objectives from the proposal and notes from July 2015 planning meeting first (see 
below) 

- Address additional questions as time allows 

12:00  Lunch 

13:00  Examine and finalize covariates/GIS layers to use 

14:00  (Lukacs & Moeller) Analyze data  

14:00  (Group)  



 

- Remain available to help with analyses/ answer questions 
- Review/ refine field sampling protocol for future surveys 
- Plan for future survey iteration 
- If time allows, discuss other projects/ analyses 

o Genetic and landscape genetic analyses 
o Connectivity modeling project 
o Other analysis opportunities/ plans?? 

17:00  Break for day 

October 12 

8:00  Review & discuss occupancy analysis results, develop inferences 

10:00  Develop an outline for major topics to cover in report/publications 

12:00  Lunch 

13:00  Calculate future sample size needs  

- Consider design tradeoffs 
- Were we close with our assumed detection probability when planning? 

15:00  Continued discussion on future survey iteration, if needed 

16:00 If time allows, continued discussion of other projects/ analyses 

17:00 Adjourn 

NOTES ON OCCUPANCY ANALYSIS COVARIATES FROM JULY 2015 MEETING: 

Covariates – A break-out group on day 2 included Jeff L., Mike, Kevin, Bob I., Paul, Kim, and Justin. They 
brainstormed 14 variables and distilled the list down to 5. These were variables that could reduce 
variance but were not causal (i.e., will produce a better habitat model but won’t answer manager 
questions). Any variable already included in habitat base layers was eliminated. 
 

1a.  % or ha of habitat in a cell 
1b.  human footprint (Theobald modeling; infrastructure) 
  
2a.  spatial autocorrelation of psi detections 
2b.  centrality/isolation/connectivity of suitable habitat (a score assigned to a cell based on 
landscape)   
 
3.    protected area (% of cell or distance to wilderness or national park) 
4.  suitable habitat configuration of patch a cell occurs in (e.g., perimeter to area ratio) 
5.  geology (conditional on finding a dataset that will yield a binary variable and recognizing that 

data is not wall-to-wall or at resolution needed to get at mineral type, size of boulders, etc.) 
 

a/b means use one or the 
other in a model at a time 



From: Bush, Jodi
To: Josh Hull; Madeline Drake
Cc: Grizzle, Betty; Caitlin Snyder; Bryon Holt; Gregg Kurz; Shoemaker, Justin; Kit Hershey
Subject: Re: Agenda for Wolverine Core Team call today - Oct 3
Date: Wednesday, October 4, 2017 2:55:46 PM

Hey folks, I still need state F&G agency contact information for CA and OR (?).   Please send
me that Asap so I can get an email out on a headsup for Wolverine SSA.  Thanks. JB  

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Oct 3, 2017 at 9:52 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Team,

For those of you reviewing the SSA report, comments were due to Betty last week.  If you
haven't responded to her, please let her know if you have comments, or not, as soon as
possible. 

We'll have a call today to discuss the following:

1. Schedule (Justin/Betty)
2. SSA report status (Betty)
3. Peer Review process (Justin/Jodi)
4. Partner Review (Justin/Jodi)
5. Recommendation Meeting - scheduling (Justin)

Attached is a revised timeline for discussion (track change version).  I've revised some dates
leading up to the Recommendation Team Meeting.  

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:jodi_bush@fws.gov
mailto:josh_hull@fws.gov
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mailto:betty_grizzle@fws.gov
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From: Guinotte, John
To: Betty Grizzle
Date: Wednesday, October 4, 2017 8:44:33 AM
Attachments: Section for John to review_jmg.docx

Hi Betty, Give me a call if you have questions about comments. I think there needs to be a
short discussion about why we shifted our focus into April vs may. That is a significant
difference from the McKelvey work and well justified given the biology.

Best, John

John Guinotte
Spatial Ecologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

mailto:john_guinotte@fws.gov
mailto:betty_grizzle@fws.gov
mailto:john_guinotte@fws.gov


Section for John to review: 
 
Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks 
 
The effects of climate change on snow persistence has been suggested as an important negative 
impact on wolverine habitat and populations by the mid-21st century (McKelvey et al., 2011, 
entire). The Service therefore pursued a refined methodology to provide insights into the 
potential impacts of climate change on snow persistence. 
 
The Service engaged the National Oceanic and Atmospheric Administration (NOAA) 
laboratories and University of Colorado in Boulder, Colorado (CU) regarding their ability to 
evaluate and model fine scale persistence of snow in occupied and potential wolverine habitat in 
the contiguous United States. Those discussions revealed significant progress in fine scale 
modeling approaches since the early 2000s and the Service provided funding for an assessment 
of snow extent and depth to assess the effects of climate on snow persistence in two areas of the 
western United States, Rocky Mountain and Glacier National Parks (Ray et al. 2017, entire). The 
primary objective of this study was to refine the spatial and temporal scale of snow modeling 
efforts and improve the scientific understanding of the extent of spring snow retention currently 
and into the future under a changing climate (Ray et al. 2017, p. 9). The objectives of the study 
included (Ray et al. 2017, p. 10): 
 

• Use of fine-scale models to analyze the topographic effects of snow, including slope and 
aspect (compass direction that slope faces)  

• Use of a range of plausible future climate change scenarios to assess snow persistence 
• Analysis of extremes and year-to-year variability by selecting representative wet, dry, 

and near normal years (using observed conditions) and then modeling changes for those 
base years under several future climate scenarios 

• Assessment of changes in snow persistence by elevation 
 
The study was designed to parallel as much as possible and thereby refine the previous 
assessment of snow cover persistence in the western United States presented in McKelvey et al. 
(2011). However, an exact replication of the McKelvey et al (2011) study was not possible given 
the time, funding, and computational constraints needed to develop a fine-scale assessment. The 
current study was limited to two study areas (approximately 1,500 to 3,000 km2 (579 to 1,158 
mi2) each) in the northern and southern Rocky Mountains (see Appendix H for maps). The two 
study areas were selected because they encompass the latitude and elevational range of 
wolverines within the contiguous United States. Glacier National Park (GLAC) is representative 
of a high latitude and relatively low elevation area currently occupied by wolverines. The Rocky 
Mountain National Park region (ROMO) is a lower latitude and higher elevation area within the 
wolverine’s historical range, which was recently occupied by a wolverine from 2009 to at least 
2012. 
 
Methods: We provide here a brief summary of the methods used in this study. Additional details 
are contained in the full report authored by Ray et al. (2017). The initial step of the analysis was 
a review of the observed climate and variability to provide context for trends and year-to-year 
variability. Next, historical snow cover extent and variability were analyzed using satellite 
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remote sensing (MODIS) data from 2000 to 2016 to calculate a snow disappearance date for 
each year at each pixel. Summary statistics include total snow covered area (total area covered 
by snow), representation of snow pack by aspect (percent of land areas covered by snow for each 
of the 17 years in the historical record by topographic aspect based on compass direction that the 
slope faces), and elevation dependence for wet, near-normal, and dry years (with median of all 
years used as reference). Future snow pack projections were then generated using the Distributed 
Hydrology Soil Vegetation Model (DHSVM), for the historic period 1998-2013, and then 
validated against SNOTEL observing stations and MODIS satellite data.  
 
Both Ray et al. (2017) and McKelvey et al. (2011) used the delta method to estimate future snow 
persistence. The NOAA-DHSVM delta method uses historical observed weather (1998–2013) as 
the baseline and applies future changes in temperature and precipitation from the chosen GCMs 
(approximately Year 2055) to estimate future snow persistence on the landscape. Five future 
scenarios (GCMs) were selected from CMIP5 global climate model projections to capture 
variability in temperature and precipitation, using the RCP 4.5 (moderate) and RCP 8.5 (high) 
emissions scenarios. Representative wet, near normal, and dry years were analyzed for the 
historical simulations and evaluated for the five future scenarios. The number of years (out of 16) 
with snow depth greater than 0.5 m (20 in) was also analyzed as was the change in Snowcovered 
Area (SCA) with depth greater than 0.5 m (20 in). This snow depth was selected based on an 
analysis of the snow depth at documented wolverine den sites in Glacier National Park (Ray et 
al. 2017; Table 5-2). Results were reported for “light snow cover” (snow depth greater than 1.25 
cm (0.5 in)) and “significant” snow (snow depth > 0.5 m (20 in)) for April 15, May 1, and May 
15 for previously defined representative years. The term “light snow cover” was incorporated as 
the most directly comparable parameter to McKelvey et al.’s “light” snow cover. The average 
change in Snow Covered Area (SCA) and Snow Water Equivalent (SWE) was analyzed as a 
function for both study areas of elevation and was overlaid with the elevations of documented 
wolverine den sites (2003–2007) in GLAC.  
 
Comparison with McKelvey et al. (2011): Although the methods used in this study have 
similarities with those presented in McKelvey et al. (2011), there are several key differences. 
Ray et al. (2017) used a finer spatial resolution model (DHSVM) than McKelvey et al. (2011) 
(0.0625 km2 vs. 35 km2) that incorporated slope and aspect. The grid cells represented in 
McKelvey et al. (2011) were assumed to be flat (i.e., north-facing slopes treated as identical to 
south-facing slopes). McKelvey et al. (2011) focused on May 1st snow depth as a proxy for May 
15th snow disappearance, while Ray et al. (2017) focused directly on May 15th snow 
disappearance and produced results for the presence or absence of deeper snow (nominally 
greater than or equal to 0.5 m (20 in) depth) on May 1st and April 15th.1 Because of the increased 
resolution of this study, Ray et al. (2017) was were able to consider whether any pockets areas of 
snow with depth greater than 0.5 m (20 in) will persist in these areas. Additional comparisons are 
outlined below in Table 7 and in Ray et al. (2017, p. 6). 
 

                                                           
1 The NOAA/CURay et al (2017) study originally focused on May 15th to compare to the McKelvey et al. (2011) 
study, and June 1st to bracket the snowmelt season. However, April 15 and April 30 dates were added to the 
evaluation of snowcovered areas to align with temporal reproductive patterns of the wolverine (see Life History 
section above).   
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Table 7. Comparison of Methods, Ray et al. (2017) vs. Copeland et al. (2010)/ McKelvey et al. 
(2011) 
 Ray et al. (2017) Copeland et al. (2010)  

and McKelvey et al. (2011) 
Spatial 
Resolution 

250 m x 250 m = 62,500 m2 or 0.0625 
km2  

(0.24 mi2) 

~5 km x 7 km = 35 km2  

(13.51 mi2) 

Geographic Area Glacier and Rocky Mountain National 
Parks, 300 m below treeline and above 

Western United States, except 
California and Great Basin 

Topography Slope, aspect, and shading were used Slope and aspect were not used 
Validation SNOTEL (ground stations) and 

MODIS (satellite data) 
None 

Future Scenario 
Method 

Delta Method, used to project 2000-
2013 conditions out to Year 2055 

Delta Method (Years: 2045, 
2085, 2070-2099) 

Future Scenarios 
(GCMs) 

miroc, giss, fio, cnrm (both study 
areas); 
canesm (Glacier National Park only) 
hadgem2 (Rocky Mountain National 
Park only) 

Ensemble of 10 GCMs, pcm1, 
and miroc 3.2 

Time-related 
Results 

Long-term means and year-to-year 
variability (i.e., wet, near normal, and 
dry years)  

Changes in long-term mean 
snowpack only 

Snow Detection 
and 
Measurements 

Snow or no snow (1.25 cm (0.5 in) 
threshold), snow depth (0.5 meter (20 
in) threshold for "significant snow"), 
and snow water equivalent  

Snow or no snow (13 cm (5.12 
in) threshold) 

Number of Years 
of MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 
Snow Cover 
Dates Analyzed 

April 15, May 1, and May 15 May 1, May 15 (derived from 
May 1), May 29 (derived from 
May 1) 

 
Results: While there are challenges in comparing the results from McKelvey et al. (2011) 
directly to the NOAA/CURay et al (2017) study due to differences in methodology and focus, 
the qualitative picture can be summarized as follows: projected warming has a larger effect at 
lower elevations whereas projected precipitation changes may dominate the springtime 
snowpack in the high country. We present below a summary of the main results from Ray et al. 
(2017). 
 
MODIS Observed Historic Snowpack Variability Analysis:   
 

● In GLAC, SCA varies considerably by year, including wet years such as 2011 
with very persistent snow, years with strong melt in early May, such as 2012, or in late 
May (2009, 2001), and dry years (2004, 2005) (Ray et al. 2017, Section 4.3).  
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● Even in dry years, northeast-facing slopes in GLAC tend to hold more snow and 
melt later in the season.  

● More than 80 percent of the GLAC study area above approximately 2,000 m 
(6,562 ft) elevation on May 1 has snow cover during dry years, and more than 95 percent 
has snow cover above approximately 1,200 m (3,937 ft) during wet years.  

● In ROMO, the SCA also varies considerably by year. 
● The northwest-facing slopes in ROMO tend to hold more snow even during dry 

years. In very dry years, snow cover peaks at intermediate elevations, suggesting that the 
high-altitude snowpack may be particularly vulnerable in this region under warm/dry 
conditions. 

 
Future Snowpack Projections: The area-wide SCA results include snow cover changes in both 
forested and above-treeline (alpine) terrain, which may have different implications for wolverine 
biology. 
 
Glacier National Park (GLAC): 
 

• Projections for April 15th, May 1st, and May 15th SCA and area with snow depth greater 
than 0.5 m (20 in) show declines on average in all scenarios, compared to the 2000–2013 
historic average, except for small increases in the Warm/Wet scenario and for almost all 
years.  

o For April 15th, light SCA area is reduced by 3 to 23 percent and significant snow 
cover (greater than 0.5 m (20 in)) declines by 7 to 44 percent.  

o For May 15th, light SCA is reduced by 10 to 36 percent, and the area with 
significant snow cover declines by 13 to 50 percent. 

• All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 m (20 in)). Areas with frequent availability (at least 14 out of 16 years) 
of significant snow become concentrated in smaller high elevation areas. Lower elevation 
areas had the largest decreases in the number of years with significant snow cover.  

• Most of the known den sites are located between 1,800 m (5,906 ft) and 2,000 m (6,562 
ft) in GLAC. Below that elevation band, large snow losses are predicted (40 to 70 percent 
decrease for two of the scenarios, 16 to 20 percent for the other three). Above that 
elevation band, there is little change in SCA for four of the five scenarios (2 to 8 percent) 
except in maximum warming scenario (decline of 40 percent (Ray et al. 2017; Figure 5-
22). In the 1,800–2,000 m (5,906–6,562 ft) band, the snowpack change is sensitive to 
elevation and to the future climate scenario used. 

• For representative wet years, for May 15th, the higher elevations of the study areas 
experience only 2 to 7 percent loss of snowpack under the scenarios with “least” change 
and the “central” change, although for the dry years, losses range from 18 to 57 percent. 

o The implication is that the wet, cold climate of the GLAC study area could act as 
a “buffer” to change in areas with 0.5 m (20 in) of deep snow on May 1st, at least 
for elevations above 1,800 m (5,906 ft). 

 
Rocky Mountain National Park (ROMO):  
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• Projections of May 15th SCA in ROMO decline on average in all scenarios, except for 
small increases in the Warm/Wet scenario, and for almost all years. 

o For April 15th, light SCA (depth ≥ 5 mm (0.2 in)) declines by 3 to 18 percent and 
significant SCA (depth > 0.5 m (20 in)) changes from −1 to +16 percent for the 
five scenarios considered (compared to the 2000-2013 historical average).  

o For May 15th, the area with light snow cover declines 8 to 35 percent and the area 
with significant snow cover declines 6 to 38 percent. 

• All projections show declines in the number of years with significant snow. The areas 
with frequent availability (at least 14 out of 16 years) of significant snow (equal to or 
greater than 0.5 m (20 in)) become concentrated in smaller high elevation areas. In 
contrast, lower elevation areas had the largest decreases in the number of years with 
significant snow cover.  

• Although no dens have been documented in ROMO, the elevation band for denning, 
modeled by regression analysis, is estimated at 2,700 to 3,600 m (8,858 to 11,811 ft). On 
May 1st, modest declines in SWE of about 15 percent and less for areas at 3,400 m 
(11,155 ft) or above result in losses of only about 10 percent snow cover.  

o The implication is that the wet, cold climate of the higher parts of the ROMO 
study area could also act as a “buffer” to change in the area of 0.5 m (20 in) deep 
snow on May 1st.  

 
Elevation Dependence of Change: In general, and supported by the literature, the snowpack in 
the higher elevations of both areas is more responsive to precipitation change, while lower 
elevations are more responsive to temperature change. For GLAC, most of the observed den sites 
are located within the zone where temperature dominates the future effects of change. For the 
elevation of den sites in GLAC (i.e., above 1800 m (5,906 ft)), loss of SCA on May 1st spans the 
range of 5–40 percent, with a 70 percent decrease for the Hot/Wet (miroc GCM) scenario. Above 
2,200 m (7,218 ft), the losses are less than 5 percent for all but the Hot/Wet scenario.  
 
Current results may be a reasonable estimate for the high mountain ranges within the Rockies 
that lie between GLAC and ROMO. However, without further study, we cannot reasonably 
extend these results to say whether or not snow refugia will persist in lower elevations of? the 
Central Rockies below our study elevations (approximately 1,000 m (3,281 ft)). These lower 
elevations are where McKelvey et al. (2011) predicted the greatest losses in snowpack. The 
NOAA/CU results also cannot be extrapolated to mountain ranges outside of the Rockies (i.e. the 
Cascade Range) that have different climates (temperature and precipitation). We note here that 
we have no documented wolverine den sites in the contiguous United States below 1,500 m 
(4,921 ft) elevation; that is, no documented den locations in the areas where McKelvey et al. 
(2011) predicted the greatest loss in snowpack. 
 
Interpretation and additional analysis relative to wolverine den site scale: The Service was 
interested in exploring the question, “If snow cover is required for wolverine denning, will there 
be a sufficient amount of significant snow cover in the future in areas wolverines have 
historically used for denning in the contiguous United States?” The Service integrated future 
DHSVM projections (2000–2013 averages) of snow covered area (greater than 0.5 m (20 in) 
depth) on May 1st for GLAC and ROMO with new information obtained from a spatial analysis 
of documented den sites in the contiguous United States. This spatial analysis indicated 31 of 34 
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documented den sites in the contiguous U.S. were located in areas with slope less than 25 
degrees. Avalanche risk increases significantly in areas with slope greater than 25 degrees (Scott 
2017; pers. comm.) and wolverines may avoid these areas for denning due to this risk.  
 
Using the projections prepared by Ray et al. (2017), we present in Figures 6 and 7 the spatial 
distribution of significant snow covered area with slopes less than 25 degrees and within the 
elevation bands indicated above for three future scenarios in each study area. The three scenarios 
for GLAC (miroc, cnrm, and giss) and for ROMO (hadgem2, fio, and giss) were chosen to span 
the range of GCM uncertainty regarding future? temperature and precipitation, and by extension 
significant SCA (see Figures 6a and 7a). We found that large portions of the study areas meet all 
three criteria— greater than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m 
(4,967–7,389 ft), and with a slope less than 25 degrees—across both study sites in the future.   
 
The GLAC miroc simulation shows the greatest decrease in future snow covered area in the 
elevation band historically used for denning (orange line in Figure 7a). Figure 6b shows the 
spatial distribution of significant SCA with slope less than 25 degrees and elevation of 1,514–
2,252 m (4,967–7,389 ft) for the miroc simulation on May 1st (approximately Year 2055). 
Approximately 494 km2 (191 mi2) of area meet the three criteria with an additional 803 km2 (310 
mi2) of area retaining significant snow covered area, primarily at higher elevations. Moreover, 
we determined that large tracts of significant SCA are projected in close proximity to 
documented historical den sites across all three scenarios (Figures 6b–6d). A shown in Table 8, 
wolverines would not have to travel far, or at all, relative to either distance or elevation to reach 
areas with significant snow covered area in the future.  
 
A similar analysis was performed for the ROMO study area and the results indicate that large 
portions of the study area meet all three criteria identified above. The hadgem2 (Figure 7b) and 
cnrm scenarios were found to have the greatest decrease in significant snow covered area of the 
five scenarios analyzed. Figure 7b (hadgem2 simulation) shows the spatial distribution of 
significant SCA (greater than 0.5 m (20 in) depth), elevation of 2,700–3,600 m (8,858–11,811 
ft), and slopes less than 25 degrees where denning would be expected to occur. Total area 
meeting these three criteria was 339 km2 (131 mi2) (dark blue in Figure 7b), with an additional 
446 km2 (172 mi2) with snow depth greater than 0.5 m (20 in) (light blue in Figure 7b), mostly at 
higher elevations. Figures 7c (fio scenario) and Figure 7d (giss scenario) show a similar 
distribution, albeit larger areas of significant snow retention in the future (see map legends in 
Figures 7c and 7d for area estimates). 
 
Table 8. Distance of historical GLAC dens (Years 2003–2007) from projected significant snow 
covered area in the future (approximately Year 2055) (using 2000–2013 average). A 0 (zero) 
value indicates the den site location meets all three criteria in the future (greater than 0.5 m (20 
in) snow depth on May 1st, at elevation 1,514–2,252 m (4,967–7,389 ft), and with a slope less 
than 25 degrees).   
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From: Bush, Jodi
To: Grizzle, Betty
Subject: Re: Draft Tribal Email
Date: Wednesday, October 4, 2017 4:26:43 PM

absolutely.  I knew I was forgetting something.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Oct 4, 2017 at 4:23 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Just an FYI - Region 8 should be included (Richard Adkins is our Native American liaison).

On Wed, Oct 4, 2017 at 3:18 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Justin.  Below is a stab at a Tribal transmittal email for the Draft Wolverine SSA Report. 
(I stole it from work Jim did for Lynx).  After you talk to the Tribal folks, perhaps we can
share this or some version of it with prior to sending out the SSA.  We will need the
Regional Liaisons to send the email and the Draft SSA Report to their Tribal partners in
Regions 1, 2, and 6, so hopefully we can get this all lined up in the next week or two.  JB

____________________________________

Dear Tribal Partners:

Attached please find the U.S. Fish and Wildlife Service's DRAFT Species Status Assessment (SSA) for the Wolverine -
Contiguous United States Distinct Population Segment (DPS).  The SSA is intended to provide the biological and
scientific underpinnings for all decisions the Service must make in accordance with the Endangered Species Act (Act).
The draft report will undergo concurrent peer review and review by State Fish and Wildlife Agencies and by Federal
land management agencies (BLM, NPS, and USFS) within the DPS range.  

The Service jointly respects and values the significant role of Indian Tribes in past and ongoing species conservation. 
We also respect the sovereignty of Tribal governments and our collective Trust responsibility to Tribes.  Continuing this
effective relationship with interested Tribes and others is essential to achieving conservation of species including
wolverine.  Therefore, we are providing this draft for review by members of your organization with expert knowledge of
the species and its habitat.  That review will help us ensure that we have appropriately considered the best scientific and
commercial information when evaluating the current status and future viability of the wolverine DPS.

We request your organization's independent scientific perspectives on the comprehensiveness and logic of the document,
as well as how well the technical conclusions are supported by the data and analyses.  We ask that your comments on the
draft SSA report focus specifically on whether the best available information was used, the quality of the scientific
information, and our interpretation and analyses of the data with regard to the species’ viability in the contiguous United
States.  We request that you direct your review to the scientific issues and assumptions related to your expertise.

We welcome consolidated comments from your organization by November 20?, 2017. Please send comments by that
date to betty_grizzle@fws.gov. Thank you for your interest and assistance.

This document is not intended to solicit public comment and will be revised after this scientific review. This document
does not predetermine any future agency decision under the Endangered Species Act.

General Information about SSAs:

mailto:jodi_bush@fws.gov
mailto:betty_grizzle@fws.gov
mailto:betty_grizzle@fws.gov
mailto:jodi_bush@fws.gov
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The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve
transparency while conducting listing determinations and other actions in accordance with the Act, and peer review of
our analyses of the viability of species is part of that new process.  The attached draft SSA report is a rough draft; we
are seeking comments at this stage to ensure that we have time to incorporate any substantial comments as we finalize
the report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by the
Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a characterization of the
species’ viability in the contiguous United States.  As a reminder, all reviews and comments submitted to the Service will
become public documents and part of our administrative record for this document.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

https://maps.google.com/?q=2177+Salk+Ave,+Suite+250Carlsbad,+CA+%C2%A092008&entry=gmail&source=g
https://maps.google.com/?q=2177+Salk+Ave,+Suite+250Carlsbad,+CA+%C2%A092008&entry=gmail&source=g


From: Bush, Jodi
To: Robert Mansheim
Cc: Justin Shoemaker; Marjorie Nelson; Douglas Keinath
Subject: Wolverine Webpage update
Date: Thursday, October 5, 2017 5:05:09 PM
Attachments: Wolverine Reinstate-PR_FINAL_HQ.docx

20161122_LTR_Interested Party Wolverine Initiation of Status Review.pdf

Robert. We are also doing some work with wolverine and I noticed that our News Release
from earlier this year was missing from the site.  I'm pretty sure this is the final.  Maybe Justin
can verify that or EA but we need to convert it to pdf and post it on the site below.  I'm getting
questions about what  we are doing-this Release helps answer that question.  Also wondering
if we can post this interested party letter too? it talks more about the SSA specifically  Thanks
for your help.  JB 

https://www.fws.gov/mountain-prairie/es/wolverine.php

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:robert_mansheim@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:Marjorie_Nelson@fws.gov
mailto:douglas_keinath@fws.gov
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U.S. FISH AND WILDLIFE SERVICE 

Mountain-Prairie Region 
134 Union Boulevard 

Lakewood, Colorado 80228 
 

Court Ruling Reopens Comment Period on North American Wolverine 
Proposed Listing Rule 

 
Contact: Serena Baker, 303-236-4588, serena_baker@fws.gov 
 
 The U.S. Fish and Wildlife Service (Service) is reopening the public comment period on a proposed 

rule to list the North American wolverine as threatened under the Endangered Species Act (ESA).  

 The Service had proposed to list the North American wolverine, which is a Distinct Population 
Segment of wolverines found in the lower 48 states, but withdrew its proposal in 2014 after concluding 
that the factors affecting it were not as significant as were once thought.  

 However, the District Court for the District of Montana overturned the Service’s withdrawal, 
effectively returning the wolverine population to the point at which it was proposed for listing as 
threatened.  

 A threatened listing would mean this wolverine population is likely to become endangered within the 
foreseeable future throughout all or a significant portion of its range. 

 The Service has considered the North American wolverine as proposed for listing since the April court 
decision. This Federal Register Notice is an administrative step to implement the court ruling.   

 The Service will be starting a new review on the wolverine population to determine whether it meets 
the definition of a threatened or endangered species, or if the animal is warranted for listing at all.  

 Any decision on whether to list or not list the wolverine under the ESA will be based on the best 
scientific and commercial information available.  We anticipate new climate change information will 
assist us in this decision. 

 The Service is asking for any scientific or commercial information on the North American wolverine 
population during the 30-day public comment period that closes November 17, 2016.   

 The proposed 2013 listing rule is available online at https://www.fws.gov/mountain-
prairie/es/wolverine.php. To submit comments on https://www.regulations.gov, search for Docket 
Number FWS–R6–ES–2016–0106, and click on “Comment Now!” 

 Or, you can mail comments to:  Public Comments Processing, Attn: Docket No. FWS–R6–ES–2016–
0106, U.S. Fish & Wildlife, MS: BPHC, 5275 Leesburg Pike, Falls Church, VA 22041-3803. 

 The Service will post all information received on https://www.regulations.gov, including any personal 
information provided.   

 Wolverines look like a small bear with a bushy tail, and each of its five toes is armed with curved, 

News Bulletin 

U.S. Fish and Wildlife Service 

mailto:serena_baker@fws.gov
https://www.fws.gov/mountain-prairie/es/wolverine.php
https://www.fws.gov/mountain-prairie/es/wolverine.php
https://www.regulations.gov/
https://www.regulations.gov/


semi-retractile claws. In the lower 48 states, they live in the Pacific Northwest and Northern Rocky 
Mountains, with occasional sightings in Colorado, California, and Nevada. Learn more at 
https://www.fws.gov/mountain-prairie/species/mammals/wolverine/. 

–FWS– 

https://www.fws.gov/mountain-prairie/species/mammals/wolverine/


United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 

Montana Field Office 

585 Shepard Way, Suite 1 

Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

In Reply Refer To: 
FWS/R6/MTESO/wolverine 

November 22, 2016 

 

Dear Interested Party: 

 

The U.S. Fish and Wildlife Service (Service) is in the process of determining the status of the 

distinct population segment (DPS) of the North American wolverine (Gulo gulo luscus; 

wolverine) in the contiguous United States.   

 

On February 4, 2013, we published a proposed rule to list the DPS of wolverine occurring in the 

contiguous United States as threatened, under the Act, with a proposed rule under section 4(d) of 

the Act that outlines the prohibitions necessary and advisable for the conservation of the 

wolverine (78 FR 7864). We also published on February 4, 2013, a proposed rule to establish a 

nonessential experimental population area for the North American wolverine in the Southern 

Rocky Mountains of Colorado, northern New Mexico, and southern Wyoming (78 FR 7890). On 

August 13, 2014, based on our conclusion that the factors affecting the DPS as identified in the 

proposed rule were not as significant as believed at the time of the proposed rule's publication in 

2013, we withdrew the proposed rule to list the DPS of the North American wolverine as a 

threatened species under the Act (79 FR 47522). In October 2014, complaints were filed in the 

District Court for the District of Montana by several organizations challenging the withdrawal of 

the proposal to list the North American wolverine DPS. As a result of the court order (issued 

April 4, 2016), the August 13, 2014, withdrawal was vacated and remanded to the Service for 

further consideration consistent with the order. 

 

In effect, the court's action returns the process to the proposed rule stage, and the status of the 

wolverine under the Act has effectively reverted to that of a proposed species for the purposes of 

consultation under section 7 of the Act. On October 18, 2016, we published a Federal Register 

Notice reopening the comment period for 30 days on our February 4, 2013, proposed rule to list 

the distinct population segment of wolverine and announcing our initiation of a new status 

review of the wolverine, to determine whether this distinct population segment meets the 

definition of an endangered or threatened species under the Act, and request new information to 

inform our status review (81 FR 71670). 

 

The wolverine is a medium-sized mammal that resembles a small bear with a bushy tail. 

Wolverines in North America occupy a wide variety of alpine, boreal, and arctic habitats. The 

wolverine in the contiguous United States is distributed across parts of the northern Rocky 

Mountains in Idaho, Montana, and Wyoming, and the Northern Cascades in Washington. 

Previously gathered biological and threat assessment information for the wolverine can be found 
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in our February 4, 2013, proposed rule, available online at 

http://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=A0FA.  

 

For this status review, we will be using the Species Status Assessment (SSA) framework to guide 

our evaluation of the wolverine. The SSA framework is an analytical approach that characterizes 

a species’ ability to sustain populations over time based on the best scientific understanding of 

current and future abundance and distribution, taking into consideration any threats, stressors, or 

conservation efforts that could influence or affect the species’ status. An SSA is grounded in 

conservation biology principles and is a transparent and explicit analysis based solely on the best 

available science. We complete the SSA before any policies are applied or decisions are made, 

which provides greater flexibility for us to engage with our partners and solicit peer review. The 

SSA generates clear, logical analyses that not only supports our decisions under the Endangered 

Species Act (Act), but provides foundational, biological information to help guide species 

conservation.   

 

As we develop the SSA, we encourage our conservation partners and all interested parties to 

provide any new information regarding the status of the wolverine. Additionally, we may contact 

your species experts directly for additional information on the species, request reviews of draft 

documents, and if needed, ask for their participation in coordination meetings or expert 

workshops. We greatly appreciate the expertise, involvement, and time of your staff.  

 

Over the next several months, we will be gathering and analyzing available information on the 

wolverine as part of our process to determine their status. We are required to use the best 

scientific and commercial data available in our status review, which ensures any potential listing 

determination is as accurate and effective as possible. Following the status review, the Service 

will either publish a rule that proposes protections under the Act for the wolverine, or a not-

warranted listing determination in the Federal Register in late 2017. A final listing rule, if 

appropriate, would be published in the Federal Register in 2018. 

 

With this letter we are providing early notification to interested parties that we are initiating the 

status review process for wolverine and are seeking your input to ensure we have the best 

available information upon which to inform the status review. At this time, we are seeking 

information and data regarding the following items: 

 

 General information concerning the taxonomy, biology, ecology, genetics, and status of 

the wolverine; 

 

 Specific information on the conservation status of the wolverine, including information 

on distribution, abundance, and population trends; 

 

 Specific information on threats to the wolverine, including:  (i) the present or threatened 

destruction, modification, or curtailment of its habitat or range; (ii) overutilization for 

commercial, recreational, scientific, or educational purposes; (iii) disease or predation; 

(iv) the inadequacy of existing regulatory mechanisms; and (v) other natural or manmade 

http://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=A0FA
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factors affecting its continued existence;  

 

 Habitat selection, use, and any changes or trends in the amount and distribution of 

wolverine habitat; 

 

 Habitat requirements for feeding, breeding, and sheltering, including particular physical 

or biological features that are essential to the conservation of the wolverine and where 

such physical or biological features are found; 

 

 Whether any of these features may require special management considerations or 

protection; 

 

 Specific areas outside the geographical area occupied by the wolverine that may be 

essential for the conservation of the species; 

 

We will accept new information throughout this process; however, we respectfully request that 

you provide any pertinent information as soon as possible and not later than December 30, 2016, 

to ensure we have adequate time to consider it during our status review. Please be aware that all 

data and information submitted to us including names and addresses will become part of the 

decisional record for this package and may be made public.   

 

Information should be submitted to Betty Grizzle of the Carlsbad Fish and Wildlife Office at: 

 

U.S. Fish and Wildlife Service 

Carlsbad Fish and Wildlife Office 

Attn: Betty Grizzle 

2177 Salk Ave, Suite 250 

Carlsbad, CA 92008  

 

Thank you for your interest in the conservation of the wolverine. If you would like additional 

information or have questions about the species, please contact Betty Grizzle at (760) 431–9440, 

extension 215, or betty_grizzle@fws.gov. 

 

 

 

Sincerely, 

 

 
Jodi Bush 

Office Supervisor 

 



From: Shoemaker, Justin
To: Bush, Jodi
Cc: Betty Grizzle
Subject: Re: Draft Tribal Email
Date: Thursday, October 5, 2017 7:50:55 AM

Thanks Jodi.  I will be working w/ Anna in EA on this.  She suggested sending letters, but I
will see if emails will suffice.  Either way we'll use the language you provided. 

And we'll include R1 and R8 tribal liaisons as well. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Oct 4, 2017 at 5:18 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Justin.  Below is a stab at a Tribal transmittal email for the Draft Wolverine SSA Report.  (I
stole it from work Jim did for Lynx).  After you talk to the Tribal folks, perhaps we can
share this or some version of it with prior to sending out the SSA.  We will need the
Regional Liaisons to send the email and the Draft SSA Report to their Tribal partners in
Regions 1, 2, and 6, so hopefully we can get this all lined up in the next week or two.  JB

____________________________________

Dear Tribal Partners:

Attached please find the U.S. Fish and Wildlife Service's DRAFT Species Status Assessment (SSA) for the Wolverine -
Contiguous United States Distinct Population Segment (DPS).  The SSA is intended to provide the biological and scientific
underpinnings for all decisions the Service must make in accordance with the Endangered Species Act (Act). The draft
report will undergo concurrent peer review and review by State Fish and Wildlife Agencies and by Federal land
management agencies (BLM, NPS, and USFS) within the DPS range.  

The Service jointly respects and values the significant role of Indian Tribes in past and ongoing species conservation.  We
also respect the sovereignty of Tribal governments and our collective Trust responsibility to Tribes.  Continuing this
effective relationship with interested Tribes and others is essential to achieving conservation of species including
wolverine.  Therefore, we are providing this draft for review by members of your organization with expert knowledge of
the species and its habitat.  That review will help us ensure that we have appropriately considered the best scientific and
commercial information when evaluating the current status and future viability of the wolverine DPS.

We request your organization's independent scientific perspectives on the comprehensiveness and logic of the document, as
well as how well the technical conclusions are supported by the data and analyses.  We ask that your comments on the
draft SSA report focus specifically on whether the best available information was used, the quality of the scientific
information, and our interpretation and analyses of the data with regard to the species’ viability in the contiguous United
States.  We request that you direct your review to the scientific issues and assumptions related to your expertise.

We welcome consolidated comments from your organization by November 20?, 2017. Please send comments by that date
to betty_grizzle@fws.gov. Thank you for your interest and assistance.

This document is not intended to solicit public comment and will be revised after this scientific review. This document
does not predetermine any future agency decision under the Endangered Species Act.

General Information about SSAs:

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve transparency

mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:betty_grizzle@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
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while conducting listing determinations and other actions in accordance with the Act, and peer review of our analyses of
the viability of species is part of that new process.  The attached draft SSA report is a rough draft; we are seeking
comments at this stage to ensure that we have time to incorporate any substantial comments as we finalize the report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by the
Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a characterization of the
species’ viability in the contiguous United States.  As a reminder, all reviews and comments submitted to the Service will
become public documents and part of our administrative record for this document.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Guinotte, John
To: Betty Grizzle
Subject: fig legends
Date: Thursday, October 5, 2017 3:37:49 PM
Attachments: Fig_legends.docx

Hi Betty, See if this will work for you. If not, let me know and I can modify.

John Guinotte
Spatial Ecologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

mailto:john_guinotte@fws.gov
mailto:betty_grizzle@fws.gov
mailto:john_guinotte@fws.gov


Fig 6a. Average Snow Covered Area (km2 with depth ≥ 0.5 m) at elevation bands for GLAC for 
five future scenarios on May 1. Central (cnrm, red), Hot/Very Wet (canesm, green), Hot/Wet 
(miroc, purple), Warm/Wet (giss, aqua), Warm/Dry (fio, orange). The elevations of documented 
wolverine den sites are shown by black triangles. This elevation range is ~1500m -~2250. All but 
three of these dens are between 1800 and 2000m; two are above 2000m and one is ~1500m. 
 
Fig 6b. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 
m) for May 1 under the Miroc (Hot/Wet) scenario in Glacier National Park study area. Map 
legend shows where slopes are < 25 degrees and elevations 1514-2252 m (where dens have 
been documented) 
 
Fig 6c. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 
m) for May 1 under the CNRM (Central) scenario in Glacier National Park study area.  Map 
legend shows where slopes are < 25 degrees and elevations 1514-2252 m (where dens have 
been documented) 
 
Fig 6d. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 
m) for May 1 under the GISS (Warm/Wet) scenario in Glacier National Park study area.  Map 
legend shows where slopes are < 25 degrees and elevations 1514-2252 m (where dens have 
been documented) 
 
Fig 7a. Average Snow Covered Area (depth ≥ 0.5 m) percent change at elevation bands for 
ROMO for five future scenarios on May 1:  Central (cnrm, red), Hot/Very Wet (hadgem, 
green), Hot/Wet (miroc, purple), Warm/Wet (giss, aqua), Warm/Dry (fio, orange). Note that 
the highest elevation band at ROMO tops out at 4000m, whereas the highest elevation band at 
GLAC tops out at 3000m. Linear regression of den site elevations and latitude in the contiguous 
U.S. indicated den sites in the ROMO study area would be located in an elevation range of 
2700-3600 m (pers comm, Guinotte), however, no documented den sites exist in ROMO. 
 
Fig7b. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 
m) for May 1 under the Hadgem2 (Hot/Dry) scenario in Rocky Mountain National Park study 
area.  Map legend shows where slopes are < 25 degrees and elevations 2700-3600 m (inferred 
elevations where dens would be expected if occupied) 
 
Fig7c. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 
m) for May 1 under the FIO (Warm/Dry) scenario in Rocky Mountain National Park study 
area.  Map legend shows where slopes are < 25 degrees and elevations 2700-3600 m (inferred 
elevations where dens would be expected if occupied) 
 
Fig7d. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 
m) for May 1 under the GISS (Warm/Wet) scenario in Rocky Mountain National Park study 
area.  Map legend shows where slopes are < 25 degrees and elevations 2700-3600 m (inferred 
elevations where dens would be expected if occupied) 

Commented [GJM1]: Verbatim from the NOAA report 

Commented [GJM2]: Verbatim from the NOAA report. Feel 
free to cut down. 



From: Holt, Bryon
To: Grizzle, Betty
Subject: Re: SSA comments?
Date: Thursday, October 5, 2017 4:43:16 PM
Attachments: 20170922_DRAFT Wolverine SSA Report_Bryon"s edits.docx

Betty,

I have finished reviewing the draft SSA.  Overall, very thorough.  Just a few comments/edits.

Bryon

On Wed, Oct 4, 2017 at 3:25 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Hi Bryon - I am finishing up a final draft to send to Justin tomorrow for one final review.
Were you planning to provide comments?
Thanks.

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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Executive Summary 
 
The North American wolverine (Gulo gulo luscus; wolverine) is a medium-sized carnivore found 
across the west-northwestern contiguous United States, Alaska, and Canada. The most recent 
estimate of wolverine populations in the contiguous United States based on resource function 
modeling is 318 individuals, with a range from 249 to 949; however, systematic monitoring 
across the wolverine’s North American range has not been conducted given the difficulty in 
surveying this highly mobile species, and its occupation across large and remote areas. A multi-
state effort to determine wolverine occupancy in Montana, Idaho, and Washington was 
conducted in winter of 2016–2017 and in Wyoming for the winters of 2015 and 2016–2017. 
Results from this study are still being analyzed, but photographic detections of wolverines were 
found across all States, including areas where wolverines have not recently been observed. In 
Canada, the population is estimated to exceed 10,000 mature individuals and has been stable 
over the two decades. Recent density estimates indicate no declining trend for wolverines in 
Alaska. Wolverine populations in Alaska are considered to be continuous with populations in the 
Yukon and British Columbia provinces of Canada. Wolverines that occupy the North Cascades 
region are known to move from Washington into British Columbia.  
 
Wolverines are highly mobile, capable of moving and dispersingal over great distances over 
short periods of time. Wolverine populations are also characterized by naturally low densities in 
North America. The species is highly territorial, with very little overlap between same-sex 
adults. Wolverines occupy a variety of habitats, but are generally found in remote locations, 
away from human settlements. Wolverines consume a variety of food resources and seasonal 
switching of prey likely allows for adjustment for nutritional needs throughout their life history. 
As observed in other arctic mammals, wolverines have the ability to dissipate body heat to 
balance the heat loss from 30°C to −40°C (86°F to −40°F), due in large part to vasodilatation and 
rise of skin temperature, and rapid and seasonal adjustments in fur insulation. Wolverines can 
also adapt to both cold and warm temperatures by movement and, relatedly, micro- and macro-
habitat selection. Further, wolverines are not infrequently observed near and in lakes and other 
water bodies. 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., male 
mates with more than one female each year), delayed implantation (up to 6 months), a short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care. The 
reproductive behavior in wolverines is temporally adapted to take advantage of the availability of 
food resources, limited interspecific competition, and snow cover in the winter. 
 
Since the publication of the 2013 proposed rule, many new wolverine studies have been 
published, which has added to our understanding of wolverine biology while also highlighting 
new insights into identifying key species’ needs and their interactions with both abiotic and 
biotic factors. In particular, wolverine populations and wolverine dens have been observed 
outside previously modeled projections. Our evaluation of snow cover at previously recorded 
natal den site locations in the western United States indicated that ‘melt-out’ dates at these 
locations extend well past the May 15 date used in persistent spring snow cover models. 
 

Commented [HB1]: What two decades, or did you mean “last  
two decades”? 
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Overall, the best available information indicates that the wolverine physical and ecological needs 
include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet)) within the contiguous United States;  
(2) access to a variety of food resources, that varies with seasons; and 
(3) reproductive behavior linked to both temporal and physical features. 

 
In this Species Status Assessment (SSA) Report, we provide a discussion of the ecological needs 
of the wolverine, its current conditions, and projected future conditions. We evaluate potential 
stressors to the species, with a particular focus on the impacts associated with projected effects of 
climate change.  
 
In our analysis, we applied the conservation biology principles of redundancy, resiliency, and 
representation (collectively known as the “3Rs”) to evaluate the current and projected future 
condition of the wolverine and its ability to sustain itself (as one or more populations) in the wild 
over time (Carroll et al. 2010, entire; Wolf et al. 2015, entire). This evaluation considers the 
unique demographic, distribution, and diversity characteristics unique to the species. After 
applying the framework of the 3Rs, we determined the following: 

(1) Redundancy: The wolverine occurs at across North America within a metapopulation 
structure. The best available information indicates that the species continues to 
expand into historical, previously occupied areas in the contiguous United States and 
Canada following decades of persecution. 

(2) Representation: The wolverine is currently found across the west-northwestern 
United States, much of Canada, and Alaska. The best available information indicates 
that the species is found across a wide range of habitats. Modeled primary habitat for 
the wolverine in the contiguous United States has been estimated at 164,125 square 
kilometers (km2) (63,369 square miles (mi2)). 

(3) Resiliency: The wolverine appears resilient within its North America range. The 
species exhibits physiological (e.g., seasonal changes in fur) and behavioral plasticity 
in its life history (e.g., reproduction, feeding, movement and use of habitat). 
Estimated population size and growth rates across its North American range are 
uncertain, but the best available information does not suggest that abundance is 
declining in North America, including the contiguous United States. The most 
significant stressor currently and in the future appears to be the effects of climate 
change, such as warming temperatures and loss of snowpack. However, based on the 
best available information, we have no indication that this species is unable to adapt 
or adjust to changing conditions. 

 
Demographic risks to the species from either known or most likely potential stressors (i.e., 
effects from roads, disturbance due to winter recreational activities, effects of wildland fire, and 
overutilization) are low based on our evaluation of the best available information as it applies to 
current and potential future conditions for the wolverine and in the context of the attributes that 
affect its viability. We analyzed the potential effects of climate change to wolverine habitat, 
including snow persistence in the Northern and Southern Rocky Mountains. The future 
timeframe evaluated in this analysis is approximately 40 to 50 years, which captures the range of 
time periods for proposed projects within the species range, as well as our best professional 
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judgment of the projected future conditions related to climate change, wildland fire conditions, 
or other potential cumulative impacts. While population information is lacking for this 
subspecies in some parts of its range, the best available information does not indicate that, winter 
recreational activities, infrastructure features, mortality from road crossings or trapping 
(authorized and incidental), currently and in the future will result in a decline in the subspecies 
across its range. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). 
 
Legal protections include State listing as threatened in California and Oregon (as threatened), as 
endangered in Colorado (as endangered), as a candidate species in Washington, and protection as 
a non-game species in Idaho and Wyoming. In Canada, provincial designations range from 
endangered to threatened in eastern provinces, and sensitive/special concern to no ranking in 
other provinces. Legal trapping or hunting of wolverines is currently prohibited in the contiguous 
United States. Trapping effort along the United States–Canada border does not represent a 
significant barrier to wolverine movement and dispersal along the international border.   
 
Within the contiguous United States, Aapproximately 96 percent of modeled wolverine primary 
habitat is located on Federal lands, with 41 percent located in designated wilderness areas. 
Management actions, including State Wildlife Action Plans, the Idaho Wolverine Conservation 
Plan, and USDA Forest Service Land and Resource Management Plans, and other Federal and 
Tribal partners, include winter road closures, fire management, land acquisition or conservation 
easements. 
 
Abbreviations and Acronyms Used 
 
ADF&G = Alaska Department of Fish and Game 
BLM = Bureau of Land Management 
°C = degrees Celsius 
CDFW = California Department of Fish and Wildlife 
CNDDB = California Natural Diversity Database 
COSEWIC = Committee on the Status of Endangered Wildlife in Canada  
cm = centimeter 
DNA = deoxyribonucleic acid 
EIS = Environmental Impact Statement 
EPA = U.S. Environmental Protection Agency 
°F = degrees Fahrenheit 
ft = feet 
GCMs = Global Climate Models 
GHG = Greenhouse gas 
GPS = Global Positioning System 
IDFG = Idaho Department of Fish and Game 
in = inch 
IPCC = Intergovernmental Panel on Climate Change 



North American Wolverine Species Status Assessment Report DATE 

vi 
 

IUCN = International Union for Conservation of Nature and Natural Resources 
kg = kilogram 
km = kilometer 
lb = pound 
m = meter 
mi = mile 
MODIS = Moderate-Resolution Imaging Spectroradiometer 
Montana FWP = Montana Fish, Wildlife, & Parks 
NRC = National Research Council  
NRIS = Natural Resource Information System 
ODFW = Oregon Department of Fish and Wildlife 
RCPs = Representative Concentration Pathways 
Service = U.S. Fish and Wildlife Service 
SSA = Species Status Assessment 
SCA = Snow Covered Area 
SGCN = Species of Greatest Conservation Need 
SWCC = Southwestern Crown of the Continent  
SWE = Snow Water Equivalent 
WAFWA = Western Association of Fish and Wildlife Agencies 
WDFW = Washington Department of Fish and Wildlife 
WGFD = Wyoming Game and Fish Department 
WRCC = Western Regional Climate Center 
WSWCP = Western States Wolverine Conservation Project 
YBP = Years Before Present
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Introduction 
 
The wolverine (Gulo gulo) is the largest member of the Mustelidae family (weasels, mink, 
marten, and others) and resembles a small bear with a bushy tail (Hash 1987, p. 575). Wolverines 
have a Holarctic distribution that includes the northern portions of Europe, Asia, and North 
America. In North America, they are found in Alaska, parts of Canada, and the western-
northwestern United States. The wolverine is important to the culture of Native Americans and 
Aboriginal Peoples in North America, as is its conservation status in aboriginal territory 
(Cardinal 2004, p. iv; Edmo 2016; pers. comm.; Miles 2017, pers. comm.). 
   
Wolverines possess a number of morphological and physiological adaptations that allow them to 
travel long distances and they maintain large territories in remote areas (Pasitschniak-Arts and 
Larivière 1995, p. 6). They have been described as curious, intelligent, and playful, but cautious 
animals (e.g., Krott 1958, p. 241; Krott 1960, pp. 25–26; Magoun 1985, p. 94; Cardinal 2004, p. 
7–8; Woodford 2014; entire), though their social behavior and social organization has not been 
well-studied. 
 
During the late 1800s and early 1900s, the wolverine population declined or was extirpated in 
much of the conterminous United States (lower 48 States), which has been attributed to over-
trapping and habitat degradation (Hash 1987, p. 583). Similar range reductions and extirpations 
of some wolverine populations were observed in parts of Canada during this time period (van 
Zyll de Jong 1975, entire; Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC) 2014, p. iv), attributed largely to human exploitation and availability of food (e.g., 
decline in caribou (Rangifer tarandus)), not climate or habitat changes (van Zyll de Jong 1975, 
pp. 434, 436). Habitat loss (historic vs. current range) for the North American wolverine (i.e., 
Canada and United States) has been estimated at 37 percent (Laliberte and Ripple 2004, p. 126). 
Wolverine numbers have recovered to some extent from this steady decline; in the United States, 
wolverines are currently found in parts of Washington, Oregon, Idaho, Montana, Wyoming, and 
California, and, as recently as 2012 in Colorado and 2016 in Utah, though not all of these areas 
contain resident, reproductive populations.  
 
Species Status Assessment Methodology 
 
In preparing the Species Status Assessment (SSA) Report for the wolverine, we reviewed 
available reports and peer-reviewed literature, incorporated survey information, and contacted 
species experts to collect additional unpublished information for the North American subspecies 
(Gulo gulo luscus), including Canada, Alaska, and Scandinavia. We identified uncertainties and 
data gaps in our assessment of the current and future status of the species. We also evaluated the 
appropriate analytical tools to address these gaps and conducted discussions with species experts 
and prepared updated maps of the known species’ range and denning areas across North 
America. In some instances, we used publications and other reports (primarily from 
Fennoscandinavia) of the Eurasian subspecies (Gulo gulo gulo) in completing this assessment.  
 
Importantly, we note here that, since the publication of the 2013 proposed rule, many new 
wolverine studies have been published, which has added to our understanding of wolverine 
biology while also highlighting new insights into identifying key species’ needs and their 
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interactions with both abiotic and biotic factors. This is particularly relevant for a difficult to 
study animal like the wolverine. 
 
Using the species, individual, and population needs identified for the wolverine and location 
results from surveys and studies, we conducted a geospatial analysis to estimate the North 
American woliverine’s species’ current range. We then evaluated this range and previous 
estimates of potentially suitable habitat in the west-northwestern United States to assess the 
species’ current conditions within that area. Our future condition analysis includes the potential 
conditions that the species or its habitat may face, that is, the most probable scenario if those 
conditions are realized in the future. This most probable scenario includes consideration of the 
sources that have the potential to most likely impact the species at the population or rangewide 
scales in the future, including potential cumulative impacts. Potential future impacts associated 
with climate change (probabilistic estimates for temperature and precipitation) were based on 
climate model projections downscaled, including a detailed study of two regions in the western 
United States (Glacier National Park and Rocky Mountain National Park).   
 
For the purpose of this assessment, we generally define viability as the ability of the species to 
sustain locations in its natural ecosystem beyond a biologically meaningful timeframe, in this 
case, approximately 40 to 50 years. We chose this timeframe because it is within the range of the 
available modeling efforts related to climate change. We believe this is a reasonable timeframe 
to consider as it would include several generations of the species for observing effects to the 
species.   
 
Using the SSA framework (Figure 1), we consider 
what the species needs to maintain viability by 
characterizing the status of the species in terms of 
resiliency, redundancy, and representation (Wolf et 
al. 2015, entire). 
 

• Resiliency is having sufficiently large 
populations for the species to withstand 
stochastic events (arising from random 
factors). We can measure resiliency based on 
metrics of population health; for example, 
birth versus death rates and population size. 
Resilient populations are better able to 
withstand disturbances such as random 
fluctuations in birth rates (demographic 
stochasticity), variations in rainfall 
(environmental stochasticity), or the effects 
of anthropogenic activities. 

• Redundancy is having a sufficient number of populations for the species to withstand 
catastrophic events (such as a rare destructive natural event or episode involving many 
populations). Redundancy is about spreading the risk and can be measured through the 
duplication and distribution of populations across the range of the species. The greater the 

 
 
Figure 1.  Species Status Assessment 
Framework. 



North American Wolverine Species Status Assessment Report DATE 

3 
 

number of populations a species has distributed over a larger landscape, the better it can 
withstand catastrophic events. 

• Representation is having the breadth of genetic makeup of the species to adapt to 
changing environmental conditions. Representation can be measured through the genetic 
diversity within and among populations and the ecological diversity (also called 
environmental variation or diversity) of populations across the species’ range. The more 
representation, or diversity, a species has, the more it is capable of adapting to changes 
(natural or human caused) in its environment. In the absence of species-specific genetic 
and ecological diversity information, we evaluate representation based on the extent and 
variability of habitat characteristics within the geographical range. 
 

Species Description 
 
Taxonomy 
 
The taxonomic relationship between North American and Eurasian wolverines has been a 
debated topic (Pasitschniak-Arts and Larivière 1995, p. 1). Most authorities consider all 
wolverines to belong to a single species, Gulo gulo (Rausch 1953, p. 114; Kurten and Rausch 
1959, p. 19; Wozencraft 2008 [in Wilson and Reeder’s Mammal Species of the World, online 
publication]). Some also further consider the New World and Old World wolverines to be two 
subspecies, Gulo gulo luscus and G. g. gulo, respectively, based on morphological 
measurements. Degerbøl (1935, pp. 35–43) noted slight color differences and very slight, if any, 
cranium differences, based on 10 North American (Hudson Bay) specimens examined, and 
regarded the North American and Old World wolverines as conspecific, but identified two 
subspecies. This reference also cites Coues (1877, in litt.), who, based on observations of a slight 
similar cranium difference, had posited that the wolverines of the Old World and New World 
were the same species (Degerbøl 1935, p. 35).  
 
Ellerman and Morrison-Scott’s (1951, p. 251; 1966, p. 251) Checklist of Paleoarctic and Indian 
Mammals (1st and 2nd editions) identified one species of wolverine, but listed several subspecies. 
Rausch (1953, entire) compared various measurements from 1 wolverine skull collected from the 
northern Ural Mountains to 41 Alaskan skulls and reported “no appreciable differences,” noting 
the highly variable skull characteristics for the Alaskan specimens. Krott (1960, p. 20) stated that 
his examination did not reveal distinct differences between Old World and New World 
wolverines, and that pelt size and quality were not distinguishable. However, using biometric 
measurements of both newly collected and previous published cranial measurements (e.g., 
Degerbøl 1935; Rausch 1953), Kurtén and Rausch (1959, p. 19) reported that the North 
American and European (Fennoscandian) wolverine were significantly different in a several 
quantitative characters related to the size and shape of the skull size and teeth size. They 
concluded that the two wolverine populations represented two distinct subspecies, but were the 
same species, Gulo gulo.  
 
The International Union for Conservation of Nature and Natural Resources (IUCN) states that 
“Most recent accounts [citing Jones et al. 1992, Pasitschniak-Arts and Larivière 1995, 
Wozencraft 2005] treat luscus as a subspecies of Gulo gulo, following Degerbøl (1935) and 
Kurtén and Rausch (1959)” (Abramov 2016, p. 1). A review of these cited references revealed 
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the following. Jones et al. (1992, p. 17) only considers Gulo gulo. Pasitschniak-Arts and 
Larivière (1995, p. 1) state there are differences in the taxonomic treatment, and that, while Gulo 
gulo is now considered by most to be the extant species, others (including the above-cited Kurtén 
and Rausch (1959) and Rausch (1953)) have considered two subspecies. The Wozencraft (2005) 
citation is from Wilson and Reeder’s previous 2005 publication, which was updated as of 2008. 
That account lists several “offspring” of Gulo gulo, but does not provide citations for the 
subspecies identified there, and at least two of those listed are not considered to be subspecific 
entities (e.g., G. g. vancouverensis and G. g. luteus (see Banci 1982, p. ii; Banci 1994, p. 104)). 
Finally, the COSEWIC Assessment and Status Report on the Wolverine (Gulo gulo) in Canada 
indicated that taxonomists recognize only a single subspecies (Gulo gulo luscus) in North 
America or consider G. gulo as single Holarctic taxon (COSEWIC 2014, p. 4). 
 
Genetic analyses for the North American wolverine populations have primarily focused on 
genetic structure and variation of wolverine populations or subpopulations (see Kyle and 
Strobeck 2001; Kyle and Strobeck 2002; Zourgis et al. 2012, Zourgis et al. 2013). However, 
Frances (2008, pp. 20–21) assessment of wolverine spatial genetic structure and demographic 
history (using mitochondrial DNA) indicated incomplete lineage sorting between North 
American and Eurasian populations, though comprehensive sampling has not been conducted for 
some areas (e.g., eastern Asia). Tomasik and Cook (2005, entire) also concluded that reciprocal 
monophyly (i.e., distinct species) had not been attained between Eurasian and North American 
wolverine populations. Until additional studies are published, including robust genetic analyses 
in conjunction with additional sampling, the Service recognizes the North American wolverine 
as G. g. luscus. 
 
Physical Appearance 
 
Detailed descriptions of the wolverine are described in Novikov (1962, pp. 196–202), Hash 
(1987, p. 575), Pasitschniak-Arts and Larivière (1995, pp. 1–2), and Wilson (1983, pp. 644–646), 
among others. Key distinguishing features are summarized here. 
 
Wolverines are a medium-sized (about 1 meter (m) (3.3 feet (ft)) in length) carnivore, with a 
large head, broad forehead, and short neck (Pasitschniak-Arts and Larivière 1995, p. 1). Males 
are larger than females (Hall 1981, p. 1,007; Banci 1987, p. 35). Wolverines have heavy 
musculature and relatively short legs, and large feet with strong, curved claws for digging and 
climbing (Hash 1987, p. 575). Their feet are well-adapted for travel through deep snow and, 
during the winter, dense, stiff, bristle-type hairs are found between the toes and around the foot 
pad (Grinnell et al. 1937, pp. 265–266; Hash 1987, p. 575); this characteristic becomes 
diminished in the summer (Hash 1987, p. 575).  
 
Adult wolverines are sexually dimorphic, with females weighing from 7 to 13 kilogram (kg) 
(15.4 to 29 pounds (lbs)) and males weighing between 10 to 18 kg (22 to 40 lbs) (North 
America) (Rausch and Pearson 1972, p. 264; Magoun 1985, pp. 19–21; Banci 1994, p. 99; 
Copeland 1996, p. 20; Cardinal 2004, p. 8; Lofroth 2001, p. 11; Inman 2013, pers. comm.; 
Magoun 2013, pers. comm.; Aubry et al. 2016, pp. 17–18). The skulls of wolverine are large and 
heavy, and the strong jaw structure allows animals to feed on frozen flesh and crush bone 
(Haglund 1966, p. 269; Hash 1987, p. 575). Some geographic variation and sexual differences in 
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skull morphology have been reported (Pasitschniak-Arts and Larivière 1995, p. 2). Wolverines 
have small, wide-set eyes, and are reported to have excellent hearing (Grinnell et al. 1937, p. 
265; Krott 1960, p. 25; Bevanger 1992, p. 8).  
 
Various accounts state that wolverines have a strong sense of smell (Grinnell et al. 1937, p. 265; 
Bevanger 1992, p. 8) that allows them to locate carrion from great distances (Hornocker and 
Hash 1981, p. 1,297; in litt Bevanger 1992, p. 8, citing Røskaft 1990; Copeland 1996, p. 100; 
Cardinal 2004, p. 8); however, experiments with young wolverines indicated a poor sense of 
smell, and that wolverines may locate food (areas where previously located or cached) based on 
their memory skills (Magoun 2013, pers. comm.) or learning abilities (e.g., Krott 1958, p. 241).  
 
Scent-marking is used by mammalian carnivores for chemical communication (Hutchings and 
White 2000, p. 160). For wolverines, this behavior commonly includes urination (e.g., trees, 
stumps, snow) (Copeland 1996, p. 115; Magoun 1985, p. 105), but also includes scat, and 
scratches and bites on trees (Haglund 1966, pp. 225, 277; Copeland 1996, p. 115). Scent rubbing 
(see review by Rieger 1979) of the ventral (abdomen/stomach area) and anal rubbing have also 
been observed in wolverines (Pulliainen and Oyaskainen 1975, pp. 268–269; Rieger 1979, p. 22, 
in litt Goethe 1964; Magoun 1985, p. 105). Scent marking by wolverines may also be an 
important chemical communication signal for potential wolverine prey. Field experiments 
conducted by Sullivan et al. (1985, pp. 928, 930) and Sullivan (1986, p. 388) found that black-
tailed deer (Odocoileus hemionus columbianus) and snowshoe hares (Lepus americanus) avoided 
feeding on seedlings that were marked with wolverine urine. 
 
Wolverine fur is short, thick, and uniform in thickness on the head and becomes longer towards 
rear of the body (Hash 1987, p. 1). The coat consists of dense, woolly underfur (2-3 centimeters 
(cm) (0.8-1.2 inches (in) long) and coarse, stiff guard hairs, 6-10 cm (2.4-4 in) in length (Hash 
1987, p. 1). The rich glossy coat can vary from medium brown to black (Banci 1994, p. 99; 
Pasitschniak-Arts and Larivière 1995, p. 1). Seasonal and individual variation in pelt color has 
been described (Degerbøl 1935, pp. 38–42; Grinnell et al. 1937, p. 252). In general, the head, tail 
and legs are darker than the face the upper body pale buff stripe (Pasitschniak-Arts and Larivière 
1995, p. 1), which extends from the nape of the neck, along the sides of the body, to the base of 
the bushy tail (Banci 1994, p. 99). White or orange patches are commonly found on the throat or 
chest (Pasitschniak-Arts and Larivière 1995, p. 1; Magoun et al. 2008, p. 24; Figure 14). The 
unique property of wolverine fur to shed frost (Hardy 1948, p. 330; Quick 1952, pp. 492–493), 
along with its rarity, has made wolverine pelts valuable for trade (Hash 1987, p. 575). 
 
Life History and Ecology 
 
In this section we provide a summary of the individual and population needs (collective, species 
needs), including its life history, physiology and behavior, resource functions necessary for each 
life stage (i.e., breeding, feeding, sheltering, dispersal), demographic information (abundance 
and distribution) and ecological setting. 
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Overview 
 
Wolverines are active year-round and have been considered as primarily nocturnal (Iversen 
1972b, p. 319; Pasitschniak-Arts and Larivière 1995, p. 7, and references cited therein). Krott 
(1958, p. 168; 1960, p. 25) described periods of 3-4 hours of activity followed by 3-4 hours of 
sleep for wolverines in Scandinavia, a pattern also observed in Idaho (Copeland 1996, p. 77). 
Folk et al. (1977, entire) study of body temperatures of caged wolverines, along with direct 
observations of animals obtained from Alaska and Sweden and previous studied animals 
(Alaska), suggested that wolverines were a day-active species, being very active in the morning, 
with periods of sleep during the night, a pattern that persisted in both winter and summer (Folk et 
al. 1977, p. 233). However, McCue et al. (2007, pp. 98–99) suggest that crepuscular activity 
(period just after dawn and just before sunset) may be a more accurate description for wolverine 
behavior. Others have remarked that wolverines exhibit a plasticity in their behavior (i.e., 
different behavior under different conditions) (Krott 1960, p. 26), a result attributed, in part, to 
their being a scavenging carnivore covering large areas (Stewart et al. 2016, pp. 1,495, 1,497). 
Several aspects of this plasticity can be found within our descriptions below of wolverine life 
history traits.  
 
Wolverines are wide-ranging animals and known for traveling great distances in a short period of 
time (Krott 1960, p. 21; Gardner 1986, p. 603; Woodford 2014, entire ). This is due, in part, to 
their unique body structure. As described by Krott (1960, p. 20), they are “lumbrosacrally 
overbuilt” with heavy musculature and legs that are acutely angled when walking. Wolverine 
gait is characterized as either a 2X pattern (when patterns of two footprints repeat), used 
primarily in deep snow, and the more common 3X lopes (patterns of three footprints), for 
covering long distances over more compacted snow (Halfpenny et al. 1995, p. 104). The latter is 
described as a bouncing gait where all four feet may leave the ground at the same time 
(Halfpenny et al. 1995, p. 104).  
 
As noted in our Species Description section above, in winter, the dense hairs on the foot pad and 
its body structure supports a low foot load, which has been estimated at 22 gram/cm2 (Knorre 
1959, p. 26) and 27–35 gram/cm2 (Novikov 1962, pp. 22–23 (citing Dulkeit 1953)). This foot 
loading is believed to provide an advantage for wolverines preying on ungulates and other large 
mammals whose movements become restricted in deep snow (Knorre 1959, p. 26; Formozov 
1963, pp. 40–41; van Zyll de Jong 1975, p. 435; Banci 1994, p. 113). However, Wright and 
Ernst’s (2004a, pp. 58–59) study of wolverines in boreal forest habitat in Canada present a 
differing interpretation of the wolverine foot adaptation based on tracking wolverines in snow 
over three winters. They observed that wolverines in their study area continuously selected for a 
path of least snow cover, where practicable, and only traveled in upland areas (Wright and Ernst 
2004a, p. 59). They concluded that the low foot load is advantageous when snow crusts form, 
but, in deep snow, wolverines shift to an inefficient walking gait, which increases energy 
demand (Wright and Ernst 2004a, p. 59). They hypothesized that traveling in deep snow during 
winter in search of food may increase the risk of starvation due to the greater energy expenditure 
(Wright and Ernst 2004a, p. 59). 
 
Physiology 
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The wolverine is a snow-adapted, cold climate animal in its physiology, morphology (cf. Telfer 
and Kelsall 1984, p. 1,830), behavior, and habits. Formozov (1961, p. 65) considered the 
wolverine to be one of several “chioneuphores,” or those vertebrates who tolerate snow but have 
no special adaptations; however, wolverines could also be considered as a “chionphile” or those 
animals with adaptations (e.g., increased surface area on feet, pelt characteristics) (see definitions 
in Pruitt 1959, p. 172; Cathcart 2014, p. 22).  
 
In general, mustelids weighing more than 1 kilogram (kg) (2.2 pounds (lbs)) have a basal 
metabolism (defined as the minimum metabolic rate for maintaining a comfortable warm 
temperature; Irving 1972, p. 121) that is about 20 percent higher than other mammals (Iverson 
1972a, p. 343). For the wolverine, Young et al. (2012, p. 222) estimated a basal metabolic rate 
for a 15 kg (33 lbs) adult at 669.4 kcal/day, using Iverson’s derived equation [Metabolic rate 
(M)=84.6*Weight (W, in kg)(0.78) ± 0.15] (Iverson 1972a, p. 343).  
 
Iverson’s (1972b, pp. 320–321; Figure 4) experimental studies found that during their first 2½ 
months, the basal metabolic rate for young wolverines was substantially higher than rates 
reported for other mammals (W1.41 vs. W1.0), then declined after 3 months, and declined again 
after 8 months. Because the early period coincides with weaning, Wilson (1983, p. 646) 
suggested that the observed peak may be related to changes in food consumed as well as 
improved thermoregulation since the mother is leaving the young for longer periods of time.  
 
Energy expenditure during pregnancy is relatively low for mustelids (Oftedal and Gittleman 
1989, p. 374); however, energy requirements for lactation in mammals can be over 4 to 7 times 
basal metabolic rates (Allen and Ullrey 2004, p. 478). Thus, estimates of energetic requirements 
(e.g., less than 1 kg prey/day annually) may be too low to support reproductive activity (Young 
et al. 2012, p. 226). Wolverines are known to consume a variety of food resources and seasonal 
switching of prey likely allows for adjustment for nutritional needs throughout their life history 
(cf. Krebs et al. 2007, p. 2,187 (Canada); Koskela et al. 2013a, pp. 103–104 (Finland); Yates and 
Copeland in prep (Montana)). Additional details on diet and feeding behavior for wolverines are 
provided below.  
 
Relatedly, Casey et al. (1979, p. 335) evaluated metabolic and respiratory responses of eight 
terrestrial Arctic mammals to ambient temperature during summer months. For wolverines, they 
found that the frequency of respiration was generally constant (15-20 per minute), but their tidal 
volume (air moved per breath) increased nearly constantly with decreasing ambient temperature, 
unlike Canada lynx (Lynx canadiensis), which is similar in body mass (Casey et al. 1979, p. 
335). The researchers inferred that the increased ventilation of wolverines at low ambient 
temperatures was the result of an increased energy metabolism (Casey et al. 1979, p. 336).  
 
Thermal neutrality (or thermoneutrality) is the temperature range at which resting metabolism 
is at minimum (Barnett and Mount 1967, p. 468) and animals produce heat at a minimum rate in 
a thermal neutral environment (Barnett and Mount 1967, p. 413). For a resting mammal at 
thermal neutrality, body temperature is primarily maintained by “physical thermoregulation,” 
that is, control of circulation in the skin and by sweating (Barnett and Mount 1967, p. 413). The 
body temperature of wolverine (measured by an implanted temperature transducer) at 
thermoneutrality has been reported at 38°C (100.4°F) (Folk et al; 1977, p. 231; Casey et al. 
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1979, pp. 332–333). The critical temperature is the point at which the metabolic rate starts to 
rise; thus, animals with lower critical temperatures are able to better conserve their energy 
expenditure (Barnett and Mount 1967, p. 413). Studies of arctic mammals defined a zone of 
thermoneutrality in Eskimo dogs (Canis lupus familiaris) and Arctic foxes (Vulpes lagopus) that 
extended to at least −40°C (−40°F), with an estimated critical temperature between −45°C 
(−49°F) and −50°C (−58°F) (Scholander et al. 1950a, p. 254).  
 
Iverson 1972b (p. 322) concluded that arctic mammals, including wolverine, Arctic fox, and 
wolf (Canis lupus), have a threshold of thermoneutrality of  between −30°C to −40°C (–22°F to 
–40°F) (citing studies by Scholander et al. (1950b) and Hart (1956)). Casey et al. (1979, p. 340) 
estimated a critical temperature for wolverine (14 kg (31 lb)) in summer pelage of 5°C (41°F) 
based on an observed increase in oxygen update at air temperatures below this temperature. For 
comparison, measurements of metabolic rates for the red fox (Vulpes vulpes alascensis) (Alaska) 
observed critical temperatures of 8°C (46°F) in summer (Irving et al. 1955, p. 184). Thus, these 
arctic mammals therefore have the ability to dissipate heat to balance the heat loss from 30°C to 
−40°C (86°F to −40°F), due in large part to vasodilatation and rise of skin temperature 
(Scholander et al. 1950a, p. 251). 
 
Arctic mammals, particularly small mammals, also adapt behaviorally to cold temperatures by 
creating burrows and building nest sites under the snow. Wolverines are known to dig holes in 
snow for shelter (Pruitt 2005, p. 120), and wolverine reproductive den sites located under deep 
snow may provide a thermoneutrality advantage for newborn cubs (Magoun and Copeland 1998, 
p. 1,313). This topic is discussed in more detail below under Use of Dens and Denning Behavior.  
 
Wolverines can also adapt to both cold and warm temperatures by movement and, relatedly, 
micro- and macro-habitat selection. Wolverines are not infrequently observed near and in lakes 
and other water bodies and are good swimmers, easily crossing lakes and rivers (Seton 1909, p. 
950; Krott 1960, p. 23; Magoun 2017, pers. comm.). They likely use these areas more frequently 
during warmer months both for cooling and hydration, or possibly for hygienic reasons (Krott 
1960, p. 23).  
 
Changes in endocrine (hormone) function can also represent a physiological adaptation to cold 
by acting on organs to generate energy (Barnett and Mount 1967, p. 428). The best available 
information does not indicate that these functions have been evaluated in wolverines. However, 
one veterinarian reported an enlarged thyroid in a wolverine during a necropsy procedure 
(Copeland 2017, pers. comm.), which is suggestive of a high metabolism.  
 
In addition to these physiological processes, rapid and seasonal adjustments of fur insulation 
provide an additional mechanism for mammals to overcome large seasonal changes in 
temperature (Casey et al. 1979, p. 340) and have been described for wolverine and other 
mammals in Alaska by Henshaw (1970, p. 522). The seasonal increase in fur depth for captive 
wolverines was reported to be 65 percent (Henshaw 1970, p. 522). That study identified a metric 
termed seasonal insulative advantage (or SIA) as a measure of the degree to which insulative 
compensation changes seasonally in response to ambient temperature (Henshaw 1970, p. 522). 
For wolverines, this advantage was found to be less than unity; that is, the increase in fur did not 
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fully compensate for average winter cold, and therefore other compensating mechanisms were 
needed (Henshaw 1970, p. 522). 
 
Similarly, an evaluation of the seasonal change in the insulation of fur of wolverine (pelts from 
Canada) found a 41.2 percent change in mean insulation values (measured as °C/cal/m2/hr) from 
winter to summer (Hart 1956, p. 56). A single annual molting (between August and December) 
was noted in Grinnell et al. (1937, p. 251) (California), but twice yearly was described by 
Novikov (1962, p. 201) (Russia). The large seasonal change in insulation observed for wolverine 
and other larger mammals is, in large part, due to changes in fur depth, and can be interpreted as 
an adaptation to both high summer temperatures and low winter temperatures (Hart 1956, p. 57). 
The reported seasonal decrease in wolverine fur thickness also correlates with experimental 
results of Casey et al. (1979, p. 337) who indicated that a seasonal shift in oxygen consumption 
below critical temperature was likely due to an increased rate of heat loss in summer. 
 
Range and Habitat Use 
 
Historical Range and Distribution 
 
Phylogeography/Phylogenetics 
 
Results from a molecular study of phylogenetic relationships of the Mustelidae family suggest at 
least six radiation episodes within this family since the Early Eocene Epoch (approximately 50 
million years before present (YBP)) (Marmi et al. 2004, pp. 488, 492). The split of the marten 
(Martes, Gulo) and weasel (Mustela) lineages occurred in the Early Middle Miocene Epoch (14 
to 11 million YBP), with the separation of Old World and New World lineages (Martes, Gulo) 
occurring in the Late Miocene Epoch (8.6 to 5.8 million YBP) (Marmi et al. 2004, p. 488). The 
Gulo genus appears in the fossil record in the mid-Pleistocene in both Europe and North America 
(Bryant 1987, p. 659). 
 
The dispersal of Gulo across Beringia (land mass that extended from Siberia into interior Alaska 
during the Pleistocene) is believed to have produced contemporaneous records for the species in 
Europe and North America (Bryant 1987, p. 659). Malyarchuk et al. (2015, entire) examined 
genomic data using a molecular dating technique to estimate an approximate age of the G. gulo 
ancestor. They estimated a relatively recent origin of the species Gulo gulo at about 181,000 to 
234,000 YBP (Malyarchuk et al. 2015, pp. 1,115–1,116). They note that this latter time period 
corresponds to the Riss glaciation period (187,000 to 230,000 YBP), a time of genetic 
divergence of amphi-Beringian (both sides of Beringia) species and speciation events (Hope et 
al. 2013, p. 426). Their results, along with fossil information, also indicate the divergence of the 
Gulo branch and the other Martes taxa occurred during the Late Miocene-Early Pliocene (5.6 
million YBP), and lends supports for strong evolutionary processes in the northern Siberian 
ecosystems in the Pliocene and Pleistocene Epochs (Malyarchuk et al. 2015, pp. 1,116–1,117).  
 
Bryant (1987, p. 660) describes an evolutionary trend in which Gulo increased in size from the 
mid- to late-Pleistocene, with a subsequent reduction in size post glaciation, as well as small 
changes in selected teeth, and a possible shift to colder habitats. The Late Pleistocene and the 
Pleistocene-Holocene transition represent the end of prolonged period that was characterized by 
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climate fluctuations followed by rapid warming (Post 2013, p. 28). Bryant (1987, p. 660) also 
notes that both the mid-Pleistocene European Gulo schlosseri and the early North American 
Gulo appear to be adapted to warmer climatic environment, but is likely to have also occupied 
colder climates. Other factors such as competition (Guilday 1971, p. 237), predator avoidance, 
and prey abundance may also have been important in creating significant shifts in geographic 
ranges for certain species during glacial cycles. 
 
Wolverines are believed to have migrated to North America during the late Pleistocene, although 
fossil evidence from the Pleistocene Epoch for wolverine is limited (Anderson 1977, p. 15; 
Bryant 1987, p. 660), and most fossil material is either cranial or dental fragments (Bryant 1987, 
p. 660). Bryant (1987, p. 659) notes records in the United States from Colorado, Idaho (e.g., 
White et al. 1987, p. 248 (lava tubes)), Yukon Alaska, Maryland, and Pennsylvania, ranging 
from the Late Wisconsinan-Holocene to Irvingtonian Age.  
 
Genetic studies can provide an understanding of the postglacial recolonization of wolverines 
following the Last Glacial Maximum, a period of rapid cooling, and movement patterns due to 
changed climatic conditions (cf. Frances 2008; Zigouris et al. 2013; McKelvey et al. 2014). 
Following the Last Glacial Maximum, beginning about 21,000 YBP, was a period of rapid 
warming, resulting in a second wave of extinction events, particularly of large mammalian 
megafauna that were cold-adapted (Post 2013, pp. 29, 31). 
 
During the late Wisconsin period (10,000 to 25,000 YBP), approximately 60 percent of North 
America was covered by glacial ice (Rogers et al. 1991, p. 624). However, several ice-free 
refugia existed at that time including the Beringian refugium, which included eastern Siberia, 
most of Alaska, areas of northwestern Canada, and areas of the Bering Sea shelf that were 
exposed by lower sea levels, and this refugium harbored a number of mammalian species 
including wolverine (Rogers et al. 1991, pp. 624, 626). Analyses by Frances (2008, entire) and 
Zigouris et al. (2013, entire) supported a wolverine colonization of North America in which 
individuals “followed retreating glaciers” (Zigouris et al. 2013, pp. 10–11).; Bbeginning about 
21,000 YBP, following the Last Glacial Maximum, when a period of rapid warming occurred 
that resulted in additional extinction events, particularly large mammalian megafauna (Post 
2013, p. 29) 
 
A phylogeographic analysis presented by McKelvey et al. (2014, p. 331) proposed that a unique 
haplotype (Cali 1) observed in historical wolverine samples from California was reflective of an 
independent evolutionary history resulting from isolation (i.e., southern ice-free refugium) of 
wolverines during glacial retreat. However, Zigouris et al. (2013, p. 10, Supplemental Table S5) 
found the Cali 1 haplotype described by Schwartz et al. (2007, p. 2,173; Tables 2 and 4) 
(relabeled as Haplotype 21) also occurred in historical wolverine samples from the eastern region 
of Canada (Quebec-Labrador). In addition, as noted by Zigouris (2014, pp. 232–233) the 
historical samples analyzed by McKelvey et al. (2014, p. 327; Table 1) were primarily those 
from locations at the southwestern edge of the wolverine’s North American range (e.g., 
California, Colorado, Idaho, Montana, Wyoming, Utah, Washington). Without additional 
sampling, it is unclear if this particular haplotype distribution from two of the most peripheral 
North American wolverine populations is a reflection of a skewed dispersal after post-glacial 
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colonization, or was a more widely distributed haplotype that declined or was lost due to hunting 
and trapping pressures and/or fragmentation (Zigouris et al. 2013, p. 10).  
 
Additional discussion of our current understanding of wolverine genetic structure and diversity is 
provided in the Population Structure section below. 
 
Historical Range  
 
In North America, wolverines were historically distributed in much of the northern portion of the 
continent, extending southward to the northernmost region of the United States (Maine to 
Washington) or approximately north of the 38th parallel (Hash 1987, p. 576; Banci 1994, p. 
102). 
 
Aubry et al. (2007, entire) prepared an estimate of wolverine observations and distribution in the 
contiguous United States by compiling 901 verifiable or documented records of wolverine 
occurrence dating from 1801 to 2005 from 24 states in the contiguous United States. This 
included a total of 809 verifiable or documented records for the Rocky Mountain and Pacific 
Coast mountains (west-northwestern United States) for this time period (Aubry et al. 2007, p. 
2,151).  
 
The historical population size of wolverines in Canada is not known (Fortin 2005, p. 4). Its 
historical distribution, as depicted by Seton (1909, p. 947; Map 51) and also later by van Zyll de 
Jong (1975, p. 435; Figure 9) shows a broad range across much of Canada. Examples of early 
descriptive accounts include de Puyjalon (1900, pp. 126–144), who described wolverines as 
inhabiting Labrador, Canada (p. 101), and extending in range to the 66th parallel and perhaps 
further (de Puyjalon 1900, p. 144), reports of both trapped and live wolverines in Labrador in the 
late 1700s (Townsend (ed.), 1911, pp. 73, 93, 228, 255), and reports of wolverines as “common” 
in Canada’s Nunavut Territory (Hudson Bay region) during a 1920s Danish excursion (the Fifth 
Thule Expedition) to Arctic North America (Freuchen 1935, p. 101). The 2014 COSEWIC report 
presents a historical range distribution for Canada based on personal accounts and interpretation 
of the fur trade (COSEWIC 2014, pp. 12–13; Figure 3).  
 
We created a historical range map for wolverine for the west-northwestern United States by 
requesting all available wolverine records from State agencies (e.g., wildlife agencies, natural 
heritage programs) and the Forest Service Natural Resource Information System (NRIS) Wildlife 
Database. We found a total of 4,215 records (1800s to 2016) for this portion of the United States 
(cf. 809 records from Aubrey et al. 2007; Table 1). Figure 2 presents a map of these compiled 
observations, overlaid with the habitat suitability model results presented by Inman et al. (2013, 
p. 281). We acknowledge that some of these records may be in error or inaccurately located, and 
although wolverines have been reported from the Central Great Plains, Great Lakes region, 
Upper Midwest, or Northeast (cf. Wilson 1983, p. 650), we did not create a historical range for 
these regions given the very low number (92) reported by Aubry et al. (2007, p. 2,151) from the 
1880s to 2005, and to present day. We also found a few additional historical records that do not 
appear in Aubry et al. (2007, p. 2,151). For example, Nead et al. (1985, entire) identified several 
positive and probable reports of wolverines in Colorado in the late 1970s. A wolverine was 
reported from the Squaw Valley region of California in the summer of 1953 (Ruth 1954, pp. 



North American Wolverine Species Status Assessment Report DATE 

12 
 

594–595). Our intent in creating this map was to present an overall geographical depiction of the 
wolverine’s estimated historic range only for the west-northwestern United States, and is not 
intended to represent an estimate of population numbers or historic range in other parts of the 
contiguous United States.  
 
Current Range 
 
Using the best available information, we created a current North American range based on 
results presented by COSEWIC (2014, p. 12) for Canada and Alaska, Forest Service NRIS data, 
and more recent observations (e.g., telemetry, camera traps, mortality reports) reported from 
California, Washington, Colorado, Wyoming, Utah, and North Dakota. This range is illustrated 
in Figure 3.   
 
We recognize that this depiction does not necessarily represent current areas where reproducing 
populations of wolverines are found, nor does it capture unverified accounts from New Mexico, 
described in Frey (2006, pp. 20–21) for the Sangre de Cristo Range, and visual observations 
reported by two individuals (2005 and 2016) in response to our Federal Register notice (81 
FR71670; October 18, 2016) requesting information for our status review. In addition, we did 
not incorporate the Central Great Plains, Great Lakes region, Upper Midwest, or Northeast. 
However, we note here that a female wolverine was observed over several years (2004–2010) in 
the lower peninsula of Michigan, and genetic testing after her death in 2010 suggested she was 
more closely associated with eastern Canada wolverine populations (i.e., Manitoba and Ontario) 
(in litt Zigouris 2013, pers. comm.). It’s unclear how this individual came to occupy this region, 
but given the long distant movements reported for this species (e.g., male wolverine that traveled 
from Wyoming into Colorado and then back to North Dakota), dispersal from Canada is 
plausible. Wilson (1983, p. 650) reported that wolverines on occasion may enter Minnesota from 
Canada. Jackson (1961, pp. 359–360) also reported several authentic records of wolverine in 
Wisconsin and in areas in Minnesota, along the Wisconsin-Minnesota border. However, the 
wolverine was likely never abundant in Wisconsin, even before trapping and hunting in the late 
19th and early 20th centuries (Jackson 1961, p. 359). 
 
We provide a discussion of wolverine population abundance and distribution in more detail in 
the Biological Status–Current Condition section below. 
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Figure 2. Historical range map for the North America wolverine for west-northwestern United States; shown with Inman et al. 
(2013) modeled habitat. 
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Figure 3.  Current range of North American wolverine.  Adapted from COSEWIC (2014), EPA 
(2010), Inman et al. (2013), records from CNDDB; Forest Service NRIS; Idaho Department of Fish 
and Game; Utah Division of Wildlife; Wyoming Game and Fish Department, and den records from 
CNDDB, Inman, and Copeland. 
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Habitat Use 
 
Wolverines occupy a variety of habitats within their current range, including Arctic tundra, 
subarctic-alpine tundra, boreal forest, mixed forest, redwood forest, and coniferous forest (Banci 
1994, p. 114). However, these broad, landscape-scale vegetation associations can obscure other 
habitat variables important for wolverines, including features found within peripherally occupied 
areas or areas of high elevation (Banci 1994, p. 114). In Canada, wolverines use a wide variety 
of forested and tundra vegetation, at all elevations (COSEWIC 2014, p. 18).  
 
When viewed by ecoregion, in general, wolverine observations in the contiguous United States 
are most commonly found in the Northwestern Forested Mountains ecoregion. In Canada, our 
estimate of current range includes Northwestern Forested Mountains, Northern Forests, Marine 
West Coast Forest, Hudson Plain, Taiga (Boreal Forest), Tundra, and parts of the Arctic 
Cordillera (northeastern fringe of Nunavut and northern Labrador); in Alaska, Marine West 
Coast Forest, Northwestern Forested Mountains, Taiga, and Tundra are represented. Appendix 
A provides an illustration of these ecoregions of North America in relationship to our Current 
Range map presented in Figure 3. 
 
Studies of wolverines in central Idaho found that montane coniferous forests comprised two-
thirds of available habitat (Copeland 1996, p. 120). Wolverines in this region also exhibited a 
seasonal preference, with subalpine rock habitats used in summer and montane coniferous forests 
used most often in winter (Copeland 1996, p. 120). In addition, individuals within this study 
population commonly crossed natural openings and those areas with little cover, including burn 
areas, meadows, or open mountain-top areas (Copeland 1996, p. 124). 
 
Observations of summer movements of wolverines in northwestern Montana indicated that both 
male and females moved to higher, cooler elevations and remained there throughout the summer 
(Hornocker and Hash 1981, p. 1,299). In the Greater Yellowstone Ecosystem, wolverines 
selected areas that contained steep terrain with tree cover, high elevation meadows, boulder or 
talus fields, and avalanche chutes (Inman et al. 2012a, p. 785). In this region, wolverines selected 
elevations at and above the treeline during summer, moved slightly lower during winter, but 
avoided low-elevation winter ranges occupied by potential prey (e.g., elk) or areas with little 
human activity (Inman et al. 2012, p. 785).  
 
Several habitat association-type models have been developed for both North American and 
European wolverines. In the northern Rockies (including Canada and the United States), Carroll 
et al. (2001, p. 975) found that elevation and north-facing cirque habitat variables (i.e., alpine 
areas), when incorporated into empirical habitat models, were significantly correlated with 
wolverine occurrence; however, results from multiple regression analyses of these and other 
habitat variables indicated a high degree of unexplained variance for predicting wolverine habitat 
relationships, and underscores the inherent difficulty in identifying appropriate metrics to 
represent difficult to measure underlying factors, or other unrecognized limiting variables 
(Carroll et al. 2001, pp. 971, 973–974). Copeland et al. (2007, entire) also evaluated habitat 
associations for wolverines in central Idaho. Wolverines were found to be associated with high 
elevations (2,200 to 2,600 m (7,218 to 8,530 ft) with a slight downward shift in summer 
(Copeland et al. 2007, p. 2,207), along with a shift in cover types, from high-elevation whitebark 
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pine (Pinus albicaulis) communities in summer to mid-elevation Douglas fir (Pseudotsuga 
menziezii) and lodgepole pine (Pinus contorta) in winter (Copeland et al. 2007, pp. 2,207–
2,208). Results from a study of wolverines in Scandinavia suggested that topography may be 
important in providing refugia from predators and may therefore facilitate the co-existence of 
wolverines with larger carnivores such as wolves (Khalil et al. 2014, p. 636). 
 
In interior Alaska, wolverines were also found to be positively associated with high elevations 
(Gardner et al. 2010, p. 1,901). This study also reported the wolverines avoided human 
influences, but their sampling design was not able to determine which aspects related to human 
activities influenced wolverine behaviors.; However, a combination of intensity of development 
and harvest activities was suggested as potential factors (Gardner et al. 2010, p. 1,901). Current 
studies are underway in the North Slope region of Alaska to evaluate fine-scale habitat selection 
of wolverines related to denning, caching, day bed use, and snow holes (Dorendorf 2016, p. 6). 
Day beds were also described by Haglund (1966, p. 268) for wolverines studied in Sweden. 
 
Krebs et al. (2007, pp. 2,186–2,187) also found that habitat associations, at least for females, are 
more complex, and include combinations of several modeled variables that supported hypotheses 
related to food (prey distribution), predation risk (based on a ruggedness index), or human 
disturbance (winter recreation activity, roads, and forest harvesting) for both summer and winter 
in two study areas located in northcentral and southeast British Columbia. Fisher et al. (2013, pp. 
710–712) found that wolverines in the Rocky Mountains of Alberta, Canada, were more likely to 
occupy areas with increasingly rugged terrain. Camera trapping was used to study wolverine 
behavior in varying habitat in the Rocky Mountains of Alberta, Canada (Stewart et al. 2016, 
entire). That study found that wolverine behavior differed in landscapes that had been 
significantly modified by human activities as compared to those with light modifications or in 
protected areas (Stewart et al. 2016, p. 1,499). They concluded that wolverine occurrence in their 
study areas varied more strongly with linear features (seismic lines created from oil and gas 
exploration, pipelines, transmission lines, roads, and rail lines) than with the degree of snowpack, 
and supports the idea that human footprint is a driver of habitat suitability for wolverines 
(Stewart et al. 2016, p. 1,501).  
 
Bowman et al. (2010, p. 464) reported a negative association with roads with wolverine (and 
caribou) occurrence in boreal forest habitat in northwestern Ontario, Canada, and wolverines in 
their study area avoided deciduous forests. However, Wright and Ernst’s (2004b, p. 59) study of 
wolverines in upland boreal forests of Canada found that wolverines followed open linear 
corridors that offered compact snow conditions, including winter roads, recent seismic lines, 
snowmobile trails, and all-terrain vehicle tire tracks for travel of distances up to 3 kilometers 
(km) (1.86 miles (mi)). In central Idaho, Copeland et al. (2007, p. 2,210) also reported 
wolverines using snowmobile winter access (unmaintained) roads for travel.  
 
Aboriginal knowledge holders in Canada have reported that while wolverines appear to avoid 
human habitation and developed areas, some wolverine will visit these areas if they are not 
threatened or if development activities cease (Cardinal 2004, p. 22). Wolverines have also been 
described as occupying deserted snow huts (Nunavut Territory) during winter months (Freuchen 
1935, p. 98). 
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Scrafford et al.’s (2017, p. 32) study of wolverine selection patterns in boreal forests in 
northwestern Alberta using resource selection function (RSF) modeling techniques1 and data 
from telemetered wolverines found that, for the winter season, both male and female wolverines 
selected for streams, forested areas (broadleaf, coniferous, and mixed) and bogs or fens, while 
avoiding active well sites and low-traffic winter roads (Scrafford et al. 2017, p. 31). That study 
also found that wolverines did not avoid older seismic lines, likely due to the intermediate stage 
of regeneration found in their study area as well as availability of small prey in conjunction with 
minimal risk of human or wolf presence (Scrafford et al. 2017, p. 34). 
 
Johnson et al. (2005, entire) used RSF-based modeling to quantify the relationship between the 
observed distribution of the wolverine and variables representative of habitats and human 
disturbance in the taiga and tundra ecoregions (shown in Appendix A) of the Canadian central 
Arctic (Nunavut and Northwest Territories) (Johnson et al. 2005, p. 10). Using a range defined 
by previously studies of collared wolverines, they identified two seasons for wolverines, based 
on presence or absence of barren-ground caribou (Rangifer tarandus groenlandicus) (Johnson et 
al. 2005, p. 8). They found that, in winter, the occurrence of wolverines was correlated with 
patches of heath rock and rock association, and areas dominated by sedge (Johnson et al. 2005, 
pp. 23–25). Results for models for summer season were less clear, but models that included 
grizzly bear (Ursus arctos), caribou, and wolf were found to be positively associated with 
wolverine, likely due to the scavenging opportunities and hunting of caribou provided by these 
other carnivores (Johnson et al. 2005, p. 24). In Finland, the presence of wolves was found to be 
one of the most important variables influencing habitat selection of wolverines (Koskela 2013, p. 
35). 
 
Inman et al. (2013, p. 281) also used a RSF model to develop a predictive map of wolverine 
habitat for the western United States, as shown in the background of our Figure 3. Their best fit 
model found that, in general, wolverine were most likely to be distributed at high elevations, 
with steeper terrain, more snow, fewer roads, and reduced human activity, but also in proximity 
to high elevation talus, tree cover, and areas that had snow cover on April 1 (Inman et al. 2013, 
pp. 280–281). Primary habitat for the wolverine in the western United States was estimated at 
164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). Additional information related to the 
results of this modeling effort is discussed in the Population Distribution and Abundance section 
below. 
 
Movement 
 
Wolverine movements are related to both territoriality (within home ranges) and dispersal (adults 
and young). Movement within home ranges by adult male and female wolverines is extensive. 
For example, wolverines monitored in the Greater Yellowstone Ecosystem traveled a distance 
that was equivalent to their average home range diameter in less than 2 days, which is and also 

                                                 
1 RSF is any mathematical function that is proportional to the probability of use of a resource unit (Manly et al. 
2002, p. 15). A RSF contains several coefficients that quantify the selection for or avoidance of an environmental 
feature, and the sign/strength of those coefficients represents a differential variation in the distribution of each 
environmental feature measured at a sample of locations to a comparable set of random sites. Thus, when an 
animal's observed use of a resource is greater than those random sites, selection of that feature is inferred (Johnson 
et al. 2005, p. 10). 
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traversed an area about the size of their home range circumference in less than 1 week (Inman et 
al. 2012a, pp. 782–783). This study also found that, for a 24-hour period, the average minimum 
distance traveled was 15.5 (km) (9.63 (mi) for males and 7.5 km (4.66 mi) for females (Inman et 
al. 2012a, p. 783). Telemetry studies of wolverines in south-central Alaska indicate an average 
distance traveled per day of approximately 12 km (7.46 mi) for females and 8–21 km (4.97–13 
mi) for males (Woodford 2014, no page number). Observations from snow tracking studies have 
found instances where two individual wolverines traveled together (Wright and Ernst 2004b, p. 
63). 
 
Aronsson’s (2017, p. 40) study of resident status of female Fennoscandinavian wolverines found 
that most (86 percent) females remained stationary in their established territories, with 8 percent 
vacating and 6 percent expanding their territory. In addition, this study of 42 female wolverines 
in 122 territories reported that females with established territories only moved to available 
territories that were higher than average in quality (Aronsson 2017, p. 41). Bischof et al.’s (2016, 
p. 1,533) study of spatial and temporal patterns in wolverines (central Norway), using 
noninvasive genetic sampling methods, also found that individuals tended to stay in the same 
general area from one year to the next. 
 
A number of factors can affect wolverine movements within territories, such as availability of 
food, temperature, and breeding activity. Seasonal shifts in elevation have also been observed for 
wolverines in the contiguous United States. Gardner’s (1985, p. 21) ecological study of 
wolverines in southcentral Alaska found a significant movement up in elevation during late 
winter and early spring as well as a significant movement down in elevation during the late fall 
and winter. Wolverines were also observed moving to and occupying higher and presumably 
cooler elevations in summer months in northwestern Montana (Hornocker and Hash 1981, p. 
1,299). In Central Idaho, wolverines exhibited a preference for higher elevation areas containing 
rock and talus cover in summer months, but moved to lower elevations in winter; this was likely 
the result of an increase in availability of carrion related to the fall hunting season (Copeland 
1996, p. iv). Two aboriginal knowledge holders in the Kivalliq region (Nunavut, Canada) 
reported that wolverines will move closer to communities during caribou migration in the fall, 
likely attracted by the large number of caribou carcasses left by hunters (Cardinal 2004, p. 22). 
 
A study of wolverine movement in boreal forest habitat in Canada (northwestern Alberta and 
northeastern British Columbia) during winter months found that wolverines chose the most direct 
travel route with the least snow cover (Wright and Ernst 2004a, pp. 58–59). Woodford’s (2014, 
no page number) account of wolverines observations from studies in Alaska indicated that, when 
pursued, wolverines will run uphill, which may represent a predator-avoidance adaptive 
behavior. 
 
As discussed in more detail below (Diet and Feeding), several studies have shown that wolverine 
exhibit a seasonal shift in diet, and Hornocker and Hash (1981, p. 1298) concluded that food 
availability was the primary factor determining both movements and home ranges for wolverines 
studieds in northwestern Montana. Movement patterns of adult males during the summer months 
are also likely influenced by breeding activity (Magoun 1985, p. 66).  
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Males and females maintain large territories with very little overlap between same-sex adults 
(Magoun 1985, p. 38; Banci 1994, p. 118; Inman et al. 2012a, p. 783; Bischof et al. 2016, pp. 
1,532–1,533; Regehr and Lacroix 2016, p. 249), but breeding pairs have overlapping territories 
(Copeland 1996, pp. 55–61; Hedmark et al. 2007, p. 19; Dawson et al. 2010, p. 413; Persson 
2010, p. 52; Inman et al. 2012a, p. 787). However, ranges of young males, who have not yet 
dispersed, can overlap with resident adult male home ranges (Alaska) (Magoun 1985, p. 64). 
Studies of wolverines in the Greater Yellowstone Ecosystem found a mean percent overlap of 
12.7 percent for same sex, adult–sub-adult pairs and about 24 percent for opposite sex, adult–
sub-adult pairs (Inman et al. 2012a, p. 787). In addition, Inman et al. (2012a, p. 783) found that 
when a resident adult wolverine died, same-sex adults (not known to be located within the dead 
wolverine’s home range) would begin using (within 3–7 weeks) areas of the unoccupied home 
range, or same-sex subadults would expand into and then occupy most or all of the dead 
wolverine’s former home range. Bischof et al.’s (2016, p. 1,533) study of territoriality of 
wolverines in central Norway (using scat analysis) indicated that within their study population, 
wolverines were also more likely to choose a home range area that was previously used by a 
neighboring same sex individual after that individual’s death. 
 
In central Idaho, annual home ranges of resident adult wolverines averaged 384 km2 (148 mi2) 
for females and 1,582 km2 (610 mi2) for males (Copeland 1996, p. 128). Home ranges for 
wolverines in Greater Yellowstone Ecosystem were estimated at 303 km2 (117 mi2) for adult 
females and 797 km2 (308 mi2) for adult males (Inman et al. 2012a, p. 782). For a parturient 
female, estimates of home range size in this region were significantly smaller, with a minimum 
of 100–150 km2 (39–58 mi2) (i.e., during year raising young) (Inman et al. 2012a, p. 782). 
Average home range sizes for adult wolverines studied in Glacier National Park (Montana) were 
estimated at 139 km2 (54 mi2) for females and 521 km2 (201 mi2) for males (Copeland and Yates 
2008, p. 9). In a 6-year study of wolverines in central Idaho and western Yellowstone region, 
average home range sizes (using minimum convex polygon method) were 357 km2 (138 mi2) 
(range:162–563 km2 (63–217 mi2)) for females and 1,138 km2 (439 mi2) (range: 440–2,365 km2 
(170–1,170 mi2)) for males (Heinemeyer and Squires 2015, p. 10). 
 
In northwestern Alaska, home range sizes (using minimum polygon method) for female 
wolverines varied year-to-year and by season (Magoun 1985, p. 33). The average yearly range 
was 103 km2 (39.8 mi2) (range: 53–232 km2 (20–89.6 mi2)) (Magoun 1985, p. 22). For male 
wolverines, the average yearly range was 666 km2 (257 mi2) (range: 488–917 km2 (188–354 
mi2)) (Magoun 1985, p. 36). The average home range size for lactating females rearing young 
was estimated at 70 km2 (27 mi2) from March through August (Alaska) (Magoun 1985, p. 36). 
 
In Canada, home range sizes have been reported as 50–400 km2 (19–154 mi2) for females and 
230–1,580 km2 (89–610 mi2) for males (COSEWIC 2014, p. 23). Dawson et al. (2010, p. 141) 
estimated mean home range sizes for wolverines in lowland boreal forests of central Canada 
(northwestern Ontario), based on 95% minimum convex polygons (December to October), of 
423 km2 (163 mi2) for females and 2,563 km2 (990 mi2) for males. These researchers also 
reported a home range of 262 km2 (101 mi2) for a lactating female using that same methodology 
(Dawson et al. 2010, pp. 141–142).  
 



North American Wolverine Species Status Assessment Report  DATE 

20 
 

In Scandinavia, Bischof et al. (2016, p. 1,532) found that male wolverines in central Norway had 
home ranges just over two-times larger than females (using noninvasive genetic sampling). That 
study estimated average annual home range sizes of 757 km2 (292 mi2) for males and 331 km2 
(128 mi2) for females (Bischof et al. 2016, p. 1,532). Landa et al.’s (1998, pp. 451–452) radio-
tracking study in southern Norway also found that mean annual home ranges of male wolverines 
were larger than females (663 km2 vs. 274 km2 (256 mi2 vs. 106 mi2), and observed a reduction 
in activity by females in late winter and late fall, likely related to reproductive behavior. Persson 
et al. (2010, p. 52) found mean home ranges for wolverines in northern Sweden were almost 
four-times larger for males than females (669 km2 (258 mi2) vs. 170 km2 (66 mi2), respectively). 
The distance traveled by female wolverines depends on the location of the reproductive den site 
within the home range, the areas used for locating food/prey, and the territory border (Myhr 
2017, no page number).     
 
In summary, habitat diversity, food availability, and competition for resources can collectively or 
individually influence home range sizes of wolverines (Magoun 1985, p. 63; Inman et al. 2012a, 
p.785), which affects wolverine densities and population structure. Home range sizes of male 
wolverines are likely influenced by the density and reproductive condition of female wolverines 
(Magoun 1985, p. 63).  
 
Dispersal relates to the successful establishment of a breeding territory, generally by juveniles, 
at a location removed from the natal denning area, and can be confused with long-range 
movements of wolverines and other carnivores (Ruggiero et al. 1994, pp. 4–5).  
 
Based on telemetry studies, wolverines have been observed to disperse over very long distances.  
Both male and females can move long distances (cf. Flagstad et al. 2004, pp. 684-686), but 
young (yearling) females tend to establish home ranges closer to nearer their natal ranges than do 
young males (COSEWIC 2014, p. 24), which supports a male-biased dispersal pattern (from 
natal range) for wolverine populations. Vangen et al. (2001, p. 1,647) indicated that dispersal 
patterns of females were likely determined by competition for resources (that is, high quality 
territories) while male dispersal patterns were likely determined by competition for mates. 
 
As noted above, wolverines readily cross water bodies such as rivers, and can cross rugged 
terrain (COSEWIC 2014, p. 24; Woodford 2014, entire). Dispersing wolverines in Idaho traveled 
over 200 km (124 mi) following routes across isolated subalpine habitat (Copeland 1996, p. 
130). Inman et al. (2012a, p. 784) recorded dispersal-related movements of wolverines in the 
Greater Yellowstone Ecosystem and found that the maximum dispersal distance of subadults 
from the home range of their mothers was 170 km (106 mi) for males and 173 km (108 mi) for 
females, with an average maximum distance per dispersal movement of 102 km (63 mi) for 
males and 57 km (35 mi) for females (Inman et al. 2012a, p. 784). In the Ontario, Canada, region 
a juvenile male reportedly dispersed 100 km (62 mi) (COSEWIC 2014, p. 24, citing unpublished 
data from Dawson et al. 2013). 
 
Two recent examples illustrate the extensive dispersal capability of wolverines. A male 
wolverine apparently dispersed (2008 or earlier) from the western edge of the Rocky Mountain 
region to the Sierra Nevada region of California (Moriarty et al. 2009, p. 160). Another radio-
collared male wolverine (M56), whose natal area was the Greater Yellowstone Ecosystem 
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(northwest Wyoming), was tracked from this area and moved south to Colorado (about 500 
miles), where it remained for about 3 years (2009–2012), when its tracking signal was lost. In 
April 2016, M56 was legally shot and killed by a rancher in western North Dakota, or about 
1126.5 km (700 mi) from where it was last seen (WGFD 2016, pers. comm).  
 
Additional discussion of population distribution and density estimates is provided below (see 
Population Abundance and Distribution). 
 
Reproduction and Growth 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., a male 
mates with more than one female each year), delayed implantation (up to 6 months), short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care 
(Rausch and Pearson 1972, pp. 255–256; Pasitschniak-Arts and Larivière 1995, p. 5; Magoun 
and Copeland 1998, pp. 1,315–1,316; Hedmark et al. 2007, p. 19; Persson et al. 2017 in prep).  
 
Table 1 below presents a summary of wolverine reproductive chronology (extent and peak of 
reproductive events) based on a review of the literature and personal knowledge from field 
studies (Inman et al. 2012b, entire), and studies from Scandinavia (Aronsson 2017; Persson et al. 
2017 in prep). 
 
Table 1. Chronology of wolverine reproductive events (adapted from Inman et al. 2012b). 
 

Reproductive Biology Event Time Interval 
Mating Season May – August; peak in June 
Nidation (implantation of embryo) November – March; peak in late December–early February 
Gestation (45 days) November – April; peak in January–mid-March 
Parturition (birth of young) late January – mid-April; peak in February–mid-March 

(Sweden: peak in mid-February, range from end of January to 
early March)a 

Reproductive Den Use late January – end of June; most commonly, early February–mid-
May 

Weaning April – June; most commonly, late April–May 
Rendezvous Sites April – June; peak in early May 
Independence August – January; peak in September–December 
Dispersal  Peak period at 10–15 months of age; February–mid-April 
Lactation About 10 weeks  

aPersson et al. (2017, in prep). 
 
Wolverine mating is generally assumed to occur in May, June, July (Pulliainen 1968, p. 341; 
Rausch and Pearson 1972, p. 249). Inman et al.’s (2012b, (p. 636) review of both the literature 
and personal observations indicated that June represented the peak in a wolverine mating season, 
but began in at least May and extended into early August. Female wolverines have been reported 
as not breeding in their first summer (under 1 year of age) based on examination of reproductive 
tracts from wolverine carcasses obtained from trappers (Yukon) (Banci and Harestad 1988, p. 
268) and ages of pregnant female wolverines were estimated at 1 to 11-plus years of age (Banci 
and Harestad 1988, p. 266). In another study of wolverine carcasses (also in Yukon), some 
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female wolverines were said to be mature at about 1 year (about 15 months), but first litters were 
not produced until 2 years of age (Rausch and Pearson 1972, p. 253). Anderson and Aune (2008, 
pp. 21–22) also evaluated carcasses in female trapper-harvested wolverines from western 
Montana (1985 to 2005) and estimated median ages pregnancy ranging from 1.5 to 2.5 years of 
age. In Scandinavia, the mean age of first reproduction for female wolverines was 3.4 years, 
based on monitoring of telemetered animals (Persson et al. 2006, p. 76). Breeding ages were 
reported at 2 to 13 years of age for wolverines in Sweden (mean age of first birth was 3.4, range 
of 2 to 5 years), based on monitoring/observations of female wolverines (Rauset et al. 2015, p. 
3,157).  
 
Genetic-based wolverine studies in Scandinavia have found that “females often reproduced with 
the same male in subsequent breeding years” (Hedmark et al. 2007, p. 18). However, the same is 
studies y also found (with some assumptions regarding sampling and paternity) that 8 of 13 
female wolverines bred with different males, and, based on telemetry results, 2 females bred with 
a new male even though their previous breeding partner was still alive (Hedmark et al. 2007, p. 
18). This shift in partners may have resulted from a change in the resident male wolverine in the 
area (Hedmark et al. 2007, p. 19). 
 
The reproductive rate of wolverines is relatively low. An early study of 31 wolverine dens in 
Finland, as reported by hunters, found an average of 2 young per den (range 1–4) (Pulliainen 
1968, pp. 338–341). Average litter size for northern Europe (161 litters) was 2.5 (range 1–4) 
(Pulliainen 1968, p. 343). In Alaska, average litter size was reported as 1.75 young, with a 
reproductive rate of 0.69 young per adult female per year (Magoun 1985, p. 28). A summary of 
average litter size for earlier studies of New World and Old World wolverines, based on method 
of determination, was presented in Magoun (1985, p. 29), indicating a range of 2.2 to 3.5. 
Anderson and Aune (2008, entire) evaluated pregnancy rates based on presence of corpora lutea 
(CL) and fetuses in trapper-harvested wolverines from western Montana. That study found 
median CL counts for pregnant adults ranging from 1.6 to 3.0, depending on the subpopulation 
(Anderson and Aune 2008, p. 22), with a mean litter size based on number of fetuses for 
pregnant adult females of 2.6 (Anderson and Aune 2008, p. 23). Studies of telemetered female 
wolverine in Scandinavia, from 1993 to 2002, reported a mean litter size of 1.88, with a range of 
1 to 4 young, with a mean annual birth rate of 0.74 young per female (Persson et al. 2006, pp. 
76–77). More recently, the average number of young per female per year reported for wolverines 
in Sweden was reported as 0.84 (range 0–3); however, for those animals with recorded denning 
behavior, this value increased to 1.38 (range 0–3) (Rauset et al. 2015, p. 3,157).  
 
Results from studies of telemetered female wolverines indicate that studies of wolverine 
reproductive tracts are likely to overestimate wolverine productivity (Persson et al. 2006, p. 77). 
Their findings suggest that young are either lost during pregnancy and/or shortly after birth, and 
are not likely to occur before implantation due, in part, to presumed delayed implantation 
(Persson 2006, p. 77). Delayed implantation (or reabsorption) of fetuses has been observed in 
other mustelids, including mink (Hansson, 1947 p. 62; and references cited therein, pp. 65–66). 
However, the factors that contribute to the observations that female wolverines do not give birth 
during some years are not well understood, and could be due to failure to breed, pseudo-
pregnancy (as demonstrated by Mead et al. 1993, entire), failure of a fetus to implant, absorption 
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of implanted fetus, stillbirth, or mortality before emerging from den (e.g. infanticide, etc.) 
(Magoun 2013, pers. comm.).  
 
Carnivorous mammals generally have altricial young (poorly developed and dependent young 
(Derrickson 1992, p. 58), and prepare shelter in dens where the mother can feed their young and 
keep them warm (Irving 1972, p. 174). Young wolverines (kits or cubs) weigh about 0.1 kg (3.5 
ounces (oz) at birth and are blind until about 4 weeks of age (Krott 1960, p. 23). Newborns are 
covered with whitish to yellow hair (Krott 1958, p. 87; Mehrer 1976, p. 570), 4.5 millimeters 
(mm) (0.18 in) in length (Shilo and Tamarovskaya 1981, p. 147), with unerupted teeth (Mehrer 
1976, p. 570; Pasitschniak-Arts and Larivière 1995, p. 5) and closed ear canals (Shilo and 
Tamarovskaya 1981, p. 147). They are generally not left alone in the den at during the first 3-4 
weeks (Krott 1958, pp. 88, 108). Myhr (2017, no page number) study of telemetered wolverines 
in Scandinavia found that, on average, a female wolverine spends most of her time within 1000 
m (3,281 ft) of the reproductive den during the denning period.   
 
Mustelids, in general, have a short period of growth (Iverson 1972b, p. 317). As noted above, the 
metabolism of young wolverines is highest during the first 2½ months, and individuals are 
almost two-thirds grown by the fall (at about 6 months) (Krott 1960, p. 25). Shilo and 
Tamarovskaya (1981, p. 146) described 45-50 day old cubs (Norway) as having woolly coats, 
muddy grey in color, with teeth beginning to erupt at this age. At about 150 days, all permanent 
teeth have been established (Shilo and Tamaovskaya 1981, p. 147). After 2.5 months, young 
wolverines replace their juvenile coat with the adult summer coat (Shilo and Tamarovskaya 
1981, p. 147). With growth ending at about 8 months (Iverson 1972b, p. 320; Magoun 1985, p. 
23), cubs are generally full grown by October or November.  
 
Use of Dens and Denning Behavior 
 
Dens and breeding burrows of animals are, in general, carefully constructed, well-camouflaged, 
and located in areas not easily accessible (Novikov 1962, p. 25). Wolverines use both natal dens 
(used for birthing) and maternal dens (used subsequent to natal den and before weaning) for 
rearing young (Magoun and Copeland 1998, p. 1,314). The average relocation distance to 
maternal den sites for active wolverine den sites studied in Norway was 268 m (879 ft) (95% 
confidence interval: 40–497 m (131–1,631 ft)) (May et al. 2012, p. 199). The young remain at 
the natal den site for 6 to 8 weeks (Krott 1960, p. 24), and are weaned at 9 to 10 weeks 
(Copeland 1996, p. iv (Central Idaho); Koskela et al. 2013a, p. 101 (Finland)) (cf. 7 to 8 weeks 
reported by Myhre and Myrberget, 1975, p. 754 (Norway)). After weaning, the young are 
dependent on the mother and begin to travel with her by late April (Koskela et al. 2013a, p. 101 
(Finland)). Observations of wolverines in central Idaho reported that females traveled up to 17.9 
km (11 mi) from maternal dens to forage (Copeland 1996, p. 97). 
 
The exact timing of when females abandon natal dens and begin using maternal dens is difficult 
to establish (Inman et al. 2012b, p. 638). Magoun and Copeland (1998, p. 1,316) reported that 
natal den abandonment in Alaska and Idaho “coincided with a period when maximum daily 
temperatures rose above freezing for a number of days for the first time since denning 
commenced.” Aubry et al. (2016, p. 24) reported that a female wolverine moved her single 
young (estimated to be at least 9 weeks old) from a natal den in late April in the North Cascades 
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region of Washington. However, other factors can influence shifts in the locations of these dens, 
including intraspecific predation, parasites, or other disturbances (Inman et al. 2012b, p. 638). 
Copeland (1996, p. iv) noted that human disturbance at maternal den sites resulted in den 
abandonment, but not abandonment of young.  
 
Rendezvous sites are those where young are left by mother while she hunts for food (Magoun 
1985, p. 16). These areas provide security to young (Copeland 1996, p. 94) and serve as 
locations at which females bring food to the young, or from which she will guide them to a food 
source (Inman et al. 2012b, p. 638). Copeland 1996 (p. iv) described rendezvous sites for 
Ccentral Idaho as consisting of large boulder talus or riparian areas associated with mature 
overstory and dense timber deadfall (Copeland 1996, p. iv). Magoun (1985, p. 76) reported that 
rock caves and hilltops containing boulders without large snowdrifts were used as rendezvous 
sites in Alaska. Females may move their young to new rendezvous sites several times over a two 
month period (Magoun 1985, p. 73), and distances between consecutives sites have been 
reported as far away as 8.5 km (5.3 mi) (Magoun 1985, p. 76). 
 
Studies of adult female wolverines in Scandinavia (northern Sweden) have provided additional 
details regarding the temporal patterns of reproductive behavior and den site use. Aronsson 
(2017, p. 45) (see also Persson et al. 2017, in prep) found that, in general, most births occurred in 
mid-February. Females spend very little time outside the natal den for the first 2 weeks 
(Aronsson 2017, p. 45). During the first period of den site use, or approximately 2 to 2.5 months 
from mid-February (when females generally give birth and are lactating), females will move 
short distances and do not need to bring food to young (Aronsson 2017, p. 46). This time period 
generally coincides with snow cover and favorable conditions for food caching, and dens offer 
protection from predators and the environment (Aronsson, 2017, p. 46). In addition, during the 
first 1.5 months of the denning period, females rarely changed den sites, but begin to move 
outside the den in early March (Aronsson 2017, p. 45). In the later denning period (after April 
15), females begin to move more frequently and at greater distances between den sites (Aronsson 
2017, p. 45). By late April, the young are more active and also begin to rely more on solid food 
that is brought back to them by their mother (Aronsson 2017, p. 46). This also corresponds to 
time period when prey are more available (reindeer migration and calving period in Sweden) and 
expected less longer shorter distancet movements by the mother back to denning or rendezvous 
sites (Aronsson 2017, p. 46). These observations are consistent with Inman et al.’s (2012b, 
entire) proposed cold, low productivity niche for wolverines based on studies of wolverines in 
the Greater Yellowstone Ecosystem. That is, reproductive chronology in wolverines is 
considered to be adapted to take advantage of the availability of food resources, limited 
interspecific competition, and snow cover in the winter (Inman et al. 2012b, p. 635).  
 
In summary, as described by Inman et al. (2012b, entire) and Persson et al. (2017, in prep), 
reproductive behavior of wolverines reflect seasonal shifts in resource abundance within the 
wolverine’s range; that is, adaptation that matches the time of birth and development of young to 
changes in the availability of resources and foraging strategies (Persson et al. 2017, in prep). We 
present in Figure 4 a visual summary of wolverine feeding strategies relative to resource 
availability from time of birth to post-weaning. 
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Figure 4. Wolverine feeding strategies relative to resource availability. Adapted from 
Persson et al. 2017, in prep.  
 
Denning Habitat  
 
Given the wolverine’s observed association with snow, we provide in Box 1.0 a summary of the 
importance of snow for ecological systems. This summary provides a detailed perspective of 
how various physical properties of snow can influence ecological systems occupied by snow-
adapted wildlife, including insulating properties, differences in snow cover in mountainous vs. 
forested habitat, and changes in snow cover due to wind and slope/aspect. However, we also 
emphasize here that there have been limited comprehensive studies of wolverine behavior, or its 
physical and ecological requirements outside of the winter months in North America (cf. Banci 
1987 (Yukon); Hornocker and Hash 1981 (Montana); Gardner 1985 (Alaska); Magoun 1985 
(Alaska); Copeland 1996 (Idaho); Krebs et al. 2007 (Canada); Inman 2013 (Greater Yellowstone 
Ecosystem)) due, in part, to the difficulty in tracking animals when snow cover is absent and 
their ability to move great distances across rugged terrain. In addition, den site locations for 
North America reported in the past has been biased to tundra regions where dens are more 
readily observed and located (Banci 1994, p. 110). In Scandinavia, snow cover has also been 
found to be a poor technique for tracking female wolverines during the time when they give birth 
and initiate denning (Aronsson and Persson 2016, p. 6). 
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Box 1.0: Snow Cover in an Ecological Context 
Formozov (1961; 1963) prepared comprehensive reviews of the unique properties of snow in the 
context of its role in the ecology of animals and plants in Russia. In his 1961 review (translated 
from the 1946 original), he identified two important factors attributed to snow cover — 
nastization (the thickness of the crust on the surface of mature snow cover) and firnization 
(process of snow compaction) — relative to its ecological influence (Formozov 1961, p. 8). Snow 
cover provides not only a substrate that allows some animals to move across the landscape, it also 
provides a matrix within which other animals can create tunnels and build nests (Formozov 1961, 
p. 8). Additional fundamental concepts described in this study are provided below: 
 

• Snow has very low thermal conductivity which promotes cooling at the surface while at 
the same time protects the deeper layers from chilling; but this property varies by region, 
by depth, by season , and by year (e.g., the more continuous the snow cover during winter, 
the greater the warming effect); as snow changes to ice (through compaction and melting), 
the thermal conductivity decreases (Formozov 1961, pp. 7, 8, 108) 

• Snow therefore creates a thermo-insulating layer, which allows for a unique temperature 
regime on the surface and underneath; as an example, soil temperatures measured in 
January (near Saint Petersburg, Russia) averaged 15°C higher with snow cover than 
without snow cover, with up to a 32°C difference, depending on the day and depth 
measured (Formozov 1946, p. 109) 

• Snow cover in mountains: 
o Depth of snow cover and its duration increases with elevation; even minor 

elevation differences are noticeable (Formozov 1961, p. 123) 
o This spotty distribution is also affected by unequal distribution of snow 

precipitation on slopes with different exposures, transport of snow by wind, 
melting of snow on sun-exposed slopes, avalanche or rolling down of snow from 
steeper areas, and vegetation (Formozov 1961, p. 123)  

o Snow cover areas near Arctic limits and at treeline in mountain regions is more 
strongly influenced by wind (which compacts and re-works snow cover) 
(Formozov 1961, p. 29) 

• Snow cover in forests: 
o The maximum depth, density, duration and date of melting, thickness of snow 

surface crust are all much different in forested areas as compared to open 
treeless areas (Formozov 1961, p. 19) 

o Snow accumulates slowly under trees and is generally thicker the further away 
from the forest than within the forest; thus, the compaction and settling of snow 
under a forest canopy is less than tundra or open fields (with a less icy crust), so 
for some vertebrates, forested areas can provide a more preferable place to 
winter or migrate (Formozov 1961, pp. 24, 26) 

o Snow cover in forested areas also melts slower than open fields and clearings 
(Formozov 1961, p. 28) 

• Snow cover also plays an important role in the overwintering conditions for insect eggs, 
caterpillars, pupae, and adult insects in litter and soil, and some plants (Formozov 1961, p. 
121) 
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Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, including persistent spring snow cover, the key elements or combination of elements 
that define this relationship have not been empirically analyzed. As noted above, adult 
wolverines have a wide range of thermoneutrality. However, newborns, who are born with 
lighter, less dense fur are likely to have a more limited ability to control their internal 
temperature, though huddling (a thermotactic behavior) of small mammals in dens can conserve 
heat (Barnett and Mount 1967, p. 439). Den locations are also assumed to be located in areas that 
provide protection for nursing female and her young. But it is unclear if the relationship to snow 
cover is based on selecting dens in remote, high elevation areas to avoid predators. 
 
Basal metabolic production of heat is the source of heat that maintains bodily warmth, and is not 
easily modifiable unlike the flexibility of insulation (Irving 1972, p. 121). However, metabolic 
heat above an animal’s basal rate for preservation of warmth is restricted by its not unlimited 
capacity for metabolic production of heat, but also by food availability and the time and 
opportunity for nourishment (Irving 1972, p. 121). In general, metabolic production of heat is 
costly to animals, but variable insulation represents a conservative strategy (Irving 1972, p. 121).  
 
Another key element related to den location is the protection that dens provide to a nursing 
female and her young. Because wolverines are known to den in a variety of structures it is 
unclear if the apparent relationship to snow cover is based on selecting den locations in remote, 
high elevation areas to avoid predators. Bare rock and boulders at den sits can offer dry and 
secure cavities and enhance the ruggedness of the landscape (May et al. 2012, p. 198).  
“Ruggedness,” a measure derived from elevational changes and irregularity of land surface 
(density of contour lines) traversing a given area (Beasom et al. 1983, p. 1,163) has been found 
to be an important variable (i.e., secure habitat from predation risk) for female wolverines in 
winter (British Columbia, Canada) (Krebs et al. 2007, p. 2,188) and for den site selection at site-
specific, home range, and landscape scales (southcentral Norway) (May et al. 2012, pp. 200–
201).   
 
Wolverine denning habitat varies across its Holarctic range. For example, in southcentral 
Norway, wolverine dens were snow tunnels dug into deep snow at the tree line (elevation 1,100 
meters a.s.l. (3,609 ft)), but most of the tunnel systems extended down to boulder fields, talus 
slopes, or rock crevices such that young could crawl around within these structures (May et al. 
2012, p. 201). Snow tunnels are also reported for wolverine natal dens in Alaska (Magoun 1985, 
pp. 84, 185, 190). However, reproductive dens are not always excavated in deep snow. In 
Canada, female wolverines are said to give birth in dens where snow cover persists at least until 
April, and can den under snow-covered rocks, logs, or within snow tunnels (COSEWIC 2014, p. 
v). For example, in northwestern Ontario, den site habitat for a female in lower Boreal Forest 
habitat (elevation 250 to 500 m (820 to 1,640 ft), 51°N) included large boulders and downed 
trees, similar to dens described for wolverines in montane ecosystems (Dawson et al. 2010, p. 
139). In Finland, Pulliainen (1968, p. 340) reported a den site (January) at the base of a tree and 
not covered in snow, and also described other structural features such as rocks, fallen trees, and 
deep ravines as denning habitat (likely both natal and maternal dens) (Pullianinen 1968, pp. 338–
341). In Russia, where wolverine habitat has been described as located far from human-inhabited 
areas within boreal forests and, to some extent, tundra, and taiga (Novikov 1962, pp. 199, 200), 
den locations were described as “clefts in rocks, among stones, and under roots of upturned 
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trees” (Novikov 1962, p. 200). Dawson et al.’s (2010, p. 142) study from northwestern Ontario 
noted that, because lowland boreal forest habitat in this region does not support deep, wind-
hardened snowdrifts, other structural elements within snow layers such as trees and boulders can 
be important components of wolverine denning habitat.  
 
Limited studies to date have evaluated the importance of denning habitat to reproductive success, 
or the key physiological and ecological characteristics, including avoidance and/or protection 
from predators, prey availability, availability of caching habitat, that define denning behavior 
and den site selection. Population density, trapping pressure, population genetics, and other 
measures of habitat quality may also influence wolverine fecundity (Anderson and Aune 2008, p. 
28). In addition, studies of wolverine denning activity have not reported the condition of the 
natal or maternal den location following abandonment; that is, Wwhat is the persistence and/or 
depth of snow at the natal den at the end of the denning season and how does this affect survival 
of young?  
 
Copeland et al. (2010, p. 234) used a bioclimatic model to test the following hypothesis: 
“…wolverine distribution at the broadest spatial scale is constrained within a climatic envelope 
defined by an obligate association with persistent spring snow cover and by an upper limit of 
thermoneutrality.”  However, this hypothesis was based on the premise “If persistence of 
wolverine populations is linked to the availability of suitable reproductive den sites ([citing] 
Banci 1994), snow cover that persists throughout the denning period may be a critical habitat 
component that limits the wolverine’s geographic distribution” (Copeland et al. 2010, p. 234). 
The authors tested this hypothesis by “comparing and correlating the locations of wolverine 
reproductive dens from throughout their circumboreal range, and telemetry locations from 10 
recent wolverine studies in western North America and Scandinavia, with spatial models 
representing the distribution of spring snow cover and average maximum August temperatures” 
(Copeland et al. 2010, p. 234) (emphasis added). 
 
Bioclimatic models “use associations between aspects of climate and known occurrences of 
species across landscapes of interest to define sets of conditions under which species are likely to 
maintain viable populations” (Araújo and Peterson 2012, p. 1,527). They are correlational by 
nature and are often applied to study a variety of conservation issues, including forecasting 
potential climate change effects on species’ distributions (Araújo and Peterson 2012, p. 1,527). 
However, these types of correlational models have received some criticisms and require careful 
framing to avoid misapplication (Sieck et al. 2011, p. 6; review by Araújo and Peterson 2012, 
entire).They generally represent a first step for evaluating current and future species 
distributions, and, when coupled with climate change scenarios, results are presented at a coarse 
scale that may not accurately project shifts in species distribution at a smaller scale (Sieck et al. 
2011, p. 6). In particular, when used to estimate extinction risk, these types of models provide 
only an estimate of the empirical relationships between a species’ current distribution and 
climate variables and then use inferred relationships to identify potential areas where the species 
is distributed under future climate scenarios (Araújo and Peterson 2012, p. 1,553). Extinction 
risk is not represented in the model’s input data and therefore is not the targeted parameter of the 
model; thus, a bioclimatic model’s usefulness may be limited in these types of applications given 
that it only offers partial explanatory evidence for reasons for potential extinction related to the 
shifts in climate suitability within the time frame being modeled (Araújo and Peterson 2012, p. 
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1,533 and citations therein). In addition, climate niche projections generally do not incorporate 
factors such as competition, dispersal, and evolutionary capacity, which also influence range 
boundaries (Michalak et al. 2017, p. 370). Thus, these types of models are more applicable at 
broad scales in which the effects of fine-scaled topography and biological interactions play a 
more limited role (Michalak et al. 2017, p. 370); however, both of those effects are important for 
wolverine, particularly at the den-site scale.  
 
Finally, Post (2013, p. 50) suggested that the niche conservatism approach may not be 
appropriate in predicting changes to species’ distributions under future climate change scenarios. 
He concluded that, based on redistribution patterns of flora and fauna throughout the Pleistocene 
epoch, but particularly the Late Pleistocene period of rapid warming, species movement is not 
always predictable in directions or rates based simply on their association with the more 
predictably changing environmental/abiotic measures.  
 
As noted above, Copeland et al. (2010, entire), used a climatic model to evaluate an assumed 
association not at the den site scale, but at a broad scale. The results presented in Copeland et al. 
(2010, entire) were based not on the condition of snow cover at a particular den site at the time of 
denning, but rather their evaluation of snow persistence (April 24 to May 15) was based on 
satellite images summed over a 7-year period (2000 to 2006) for the den locations. The 
resolution of the snow measurement used to detect daily snow cover was 500 m (1,640 ft), using 
Moderate-Resolution Imaging Spectroradiometer (MODIS). If persistent snow cover was 
observed in any one year, it was included in the bioclimatic model regardless of whether denning 
occurred during that particular year.  
 
In addition, although the study found that 69 percent of dens for North American wolverines 
were located within satellite images (pixels) in areas that had snow cover for 6–7 years, just over 
one-third (31 percent) of the identified den locations were located in areas that were identified as 
having spring snow cover 5 years or less out of 7 years. Also, the den location attributes (e.g., 
den structure, how long it was used) were not recorded relative to the observed persistent snow 
cover and some of the 560 dens (e.g., Norway) were identified by snow tracking rather than 
direct observation. In essence, the results presented by Copeland et al. (2010, entire) provided a 
fairly accurate, though preliminary, assessment of where wolverine populations are expected to 
be observed, but did not evaluate (model) snow persistence at the den site scale based on location 
and denning period.  
 
We also note here that results from scoring exercises of a panel of scientists convened by the 
Service in April 2014 (Wolverine Science Panel Workshop), indicated that most panelists 
allocated points to an obligate relationship of wolverines with deep snow at the den-site scale, 
but there was a wide range of scores from the panel as to whether contiguous snow was limiting 
at the home-range or species-range scales (Wolverine Science Panel Workshop Report 2014, pp. 
9–11).  
 
Since the 2013 and 2014 proposed rules for the wolverine, several publications have presented 
additional study results related to wolverine distribution and snow cover. In Alberta, Canada, 
(Webb et al. (2016, entire) found that, based on wolverine harvest data, wolverine occurrence 
relative to spring snow cover varied based on the different regions of Alberta. Although the study 
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found an overall positive trend of more frequent wolverine harvests in those areas expected to 
have spring snow cover, the study did not find consistent large differences between these areas, 
and did not typically detect significant relationships with frequent spring snow cover (4–7 years) 
in all regions (Webb et al. 2016, p. 6). The Rocky Mountains region was the only region in 
which wolverines were reported in areas with more frequent spring snow cover (4–7 years) 
(Webb et al. 2016, p. 5). This region, which is located along the western border of Alberta, 
contains montane, subalpine and alpine habitat, with elevations from 1,000 m (3,281 ft) to 3,700 
m (12,139 ft) (Webb et al. 2016, p. 9). Conversely, the study found that in the Boreal Forest 
region of Alberta (wetland habitat interspersed with coniferous, mixed wood, and deciduous 
forests, with elevations between 1,500 m (4,921 ft) to 1,100 m (3,609 ft), a female wolverine 
denned under large boulders and downed trees (Webb et al. 2016, p. 8). The authors noted that 
wolverine den locations within low elevation, forest habitats have not been well-described 
(Webb et al. 2016, p. 8). As noted above (Novikov 1962, p. 200), in boreal forested habitat, 
wolverines den in rock areas and in tree root structures. A similar finding was reported in 
Sweden, where a majority of dens (n=49) were in boulder areas located within mature, mixed 
coniferous forests (i.e., not alpine or tundra habitat) (Makkonen 2015, p. 14); all den sites 
provided cover for young without snow (Makkonen 2015, p. 17). A recently published study 
reported wolverine natal dens in logged areas (cutblocks) in northern Alberta, Canada; 
specifically, within a slash pile and log deck (Scrafford et al. 2017, p. 35). 
 
Aronsson and Persson’s (2016, p. 6) study of wolverine populations and distribution in Sweden 
observed that wolverine populations were found outside areas with persistent spring snow cover 
and expanding into boreal forest habitat located to the east and south of alpine areas. This 
southern and eastern expansion (from 1996 to 2014) indicates recolonization of their historical 
distribution in Sweden, and is thought to be the result of an increase in population, with more 
dispersers colonizing forest habitat, and an increase in year-round scavenging opportunities due 
to an increase in Scandinavian wolf packs (Aronsson and Persson 2016, p. 6; Aronsson 2017, p. 
43–44). As of the spring of 2017, over 80 reproductive dens have been observed outside the 
boundary of the snow model presented in Copeland et al. (2010) (Persson 2017, pers. comm.). 
Similarly, Koskela (2013, p. 38) found that 10 observed wolverine dens observed in Finland 
were determined to be “snow dens,” but 8 of the 10 dens were located in areas outside the 
modeled, satellite-based spring snow cover area.  
 
Snow depth can be affected at a local level by terrain, ruggedness, slope and aspect; slope and 
aspect together will affect the exposure to snow accumulation (May et al. 2012, p. 198). In an 
effort to document and compare snow persistence at the wolverine den-site scale, Magoun et al. 
(2017, entire) evaluated the use of low-altitude aerial photography during late May 2016 in areas 
within the Rocky Mountains (Idaho and Montana) and northwestern Alaska. Transect segments 
(established along flight lines) in the Rocky Mountain study areas documented snow on May 31 
in all but one segment, with 82 percent classified in low to heavy snow retention categories, and 
58 percent considered as moderate to heavy (Magoun et al. 2017, p. 383). In the Alaska study 
area, photographs documented widely scattered patches of snow on May 29, with remnant 
snowdrifts observed at all four wolverine den sites (Magoun et al. 2017, p. 383). The 
documentation of the existence of scattered patches of snow in the Rocky Mountains persisting 
into late May in areas previously detected to be bare of snow on May 29 (MODIS persistent 
spring snow cover, McKelvey et al. 2011, p. 2,889, Figure 4D; Magoun et al. 2017, p. 384, 



North American Wolverine Species Status Assessment Report  DATE 

31 
 

Figures 2b and 2d) suggests that persistent spring cover may not always be detectable at the den-
site scale using remote sensing methods (Magoun et al. 2017, p. 384).  
 
To evaluate snow cover at previously recorded den site locations in the western U.S., we 
reviewed natal, maternal, and known den sites relative to derived ‘melt-out’ dates using 
MODIS/Terra Snow Cover, 8-day series (Hall and Riggs 2016). Melt-out dates represent the first 
day of the 8-day composite series when the cell in which the den was located switches from 
“snow” to “no snow.” The spatial resolution for these data is 500 m by 500 m (1,640 ft by 1,640 
ft). Because this MODIS data was only available from the years 2002–2008, we were only able 
to evaluate 21 of the 34 den sites documented in our records. As shown in Table 2, the earliest 
melt-out date was May 14 (2006) and the latest was July 12 (2002). For natal den sites only, the 
range for melt-out dates was May 25 to July 12. All of these sites indicate a melt-out date that is 
past the May 15 date used for the persistent spring snow cover model presented in Copeland et 
al. (2010).  
 
Table 2.  Wolverine Den Site Melt-Out Dates, 2002–2008.  
 

Den # Den Type Melt-out Date Elevation, meters (feet) Structure State 
1 Unknown 7/12/2002 1,814 m (5,951 ft) None Listed WA 
2 Natal 5/25/2003 1,928 m (6,326 ft) Log Complex MT 
3 Maternal 5/25/2003 1,995 m (6,545 ft) Log Complex MT 
4 Natal 6/4/2004 1,807 m (5,923 ft) Log Complex MT 
5 Natal 6/9/2004 2,399 m (7,871 ft) None Listed WY 
6 Natal 6/17/2004 2,487 m (8,160 ft) None Listed MT 
7 Maternal 6/29/2004 1,823 m (5,981 ft) Downed Log MT 
8 Maternal 6/29/2004 1,893 m (6,211 ft) Log/Boulder MT 
9 Maternal 6/11/2005 1,912 m (6,273 ft) Spider Tree MT 

10 Maternal 6/11/2005 1,973 m (6,473 ft) Spider Tree MT 
11 Natal 6/11/2005 1,977 m (6,486 ft) Spider Tree MT 
12 Natal 7/12/2005 2,693 m (8,835 ft) None Listed MT 
13 Unknown 5/14/2006 1,514 m (4,967 ft) Log Complex MT 
14 Unknown 5/25/2006 2,093 m (6,867 ft) None Listed MT 
15 Maternal 5/31/2006 1,851 m (6,073 ft) Log Complex MT 
16 Natal 5/31/2006 1,843 m (6,047 ft) Log Complex MT 
17 Unknown 6/7/2006 2,252 m (7,389 ft) None Listed MT 
18 Natal 6/18/2006 2,695 m (8,842 ft) None Listed MT 
19 Natal 5/25/2007 2,820 m (9,252 ft) None Listed MT 
20 Natal 6/4/2007 1,922 m (6,306 ft) Log/Boulder MT 
21 Unknown 7/3/2008 2,505 m (8,219 ft) None Listed ID 

 
Additional studies are needed to further document wolverine den structure, snow conditions at 
dens, and how long dens are used, particularly for those locations outside of areas expected to 
have spring snow cover, to better understand the relationship of wolverines and snow cover 
(Webb et al. 2016, p. 8; Magoun et al. 2017, pp. 6–7). 
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Other physical or biotic variables are also likely to be important for wolverine den site locations. 
Elevation affects snow depth and persistence at the landscape scale (May et al. 2012, p. 198). 
Inman et al. (2012a, p. 782) found that wolverines (12 females and 6 males) monitored in the 
Greater Yellowstone Ecosystem selected, on an annual basis, areas above 2,600 m (8,530 ft) 
latitude-adjusted elevation. In central Idaho, natal dens were also found in secluded, high 
elevation (above 2,500 m (8,202 ft)) cirque basins (Copeland 1996, p. 94).  
 
We evaluated 34 den sites in the lower United States using a linear regression model to evaluate 
whether the elevation of wolverine den sites is related to latitude. We note here that not all of 
these dens were characterized as to whether they were natal or maternal dens and a few records 
were not verified through tracking of females or direct observations. Given these caveats, our 
examination of these records indicated that, in general, wolverine dens at lower latitudes (36 to 
38°N) occur at higher elevations (range: 2,688 to 3,562 m) (8,819 to 11,686 ft) while the 
converse is seen for those dens at higher latitudes, or approximately 44 to 49°N (range: 1,514 to 
2,820 m) (4,967 to 9,252 ft). Given our assumptions (small sample size, test of normality (i.e., 
Shapiro test for elevation is just met)) we used linear regression (R Software; R Core Team, 
2014) to test this association. We found a significant association with elevation and latitude 
[adjusted R2 = 0.76, F = 108.1, df=32; p-value = 8.24 x10-12], such that dens found at lower 
elevation were associated with higher latitudes. However, the results of this simple model 
indicate that 76 percent of the elevation for this sample is explained by latitude; thus, other 
potential explanatory variables or interactions between variables should be considered using 
multiple regression techniques. 
 
The steep slopes found at higher elevations also provide conditions conducive to avalanches, 
which result in debris and talus/boulder piles that provide structure for dens (Inman 2013, pers. 
comm.). Steep slopes and the availability of rocks were found to be important to wolverine den 
site selection for wolverines studied in Norway (May et al. 2012, p. 200). These areas also offer 
either exclusive or higher frequencies of maternal food sources during the high energy demands 
for reproducing females, such as marmot emerging from hibernation and neonatal ungulates 
(Inman 2013, pers. comm.) (see Diet and Feeding discussion below). 
 
In summary, wolverines select den sites for different characteristics depending on location. Dens 
located under snow cover may be related to wolverine distribution based on other life history 
traits, including morphological, demographic, and behavioral adaptations that allow them to 
successfully compete for food resources (Inman 2013, pers. comm.). Structure (e.g., uprooted 
trees, boulders and talus fields) appears to be essential for natal den sites. Sensitivity to human 
disturbance and predator avoidance are also likely important factors in selecting both natal and 
maternal den sites. However, reproductive success of wolverines has not been evaluated relative 
to the depth and persistence of snow cover, or in combination with these or other important 
characteristics, including prey availability and predator avoidance.  
 
Demography 
 
The lifespan of the wolverine is variable. Jackson (1961, p. 361) reported an upper range of 8–10 
years and potentially up to 18 years in captivity. Based on trapper-submitted carcasses from the 
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Yukon, Jung and Kukka (2013, pp. 8, 12) reported an upper age of 11.9 years for a male 
wolverine and 12.9 years for (pregnant) female. Inman et al. (2012a, p. 781) classified 
wolverines less than 1 year old as juveniles (or cub), those 1 to 2 years old as subadults, and 
those at least 3 years old as adults. Wolverine gGeneration time for wolverines has been 
estimated at 7.5 years (COSEWIC 2014, p. 23). 
 
Survival of adult female wolverines is considered to be an important demographic parameter in 
the wolverine’s life history (Sæther et al. 2005, entire). As noted by Aronsson (2017, p. 13), 
because most polygamous species display a dispersal pattern that is sex-based, their population 
distribution is generally limited by the dispersal behavior of the sex that is more philopatric (the 
tendency of a species to remain within or return to its birth area). Thus, the distribution of 
wolverine populations and colonization is generally limited by dispersal of female wolverines 
(Aronsson et al. 2017, p. 2).  
 
Stochastic factors (both demographic and environmental) also strongly influence the population 
dynamics of the wolverine (Sæther et al. 2005, p. 1,011–1,012). Given the rapid maturity of 
young wolverines, survival of female wolverines with young is likely dependent on the 
availability and distribution of food sources during the “snow-free season” (late spring and 
summer) (Banci 1994, p. 114). For example, a study of wolverines in Norway found that survival 
of young was primarily influenced by the abundance of small rodents (Landa et al. 1997, p. 
1,293).  
 
Evaluating how variations in demographic rates are influenced by the interactions between costs 
of reproduction, individual quality (e.g., breeding status), and environmental factors can provide 
a better understanding of the dynamics and viability of animal populations (Robert et al. 2012; p. 
entire; Rauset et al. 2015, entire). The interactions between individual age, environmental 
resources, and reproductive costs of wolverines in Sweden were recently examined by Rauset et 
al. (2015, entire). The results of this study provide important details regarding the influences on 
wolverine reproduction productivity. The study found that age-related variation in reproductive 
output for female wolverines is driven by the interactions between age, reproductive costs, and 
availability of resources (Rauset et al. 2015, p. 3,160). As an example, female wolverines were 
found to be more likely to give birth and nurse young in home ranges with greater food resource 
abundance at the time of fetal development (Rauset et al. 2015, p. 3,158). The study also 
concluded that a favorable reproductive strategy for female wolverines is a conservative one, 
wherein older female wolverines do not “trade” current reproduction against their own survival 
(Rauset et al. 2015, p. 3,161). 
 
Intraspecific predation of wolverines is another important influence on wolverine population 
dynamics (Persson et al. 2003, p. 26). The altricial life history stage (early May to end of July) is 
likely a period of high juvenile mortality in solitary carnivores, such as the wolverine, since 
females are balancing the energetic demands of lactation (Sadleir 1984, pp. 179–180) and 
providing protection to young (Persson et al. 2003, p. 22). Young (juveniles) wolverines are 
vulnerable to predation during the time period when left unattended in the natal den (generally 
March-April) and when they have first exit the natal den and are left at rendezvous sites 
(locations in which the female leaves young while she hunts for food, and from which they will 
not leave without her), or around May-June (Magoun 1985, pp. 49, 73, 77). An additional 
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vulnerability occurs when juvenile wolverines are required to become nutritionally independent 
and begin exploratory movements away from their mother’s protection, generally August-
September (Vangen et al. 2001, p. 1,644).  
 
Mortality 
 
There are a few natural predators of wolverines, but interactions with wolves can lead to severe 
injury and death (Burkholder 1962, p. 264; Banci 1987, pp. 81, 91; White et al. 2002, p. 132). 
Mountain lions are suspected of killing wolverines (Copeland 1996, p. 46; Krebs et al. 2004, p. 
497; Aubry et al. 2016, pp. 27, 32). Starvation has also been identified as a cause of mortality in 
wolverines (Hornocker and Hash 1981, p. 1,296; Banci 1987, pp. 91, 110; Krebs et al. 2004, p. 
497).  Intraspecific predation also contributes to wolverine deaths. Persson et al.’s (2003, p. 25) 
found that juvenile survival rate tended to be lower during the altricial period (May–July), and 
intraspecific predation was the most common cause of mortality, occurring either as infanticide 
and after independence. Avalanches have also been documented as a cause of wolverine deaths 
(Inman et al. 2007, p. 89). 
 
In North America, anthropogenic causes of mortality for wolverine populations include hunting, 
trapping, and road kill. There is currently no allowable trapping or harvesting of wolverines in 
the contiguous United States, though incidental trapping mortalities have been reported as we 
reported in our proposed rule (78 FR 7881; February 4, 2013). This is discussed in more detail in 
Biological Status–Current Condition section below. Two mortality events from shootings of 
wolverines were documented in Idaho (2001, 2007) (Idaho Department of Fish and Game 
(IDFG) 2014, p. 26). In Alaska, wolverine trapping and hunting is controlled by seasons and bag 
limits, with about 550 animals harvested each year (Alaska Department of Fish and Game 
(ADF&G) 2017a). Trapping and harvesting of wolverines occurs over much of the range in 
Canada, as summarized in the 2014 COSEWIC wolverine status review (COSEWIC 2014, pp. 
10, 29–35). Harvest levels in western provinces have remained relatively stable since 1992 
(COSEWIC 2014, p. 38; Table 1). Trapping is closed in Ontario (except through treaty rights), 
though incidental trapping results in 1 to 4 mortalities per year (Bowman et al. 2010, p. 465). 
 
In their review of 12 radio-telemetry studies (1972 to 2001) of wolverines in North America, 
Krebs et al. (2004, p. 497) reported 3 mortalities of wolverines from road-rail kills. More 
recently, road mortalities have been recorded in Idaho (1 confirmed in 2014) (Idaho Department 
of Fish and Game 2017) and 2 in Montana (2004) (Kociolek et al. 2016, p. 68); one in Utah 
(2016) (Hersey 2017, pers. comm.); and two other wolverine road-rail fatalities were reported in 
2015 (Inman 2017a, pers. comm.). In Canada, anthropogenic causes of mortality for wolverine 
populations also include road kill (COSEWSIC 2014, p. v). Dawson et al. (2010, p. 142) 
reported a road mortality for a male in a lowland boreal forest region of Ontario, Canada. More 
recently, Scrafford et al. (2017, p. 34) described a report in which 9 wolverines were struck and 
killed by vehicles in the Hay-Zama region of northwestern Alberta, Canada (2013–2015), and 1 
road mortality within the town of Rainbow Lake in Alberta. 
 
Additional discussion of the effects of hunting, trapping, and human development is discussed 
below (see Biological Status–Current Condition section below).   
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Diet and Feeding 
 
Wolverines have been described as opportunistic foragers (Inman et al. 2012b, p. 639) and as a 
“seasonal scavenger on the fringe of the food web” (Larsen 1980, p. 399). They are both 
scavengers and predators, with a diet that varies between seasons and years, and switching 
between food sources depending on availability (Magoun 1987, p. 396; Cardinal 2004, pp. 19–
22; Mattisson et al. 2016, p. 9). Landa et al. (1997, p. 1,292) used the term “polyphagous” to 
describe the switching of food sources depending on prey availability by wolverines. Regional 
variations in diet have also been observed for wolverine populations (Nunavut, Canada) (Awan 
and Szor 2012, p. 9). The availability of ungulate carrion is believed to be more important than a 
particular habitat type for wolverines (Cardinal 2004, p. 20). 
 
Early studies from northwestern Montana using scat analysis found that carrion (deer or elk) was 
an important component of wolverine diet (Hornocker and Hash 1981, p. 1,297). However, 
during winter, hoary marmots (Marmota caligata) were also important food items consumed 
and, in the spring, Columbian ground squirrels (Urocitellus columbianus) were heavily preyed 
upon (Hornocker and Hash 1981, p. 1,298). Cardinal (2004, pp. 20–21) described a large and 
varying diet for wolverines in Canada based on reports from aboriginal traditional knowledge 
holders; in addition to large animals as prey or carrion, wolverine diet includes rabbits and 
ptarmigans (Lagopus sp.), porcupine (Erethizon dorsatum), mice, beaver (Castor canadensis), 
fish, ducks, seals, gulls and gull eggs, and lemmings, as well as antlers, bones, and skulls. Native 
mountain goats (Oreamnos americanus) and bighorn sheep (Ovis canadensis), whothat occupy 
high elevation winter ranges in portions of North America, have also been suggested as 
important component of wolverine winter diet, particularly during the reproductive denning 
period (Buell 2016, pers. comm.). Snowshoe hares may also be an important food item for 
wolverines in parts of Canada (Jung and Kukka 2013, p. 20). 
 
In northwestern Alaska, analyses of wolverine winter diet using carcasses collected from hunters 
(1996–2002) within the migratory range of the Western Arctic Caribou Haerd found that caribou 
represented the most common food item, likely through scavenging behavior, followed by moose 
(Alces alces), and to a lesser degree, microtine rodents, Arctic ground squirrels (Spermophilus 
parryii), porcupines, wolverines, red fox (Vulpes vulpes), sheep and ptarmigan (Dalerum et al. 
2009, p. 249). One study year found stomach contents contained a large portion of muskoxen 
(Ovibos moschatus) and Dall’s sheep (Ovis dalli) (Dalerum et al. 2009, p. 249). Gustine et al. 
(2006, pp. 13–14) found that wolverines were the main predator of caribou calves (less than 14 
days of age) in northern British Columbia, Canada. Magoun (1987, entire) evaluated wolverine 
diets in winter (scat analysis) and summer (primarily direct observation) in northwestern Alaska. 
Results from that study indicate a large number of Arctic ground squirrels were eaten in summer, 
while winter diet consisted primarily of caribou and Arctic ground squirrels (Magoun 1987, p. 
393). Scavenging was found to be an important feeding strategy in winter, including remnants of 
caribou buried carcasses or bone/hide in tundra (Magoun 1987, p. 396). 
 
Yates and Copeland (in prep) documented food habits of wolverines from 2002 to 2007 in 
Glacier National Park by reviewing prey remains and scat samples, or direct observations of 
feeding behavior. Their scat analysis found that 72 percent of samples contained more than one 
prey species, and 89 percent contained plant material, primarily conifer needles (Yates and 



North American Wolverine Species Status Assessment Report  DATE 

36 
 

Copeland, in prep). The latter may be related to scent-marking behavior of territories, either by 
defecation after chewing on twigs/shrubs or terpenes released during urination, or the result of 
stomach contents found within their consumed herbivorous prey (Yates and Copeland, in prep). 
Overall, deer and elk represented the most frequent prey item (37 percent), but hibernating 
rodents were also common in scats (36 percent).  Other prey items included mice, voles, 
lemmings, bovids (e.g., bighorn sheep, mountain goat), birds, and hares (Yates and Copeland, in 
prep). Temporal differences in the occurrence of prey were also observed. 
 
Snow tracking in Montana found that wolverines hunted in brush piles, log jams, and heavy 
cover, and routinely entered "tree wells," areas immediately under dense, low growing conifers 
where snow does not accumulate, that provide easy access to small, ground-dwelling mammals 
(Hornocker and Hash 1981, p. 1298). Wolverines have been described as moving and lifting 
large stones in order to access human-cached meat (Freuchen 1935, p. 98). 
 
Several foraging strategies have been described for wolverines. Predation behavior on reindeer 
(Sweden) was detailed by Haglund (1966, p. 275). A study of elk in Siberia, Russia, noted that, 
in most instances, wolverines will attack young, pregnant females, young of the year, and 
wounded or sick animals (Knorre 1959, p. 27). Elk were chased, sometimes by two wolverines 
during periods of heavy snow (Knorre 1959, pp. 10, 27) and wolverines have been observed 
feeding in groups on large animal carcasses (Cardinal 2004, p.21). However, wolverines have 
been described as neither an effective predator of large game animals, nor a serious competitor 
with other predators (Cardinal 2004, p. 21).  
 
Based on studies in Alaska, Dalerum et al. (2009, p. 251) suggested that wolverines occupying 
this region are large ungulate specialists, but use a generalist feeding strategy by switching 
between ungulate food sources (e.g., caribou and moose) depending on their availability. Thus, 
during periods of low caribou abundance, wolverines can switch from caribou (migratory) to 
moose (non-migratory) while still maintaining their ecological role as a scavenger on ungulate 
carcasses (Dalerum et al. 2009, p. 251).  
 
A study of wolverine diet using scat samples in Finland found that breeding female wolverines 
opportunistically used carrion and hunted less on small prey as compared to males and non-
breeding females (Koskela 2013, p. 35). In addition, in areas with low densities of mid-size 
ungulates, smaller prey and carcasses may be important in the wolverine diet (Koskela 2013, p. 
35). These results supported an optimal foraging theory; that is, wolverines will opportunistically 
use foods that are the most energy-efficiently available (Koskela 2013, p. 41). In other words, 
hunting ungulates or smaller prey (rabbits, birds) may incur greater energetic costs than 
scavenging for food, but searching for wolf- or human-killed carcasses will take more time 
(Koskela 2013, p. 41).  
 
Finally, Mattisson et al. (2016, entire) evaluated diet and feeding strategies of wolverines in 
Scandinavia. They found that wolverine feeding strategies were flexible and temporarily shifted 
from scavenging to predation and heavily influenced by seasonal dependent responses to 
availability of prey and the supply of carrion (Mattisson et al. 2016, p. 9). Predictable 
anthropogenic food sources (i.e., remains from hunted ungulates) also influenced wolverine 
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feeding strategies in their study area by increasing scavenging behavior relative to predation 
(Mattisson et al. 2016, p. 10). 
 
Aboriginal traditional knowledge holders (Canada) have reported wolverines as being largely 
dependent on wolves or another large predator to obtain large mammal carrion such as caribou, 
but also scavenge off polar bear (Ursus maritimus) and grizzly bear (summer) kills (Cardinal 
2004, p. 20). Wolverines were observed following the tracks of lynx and then scavenging on 
prey left behind from lynx kills (Haglund 1966, pp. 272-273). Myhre and Myrberget (1975, p. 
756) noted that the hunting abilities of wolverine and lynx are not the same and that the two 
animals use the meat of their prey differently, which, together, may allow the two carnivores to 
coexist in the same environment.  
  
In Sweden, Mattisson et al.’s (2011b, p. 1,326) study of Global Positioning System (GPS)-
collared wolverines found that they spent three times longer scavenging ungulate carrion as 
compared to feeding on wolverine-killed prey, and more than half of the reindeer carcasses 
scavenged by wolverines were killed by lynx. That study concluded that lynx can increase the 
availability of food for wolverines and other scavengers and that lynx behavior around kill sites 
minimizes potential encounter conflicts (Mattisson et al. 2011b, p. 1,328). In their study area, 
lynx do not appear to pose a significant threat to wolverines, neither by exclusion in space or 
time (Mattisson et al. 2011a, p. 79) nor from mortality (Persson et al. 2009, p. 327). We are not 
aware of similar evaluations for North American populations of wolverines and lynx. Fisher et 
al. (2013, p. 712) remarked that this lack of study on interspecific processes in the more 
predator-diverse North American landscape is an important gap in our understanding of 
wolverine distribution. 
 
Large carnivores can act as “sympatric ungulate predators” (Dalerum et al. 2009, p. 251), 
generating carrion at kill sites, particularly during winter months, but also as competitors and 
potential source of mortality (cf. White et al. 2002, p. 132; Krebs et al. 2004, p. 497; Koskela et 
al. 2013b, p. 221). Scrafford et al. (2017, p. 32) concluded that wolverines balanced their 
exposure to the risk of predation with foraging opportunities. Thus, even though wolverines may 
not be dependent on lynx or other sympatric predators for their survival or reproduction, an 
increase in the availability of carrion likely has a positive influence on the reproductive rate (e.g., 
number of offspring) in wolverine populations (Mattisson et al. 2011b, p. 1,328). 
 
Caching of food is an important behavior of wolverines and is an important component of 
wolverine population dynamics (Hornocker and Hash 1981, p. 1,297; Inman et al. 2012b, p. 
640). Food is cached in both summer and winter, by both sexes, and allows for food to be 
available past the peak periods of mortality and predation (Inman et al. 2012b, pp. 639). 
Wolverines will typically move between carcasses and cache sites and are able to remove large 
parts of a carcass in a short time (Mattisson et al. 2011, p. 1,327). Haglund (1966, p. 274) 
(Sweden) reported caching behavior most commonly in snow, as well as crevices in rock piles, 
and found that wolverines carried food to cache sites over long distances (8 and 10 km (5 and 6 
mi)). Bjӓrvall (1982, p.319) reported a female wolverine carried a reindeer head (with antlers) 
about 22 km (13.67 mi) back to a den site in Sweden. In northwestern Alaska, wolverines fed on 
cached ground squirrels during winter (Magoun 1987, p. 395).  
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A study of wolverine caching behavior in boreal forest habitat in Canada reported that cache 
sites varied from simple caches, a single feeding site or excavation, to cache complexes, which 
included feeding stations, latrines, resting sites, and climbing trees dispersed over varying spatial 
landscapes (Wright and Ernst 2004b, pp. 61–62). All cache sites included bones and hides of 
moose, which were likely scavenged from wolf kills (Wright and Ernst 2004b, p. 62). Cache 
sites were often excavated in snow, but also in the ground under boughs of large spruce (Picea 
spp.) trees (Wright and Ernst, 2004b, p. 62). Wolverines also appeared to select cache sites and 
resting areas that offered good visibility of approaching competitors or predators (Wright and 
Ernst 2004b, pp. 63–64). 
 
Wolverine energetic demands and food requirements are related to their foraging strategies. 
Caching provides important energy for female wolverines during the lactation period and helps 
ensure survival of newborns (Inman et al. 2012b, p. 640). Young et al. (2012, p. 2,252) reported 
that wolverines have high energetic needs compared to other mammalian carnivores, which is 
similar to results previously presented by Iverson (1972a, p. 343), who concluded the basal 
metabolism of mustelids weighing over 1 kg (2.2 lbs) is approximately 20 percent higher than for 
other mammals. Andrén et al. (2011, p. 36) estimated a 1.2 kg/day (2.65 lbs/day) (range: 1.0–1.4 
kg/day (2.2–3 lbs/day)) food requirement for wolverines, while Young et al. (2012, p. 223) 
estimated a male wolverine would require an average of 0.85 kg (1.87 lb) of prey/day in winter 
and 0.95 kg/day (2.1 lbs/day) in “snow-free” periods.” Based on energy equivalent value of 
various prey sources, Young et al. (2012, pp. 223, 225) estimated that a winter diet for a male 
wolverine would include the equivalent of 1.8 ungulates, 70.7 sciurids (squirrels), 20.6 
lagomorphs (rabbits), and 832.7 small mammals, while in snow free season this would include 
the equivalent of 0.9 ungulates, 122.9 sciurids, and 3362.1 small mammals. 
 
Young et al. (2012, p. 225) concluded that wolverines consume 0.1 kg (0.22 lb) of prey per day 
more outside winter season, but that prey expected to be consumed in winter had a higher caloric 
content than other seasons; thus, the mass requirement is lower. As an example, they cite the 
higher proportion of ungulates consumed in winter, which provide about 1.3 times more energy 
(kilojoules per kilogram) than squirrels (Young et al. 2012, p. 225). Inman et al. (2012b, pp. 
640–642) also noted that food during the summer is just as important as the availability of 
cached ungulate food in the winter (e.g., during the energy demanding lactation period). Inman et 
al. (2012b, p. 640) identified the post-weaning growth period (May–August) for wolverines as a 
high energetic demand for food by a wolverine family group. Taken together with the lactation 
period, the calories available to wolverines therefore likely reaches a maximum from March to 
April (Inman et al. 2012b, p. 640).  
 
Population Structure 
 
As discussed above, wolverines recolonized much of North America after periods of glaciation 
and then experienced heavy human persecution in much of their range. As shown in our current 
range map (Figure 3) and described below in our Population Abundance and Distribution section 
wolverines occur across a broad expanse of North America, where the contiguous United States 
represents the southern extent of the species’ range. A number of biological factors can affect 
wolverine populations, including the species’ low intrinsic rate of population increase, naturally 
low densities, and need for large, intra-sexual home ranges (Banci and Proulx 1999, p. 180). 
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Their extensive dispersal abilities make possible the recolonization of individuals into vacant 
habitats (cf. Vangen et al. 2001, p; 1,647; Aronsson 2017, p. 43). As noted above (Diet and 
Feeding),. iInteractions with sympatric predators and the availability of prey and carrion can also 
directly and indirectly affect wolverine populations.  
 
Wolverines in the contiguous United States are considered to represent a metapopulation (set of 
local or subpopulations within a larger area and where migration is possible between patches 
(Hanski and Simberloff 1997, p. 11)) (Inman et al. 2013, p. 277) and occupy habitat in high 
alpine patches at low densities, dispersing into suitable areas (Inman et al. 2012a, pp. 782–784). 
Wolverine populations in Alaska are considered to be continuous with populations in the Yukon 
and British Columbia provinces of Canada based on genetic studies (COSEWIC 2014, p. 37). 
Similarly, studies of wolverines in the North Cascades region have documented movement of 
wolverines from Washington into British Columbia (Aubry et al. 2016, pp. 16, 20). The 2014 
COSEWIC Report indicated that rescue (immigration from another population) of Canadian 
wolverine populations along the Canada-Alaska international boundary was likely (based on 
nuclear DNA evidence), but was negligible from the contiguous United States (COSEWIC 2014, 
p. 37). Based on mitochondrial DNA studies, Tomasik and Cook (2005, p. 390) concluded the 
gene flow in wolverines in northwestern North America is likely male-mediated, and is primarily 
due to long distance dispersal between low-density populations. Genetic studies of North 
American wolverines conducted by Kyle and Strobeck (2002, entire) found high levels of gene 
flow across northern populations (Canada and Alaska).  
 
Genetics 
 
Evaluation of genetic material can provide an understanding of population dynamics (Cegekski 
et al. 2006, p. 209). The geographical genetic structure of wolverines is believed to be largely 
structured around the strong female philopatry characteristic of this species (Rico et al. 2015, p. 
2), and, given the species polygamous behavior, wolverine population distributions (at least in 
Scandinavia) are considered to be primarily limited by dispersal of the more philopatric sex 
(Aronsson 2017, p. 13). However, the extensive and often asymmetrical movement of male 
wolverines from core populations to the periphery of their range can result in the addition of 
nuclear genetic material to these edges (Zigoruis et al. 2012, p, 1553). Thus, the dispersal pattern 
for male wolverines may help explain why allelic richness (i.e., nuclear DNA) can be similar 
across regions, but haplotype richness (mitochondria DNA) is lower at the periphery of the range 
(Zigouris et al. 2012, p. 1,553). Additionally, the extensive dispersal movements of both male 
and female wolverines can produce gene flow among diverged populations, making it difficult to 
distinguish, without additional sampling and analysis, between long-distance dispersal and 
fragmentation based on the patchy distribution of some haplotypes (Zigouris et al. 2013, p.10).  
 
Studies evaluating the genetic structure of wolverines, primarily within its core range in North 
America, were presented in Chappell et al. (2004) and Kyle and Strobeck (2001, 2002). Using 
microsatellite markers, Kyle and Strobeck (2002) and Zigouris et al. (2012) found a greater 
genetic structure of wolverines toward their eastern and southern peripheries of their North 
American distribution, likely due to a west-to-east recolonization during the Holocene (Zigouris 
et al. 2013, p. 9). Similarly, based on mitochondria DNA, McKelvey et al. (2014, p. 330) 
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concluded that modern wolverine populations in the contiguous United States are the result of 
recolonization (following persecution from hunting and trapping) from the north.   
 
Cegelski et al. (2006, entire) examined genetic diversity and population genetic structure of a 
larger sample size of wolverines in the southern extent of their North American range using both 
microsatellite markers and mitochondrial DNA. They concluded that the wolverine populations 
in the contiguous United States were not sources for dispersing individuals into Canada 
(Cegelski et al. 2006, p. 208). They also concluded that there was significant differentiation 
between most of the populations in Canada and the United States (Cegelski et al. 2006, p. 208). 
However, they cautioned that their statistical analysis may not have been able to detect “effective 
migrants” and that sample size can affect the detection of dispersers (Cegelski et al. 2006, p. 
208). They concluded that some migration of wolverines was occurring between the Rocky 
Mountain Front region (northwestern Montana) and Canada as well as among wolverine 
populations in the United States, with the exception of Idaho (Cegelski et al. 2006, p. 208). In 
addition, results from testing of allelic differences among the populations were interpreted by the 
authors as likely inadequate to counter the effects of genetic drift due to low numbers of migrants 
(Cegelski et al. 2006, p. 208). They estimated that, based on genetic diversity observed at that 
time, two effective migrants from either Canada or Wyoming into the Rocky Mountain Front 
population would be needed to maintain the levels of genetic diversity in that population, and 
one effective migrant was needed to maintain levels of diversity in the Gallatin, Crazybelt, or 
Idaho populations (Cegelski et al. 2006, p. 209). The authors concluded that migration is 
essential for maintaining diversity in wolverine populations in the contiguous United States since 
effective population size may never be reached due to the naturally low population densities of 
wolverines (Cegelski et al. 2006, p. 209). 
 
Effective population size (Ne) (see Box 2.0) is defined as “the size of an idealized population that 
would experience the same amount of genetic drift and inbreeding as the population of interest. 
In popular terms, Ne is the number of individuals in a population that contribute offspring to the 
next generation.” (Hoffman et al. 2017, p. 507). It represents a metric for quantifying rates of 
inbreeding and genetic drift and is often used in conservation management to set genetic viability 
targets (Olsson et al. 2017, p. 1). It is not the same as the more commonly used metric, census 
population size (N), but is often assumed to represent the genetically effective population size.  
 
An effective population size analysis for wolverines in the contiguous United States was 
presented in Schwartz et al. (2009, p. 3,225) using wolverine samples from the main part of the 
Rocky Mountains populations. Excluded in this analysis, were subpopulations from Crazy and 
Belt Mountains (based on suggestion by Cegelski et al. (2003) that they represented separate 
groups) (Schwartz et al. 2009, p. 3,225). Samples were divided into three time frames and the 
computer program ONeSAMP was used to estimate effective population size in each time frame 
[sample size appears to be between 142 and 210]. The summed effective population size was 
estimated at 35, with credible limits from 28–52, and the summed values for the three time 
frames was reported as follows: Ne 1989–1994 = 33, credible limits 27–43; Ne 1995–2000 = 35, credible 
limits 28–57; Ne 2001–2006 = 38, credible limits 33–59 (Schwartz et al. 2009, p. 3,226).  
 
However, Cegelski et al.’s (2006, p. 203) evaluation of nuclear DNA population structure in 
wolverines in Canada (sample size of 101) and the contiguous United States (sample size of 
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116), as depicted by a principle component analysis plot and dendrogram, found that all of the 
Canadian wolverine populations clustered together. In the contiguous United States, the Rocky 
Mountain Front subpopulation clustered with the Wyoming subpopulation, the Crazybelts area 
subpopulation clustered with the Gallatin (Montana) population, and the Idaho population was 
highly differentiated (Cegelski et al. 2006, p. 203). That study concluded that some exchange of 
migrants is occurring between the Gallatin and Crazybelt wolverine populations (Cegelski et al. 
2006, p. 207), but noted that this grouping is more genetically differentiated and isolated from 
the other populations they sampled when compared to the Rocky Mountain Front population 
(Cegelski et al. 2003).  
 
In addition, the map presented in Schwartz et al. (2009, p. 3,223) depicting the locations of the 
wolverine samples used in preparing their effective population size estimate shows significant 
gaps within the wolverine’s range in Idaho and parts of Montana (e.g., interior of the Bob 
Marshall Wilderness area). Thus, other wolverine subpopulations and/or individuals were likely 
missed for this analysis. Studies within the Southwestern Crown of the Continent (SWCC) in 
northwestern Montana have detected cross-valley movements of wolverines, which researchers 
believe is an indication of good connectivity in this region (SWCC Wildlife Working Group 
2016, pers. comm.).  Current efforts to collect additional wolverine hair samples for genetic 
analyses are underway through a multi-state occupancy survey project (see Population 
Abundance and Distribution section below). 
 
Francis’ (2008, p. 12) evaluation of mitochondria DNA found an overall lack of regional 
(geographic) genetic structure for North American wolverines, but noted that a few populations  
(Crazybelts (Montana), Southeast Alaska, Nunavut  (Canada), and Kenai Peninsula) appeared to 
be isolated from the others. However, statistical testing did not identify any genetically defined 
sampling localities (Francis 2008, p. 13). Minimal differences were found between core and 
peripheral wolverine populations, as grouped in that analysis (Francis 2008, p. 21; Table 4). 
Conversely, Zigouris et al. (2012, p. 1,554; Table 5) did find support for genetic clusters for 
wolverine populations in Canada, and Zigouris et al. (2013, p. 5; Table 3) identified several 
worldwide regional genetic groups. In addition, an analysis of estimated population growth 
found signals of population expansion in several wolverine populations (Francis 2008, p. 13; 
Table 5) including Rocky Mountain Front, Wyoming, Central, South, and Northwestern Alaska, 
British Columbia, Northwest Territories, and Nunavut. 
 
[Update here with any new genetic studies] 



North American Wolverine Species Status Assessment Report  DATE 

42 
 

 
 
It can be difficult to make inferences about the relationship between population size and point 
estimates of genetic diversity without continued genetic monitoring and an understanding of the 
demographic history of a species’ population (Hoffman et al. 2017, p. 507), including factors 
that have influenced movement patterns and connectivity. It’s also important to note that genetic 
diversity can be a reflection of favorable adaptations (natural selection) and is necessary for 
species to locally adapt to environmental stressors or to facilitate range shifts (Zigouris et al. 
2012, p. 1,544). Genetic distinctiveness in peripheral populations may play a role in both 
maintaining and generating biological diversity for a species (Zigouris et al. 2012, p. 1,544; 
citing results presented in Channell and Lomolino 2000, p. 84). Genetic variation that is adaptive 
is a better for predictor of the long-term success of populations as compared to overall genetic 
variation (Hoffman et al. 2017, p. 510).The challenge is to be able to determine whether genetic 
variation is adaptive and is a reflection of remnants of high genetic diversity from ancestral 
populations, or whether that variation is a reflection of accumulated deleterious, nonadaptive 
genes due to genetic drift in small populations (Hoffman et al. 2017, p. 509).  
 
In summary, the currently known spatial distribution of genetic variability in wolverines in North 
America appears to be a reflection of a complex history where population abundance has 
fluctuated since the time of the last glaciation, and insufficient time has passed since human 
persecution for a full recovery of wolverine densities (cf. Cardinal 2004, pp. 23–24; Zigouris 
2012, p. 1,554). Zigouris et al. (2012, p.1,545) noted that the genetic diversity reported in 
Cegelski et al. (2006) and Kyle and Strobeck (2001, 2002) for the southwestern edge of the 
North American range represented only part of the diversity in the northern populations of 
wolverines. The authors believe that the irregular distribution of wolverines in the southwestern 
periphery and the genetic diversity observed in those analyses is a result of population 

Box 2.0: Effective Population Size and Genetic Variation 
The concept of effective population size (Ne) (see review by Wang et al. 2016) and, relatedly, minimum 
viable population, has been a topic of debate, particularly the 50/500 rule, which was developed over 30 
years ago. As noted by Laikre et al. (2016, p. 280), the concept and guidelines for genetically effective 
population size were developed for single, isolated populations, but it’s unclear which of the various Ne 
metrics was referenced in the original concept proposed by Franklin (1980) (i.e., inbreeding effective size, 
realized effective size, total inbreeding effective size of a metapopulation, or eigenvalue effective size 
(Laikre et al. 2016, p. 288)). 
 
There are differing interpretations of the values proposed for effective population size. For example, 
should the minimum viable effective population size be derived genetically to set a threshold for a 
minimum viable population? Here, the rule is interpreted as 50 being the short-term number (for 
inbreeding depression) and 500 as the long-term number (for retention of genetic variation). Or should the 
Ne value of 500 can be interpreted as a long-term goal for maintaining a healthy, genetically robust 
population, and not a threshold trigger that predicts extinction risk? In addition, some view the 500 value 
to be a global reference value rather than a local value, and that it may not be necessary to maintain a local 
Ne of 500 as long as there is some gene flow into a population (Jamieson and Allendorf 2012, p. 580).  
 
Finally, others have recommended changes to the 50/500 rule. Laikre et al. (2016, entire) presented an 
analysis of the metapopulation effective size for the Fennoscandian wolf population and recommended 
that long-term conservation genetic target for metapopulations (NeMeta) ≥ 500, but also a realized effective 
size of each subpopulation (NeRx) ≥ 500. Frankham et al. (2014, p. 59) have recommended modifying the 
50/500 rule to 100/1000. 
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bottlenecks that were caused by range contractions from a panmictic (random mating) northern 
core population approximately 150 years ago (Zigouris et al. 2012, p. 1,545). Demographic 
studies as well as additional genetic analyses from contemporaneous wolverines currently 
occupying the contiguous United States are needed to evaluate the current status of wolverine 
populations in North America. In addition, ecological, phenotypical, and environmental 
information should be used to complement genomic data when interpreting the strength of 
conclusions or inferences of spatial patterns of adaptation or for adaptively divergent populations 
(Jamieson and Allendorf 2012, p. 492). 
 
Summary 
 
In the SSA Report, we have incorporated information from several new studies related to the 
wolverine published since our 2013 proposed rule and previous studies that were not considered 
(e.g., Magoun et al. 2017;). We have also reviewed new publications and publications in 
preparation from wolverine researchers in Scandinavia (e.g., Aronsson 2017; Bischof et al. 2016; 
Makkonen 2015; Mattisson et al. 2016; Myhr 2015; Persson et al. 2017, in prep). This 
information informs our assessment of the most current information regarding the description of 
the wolverine and its life history and ecology across its North American range. We have included 
in this SSA Report detailed discussions of wolverine physiology, and spatial and temporal 
patterns and trends related to reproduction and diet/feeding. We also prepared a revised current 
range map (see Figure 3) based on information we received from Federal, State, and others, 
including Canada. 
 
Overall, the best available information indicates that the wolverine’s physical and ecological 
needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet)) within the contiguous United States  
(2) access to a variety of food resources, that varies with seasons; and 
(3) reproductive behavior linked to both temporal and physical features. 

 
Biological Status – Current Condition 
 
This section provides an overview of the wolverine’s current condition, including those stressors 
that may be impacting the species or its habitat. In this SSA Report, we have identified stressors 
based on impacts that may negatively affect the ecological needs of the species, including 
temporary or permanent impacts to habitat features that the species relies on for survival and 
reproduction.   
 
Population Abundance and Distribution 
 
Since our 2013 proposed rule, we have received additional reports of wolverine observations 
including Utah, Colorado, and Oregon, an updated Canadian status review for the wolverine has 
been prepared (COSEWIC 2014, entire). Additional studies have also been published related to 
wolverine populations in British Columbia and Alberta (e.g., Regehr and Lacroix 2016; Stewart 
et al. 2016; Webb et al. 2016). As noted above, we developed a Current Range map for the North 
American wolverine (see Figure 3). For the conterminous United States, this map was based on 
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several resources, including the primary habitat model developed by Inman et al. (2013), EPA 
Ecoregion mapping (2010), Forest Service NRIS data, and information received from State 
agencies. We used the 2014 COSEWIC Assessment and Status Report’s current range map for 
Canada and Alaska. For Canada , the range of occurrence includes the Yukon, Northwest 
Territories, Nunavut, British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Québec, 
Newfoundland, and Labrador (COSEWIC 2014, p. vii).  
 
Contiguous United States 
 
Inman et al. (2013, entire) identified areas in the western contiguous United States suitable for 
wolverine survival (long-term survival; used by resident adults, or primary habitat (Inman et al. 
2013, p. 279), reproduction (used by reproductive females), and dispersal (female and male) of 
wolverines using resource selection function habitat modeling based on telemetry data collected 
in the Yellowstone region (see methodology in Inman et al. 2013, pp. 279–280; Figure 2). From 
these results, the researchers estimated potential and current distribution and abundance of 
wolverines in the western contiguous United States (Inman et al. 2013, p. 282). They estimated 
current population size of wolverines to be 318 (range 249–626) located within the Northern 
Continental Divide (Montana) and areas within the following ecoregions: Salmon-Selway 
(Idaho, portion of eastern Oregon), Central Linkage (primarily Idaho, Montana), Greater 
Yellowstone (Montana, Idaho, Wyoming), and Northern Cascades (Washington) (Inman et al. 
2013, p. 282). Potential wolverine population capacity was estimated to be 644 (range: 506–
1881) (Inman et al. 2013, p. 282). However, these estimates did not consider spatial 
characteristics related to behavior, such as territoriality, of wolverine populations. The discussion 
below provides a summary of recent studies of wolverine detections and observations in the 
western United States; however, no comprehensive surveys have been conducted across the 
species’ entire range. 
 
In the northern Cascades region of Washington and Canada, researchers tracked activity areas for 
14 wolverines via satellite telemetry from 2007 through 2015 (Aubry et al. 2016, entire). This 
study demonstrated that the region supports a resident population, with 9 of 11 study animals 
documented primarily within Washington (Aubry et al. 2016, p. 40). 
 
The Oregon Department of Fish and Wildlife (ODFW) reports that wolverines have been found 
on Three-fingered Jack in Linn County, on the Steens Mountain in Harney County, Broken Top 
Mountain in Deschutes County, in the Eagle Cap Wilderness Area in the Wallowa Mountains of 
northeastern Oregon, and, more recently (2012), in Wallowa County, northeast Oregon (ODFW 
2017). 
 
In California, the California Department of Fish and Wildlife (CDFW) has received reports of 
wolverine detections from the public over past several years, particularly the region near Carson 
Pass, as well as near Meeks Bay, Lake Tahoe (Stermer 2017, pers. comm.). CDFW researchers 
are conducting multi-species predator surveys, targeting the potential occurrence of Sierra 
Nevada red fox and wolverine using camera trapping with hair snares in an effort to determine 
occupancy, detection probability, distribution, and habitat associations (Stermer 2017, pers. 
comm.).  
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A pilot study to evaluate wolverine occupancy was conducted in Wyoming from February 
through June in 2015 (Inman et al. 2015, entire). Results from that survey (hair snares and 
camera traps in 18 stations across 5 mountain ranges) indicated at least three individual 
wolverines (at five stations) with at least one individual in the Gros Ventre and Wind River 
mountain ranges, and at least two individuals in the Southern Absaroka mountain range (Inman 
et al. 2015, p. 9). Occupancy modeling estimated a probability of occupancy for sampled sites of 
62.9 percent (Inman et al. 2015, p. 8). 
 
In an effort to assess wolverine occupancy in the western United States, the Western Association 
of Fish and Wildlife Agencies (WAFWA), in coordination with Tribal partners, have formed a 
multi-state, multi-agency working group (Western States Wolverine Working Group) to design 
and implement the Western States Wolverine Conservation Project (WSWCP)–Coordinated 
Occupancy Survey (see Bjornlie et al. 2017 for details of protocol). The primary objectives of 
the WSWCP include: 1) implement a monitoring program to define a baseline wolverine 
distribution and genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, 
and Washington, 2) model and maintain the connectivity of the wolverine metapopulation in 
western United States, and 3) develop policies to address socio-political needs to assist wolverine 
population expansion as a conservation tool, including translocation of wolverines (IDFG 2016, 
pers. comm.; Montana Fish, Wildlife, & Parks (FWP) 2016, pers. comm.;Wyoming Game and 
Fish Department (WGFD) 2016, pers. comm.).  
 
The WGFD began implementation of the survey in Wyoming in the Greater Yellowstone 
Ecosystem region and the Bighorn Mountains (25 grid cells) in the winter of 2015–2016 (Smith 
2016, pers. comm.). That initial survey detected, based on unique fur markings, at least two 
unique wolverines in the Wind River and southern Absaroka Mountain Ranges (Smith 2016, 
pers. comm.). The WGFD reported 26 independent wolverine visits, and detections at least once 
within their study area during each of the four sampling periods (December 2015 through March 
2016) (Bjornlie et al. 2017, pp. 4–5). Genetic analyses of collected hair samples, including sex 
and individual identification, are underway. 
 
The monitoring effort was expanded in the winter of 2016–2017 to 187 cells (cell area of 225 
km2 (87 mi2)) across four states (Washington, Idaho, Montana, and Wyoming). Preliminary 
results for the 2016–2017 winter detected wolverines in 85 survey cells (WAFWA 2017). 
Photographic detections of wolverine include 18 from Idaho, 48 in Montana (including detection 
of wolverines in all 10 cells surveyed in the SWCC region (Davis 2017, pers. comm.)), 10 in 
Washington, including detections south of Interstate 90 (Davis 2017, pers. comm.), and 9 in 
Wyoming; genetic analyses, to date, have reported a total of 157 wolverine samples (WAFWA 
2017). It has not yet been determined from the camera-trap images and hair samples how many 
of these detections are the same individual. Appendix B contains a map illustrating these 
preliminary detections (as of July 2017).  
 
Heinemeyer (2016, pers. comm.) suggested that, based on a 6-year study of resident wolverines 
in central Idaho and the western Yellowstone region, subpopulations of the species at the 
southern periphery of their North American range are still unstable with low rates of recruitment. 
and Based on monitoring (live trapping and camera stations), the researchers suggested that there 
was some instability in subpopulations in their study areas (Heinemeyer 2017, pers. comm.). 
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We therefore requested additional information from State and Federal agencies regarding the 
most recent wolverine detections in the Winter Recreation Project study areas of Idaho and 
Wyoming. In the Teton Mountains region, two wolverines were detected in March 2017, in two 
different areas (Dewey 2017, pers. comm.). In addition, at least one wolverine was detected on 
the east side of the Teton Mountains during the winter of 2016-2017, as part of the Western 
States Wolverine Conservation Project–Coordinated Occupancy Survey monitoring and 
occupancy study, and a member of the public reported wolverine tracks within Grand Teton 
National Park in March 2017, while skiing (Walker 2017, pers. comm.). In Idaho, IDFG reports 
5 wolverine detections in the Salmon Mountains in Central Idaho in the winter of 2016 (Mack 
2017, pers. comm.). These recent detections are displayed in Appendix C relative to the study 
areas of the Winter Recreation Project study areas for the McCall, Idaho, and Teton Mountains. 
A wolverine was also detected in the winter of 2016-2017 in the Gravelly Range in southwestern 
Montana about 25 km (15.5 mi) north of the Centennial Mountains area surveyed during the 
winter recreation project (Inman 2017b, pers. comm.).  
 
Alaska 
 
The 2016 ADF&G Trapper Questionnaire Annual Report includes the estimates of relative 
abundance and trends of wolverines and other furbearers as reported by trappers (Parr 2016, p. 
38). Table 3 below provides a summary of those reports by region. 
 
Table 3.  Relative Abundance and Trend of Wolverine Populations, Alaska (as reported by 
trappers), 2015–2016.  Source: Parr, 2016. 
 

Region Relative Abundance Trend 
Region I – Southeast Alaska Scarce Decrease 
Region II – Southcentral Alaska Scarce Decrease 
Region III – Interior Alaska Scarce Decrease 
Region IV – Central and Southwest Alaska Scarce Decrease 
Region V - Northwest Scarce Decrease 

 
However, relying exclusively on trapping reports is likely to present an incomplete assessment of 
wolverine populations. The accuracy of information provided in the most recent report is 
dependent on how many trappers reply to the annual survey; for 2016 the response rate was only 
11.7 percent (Parr 2016, p. 3). Trapping effort was reported to have increased by some trappers 
(45 percent of those reporting) during the 2015–2016 season, and 80 percent of those who 
increased their efforts reported an increased in their overall catch (Parr 2016, p. 15). However, 
this assessment does not consider how this increased trapper effort relates to harvest levels for 
wolverine, nor does it account for an unknown and unreported number of wolverines taken for 
subsistence purposes (Gardner et al. 2010, p. 1,894). Estimates of density, described below, 
provide a better depiction of wolverine population status in Alaska. 
 
Canada 
 
Similar to Alaska, determining wolverine population abundance and trends in Canada is difficult 
as numbers are developed from harvest activity (COSEWIC 2014, p. 25). Wolverine harvest 
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trends are also difficult to estimate given the temporal and spatial variability in trapping effort 
and reporting of harvest, and not all regions use mandatory pelt sealing, compulsory reporting, or 
fur export permits/fur dealer records (COSEWIC 2014, p. 26). Aboriginal traditional knowledge 
(the knowledge Aboriginal Peoples have accumulated about wildlife species and their 
environment) indicate that wolverine is widespread and stable across northern Canada, and is 
now found in areas where they occurred in past; however, they are still considered naturally 
uncommon (Cardinal 2004, pp. iii– iv, 10).  
 
According to the most recent COSEWIC Assessment and Status Report on the Wolverine, Gulo 
gulo in Canada (COSEWIC 2014, entire), the population size of wolverines in Canada is 
unknown, but is estimated to be over 10,000 adults (COSEWIC 2014, p. 36). Population trends 
across all of Canada are not known, but wolverine populations have been stable over areas within 
the country’s northern range for the last three generations (22.5 years) (COSEWIC 2014, p. v). 
In northern Manitoba and Ontario, wolverines may be increasing in number as aerial surveys in 
northern Ontario have indicated an eastward reoccupation of its former range (towards James 
Bay and Québec) (COSEWIC 2014, p. v). However, although observations of wolverines 
continue to be reported within Québec and Labrador (the eastern sub-population), there have 
been no verifiable observations since 1978, and wolverines are likely extirpated from much of 
southern and eastern Canada (COSEWIC 2014, p. v). In addition, declines in the southern 
regions (within parts of British Columbia and Alberta) may be occurring (COSEWIC 2014, p. 
36). Table 3 presents a more detailed summary of wolverine populations in Canada. 
 
The total wolverine population in Canada is estimated at over 10,000 adults (COSEWIC 2014, p. 
36). Canada’s western sub-population has been estimated at 15,688 to 23,830 adults, though this 
value is based on several assumptions (consistent trapping effort and uniform densities across the 
species’ range); the eastern population is estimated at less than 100 individuals or may be 
extirpated (COSEWIC 2014, p. 36). Table 4 provides a summary of estimates by Territory.  
 
Table 4. Wolverine Population Estimates for Canadian Territories.  Source: COSEWIC, 2014. 
 

Territory Number of wolverines 
Yukon Territory 3,500–4,500 
Northwest Territories 3,430–7,325 (with an additional 220–470 juveniles) 
Nunavut Estimated at 2,000–2,500 
British Columbia 2,700–4,760 
Alberta  Estimated at 1,500–2,000 
Saskatchewan Less than 1,000 
Manitoba 1,100–1,600 
Ontario 458–645 
Québec Very rare, at non-detectable level, or extirpated 
Labrador (including mainland Newfoundland) Very rare or extirpated 
 
In addition to the 2014 COSEWIC summary, Cardinal 2004 (entire) prepared a complimentary 
summary report of wolverine trends in Canada based on Aboriginal traditional knowledge. 
Trends reported indicate: (1) high, relatively stable levels of wolverines in the Yukon; (2) high 
levels of wolverines in the North Slave region of the Northwest Territories, though  population 
levels are estimated to be stable to decreasing; (3) high levels of wolverine along forested areas 
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in the northern portions of the mainland within the Inuvialuit Settlement Region (ISR) (located in 
the northwest corner of the Northwest Territories) and Kitikmeot region of Nunavut; (4) an 
increase in wolverines in the Kivalliq region of Nunavut, but at lower levels than populations in 
the Boreal and North Mountain ecological areas; and (5) least abundant in the northeastern 
corner of Nunavut and the Arctic Islands (Cardinal 2004, pp. 22–29). In sum, the majority of 
knowledge holders in Nunavut, Northwest Territory, and Yukon Territory described wolverine 
populations as either stable or increasing; only in Yellowknife did people report that wolverines 
might be decreasing (Cardinal 2004, p. 23).  
 
Other inventory and occupancy studies include an inventory of wolverines conducted by Regehr 
and Lacroix (2016, entire) in the winter of 2012 on the east side of the Coast Mountains in 
British Columbia using a multi-method approach. They identified six individuals using genetic 
analysis, and one additional individual by photography, which was higher than expected as 
compared to model predictions of density and habitat quality (Regehr and Lacroix 2016, pp. 
248–249). Estimates of wolverine occupancy were also evaluated for the Canadian Crown of the 
Continent ecosystem (central and southern Canadian Rockies) (Clevenger et al. 2016, entire). 
Occupancy estimates were found to vary from year-to-year and exhibited a north-south gradient, 
likely due to the differences in habitat quality among areas that were sampled by year (Clevenger 
et al. 2016, p. 4). For 2016, estimated wolverine occupancy was 0.40 for their British Columbia 
Rockies study area, with a declining pattern from north to south (Clevenger et al. 2016, p. 4). In 
general, their research has found that wolverines are more abundant in rugged, remote areas that 
have minimal human activity and landscape disturbance (Clevenger et al. 2016, p. 5). Clevenger 
et al. (2017, p. 6) projected an expected number of wolverines in their study area of about 28. To 
the south, in the Southwestern Crown of the Continent (SWCC) region (northwestern Montana, 
approximately 1.5 million acres), wolverine surveys (snow tracking, bait stations/hair snares) 
have been conducted since 2012 (SWCC Wildlife Working Group 2016, pers. comm.). These 
survey efforts have detected 22 unique wolverines (11 males, 11 females) across three U.S. 
Forest Service districts, and they reported an increase in the frequency of detections from 2012 to 
2015 (SWCC Wildlife Working Group 2016, pers. comm.). 
 
The 2014 COSEWIC report concluded that a climate-driven decline in wolverine populations in 
North America is not evident at this time in much of its range (COSEWIC 2014, p. 22). The 
report indicates that trends in wolverine populations in the northern range, while uncertain, 
appear to be stable or increasing, but also notes that there is some concern for populations in the 
southern areas of British Columbia and parts of the northern United States (COSEWIC 2014, p. 
22, and references cited therein).  
 
Estimates of Density 
 
Wolverine densities vary across North America, and have been described as “naturally low” (van 
Zyll de Jong 1975, p. 434) and “naturally uncommon” (Cardinal 2004, p. iii) given the species’ 
large home range, wide-ranging movements, and solitary characteristics. Inman et al. (2012a, p. 
789; Table 5) presented the most recent estimates (at that time) of density (number of wolverines 
per 1,000 km2 (386 mi2)) for North America. In the contiguous United States, density estimates 
ranged from 3.5 for the Greater Yellowstone region (2001–2008) (areas above 22,150 m (7,054 
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ft) (latitude-adjusted elevation), 4.5 for central Idaho (1992–1995), to 15.4 for northwestern 
Montana (1972–1977).  
 
In Alaska and Yukon, density estimates presented by Inman et al. (2012a, p. 789) range from 3 
to about 14 wolverines per 1000 km2 (386 mi2), using a number of methods. For example, Royle 
et al. (2011, p. 609) estimated wolverine densities for southeastern Alaska (Tongass National 
Forest; 2008) from 8.2 to 9.7 per 1000 km2 (386 mi2) (using mark-recapture), where the higher 
estimate incorporates a positive, trap-specific behavioral response. Density of wolverines were 
recently reported as an estimated 5–10 wolverines per 1000 km2 (386 mi2) (based on snow 
tracking) for southcentral Alaska, and approximately 10 per 1000 km2 (386 mi2) (based on DNA 
mark-recapture methods) for southeast Alaska (Golden 2017, pers. comm.). A wolverine 
occupancy study in 2015 within an area of central Alaska reported a density estimate of 9.48 
wolverines per 1,000 km2 (386 mi2) (ADF&G 2015a, p. 7).  
 
Wolverine density estimates for Canada varies across regions, from 5 to 10 per 1000 km2 (386 
mi2) in northern mountain and boreal regions to 1 to 4 per 1000 km2 (386 mi2) in southern boreal 
areas (COSEWIC 2014, p. 27). More recently, Clevenger et al. (2017, entire) presented a density 
estimate (using spatial capture/recapture models) for the Kootenay region of British Columbia of 
0.78 wolverines per 1000 km2 (386 mi2), for 3 study years (2014–2016), which they reported as 
lower than expected (Clevenger et al. 2017, p. 6).  
 
Stressors – Causes and Effects 
 
We reviewed the best available information to identify current conditions and potential stressors 
that may be affecting wolverine populations or its habitat. These include roads and other 
infrastructure, recreational activity and other human disturbances, wildland fire, disease or 
predation, and overutilization for commercial, recreational, scientific, or educational purposes.   
 
As an initial step, we reviewed the land ownership of the area defined as primary habitat by 
Inman et al. (2013, entire) in the contiguous United States, and determined that 96 percent of that 
modeled habitat is located on Federal land (see Appendix D). Lands managed by the Forest 
Service represent the largest portion of Federal lands (89 percent) within this modeled primary 
habitat. 
 
Effects from Roads 
 
As noted above (see Demography section), roads and rail lines can be a cause of mortality to 
wolverines and habitat models have identified road density as an important association 
(avoidance) for selection of habitat (e.g., Rowland et al. 2003; Bowman et al. 2010; Inman et al. 
2013). Road density has been listed as a threat to wolverines occupying the boreal/western 
mountain regions of Canada (Canadian Boreal Forest Agreement 2014, p. 2). An evaluation of 
road density by Dawson et al. (2010, p.142) in lowland boreal forest habitat in Ontario, Canada, 
suggested that road densities may have an effect on the selection of home range by wolverines. 
In the wolverine’s southern Canadian range, roads may be facilitating direct mortality by 
improving motorized access of hunters, trappers, and recreational users into remote areas 
(COSEWIC 2014, p. 21).  
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Roads may also affect den site selection (May 2012, p. 202), particularly areas within their range 
of wolverines where they cannot select for high elevation habitat (e.g., central lowland forests of 
Canada) (Dawson et al. 2010, p. 143). In Norway, May et al. (2012, p 202) found that wolverine 
dens were generally located far from infrastructures (public roads and private roads and/or 
recreational cabins). However, despite this observation of a minimum threshold, the authors also 
reported that wolverines had a wide tolerance range, supporting conclusions from other studies 
that have found that, once a general area is used, it appears to be re-used in subsequent years 
including by successive individual wolverines that colonize the sites (May et al. 2012, p. 202). 
 
Wolverine road crossings were evaluated in the western Greater Yellowstone region through 
telemetered animals and visual observations of snow tracks, direct observations of crossings, and 
road-kill mortality (Packila et al. 2007, entire). That study documented 43 crossings of U.S. and 
State highways by 12 wolverines (Packila et al. 2007, p. 105). Within the Big Sky, Montana, 
area, they documented 67 crossing of MT64/Jack Creek Road by 4 wolverines (Packila et al. 
2007, p. 105). Most (76%) road crossings were made by subadult wolverines, dispersing or 
otherwise exploring new areas (Packila et al. 2007, p. 105). One road-caused mortality was 
observed and the authors report two others from additional sources during their study period 
(Inman et al. 2007, p. 89). The study results indicate that roads do not act as absolute barriers to 
movement by wolverines, but they can directly affect individuals (road kill) and may have 
secondary affects at the population level (Packila et al. 2007, p. 105). 
 
In an effort to evaluate the potential impact of major roads to wolverine (individuals and 
populations), we conducted a spatial analysis of roads2 found within Inman et al.’s (2013, p. 
281) primary wolverine habitat and female wolverine dispersal habitat in the western United 
States, as measured by number of kilometers (miles). In our analysis, we identified four road 
classes: Interstate Highway, U.S. Highway, State Highway, and secondary roads. Secondary 
roads encompassed all roads not included in any of the first three categories. Our analysis found 
that secondary roads represented 97 percent (29,892 km (18,574 mi)) of all roads (30,805 km 
(19,141 mi)) within modeled primary habitat, and 97.5 percent (144,279 km (89,650 mi)) of all 
roads (148,029 km (91,980 mi)) within modeled female dispersal habitat.  
 
We then evaluated the type of roads at high elevation within our estimated Current Range 
(shown in Figure 3). Using the 2,300 m (7,546 ft) elevation as a benchmark (based on its use as a 
predictor variable for wolverine occurrence in Inman et al. 2013, and results from predictive 
models presented in Copeland et al. 2007, p. 2,205), we evaluated the length of roads above and 
below this elevation, and also the type of roads at or above 2,300 m (7,546 ft). The results are 
illustrated in Appendix E. Overall, we found that approximately 85 percent of all roads were 
below 2,300 m (7,546 ft). Of the roads located at or above 2,300 m (7,546 ft), 95 percent are 
secondary roads (see charts in Appendix E). 
 
Using the same dataset, we evaluated road density (km/km2) based on regional blocks of primary 
wolverine habitat in the western United States delineated by Inman et al. (2013; Figure 3). Those 
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results are shown in Table 5. With the exception of the Southern Rockies (at 0.47 km/km2), the 
mean road densities at elevations equal to or greater than 2,300 m (7,546 ft) are very low. 
 
Table 5.  Mean Road Density in Wolverine Primary Habitat, by Region. 
 

Geographic Region Mean density (km/km2), 
all roads 

Mean density (km/km2),  
all roads ≥ 2,300 m (7,546 ft) 

Northern Cascade 0.54 0.00 
North Continental Divide 0.54 0.00 
Salmon-Selway 0.70 0.03 
Central Linkage 0.84 0.06 
Greater Yellowstone 0.24 0.06 
Southern Rockies 0.55 0.47 
Sierra Nevada 0.09 0.03 
Uinta 0.15 0.12 
Bighorn 0.00 0.00 
Great Basin 0.06 0.03 
Oregon Cascade 0.72 0.00 
 
We also reviewed den site locations (natal, maternal, or unknown dens) within our database 
relative to roads (see map in Appendix E). Our results indicate that wolverine dens are located 
in areas with minimal roads, including secondary roads; however, we caution that this analysis is 
based on a limited den site dataset and should be viewed in the context of other abiotic and biotic 
variables including landscape features at the den site scale and availability of food. Additionally, 
most den locations in much of the wolverine’s range in the contiguous United States are at high 
elevations and roads in these areas would likely be impassable or closed entirely to vehicles 
during the time of denning (January–March). 
 
In summary, wolverines are associated with habitat found in high elevation areas, but are known 
to disperse across great distances. Major highways can present mortality risks to dispersing 
individuals and affect immigration to open territories, but roads do not represent absolute barriers 
to wolverine movements. Wolverines den during winter months in remote locations that are often 
inaccessible or restricted to motorized vehicles, though, secondary roads and trails are used for 
winter recreational activity. Although we recognize there are likely additional events that have 
not been reported, we estimated the total number of wolverine mortalities due to roads-rails from 
1972 to 2016 in North America was 20, at least 11 of which are from Canada (see citations in 
Mortality section above). As discussed above, we calculated a low proportion of major highways 
in both modeled primary habitat and female dispersal habitat, and a low mean density of roads at 
high elevations where wolverines have been observed, with the exception of the southern Rocky 
Mountains. Roads present a low risk to wolverines in most of its current contiguous U.S. range, 
affecting wolverines at the individual and population level. 
 
Disturbance due to Winter Recreational Activity 
 
Wolverine behavior patterns, such as denning, rearing of young, movement and dispersal, and 
foraging/scavenging, may be affected by recreational activities (COSEWIC 2014, p. 42). As 
noted above, in Norway, May et al. (2012, p. 201) found, at the home range scale, a minimal 
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threshold distance of approximately 1.5 km (0.93 mi) for wolverine den sites from private roads 
and/or recreational cabins. Krebs et al. (2007, entire) evaluated habitat use associations for 
wolverines in two multiple use areas in British Columbia, Canada. Using logistic regression 
models, the authors found that in an area of active recreation (Columbia Mountains), female 
wolverines were negatively associated with helicopter and backcountry skiing in their winter 
models (Krebs et al. 2007, p. 2,187–2,188). However, in summer months, Copeland et al. (2007, 
p. 2,210) reported that wolverines in their study area of central Idaho were not uncommonly 
found near maintained trails and active campgrounds.  
 
The Wolverine–Winter Recreation Study represents an on-going project to evaluate the potential 
effects of backcountry winter recreation on wolverines (Heinemeyer 2017, pers. comm.). The 
multiyear study areas include central Idaho and areas in the western Yellowstone region (‘Island 
Park’ and Teton Mountains) (Heinemeyer and Squires 2015, p. 3). The study is currently 
monitoring monitored 19 wolverines using GPS collars using movement rates and percent of 
time active (vs. resting) as indicators of potential responses of wolverines to winter recreation 
activities (Heinemeyer 2013, pers. comm.). Backcountry winter recreation activities are were 
monitored through GPS units voluntarily carried by recreationists (Heinemeyer 2017, pers. 
comm.). Early analysis of the data suggest that wolverines demonstrate a behavioral response to 
recreation activities, such as increased movement rates and a reduction in resting periods in areas 
of high recreation activity, especially high recreation days (Saturday and Sunday) (Heinemeyer 
and Squires 2013, pp. 5, 7–8). 
 
However, this research has also found that wolverines maintained their home ranges within areas 
with relatively high winter recreation activity over several years of monitoring, including some 
areas found to contain the highest recreational activities (Heimemeyer 2017, pers. comm.). The 
study has not been able to determine whether these resident wolverines are reproductively 
successful (Heinemeyer 2017, pers. comm.).  
 
Conservation measures currently being implemented that to address the effects of roads currently 
being implemented in the Teton Mountains include winter closures in certain areas (generally 
from November 1 through May 1), including road closures in the Bridger-Teton and Caribou-
Targhee National Forests and in Grand Teton National Park as shown in Appendix F (additional 
details for Grand Teton National Park are described in Superintendent’s Compendium (National 
Park Service 2017; pp. 8–9); see also maps at https://jhalliance.org/campaigns/dont-poach-the-
powder/ Jackson Hole Conservation Alliance 2017). These closures are being implemented to 
help minimize disturbance to wildlife (e.g., migration pathways).  
 
State Wildlife Action Plans prepared for individual western States identify recreation 
management strategies within wolverine habitats. For example, in the State of Oregon, the 
ODFW Conservation Strategy identifies management of winter recreation use in order to avoid 
impacts to wolverines (ODFW 2016). In Montana’s State Wildlife Action Plan, conservation 
actions are identified for to reduce potential impacts from recreation, such as consideration of 
seasonal closures during breeding season (Montana FWP 2015, p. 63). The IDFG Management 
Plan for the Conservation of Wolverines in Idaho also includes conservation strategies related to 
winter recreation (e.g., characterizing wolverine response to recreational activities (IDFG 2014, 
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p. 35), and the State continues to support the Wolverine-Winter Recreation Study. Appendix F 
provides additional details on individual State conservation strategies. 
 
In summary, wolverine behavior (movement) can be affected by winter recreational activity. 
Results from one long-term study in parts of the wolverine’s range in the contiguous United 
States have found that wolverines can maintain residency in high winter recreational use areas. 
Wolverines have recently been detected in areas that experience winter recreational activity. 
Conservation strategies and actions have been identified in several western States’ Wildlife 
Action Plan to address potential impacts of this stressor to wolverines. Based on the best 
available scientific and commercial information, the effect of roads represents a low stressor to 
the wolverine in the contiguous United States at the individual and population level. 
 
Other Human Disturbance 
 
Infrastructure, such as pipelines, active logging or clearcuts, seismic lines, and activities 
associated with mining (e.g., producing mines, mines under development, mineral exploration 
areas), may also affect individual wolverine behavior or wolverine habitat. As discussed above 
(see Habitat Use section), Johnson et al. (2005, entire) evaluated habitat relationships for the 
wolverine and other arctic wildlife, including the cumulative effects of human activities and 
associated infrastructure on the distribution of wolverines in the Canadian central Arctic using 
RSF modeling. However, because human disturbance factors (i.e., major developments, mineral 
explorations, seasonal outfitter camps) were mostly absent from the range of monitored 
wolverines that were monitored, the researchers were not able to reliably model their effects 
(Johnson et al. 2005, p. 23). 
 
The 2014 COSEWIC status review identified several potential stressors to wolverines and their 
habitat in Canadian territories. They indicated potential permanent, temporary, and functional 
losses to wolverine habitat from forestry; oil, gas and mineral exploration and development; and 
large hydroelectric reservoirs (COSEWIC 2014, p. 21). As discussed above, Scrafford et al. 
(2017, entire) evaluated habitat selection of wolverines in response to human disturbance in the 
western Canadian boreal forest in both winter and summer months. Their analysis found that 
wolverines were attracted to some industrial infrastructure (older seismic lines exhibiting latter 
stages of regeneration) and disturbance (areas of active logging), likely related to foraging 
opportunities (e.g., small prey), but avoided interior areas of intermediate-aged cutblocks (areas 
authorized for logging) (Scrafford et al. 2017, pp. 32–34). Their results found evidence of road 
avoidance, but wolverines were attracted to all-season road sections with borrow pits, which they 
suggest was related to foraging opportunities at these pits (e.g., presence of beavers in water-
filled pits) and less predation risk, since wolves avoid these roads (Scrafford et al. 2017, p. 34). 
In sum, these authors concluded that wolverine selection patterns relative to industrial activity 
and infrastructure in their study area represent a balance between exposure to predators and 
foraging opportunities (Scrafford et al. 2017, p. 32).  
 
Additional studies of wolverine behaviors related to the effects of disturbance due to 
infrastructure and other human activities are needed. Based on the best available scientific and 
commercial information, these effects are site- and temporally-specific, and appear to represent a 
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trade-off between foraging opportunities in areas that provide minimal risk of predation and 
avoidance of open areas and/or higher predation risk (Scrafford et al. 2017, pp. 33–34). 
 
Effects from Wildland Fire 
 
Wildland fire can produce both direct and indirect effects to wildlife. Direct effects include 
injury and mortality as well as escape or emigration movement away from fires (Lyon et al. 
2000, pp. 17–21). Small mammals will generally find refuge underground or within sheltered 
places within the burning area, while larger mammals will move to safe areas in unburned 
patches or outside the burn (Lyon et al. 2000, p. 18). For animals that emigrate during fire 
events, the length of time before they return is dependent on the degree to which fire has altered 
habitat structure and food supply (Lyon et al. 2000, p. 20). 
 
We are unaware of any studies evaluating direct effects of wildland fire to wolverines. Wildland 
fire is likely to temporarily displace wolverines, which could affect home range dynamics.  
Given that wolverines can travel long distances in a short period of time, individuals would be 
expected to move away from fire and smoke (Luensmann 2008, p. 14). In addition, because 
young are born during winter months, fire risk at that critical time life stage time is very low 
(Luensmann 2008, p. 14). 
 
Indirect effects of wildland fire can include habitat-related effects or effects to prey and 
competitors/predators; however, we are unaware of empirical studies evaluating these potential 
effects as they relate to wolverines. In a study area within the Yukon (Canada), wolverines were 
reported occupying regenerating forested habitat that contained remnants of mature timber which 
had burned 30 years prior (Slough and Mowat 1996, p. 948). Additionally, fire suppression in 
conjunction with logging activities in boreal forests (northwestern Ontario) can increase the 
prevalence of deciduous tree habitats, at least at a regional level, which is negatively associated 
with wolverine occurrence (Bowman et al. 2010, p. 464).  
 
A study in northern Idaho of the effects of multiple wildland fires over several years, including 
very large fires, to forest habitat occupied by another mustelid, the American marten (Martes 
americana) found that fire events had created a mosaic of vegetation that supported a diverse 
assemblage of cover and food resources that was favorable to this species (Koehler and 
Hornocker 1977, p. 503). Similar to wolverines, the summer and fall diet of the American marten 
is represented by diverse prey, and wildland fire events can create and maintain forest openings 
for ground squirrels and voles (Koehler and Hornocker 1977, p. 504). The development of these 
types of mosaic forest communities following certain wildland fire events also provides 
discontinuous fuel loads, which in turn should result in smaller and cooler wildland fires, with 
less replacement of marten habitat (Koehler and Hornocker 1977, p. 504). However, large, 
uniform burns would be expected to result in more severe impacts to American marten habitat 
(Lyon et al. 2000, p. 21).  
 
Studies of the effects of wildland fire to a key prey species for the wolverine in parts of its North 
American range, the caribou, was reviewed by Klein (1982, entire). This review highlighted the 
importance of separating short-term effects of wildland fire in boreal forests to caribou ecology 
from long-term effects (Klein 1982, p. 393). Given that long-term benefits to the species’ 
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ecology can be disproportionate to the short-term detrimental effects on populations and herds, 
(including the species’ lack of reproductive plasticity), caribou may be more appropriately 
considered as fire-influenced, rather than fire-adapted (Klein 1982, p. 393). Other ungulate 
species respond more positively to fire. An increase in spring and summer grasses following fall 
burns can provide forage for elk and deer, and sprouting of deciduous trees, such as aspen, birch 
and willow, following burns provides forage for moose (Luensmann 2008, p. 18). 
 
Management measures to address this potential stressor are identified in USDA Forest Service 
National Forest Land Management Plans. Examples of these goals and objectives are described 
in Appendix G. In addition, the Idaho State Wildlife Action Plan includes measures to address 
fire threats to the wolverine and its habitat, including removal of perceived barriers to allow 
more prescribed natural fire on State and private forest lands and promoting/facilitating the use 
of prescribed fire as a habitat restoration tool, on both public and private lands where 
appropriate, and leaving fire-killed trees standing as wildlife habitat if they pose no safety 
hazard, all in an effort to restore a more natural fire interval that allows for return to historical 
forest conditions (IDFG 2017, pp. 91, 134, 180).  
 
Given the diversity of habitats occupied by wolverines, their occupancy of high elevations, and 
extensive mobility, wildland fire represents a limited short-term stressor to wolverine habitat and 
its prey.  
 
Disease or Predation 
 
Disease 
 
We are unaware of comprehensive surveys evaluating the prevalence of diseases in wolverines in 
the contiguous United States. Early accounts of endoparasites species and their prevalence in 
wolverines include a review by Erickson (1946, p. 503), and a report by Rausch (1959, entire), 
who documented 7 species of helminths in 86 percent of wolverines examined from trapper-
supplied carcasses in Alaska. In 1994, Copeland (1996, p. 26) collected a single specimen of the 
parasite Toxascaris sp. from wolverine scat in Idaho. In Alaska, carcasses sampled (during 
necropsy or predator control activities) in 2012–2014 to determine the prevalence of Trichinella 
and its genotypes reported one wolverine with T6 genotype in that single sample (ADF&G 
2015b, p. 8). Results from Alaska trapper questionnaires for the prevalence of ectoparasites on 
wolverines were either scarce or not present across all reporting regions in 2015–2016 (Parr 
2016, p, 21). 
 
Rabies is endemic to Alaska in Arctic and red fox along north and west coasts of Alaska 
(ADF&G 2013). Under the ADF&G enhanced rabies surveillance program, the agency 
confirmed rabies in one wolverine (out of 49 sampled) in 2012, a female found dead in the North 
Slope region (Woodford and Beckman 2012). This was the first confirmed case of rabies in 
wolverines in North America (Woodford and Beckham 2012).  
 
The 2014 COSEWIC Assessment and Status Report for the wolverine presented a summary of 
reported parasitic species observed in wolverines in Canada (COSEWIC 2014, p. 25). These 
observations included: parasitic nematode roundworms (Trichinella spp.) in 88 percent of 
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wolverine samples tested from Nunavut and 26 percent from the lower MacKenzie region; 
helminth parasites (trematodes, cestodes and nematodes) in wolverine digestive tracts from the 
lower Mackenzie River valley; and, from the Nunavut region, protozoan parasites infections 
including Sacrosystis spp. (80 percent) and Toxoplasma gondii (41 percent) (citations omitted). 
Banci (1987, pp. 81, 110) reported parasitic pneumonia as a cause of mortality in southwest 
Yukon Territory, a female thought be nutritionally-stressed following the raising of young.  
 
An evaluation of trapper-submitted wolverine carcasses harvested was conducted for the Yukon 
Territory in the fur trapping seasons 2005–2006 through 2011–2012 (Jung and Kukka 2013, 
entire). No samples tested positive for rabies (Jung and Kukka 2013, p. 17). Another study of 
intestinal parasites of wolverine carcasses from both the Yukon and Northwest Territories 
reported Trichinella spp. in 74 percent of carcasses and several intestinal parasites, including 
cestodes (parasitic flatworms) such as Taenia spp. (Luck et al. 2016, no page number). 
 
Other than these accounts of prevalence of parasitic infections, including one rabies case, and a 
reported parasitic pneumonia mortality event, we are not aware of any studies documenting 
impacts of disease to wolverines in North America. At this time, based on the best available 
scientific and commercial information, disease is not a stressor to the wolverine in the 
contiguous United States or within its range in North America. 
 
Predation 
 
As discussed above (Diet and Feeding section), a number of potential natural predators, have 
been identified for wolverines across its North American range, including intraspecific predation. 
However, we have no information that suggests this predation represents a significant stressor to 
the wolverine at either an individual or population level.  
 
In summary, the best scientific and commercial information available indicates that disease or 
predation is not a stressor the wolverine. We are unaware of any management or conservation 
measures currently in place to reduce potential impacts associated with disease or predation. 
 
Overutilization for Commercial, Recreational, Scientific, or Educational Purposes 
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
In Montana, wolverines were a legally harvested furbearer in Montana up until 2012; however, 
the trapping season is currently suspended with a zero statewide quota (Montana Natural 
Heritage Program and Montana FWP 2017). Unlike populations in Eurasia, wolverines rarely 
prey on livestock in North America (cf., domestic sheep predation in Wyoming reported (Mead 
2013, pers. comm.)) and therefore they are not directly targeted for predator control (COSEWIC 
2014, p. 41). However, incidental trapping can result in the capture of non-target species such as 
wolverine. In Idaho, the IDFG has a mandatory furtaker harvest report that requests all live 
incidental catches be reported by species (IDFG 2013, pers. comm.). Since 1965, 16 incidentally-
trapped wolverines were reported during the State’s furbearing seasons, with 6 animals known to 
be released alive and 6 mortalities (IDFG 2013, pers. comm.; IDFG 2016, pers. comm.). This 
total includes four wolverines caught during the 2013-2014 furbearer season, with three released 
alive and one mortality (IDFG 2014, p. 26). Within the State of Wyoming, there are two 
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confirmed reports of incidental take; of Wyoming one in 1996 (Mead 2013, pers. comm.) and 
one in 2006.  The ; the 2006 animal was released unharmed (Inman 2012, pers. comm.). In 
Montana, since the closing of the trapping season for wolverine in 2013, three animals have been 
incidentally trapped (Montana FWP 2016, pers. comm.). 
 
Krebs et al. (2004, p. 499) modeled several population growth rate scenarios for North American 
wolverines, including trapped and untrapped populations. Estimated (logistic) rates of population 
growth (λ) were found to be lower for trapped populations (λ = 0.878) as compared to untrapped 
populations (λ = 1.064) (Krebs et al. 2004, p. 499). Harvesting is considered to be an additive 
mortality in the populations studied and is likely sustained by dispersal from untrapped areas that 
provide refugia (Krebs et al. 2004, pp. 499–500). Of note, at the time of this study, wolverines 
were considered furbearer or game animals and trapped or hunted in 8 of their 12 study areas in 
North America, including Montana (Krebs et al. 2004, p. 495; Table 1). 
 
Predator control programs targeting wolves, including poison and incidental trapping, can result 
in incidental losses of wolverines (COSEWIC 2014, p. 41). Specific to wolf control for livestock 
protection in Idaho, three wolverines have been trapped incidental to authorized wolf control 
activities since 1995, with two released alive and one animal euthanized (IDFG 2014, p. 26). 
Additional pPreventive measures have been adopted to reduce these incidental captures (IDFG 
2014, p. 26), such as…. The IDFG has also implemented educational programs to minimize 
incidental capture of wolverines during trapping seasons and licensed wolf trappers are required 
to complete a Wolf Trapper Education course with specific instruction for reducing incidental 
trapping of wolverine, lynx, and other non-target species (IDFG 2014, p. 27). In addition, the 
U.S. Department of Agriculture Wildlife Services (Wildlife Services) agency has also 
temporarily stopped (as of April 2017) using cyanide predator control devices in the State of 
Idaho (Moeller 2017). 
 
Wolverine hunting and trapping is permitted in the State of Alaska. For the 2015–2016 reporting 
period, wolverine harvest, based on furbearer sealing records, totaled 527 animals (Parr 2016, p. 
42). This level of harvest has been fairly consistent since 2010, as shown in table below: 
 
Table 6.  Number of wolverines harvested in Alaska, as reported from regulatory year sealing 
records, 2010–2015. Adapted from Parr (2016, p. 42; Table 10). 
 

Alaska 
Region 2010 2011 2012 2013 2014 2015 

I 25 20 25 31 14 15 
II  25 29 50 31 16 37 
III  233 235 261 358 268 214 
IV  180 160 170 158 99 150 
V  140 110 135 133 109 111 
Total 603 554 641 711 506 527 

 
In Canada, wolverines are harvested in the northern and western territories–Manitoba, 
Saskatchewan, Alberta, British Columbia, Yukon, Northwest Territories, and Nunavut 
(COSEWIC 2014, p. 43). Non-aboriginal harvest of wolverines has not permitted since 2001–
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2002 in Québec, Labrador, or Ontario, though incidental harvest has been reported in Ontario 
(COSEWIC 2014, p. 43). The management of wolverine harvest in Canada incorporates spatial 
and temporal elements such as season length, quotas, limited entry, and trapline management by 
trappers (reviewed by Slough et al. 1987). Wolverine harvest levels in Canada are monitored 
using mandatory pelt sealing, annual harvest reporting, or through monitoring of fur exports 
(COSEWIC 2014, p. 43). In some northern communities, wolverine pelts are used locally and 
harvests are monitored through carcass collection programs (COSEWIC 2014, p. 43).  
 
The COSEWIC Assessment and Status Report for the wolverine also noted that range 
contraction and habitat trends of wolverines in Canada are not solely the result of habitat or 
trapping pressure (COSEWIC 2014, p. 20). Reductions in ungulate (e.g., caribou) populations, 
which provide an important winter food resource, were also likely an important factor in range 
contractions of wolverines in its northern range (COSEWIC 2014, p. 20), and likely continue to 
influence populations today. Although the table above shows relatively stable numbers of harvest 
in Canada, snowmobiles have allowed for better access for hunters and trappers and may be 
increasing the number of wolverine harvested in its northern North America range; however, the 
areas of exploitation are still relatively small concentrated areas, and large areas of refugia 
continue to be found (Cardinal 2004, p. 31). That report concluded that harvest pressure is 
sustainable in most areas as young wolverines migratinge from these areas of refugia that, if left 
undisturbed, into empty home ranges of wolverines lost to harvest or other mortality events 
(Cardinal 2004, p. 31).  
 
We evaluated trapping of wolverines in British Columbia and Alberta regions of Canada in an 
effort to document potential impacts to dispersing wolverines along the U.S.–Canada border. As 
described above (Population Abundance and Distribution), the population of wolverines in British 
Columbia and Alberta is estimated to be 2,700–4,760 and 1,500–2,000 animals, respectively in 
Alberta (COSEWIC 2014, p 36). We obtained 9 years (2007-2015) of harvest data for southern BC 
wildlife management units from the British Columbia Ministry of Environment, Ecosystems 
Branch for our analysis. Twenty seven years (1989–2015) of harvest data was obtained for Alberta 
in addition to locations of wolverines from a run pole study (2012–2015) and other sources (Webb 
et al. 2016, p. 1,465; Webb 2017, pers. comm.). 
 
Figure 5 presents the results from our spatial analysis and indicates a total of 77 wolverines were 
trapped in British Columbia wildlife management units within 110 km (68.35 mi) of the U.S.–
Canada border from 2007–2015 (average of 8.5 animals per year). We used this distance since it’s 
similar to both the average maximum distance per dispersal movement of 102 km (63 mi) for 
male wolverines reported by Inman et al. (2012a, p. 784) for the Greater Yellowstone region of 
Montana, and a reported 100 km (62 mi) dispersal distance for a juvenile male for Ontario, 
Canada (COSEWIC 2014, p. 24, citing unpublished data from Dawson et al. 2013). As shown 
below, one management area contains nearly one-third (23 individuals) of this total number. The 
other management units along the international border indicate very few animals harvested over 
this 8-year period. For Alberta, we identified a total of 15 wolverines harvested by trappers and 
data presented in other studies within 110 km (68.35 mi) of the U.S.–Canada border from 1989–
2014 (average of less than 1.0 animal per year).  
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Figure 5. Numbers of wolverines harvested in British Columbia and Alberta, Canada.  
Sources: British Columbia Ministry of Environment; Webb et al. 2016; Webb 2017, pers. 
comm.  
 
Based on this analysis, trapping effort along the United States–Canada border does not represent 
a significant barrier to wolverine movement and dispersal along the international border. As 
noted above, Regehr and Lacroix’s (2016, entire) multi-method inventory of wolverines within 
an area located in the eastern side of the Coast Mountains of British Columbia (see black star in 
Figure 5 above) found unexpectedly high numbers of wolverines, which may have been the 
result of the rugged landscape features in this mountainous area and abundant food resources 
(both winter and summer) (Regehr and Lacroix, pp. 249–250). 
 
Legal Status/Protection 
 
In the western United States, the wolverine status is as follows: a state-threatened species in 
Oregon (ODFW 2016) and California (CDFW 2017a); state-endangered species in Colorado 
(Colorado Parks and Wildlife 2015a) ; a candidate species in Washington (Washington 
Department of Fish and Wildlife 2013); a protected nongame species and species of greatest 
conservation need in Idaho (IDFG 2014); a protected animal and species of greatest conservation 
need in Wyoming (WGFD 2017); a species of greatest conservation need in Utah (Utah Division 
of Wildlife 2015); a furbearer and species of concern in Montana (Montana Natural Heritage 
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Program and Montana FWP 2017); and, in Nevada, the Nevada Administrative Code lists 
wolverines as a protected mammal (NAC 503.030), which provides full legal protection. There is 
no protected status for wolverines in the State of Alaska. The State of New Mexico Department 
of Game and Fish does not recognize the wolverine as a native mammal. Additional discussion 
regarding State regulatory mechanisms that provide protections for wolverines is provided in 
Appendix G. 
 
The Idaho Department of Fish and Game issues permits allowing live capture, handling, and 
release of wolverines for scientific studies, which usually involved log box-traps that do not 
cause physical injury to the captured animals (IDFG 2014, p. 27). The agency also issues 
scientific collection permits to various agencies and organizations and to IDFG biologists that 
can include the capture, chemical immobilization, and placement of radio-collars/radio-markers 
on wolverines (IDFG 2014, p. 27). These permittees (and IDFG staff) are required to comply 
with animal trapping and handling protocols approved by IDFG’s Wildlife Health/Forensic 
Laboratory and other animal welfare and research institutions. Over the past 20 years, there have 
been two documented wolverine deaths due to live capture activities in Idaho (IDFG 2014, p. 
27). 
 
In Wyoming, the Wyoming Game and Fish Commission (Commission) Regulation Chapter 52, 
Nongame Wildlife, authorizes take of wolverine only for scientific or educational purposes as 
regulated by Commission Regulation Chapter 33 (Regulation Governing Issuance of Scientific, 
Research, Educational, or Special Purpose Permits). We received information from the State of 
Wyoming indicating that a search of electronic records of Chapter 33 permits (issued since 1997) 
found (as of May 2013) three permits have been issued for scientific purposes to further 
understanding of wolverine ecology in Wyoming (Mead 2013, pers. comm.). 
 
In California, research permits for State-listed, State-candidate, and fully protected species in 
California are issued as a Memorandum of Understanding (MOU). Currently, there are no active 
MOUs for research on wolverine in California (Burkett 2017, pers. comm.). 
 
In Canada, provincial designations for the wolverine include Endangered in Labrador, and 
Threatened in Ontario and Québec (‘Threatened’ is equivalent to Endangered in Québec), with 
the remaining provincial designations ranging from no ranking to Sensitive or Special Concern 
and the Vancouver Island population designated as Imperilled (COSEWIC 2014, p. 44).  
Recovery planning for the wolverine is focused on the eastern population (Canadian Boreal 
Forest Agreement Secretariat 2015, p. 3). 
 
In summary, overutilization does not represent a threat to the wolverine the contiguous United 
States. Wolverine populations in the contiguous United States are currently protected under 
several State laws and regulations. Hunting and trapping activities for wolverines are currently 
suspended or closed entirely for animals within the contiguous United States, though incidental 
trapping can occur. Trapping in Alaska and Canada has been and appears to be sustainable given 
large areas of available refugia in these regions. Trapping or harvesting of wolverines along the 
contiguous United States–Canada border does not represent a stressor to wolverines migrating 
into the contiguous United States at the individual or population level. In addition, wolverine 
populations along the Alaska–Canada border are continuous with the Yukon region of Canada, 
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which suggests a rescue effect for Canadian populations along this international boundary 
(COSEWIC 2014, p. 37). 
 
Summary of Current Conditions 
 
Wolverine populations in much of North America are still recovering from large losses of 
individuals from intensively hunting and persecution pressures in the late 1880s into the mid-20th 
century. Although there is limited rangewide survey information, based on the best available 
information, wolverines continue to be detected across suitable habitat within the contiguous 
United States. Studies are currently underway to estimate the species’ current distribution and 
genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, and Washington. 
In Canada, the total wolverine population is estimated at over 10,000 adults (COSEWIC 2014, p. 
47). In Alaska, estimates of populations are best evaluated based on density, which are naturally 
low for this species. Recent density estimates are generally about 10 wolverines per 1000 km2 
(386 mi2) for Alaska. 
 
Based on our collection of observations and detections of wolverines in the contiguous United 
States and the 2014 status review for Canada, we prepared a Current Range map to illustrate the 
species’ North American range (Figure 3). We estimated that the proportion of the current North 
American range of the wolverine encompassed within the contiguous United States is 
approximately 6 percent.  
 
We determined that 96 percent of the previously modeled primary habitat (Inman et al. 2013) in 
the lower United States is considered to be lands owned or managed by the Federal government 
(see Appendix D). We also estimated that this 41 percent of this modeled primary habitat is 
located in designated wilderness areas. Appendix G, Regulatory Mechanisms and Conservation 
Measures, provides a more detailed summary of management actions. 
 
We evaluated several potential stressors that may be affecting wolverine populations or its 
habitat, including effects from roads, disturbance due to winter recreation and other activities, 
effects from wildland fire, disease and predation, and overutilization for (primarily) commercial 
purposes. We determined that the effects of roads (evaluated by number of miles, density, and 
location) and disturbance represent low level stressors to the wolverine in the contiguous United 
States. Wildland fire was determined to be a short-term stressor to wolverine habitat and its prey. 
Disease and predation are not considered stressors to the wolverine. 
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
Incidental trapping of wolverines is infrequent in the contiguous United States, and, in Idaho, 
education programs are being implemented to reduce this stressor. In Alaska, the level of harvest 
of wolverines has been fairly consistent since 2010, and, as noted above, density estimates 
indicate no declining trend in wolverine populations.  
 
Wolverines are harvested in several Canadian provinces with management and monitoring 
oversight based on spatial and temporal elements. We reviewed trapping information from 
Canada (within 110 km (68.35 mi) of the contiguous U.S.–Canada border) to assess potential 
impacts to dispersing wolverines into the United States. We found that, in Alberta, 15 wolverines 
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were harvested over a 25 year period (average of less than 1.0 animal per year), and, for British 
Columbia, we found an average of 8.5 animals per year, though one management area contained 
nearly one-third (23 individuals) of this total. Based on the best available commercial and 
scientific information, overutilization does not represent a stressor to the wolverine in the 
contiguous United States. 
 
Status – Future Conditions  
 
The future timeframe evaluated in our analysis is approximately 40 to 50 years, which captures 
the range of time periods for proposed projects within the species’ range, as well as our best 
professional judgment of the projected future conditions related to trapping/harvesting, climate 
change, or other potential cumulative impacts. 
 
After considering the current conditions for the wolverine and its habitat, we describe here one 
circumstance that could potentially result in the most likely future conditions scenario:   

• Climate change effects (i.e., significantly elevated temperatures resulting in decline in 
snowpack) may modify suitable habitat, which could also change the scope of the 
wildland fire stressor. 
 

Based on our review of the best available information, we determined that there were no other 
scenarios that were likely to occur for this species. 
 
Climate Change Effects 
 
In this section, we consider climate changes that may affect environmental conditions that the 
wolverine relies on. As defined by the Intergovernmental Panel on Climate Change (IPCC), the 
term “climate” refers to the mean and variability of different types of weather conditions over 
time, with 30 years being a typical period for such measurements, although shorter or longer 
periods also may be used (IPCC 2013a, p. 1450). The term “climate change” thus refers to a 
change in the mean or the variability of relevant properties, which persists for an extended 
period, typically decades or longer, due to natural conditions (e.g., solar cycles) or human-caused 
changes in the composition of atmosphere or in land use (IPCC 2013a, p. 1,450).  
 
Scientific measurements spanning several decades demonstrate that changes in climate are 
occurring. In particular, warming of the climate system is unequivocal and many of the observed 
changes in the last 60 years are unprecedented over decades to millennia (IPCC 2013b, p. 4). The 
change in temperature reported in the Northern Hemisphere in recent history (past 150 years) at 
+0.6°C (1.08°F) is twice the change reported for the Southern Hemisphere (+0.3°C (0.54°F)) and 
there is much year-to-year variation (Post 2013, p. 4). With regard to precipitation over land, 
there has been a decline in global total annual precipitation, but the variability between years in 
total precipitation has increased since about the 1970s (Post 2013, p. 9). The Palmer Drought 
Severity Index (PDSI) compares the actual amount of precipitation received in an area during a 
certain time period with the normal or average amount expected during that same period 
(National Weather Service (NWS) 2015) and is generally used as a measure of water stress. 
Time series analysis of the PDSI indicates worsening persistent drought-like or drought-potential 
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conditions across the globe since 1980, a reflection of the influence of temperature on 
atmospheric dynamics (Post 2013, pp. 10–11).  
 
Comprehensive assessments of other observed and projected changes in climate and associated 
effects and risks, and the bases for them, are provided for global and regional scales in recent 
reports issued by the IPCC (2013c, 2014), and similar types of information for the United States 
and regions within it can be found in the National Climate Assessment (Melillo et al. 2014, 
entire). Results of scientific analyses presented by the IPCC show that most of the observed 
increase in global average temperature since the mid-20th century cannot be explained by natural 
variability in climate and is “extremely likely” (defined by the IPCC as 95 to 100 percent 
likelihood) due to the observed increase in greenhouse gas (GHG) concentrations in the 
atmosphere as a result of human activities, particularly carbon dioxide emissions from fossil fuel 
use (IPCC 2013b, p. 17 and related citations).   
 
Scientists use a variety of climate models, which include consideration of natural processes and 
variability, as well as various scenarios of potential levels and timing of GHG emissions, to 
evaluate the causes of changes already observed and to project future changes in temperature and 
other climate conditions. Model results yield very similar projections of average global warming 
until about 2030, and thereafter the magnitude and rate of warming vary through the end of the 
Ccentury depending on the assumptions about population levels, emissions of GHGs, and other 
factors that influence climate change. Thus, absent extremely rapid stabilization of GHGs at a 
global level, there is strong scientific support for projections that warming will continue through 
the 21st century, and that the magnitude and rate of change will be influenced substantially by 
human actions regarding GHG emissions (IPCC 2013b, 2014; entire).  
 
Global climate projections are informative, and, in some cases, the only or the best scientific 
information available. However, projected changes in climate and related impacts can vary 
substantially across and, as noted above, within different regions and hemispheres (e.g., IPCC 
2013c, 2014; entire) and within the United States (Melillo et al. 2014, entire). Therefore, we use 
“downscaled” projections when they are available and have been developed through appropriate 
scientific procedures, because such projections provide higher resolution information that is 
more relevant to spatial scales used for analyses of a given species (see Glick et al. 2011, pp. 58–
61, for a discussion of downscaling). We note here that multiple lines of evidence, not just 
projections derived from quantitative models, should be examined when conducting climate 
vulnerability assessments (Michalak et al. 2017, entire). Thus, we provide below projected 
effects from climate change in the western United States relative to both abiotic (e.g., 
temperature, precipitation, snow cover) and biotic (e.g., phenology, behavior) factors.  
 
Abiotic Factors 
 
California 
 
Regional temperature and precipitation observations for assessing climate change are often used 
as an indicator of how climate is changing. For evaluating climate trends in California, the 
Western Regional Climate Center (WRCC) has defined 11 climate regions (Abatzoglou et al. 
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2009, p. 1,535). The relevant region for our assessment is the north/north-central Sierra Nevada 
region (Tahoe National Forest) currently occupied by a male wolverine is the northeast region. 
 
Two indicators of temperature, the increase in mean temperature and the increase in maximum 
temperature, are important for evaluating trends in climate change in California. For the climate 
region that encompasses the Tahoe National Forest region, the 100-year linear trends provided 
by the WRCC indicate an increase in mean temperatures (Jan–Dec) of approximately 0.92°C/100 
yr (± 0.29°C/100 yr) (1.66°F ± 0.53°F/100 yr) since 1895 from present day; 1.55°C/100 yr (± 
0.67°C/100 yr ) (2.79°F ± 1.21°F/100 yr) since 1949 to present day; and 2.41°C/100 yr 
(±1.54°C/100 yr ) (4.33°F ± 2.78°F/100 yr) since 1975 to present day (WRCC 2017). Thus, the 
increase in mean temperature has not been constant—the rate of increase over the past 42 years 
in this region has been 2.6 times higher than the past 122 years. We assume the rate of 
temperature increase for this region is higher for the second and third time periods (since 1949 
and 1975, respectively) than for the first time period (since 1895) due to the increased use of 
fossil fuels in the later part of the 20th and early 21st century. 
 
Although these observed trends provide information as to how climate has changed in the past, 
climate models can be used to simulate and develop future climate projections. Pierce et al. 
(2013, entire) presented both state-wide and regional probabilistic estimates of temperature and 
precipitation changes for California (by the 2060s) using downscaled data from 16 global 
circulation models and 3 nested regional climate models. The study looked at a historical (1985–
1994) and a future (2060–2069) time period using the IPCC Special Report on Emission 
Scenarios A2 (Pierce et al. 2013, p. 841), which is an IPCC-defined scenario used for the IPCCs 
Third and Fourth Assessment reports, and is based on a global population growth scenario and 
economic conditions that result in a relatively high level of atmospheric GHGs by 2100 (IPCC 
2000, pp. 4–5; see Stocker et al. 2013, pp. 60–68, and Walsh et al. 2014, pp. 25–28, for 
discussions and comparisons of the prior and current IPCC approaches and outcomes). 
Importantly, the projections by Pierce et al. (2013, pp. 852–853) include daily distributions and 
natural internal climate variability.  
 
Simulations using these downscaling methods project an increase in yearly temperature for the 
area that encompasses the Tahoe National Forest (Sierra Nevada) ranging from 2.1°C (3.78°F) to 
3.2°C (5.76°F) by the 2060s time period (Pierce et al. 2013, p. 844), compared to 1985–1994. 
The simulations indicated a yearly upper temperature increase of 2.5°C (4.5°F) from 1985–1994 
to 2060–2069 (averaged across models) for this area, and an increase of 1.9°C (3.42°F ) for the 
December–February period (Pierce et al. 2013, p. 842).  
 
In California (Griffin and Anchukaitis 2014, p. 9020), beginning in 2012 and continuing into 
2016, California experienced a severe drought throughout most of the state. Although three year 
three-year droughts in California are not unusual when evaluated over the past 1000 years, the 
severity of these drought conditions during this period was demonstrated in the 2014 summer 
PDSI, which was estimated to be the lowest on record (1901–2014) (Williams et al. 2015, p. 
6,823). Griffin and Anchukaitis (2014, entire) investigated how unusual this drought event was in 
the context of the last millennium using blue oak (Quercus douglasii) tree ring data from four 
sampling sites (with additional tree sampling following the 2014 growth season). Their 
paleoclimate drought and precipitation reconstructions for Central and Southern California show 
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that, although the precipitation during this drought has not been anomalously low, it was not 
outside the range of variability (Griffin and Anchukaitis 2014, p. 9,017). However, the 2014 
drought was the worst single drought year of at least the last 1,200 years in California and the 
2012–2014 drought was the most severe of three consecutive drought years, based on three 
events found in the record for the last 1,200 years (Griffin and Anchukaitis 2014, pp. 9,020–
9,021). The study concluded that low precipitation combined with high temperatures was 
responsible for creating this worst short-term drought episode (Griffin and Anchukaitis 2014, pp. 
9,021–9,022). 
  
Williams et al. (2015, entire) recently estimated the anthropogenic contribution to California’s 
drought during 2012–2014. They found that the intensifying effect of high potential 
evapotranspiration on this drought event (measured by summer PDSI) was almost entirely the 
result of high temperatures (18–27 percent in 2012–2014; 20–26 percent in 2014) (Williams et 
al. 2015, p. 6,825). Another study evaluating the influence of temperature on the drought in 
water year 2014 in California found that, although the low level of precipitation was the 
primary driver for the drought conditions, temperature was an important factor in exacerbating 
the drought, noting that the water year 2014 was the third year of the multiyear drought event 
and therefore conditions were drier than normal at the beginning of the water year (Shukla et al. 
2015, p. 4,392).  
 
In sum, these projections indicate that increased temperatures are likely to occur in the Tahoe 
National Forest region by the 2060s due to the effects of climate change. 
 
Precipitation patterns can also be used as an indicator of potential climate change. We obtained 
yearly snowfall data for the Tahoe City station located in the northern Sierra Nevada region from 
the Western Regional Climate Center (https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758) since 
that dataset was the most complete for the area. We then conducted a nonparametric 
correlation test, the Mann-Kendall statistical test (Hipel and McLeod 1994, pp. 63–64, 856–
858), which is commonly used for analyzing climatic time series (e.g., Ahmad et al. 2015, 
entire), to evaluate trends in snowfall over time. This analysis was conducted using the R and 
R Studio software programs (Version 3.1.2; R Development Core Team, 2014) with the 
“Kendall” package (Version 2.2) (McLeod 2011). We found that annual snowfall amounts 
showed no statistically significant trend (increasing or decreasing) from 1909–2017 (tau = –
0.0289, two-sided p-value of 0.6705) for the Tahoe City station.  
 
State-wide and regional probabilistic estimates of precipitation changes for California were also 
evaluated by Pierce et al. (2013, entire). When averaged across all models and downscaling 
methods, a small annual mean decreases in precipitation were found for the Sierra Nevada region 
of California, but an increase in precipitation for the December through February period was also 
found (wetter winters) (Pierce et al. 2013, pp. 849, 855). However, there was significant 
disagreement across the models, with percent changes ranging from a12 percent decrease to a 9 
percent increase (Pierce et al. 2013, p. 851).   
 
Columbia River Basin Region  
 

https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758
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This region covers a large area within Washington, Oregon, and Idaho, and parts of British 
Columbia, Canada, and includes portions of the current range of the wolverine. Rupp et al. 
(2017, entire) used simulations from 35 Global Climate Models (GCMs) to provide projections 
of climate in the Columbia River Basin into the 2080s under two with two emissions scenarios 
Representative Concentration Pathways (RCP) (RCP 4.5, which represents moderate reduction in 
GHG emissions (“intermediate emissions”), and RCP 8.5, which represents a continued increase 
in GHG emission “high emission”). The results of their multi-model ensemble for the RCP 4.5 
scenario indicate mean annual temperature increases (above Bonneville Dam), above the 1970–
1999 baseline average, of 1.3°C (2.34°F) for the 2010–2039 period, 2.3°C (4.14°F) for the 2040–
2069 period, and 2.8°C (5.04°F), for the 2070–2099 future period (Rupp et al. 2017, p. 1,788). 
By season, the winter period (December–February) mean change result indicates an increase of 
1.1°C (2.52°F) for 2010–2039, 2.2°C (3.96°F) for 2040-2069, and 2.7°C (4.86°F) for 2070–
2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788).  
 
For the RCP 8.5 scenario, the multi-model ensemble projections indicate mean annual 
temperature increases, above the 1970–1999 baseline average, of 1.4°C (2.34°F) for the 2010–
2039 period, 3.1°C (5.58°F) for the 2040–2069 period, and 5.0°C (9.0°F), for the 2070–2099 
period (Rupp et al. 2017, p. 1,788). For the winter season (December–February) mean change 
increase of 1.4°C (2.34 °F) for 2010–2039, 2.9°C (5.22°F) for 2040-2069, and 4.7°C (8.46°F) for 
2070–2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788). The 
anthropogenic-forced change for these projections is higher than the annual variability; thus, by 
the year 2050, it is very unlikely that the temperature for this year or any year following during 
this century would be as low as the historical average (Rupp et al. 2017, p. 1,788). 
 
Precipitation projections were much less robust; the multi-model ensemble mean precipitation 
projections indicate an increase above baseline of up to 8 percent by 2099 for RCP 8.5 and 
slightly less for RCP 4.5 (Rupp et al. 2017, p. 1,788). When viewed seasonally, for the winter 
season, the ensemble projections indicate increases for all three future time periods for both the 
RCP 4.5 and RCP 8.5 scenarios (ranging from 3 to 14 percent) as compared to the baseline 
period (1970–1999) (Rupp et al. 2017, p. 1,788). The anthropogenic-forced change for these 
projections is lower than the annual variability; however, the authors indicate that years of 
anomalously low precipitation relative to baseline would be expected with high frequency 
throughout the 21st century (Rupp et al. 2017, p. 1,788). 
 
Sheehan et al. (2015, p. 20; Table 4) also found that, within three subregions of the Pacific 
Northwest, when compared to a historical baseline (1971–2000), all future climate projections 
(RCP scenarios 4.5 and 8.5; 2036–2066, 2071–2100) indicate a rise in both minimum and 
maximum monthly temperatures, and a generally positive change in mean annual precipitation, 
though the latter results varied across projections.  
 
Upper Snake River Basin 
 
The Upper Snake River Tribe Foundation and its Tribal members prepared a climate change 
vulnerability assessment for the Upper Snake River Watershed (Petersen et al. 2017, entire). The 
assessment the assessment covers large areas of southern Idaho and eastern Oregon, and small 
areas of northern Nevada, northern Utah, and western Wyoming (Petersen et al. 2017, p. 15). 
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Within three geographic/model domains of this larger region, downscaled climate projections 
were created from 20 GCMs run with two emissions scenarios (RCPs 4.5 and 8.5) and these 
outputs were then used to calculate potential future changes in temperature and precipitation 
(Petersen et al. 2017, pp. 15–16). The projections were analyzed in reference to a baseline period 
(1950-2005) for three future time periods—the 2030s (2020–2049), the 2050s (2040–2069), and 
the 2080s (2070–2099) (Petersen et al. 2017, p. 16). 
 
For temperature, their projections indicated an increase in average annual temperatures in both 
future emission scenarios and across all time periods. Under RCP 8.5 (high emissions scenario), 
the ensemble mean temperature increase was about 6.11°C (11ºF), and 2.78°C (5ºF) under the 
RCP 4.5 lower emissions scenario across all three geographic/model domains (Petersen et al. 
2017, Appendix A, p. 2). For the North and East domains (areas with greater topographical 
variability), there was some indication of a small increase in total annual precipitation by the end 
of the century, though there was less agreement among the models (Petersen et al. 2017, 
Appendix A, p. 2). 
 
For all geographic/model domains, the average temperature is projected to increase under both 
emissions scenarios for all seasons (Petersen et al. 2017, Appendix A, p. 2). For the winter 
months (December, January, February), for RCP 4.5, the average seasonal temperature is 
projected to increase by 3.89 to 5°C (7 to 9ºF) by the end of the century, and an increase of 
approximately 2.22 to 3.33°C (4 to 6ºF) for the other seasons (Petersen et al. 2017, Appendix A, 
pp. 2, 6). The winter season projections for RCP 8.5 add an additional 1.67 to 2.22°C (3 to 4ºF) 
by the end of the century (Petersen et al. 2017, Appendix A, pp. 2, 6).  
 
Rocky Mountain Region (Colorado) 
 
Lukas et al. (2014, entire) presented an assessment of observed and future projections of climate 
change effects for Colorado. They reported that, statewide, annual average temperatures have 
increased by 1.1°C (2.0°F) over the past 30 years, and 1.4°C (2.5°F) over the past 50 years 
(Lukas et al. 2014, p. 11). These warming trends have been observed in much of the State (Lukas 
et al. 2014, p. 11). They report no significant long-term trends in annual precipitation (30-, 50-, 
and 100-year trends) through 2012, but they indicate an observed trend towards more severe soil-
moisture drought conditions in Colorado, based on the PDSI, over the past 30 years (Lukas et al. 
2014, pp. 12, 21).  
 
This report also presents results from climate change modeling using an ensemble of CMIP5 
model projections, run with RCP 4.5 and 8.5 scenarios (Lukas et al. 2014; Section 5). The results 
indicate future warming in Colorado for all of the climate model projections (Lukas et al. 2014, 
p. 59). By 2050, for the RCP 4.5 (intermediate) emissions scenario, the statewide average annual 
temperatures are projected to increase by 1.4 to 2.8°C (2.5 to 5°F) (relative to a 1971–2000 
baseline), and increase by 1.9 to 3.6°C (3.5 to 6.5°F) under the RCP 8.5 (high) emissions 
scenario (Lukas et al. 2014, p. 59). For precipitation, they report that climate model projections 
show less agreement regarding future precipitation change for Colorado, but most projections 
indicate increasing winter precipitation by 2050 (Lukas et al. 2014, p. 59). 
 
Summary 
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Observed trends and future climate model projections indicate warming temperatures for much 
of the western United States. The degree of future warming varies by region and is dependent 
upon the future emission scenario used during the modeling process. Future precipitation trends 
are less certain for many regions, in part, due to naturally high, inter-annual variability; some 
regions are projected to experience greater winter precipitation. 
 
Biotic Factors 
 
In addition to evaluating changes in these abiotic factors, biotic interactions should be considered 
in evaluating species’ response to climate change (reviewed by Post 2013). Although abiotic 
changes drive ecological processes, the alterations in biotic interactions (e.g., competition among 
conspecifics, interactions with competitors, resources, and predators) represent the ecological 
responses that result from those changes (Post 2013, p 1). Changes in certain abiotic factors, such 
as snow and ice cover, should also be considered in an ecological context since they represent 
habitat for many species (Post 2013, p. 11). 
 
Ecological studies evaluating the effects of climate change often evaluate phenology, the timing 
of life history events and how they vary in space and time, generally at the population or site-
specific level, though phenological variation at the individual level may also be important (Post 
2013, p. 54). Previous meta-analyses of the rate of phenological advancement have suggested 
advances of between 2–5 days per decade, across taxa, and between low-mid to mid-high 
latitudes (Post 2013, p. 59). A more recent meta-analysis from Cohen et al. (2017, p. 4) found, 
on average, significant advancement in the phenology of animals since 1950, advancing by about 
2.88 days per decade and 3.08 days per degree Celsius.  
 
Within the Pacific Northwest region, Ford et al. (2016, (entire) modeled the timing of growth 
initiation in coast Douglas-fir trees (Pseudotsuga menziezii var. menziezii) within the species’ 
range in Washington and Oregon to evaluate its ability to track changes in climate with changes 
in phenology. This study found that, for high latitudes and elevations, growth initiation was 
predicted to occur earlier in the year, which allows trees to track the beginning of favorable 
growing conditions, without exposure to frost risk (i.e., adaptive phenological response) (Ford et 
al. 2016, pp. 3718, 3,721). Conversely, their model predicted that at lower latitudes and 
elevations, growth initiation will lag behind climate change shifts due to reduced chilling with 
lower productivity, which suggested that coast Douglas-fir has an obligate chilling requirement 
for height (but not diameter growth initiation) (Ford et al. 2016, pp. 3,717–3,719). 
 
Another study reported on the effects of encroachment of woody plants (willows (Salix sp.)) in 
alpine environments to alpine wildflowers and their pollinators due to temporal overlap in 
flowering phenology, which may result in establishment of plant species with broader 
environmental tolerance in high alpine ecosystems (Kettenbach et al. 2017, p. 6,969). Similarly, 
in Sweden, Wilson and Nilsson (2009, entire) reported on encroachment of woody vegetation in 
arctic-mountain habitat, though primarily at lower elevations in response to observed 
temperature increase of 2.0°C (3.6°F) over 20 years, though this increase in cover was observed 
primarily at lower elevations (Wilson and Nilsson 2009, p. 1,682). 
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A high-latitude, North American study evaluated the effect of weather and broad-scale climate 
variables and vegetation productivity on the timing of spring and fall migrations of migratory 
caribou herds in northern Québec and Labrador, Canada (Le Corre et al. 2017, entire). That 
study found that, since 2000, except for the spring arrival, migrations occurred earlier, and were 
affected by resource availability, likely through intraspecific competition factors (Le Corre et al. 
2017, p. 266).  
 
In addition to phenological changes related to habitat variables or reproduction patterns, the 
effects of climate change may affect food resources important to wolverine, either directly (e.g., 
survival) or indirectly (e.g., effects to their habitat). An early study by Wang et al. (2002, p. 217) 
projected a potential increase in ungulate populations in Rocky Mountain National Park 
(Colorado) under future climate scenarios due to enhanced survival and recruitment of juvenile 
animals in response to less severe winters. The authors note that their results should be 
interpreted qualitatively given the uncertainties in applying climate change scenarios based on 
global models to ecological systems at the local scale (Wang et al. 2002, p. 217). In addition, 
they report that vegetation response (e.g., succession) in response to climate change effects may 
result in changes to ungulate habitat (Wang et al. 2002, p. 219). Overall, the study concluded that 
their results were consistent with those reported in other studies that have evaluated the 
relationships between the effect of weather and density dependence and ungulate population 
dynamics (Wang et al. 2002, p. 219). 
 
Summary 
 
The results presented above indicate biotic effects resulting from climate change, varying from 
phenological changes to shifts in vegetation and vegetation succession. We are unaware of 
studies that have directly evaluated these types of effects to the North American wolverine or its 
habitat. 
 
Climate Change and Potential for Cumulative Effects  
 
Threats can work in concert with one another to cumulatively create conditions that may impact 
the wolverine or its habitat beyond the scope of each individual threat. Given an expected 
increase in temperature in the western United States, the best available information indicates 
that, if there are any cumulative impacts in the future, the most likely could be changes in 
snowpack from the combination of increased temperature and changes or from combination of 
wildland fire potential and snowpack. 
 
Snowpack/Snow Cover 
 
Upper Snake River Watershed (Pacific Northwest region) 
 
The Upper Snake River Tribal Foundation assessment (discussed above) included projected 
changes in snowpack for three locations in the Upper Snake River watershed, including areas 
locatedion within our estimated Current Range of the wolverine (from Climate Impacts Group 
Pacific Northwest (PNW) Hydroclimate Scenarios Project (2860); 
http://warm.atmos.washington.edu/2860/products/sites/). Model results, based on snow water 

http://warm.atmos.washington.edu/2860/products/sites/
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equivalent (SWE) (the water content of snowpack, expressed as depth), indicate a projected loss 
in April 1st snowpack of 36 percent for the 2030–2059 period and 64 percent for the 2070–2099 
period for the Salmon River at White Bird location (average of percent change across all models 
relative to the long-term average for 1916–2006 (“historical period”)). For the Snake River at 
Brownlee Dam location, the projected loss is 37 percent for the 2030–2059 period and 64 percent 
for the 2070–2099 period (summary presented in Petersen et al. 2017, p. 20). These projected 
changes were found to be consistent with overall changes projected for the Columbia River 
Basin snowpack in an earlier study. Hamlet et al. (2013, p. 404; Figure 7) found that, relative to 
the long-term average for 1916 to 2006, the April 1st snowpack in the Columbia River Basin is 
projected to decline by 29% for the 30-year period spanning 2030-2059 and decline by 52% for 
the period spanning 2070-2099 for the A1B emissions scenario. [Note: the A1B emission 
scenario represents a more balanced energy portfolio than RCP 8.5, with GHG emissions 
leveling off by the middle of the 21st century]. 
 
Sierra Nevada 
 
Walton et al. (2017, entire) developed snow cover projections for the Sierra Nevada region in 
California, incorporating snow albedo feedback using a hybrid downscaling approach to develop 
future climate projections. This feedback loop is known to be important for regional climate 
change (Thackeray and Fletcher 2016, p. 395) and occurs when warming causes snow pack to 
shrink at margins and the exposed ground absorbs more sunlight than snow, which enhances the 
warming, and resulting in more melting of snow (Walton et al. 2017, p. 1,417). This study (using 
3 km (1.86 mi) resolution) found that, by the end of the 21st century (2081–2100), warming and 
loss of snow cover is expected to occur, though the degree varies depending on the GHG 
scenario (Walton 2017, p. 1,430). Under the RCP 8.5 (high emissions) scenario, the study found 
that the total area covered by snow during the typical month of April decreases by 48 percent, as 
compared to historical average (1981–2000) (using ensemble mean) (Walton et al. 2017, p. 
1,432). Under the RCP 4.5 (moderate emissions) scenario, snow cover losses were projected at 
about half of those for RCP 8.5 (Walton et al. 2017, p. 1,434; Figure 13).Warming was more 
pronounced with elevation, and was most severe in May and June (Walton et al. 2017, p. 1,431; 
Figure 12). For the months of March and April, the highest elevations were found to have nearly 
complete snow covered (measured as snow covered fraction) for all GCM simulations (Walton et 
al. 2017, p. 1,431; Figure 12).  
 
Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks 
 
The effects of climate change on snow persistence has been suggested as an important negative 
impact on wolverine habitat and populations by the mid-21st century (McKelvey et al., 2011, 
entire). The Service therefore pursued a refined methodology to provide insights into the 
potential impacts of climate change on snow persistence. 
 
The Service engaged the National Oceanic and Atmospheric Administration (NOAA) 
laboratories and University of Colorado in Boulder, Colorado (CU) regarding their ability to 
evaluate and model fine scale persistence of snow in occupied and potential wolverine habitat in 
the contiguous United States. Those discussions revealed significant progress in fine scale 
modeling approaches since the early 2000s and the Service provided funding for an assessment 
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of snow extent and depth to assess the effects of climate on snow persistence in two areas of the 
western United States, Rocky Mountain and Glacier National Parks (Ray et al. 2017, entire). The 
primary objective of this study was to refine the spatial and temporal scale of snow modeling 
efforts and improve the scientific understanding of the extent of spring snow retention currently 
and into the future under a changing climate (Ray et al. 2017, p. 9). The objectives of the study 
included (Ray et al. 2017, p. 10): 
 

• Use of fine-scale models to analyze the topographic effects of snow, including slope and 
aspect (compass direction that slope faces)  

• Use of a range of plausible future climate change scenarios to assess snow persistence 
• Analysis of extremes and year-to-year variability by selecting representative wet, dry, 

and near normal years (using observed conditions) and then modeling changes for those 
base years under several future climate scenarios 

• Assessment of changes in snow persistence by elevation 
 
The study was designed to parallel as much as possible and thereby refine the previous 
assessment of snow cover persistence in the western United States presented in McKelvey et al. 
(2011). However, an exact replication of the McKelvey et al (2011) study was not possible given 
the time, funding, and computational constraints needed to develop a fine-scale assessment. The 
current study was limited to two study areas (approximately 1,500 to 3,000 km2 (579 to 1,158 
mi2) each) in the northern and southern Rocky Mountains (see Appendix H for maps). The two 
study areas were selected because they encompass the latitude and elevational range of 
wolverines within the contiguous United States. Glacier National Park (GLAC) is representative 
of a high latitude and relatively low elevation area currently occupied by wolverines. The Rocky 
Mountain National Park region (ROMO) is a lower latitude and higher elevation area within the 
wolverine’s historical range, which was recently occupied by a wolverine from 2009 to at least 
2012. 
 
Methods: We provide here a brief summary of the methods used in this study. Additional details 
are contained in the full report authored by Ray et al. (2017). The initial step of the analysis was 
a review of the observed climate and variability to provide context for trends and year-to-year 
variability. Next, historical snow cover extent and variability were analyzed using satellite 
remote sensing (MODIS) data from 2000 to 2016 to calculate a snow disappearance date for 
each year at each pixel. Summary statistics include total snow covered area (total area covered 
by snow), representation of snow pack by aspect (percent of land areas covered by snow for each 
of the 17 years in the historical record by topographic aspect based on compass direction that the 
slope faces), and elevation dependence for wet, near-normal, and dry years (with median of all 
years used as reference). Future snow pack projections were then generated using the Distributed 
Hydrology Soil Vegetation Model (DHSVM), for the historic period 1998-2013, and then 
validated against SNOTEL observing stations and MODIS satellite data.  

Both Ray et al. (2017) and McKelvey et al. (2011) used the delta method to estimate future snow 
persistence. The NOAA-DHSVM delta method uses historical observed weather (1998–2013) as 
the baseline and applies future changes in temperature and precipitation from the chosen GCMs 
(approximately Year 2055) to estimate future snow persistence on the landscape. Five future 
scenarios (GCMs) were selected from CMIP5 global climate model projections to capture 
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variability in temperature and precipitation, using the RCP 4.5 (moderate) and RCP 8.5 (high) 
emissions scenarios. Representative wet, near normal, and dry years were analyzed for the 
historical simulations and evaluated for the five future scenarios. The number of years (out of 16) 
with snow depth greater than 0.5 m (20 in) was also analyzed as was the change in Snowcovered 
Area (SCA) with depth greater than 0.5 m (20 in). This snow depth was selected based on an 
analysis of the snow depth at documented wolverine den sites in Glacier National Park (Ray et 
al. 2017; Table 5-2). Results were reported for “light snow cover” (snow depth greater than 1.25 
cm (0.5 in)) and “significant” snow (snow depth > 0.5 m (20 in)) for April 15, May 1, and May 
15 for previously defined representative years. The term “light snow cover” was incorporated as 
the most directly comparable parameter to McKelvey et al.’s “light” snow cover. The average 
change in SCA and SWE was analyzed as a function for both study areas of elevation and was 
overlaid with the elevations of documented wolverine den sites (2003–2007) in GLAC.  

Comparison with McKelvey et al. (2011): Although the methods used in this study have 
similarities with those presented in McKelvey et al. (2011), there are several key differences. 
Ray et al. (2017) used a finer spatial resolution model (DHSVM) than McKelvey et al. (2011) 
(0.0625 km2 vs. 35 km2) that incorporated slope and aspect. The grid cells represented in 
McKelvey et al. (2011) were assumed to be flat (i.e., north-facing slopes treated as identical to 
south-facing slopes). McKelvey et al. (2011) focused on May 1st snow depth as a proxy for May 
15th snow disappearance, while Ray et al. (2017) focused directly on May 15th snow 
disappearance and produced results for the presence or absence of deeper snow (nominally 
greater than or equal to 0.5 m (20 in) depth) on May 1st and April 15th.3 Because of the increased 
resolution of this study, Ray et al. (2017) was able to consider whether any pockets of snow with 
depth greater than 0.5 m (20 in) will persist in these areas. Additional comparisons are outlined 
below in Table 7 and in Ray et al. (2017, p. 6). 
 
Table 7. Comparison of Methods, Ray et al. (2017) vs. Copeland et al. (2010)/ McKelvey et al. 
(2011) 
 Ray et al. (2017) Copeland et al. (2010)  

and McKelvey et al. (2011) 
Spatial Resolution 250 m x 250 m = 62,500 m2 or 0.0625 km2  

(0.24 mi2) 
~5 km x 7 km = 35 km2  

(13.51 mi2) 
Geographic Area Glacier and Rocky Mountain National Parks, 

300 m below treeline and above 
Western United States, except 
California and Great Basin 

Topography Slope, aspect, and shading were used Slope and aspect were not used 
Validation SNOTEL (ground stations) and MODIS 

(satellite data) 
None 

Future Scenario 
Method 

Delta Method, used to project 2000-2013 
conditions out to Year 2055 

Delta Method (Years: 2045, 2085, 
2070-2099) 

Future Scenarios 
(GCMs) 

miroc, giss, fio, cnrm (both study areas); 
canesm (Glacier National Park only) 
hadgem2 (Rocky Mountain National Park only) 

Ensemble of 10 GCMs, pcm1, and 
miroc 3.2 

Time-related Results Long-term means and year-to-year variability 
(i.e., wet, near normal, and dry years)  

Changes in long-term mean snowpack 
only 

Snow Detection and Snow or no snow (1.25 cm (0.5 in) threshold), Snow or no snow (13 cm (5.12 in) 

                                                 
3 The NOAA/CU study originally focused on May 15th to compare to the McKelvey et al. (2011) study, and June 1st 
to bracket the snowmelt season. However, April 15 and April 30 dates were added to the evaluation of snowcovered 
areas to align with temporal reproductive patterns of the wolverine (see Life History section above).   
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Measurements snow depth (0.5 meter (20 in) threshold for 
"significant snow"), and snow water equivalent  

threshold) 

Number of Years of 
MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 
Snow Cover Dates 
Analyzed 

April 15, May 1, and May 15 May 1, May 15 (derived from May 1), 
May 29 (derived from May 1) 

 
Results: While there are challenges in comparing the results from McKelvey et al. (2011) 
directly to the NOAA/CU study due to differences in methodology and focus, the qualitative 
picture can be summarized as follows: projected warming has a larger effect at lower elevations 
whereas projected precipitation changes may dominate the springtime snowpack in the high 
country. We present below a summary of the main results from Ray et al. (2017). 
 
MODIS Observed Historic Snowpack Variability Analysis:   
 

● In GLAC, SCA varies considerably by year, including wet years such as 2011 with very 
persistent snow, years with strong melt in early May, such as 2012, or in late May (2009, 
2001), and dry years (2004, 2005) (Ray et al. 2017, Section 4.3).  

● Even in dry years, northeast-facing slopes in GLAC tend to hold more snow and melt 
later in the season.  

● More than 80 percent of the GLAC study area above approximately 2,000 m (6,562 ft) 
elevation on May 1 has snow cover during dry years, and more than 95 percent has snow 
cover above approximately 1,200 m (3,937 ft) during wet years.  

● In ROMO, the SCA also varies considerably by year. 
● The northwest-facing slopes in ROMO tend to hold more snow even during dry years. In 

very dry years, snow cover peaks at intermediate elevations, suggesting that the high-
altitude snowpack may be particularly vulnerable in this region under warm/dry 
conditions. 

 
Future Snowpack Projections: The area-wide SCA results include snow cover changes in both 
forested and above-treeline (alpine) terrain, which may have different implications for wolverine 
biology. 
 
Glacier National Park (GLAC): 
 

• Projections for April 15th, May 1st, and May 15th SCA and area with snow depth greater 
than 0.5 m (20 in) show declines on average in all scenarios, compared to the 2000–2013 
historic average, except for small increases in the Warm/Wet scenario and for almost all 
years.  

o For April 15th, light SCA area is reduced by 3 to 23 percent and significant snow 
cover (greater than 0.5 m (20 in)) declines by 7 to 44 percent.  

o For May 15th, light SCA is reduced by 10 to 36 percent, and the area with 
significant snow cover declines by 13 to 50 percent. 

• All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 m (20 in)). Areas with frequent availability (at least 14 out of 16 years) 
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of significant snow become concentrated in smaller high elevation areas. Lower elevation 
areas had the largest decreases in the number of years with significant snow cover.  

• Most of the known den sites are located between 1,800 m (5,906 ft) and 2,000 m (6,562 
ft) in GLAC. Below that elevation band, large snow losses are predicted (40 to 70 percent 
decrease for two of the scenarios, 16 to 20 percent for the other three). Above that 
elevation band, there is little change in SCA for four of the five scenarios (2 to 8 percent) 
except in maximum warming scenario (decline of 40 percent (Ray et al. 2017; Figure 5-
22). In the 1,800–2,000 m (5,906–6,562 ft) band, the snowpack change is sensitive to 
elevation and to the future climate scenario used. 

• For representative wet years, for May 15th, the higher elevations of the study areas 
experience only 2 to 7 percent loss of snowpack under the scenarios with “least” change 
and the “central” change, although for the dry years, losses range from 18 to 57 percent. 

o The implication is that the wet, cold climate of the GLAC study area could act as 
a “buffer” to change in areas with of 0.5 m (20 in) of deep snow on May 1st, at 
least for elevations above 1,800 m (5,906 ft). 

 
Rocky Mountain National Park (ROMO):  
 

• Projections of May 15th SCA in ROMO decline on average in all scenarios, except for 
small increases in the Warm/Wet scenario, and for almost all years. 

o For April 15th, light SCA (depth ≥ 5 mm (0.2 in)) declines by 3 to 18 percent and 
significant SCA (depth > 0.5 m (20 in)) changes from −1 to +16 percent for the 
five scenarios considered (compared to the 2000-2013 historical average).  

o For May 15th, the area with light snow cover declines 8 to 35 percent and the area 
with significant snow cover declines 6 to 38 percent. 

• All projections show declines in the number of years with significant snow. The areas 
with frequent availability (at least 14 out of 16 years) of significant snow (equal to or 
greater than 0.5 m (20 in)) become concentrated in smaller high elevation areas. In 
contrast, lower elevation areas had the largest decreases in the number of years with 
significant snow cover.  

• Although no dens have been documented in ROMO, the elevation band for denning, 
modeled by regression analysis, is estimated at 2,700 to 3,600 m (8,858 to 11,811 ft). On 
May 1st, modest declines in SWE of about 15 percent and less for areas at 3,400 m 
(11,155 ft) or above result in losses of only about 10 percent snow cover.  

o The implication is that the wet, cold climate of the higher parts of the ROMO 
study area could also act as a “buffer” to change in the area of 0.5 m (20 in) deep 
snow on May 1st.  

 
Elevation Dependence of Change: In general, and supported by the literature, the snowpack in 
the higher elevations of both areas is more responsive to precipitation change, while lower 
elevations are more responsive to temperature change. For GLAC, most of the observed den sites 
are located within the zone where temperature dominates the future effects of change. For the 
elevation of den sites in GLAC (i.e., above 1800 m (5,906 ft)), loss of SCA on May 1st spans the 
range of 5–40 percent, with a 70 percent decrease for the Hot/Wet (miroc GCM) scenario. Above 
2,200 m (7,218 ft), the losses are less than 5 percent for all but the Hot/Wet scenario.  
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Current results may be a reasonable estimate for the high mountain ranges within the Rockies 
that lie between GLAC and ROMO. However, without further study, we cannot reasonably 
extend these results to say whether or not snow refugia will persist in the Central Rockies below 
our study elevations (approximately 1,000 m (3,281 ft)). These lower elevations are where 
McKelvey et al. (2011) predicted the greatest losses in snowpack. The NOAA/CU results also 
cannot be extrapolated to mountain ranges outside of the Rockies (i.e. the Cascade Range) that 
have different climates (temperature and precipitation). We note here that we have no 
documented wolverine den sites in the contiguous United States below 1,500 m (4,921 ft) 
elevation; that is, no documented den locations in the areas where McKelvey et al. (2011) 
predicted the greatest loss in snowpack. 

 
Interpretation and additional analysis relative to wolverine den site scale: The Service was 
interested in exploring the question, “If snow cover is required for wolverine denning, will there 
be a sufficient amount of significant snow cover in the future in areas wolverines have 
historically used for denning in the contiguous United States?” The Service integrated future 
DHSVM projections (2000–2013 averages) of snow covered area (greater than 0.5 m (20 in) 
depth) on May 1st for GLAC and ROMO with new information obtained from a spatial analysis 
of documented den sites in the contiguous United States. This spatial analysis indicated 31 of 34 
documented den sites in the contiguous U.S. were located in areas with slope less than 25 
degrees. Avalanche risk increases significantly in areas with slope greater than 25 degrees (Scott 
2017; pers. comm.) and wolverines may avoid these areas for denning due to this risk.  
 
Using the projections prepared by Ray et al. (2017), we present in Figures 6 and 7 the spatial 
distribution of significant snow covered area with slopes less than 25 degrees and within the 
elevation bands indicated above for three future scenarios in each study area. The three scenarios 
for GLAC (miroc, cnrm, and giss) and for ROMO (hadgem2, fio, and giss) were chosen to span 
the range of GCM uncertainty regarding temperature and precipitation, and by extension 
significant SCA (see Figures 6a and 7a). We found that large portions of the study areas meet all 
three criteria— greater than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m 
(4,967–7,389 ft), and with a slope less than 25 degrees—across both study sites in the future.   
 
The GLAC miroc simulation shows the greatest decrease in future snow covered area in the 
elevation band historically used for denning (orange line in Figure 7a). Figure 6b shows the 
spatial distribution of significant SCA with slope less than 25 degrees and elevation of 1,514–
2,252 m (4,967–7,389 ft) for the miroc simulation on May 1st (approximately Year 2055). 
Approximately 494 km2 (191 mi2) of area meet the three criteria with an additional 803 km2 (310 
mi2) of area retaining significant snow covered area, primarily at higher elevations. Moreover, 
we determined that large tracts of significant SCA are projected in close proximity to 
documented historical den sites across all three scenarios (Figures 6b–6d). A shown in Table 8, 
wolverines would not have to travel far, or at all, relative to either distance or elevation to reach 
areas with significant snow covered area in the future.  
 
A similar analysis was performed for the ROMO study area and the results indicate that large 
portions of the study area meet all three criteria identified above. The hadgem2 (Figure 7b) and 
cnrm scenarios were found to have the greatest decrease in significant snow covered area of the 
five scenarios analyzed. Figure 7b (hadgem2 simulation) shows the spatial distribution of 
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significant SCA (greater than 0.5 m (20 in) depth), elevation of 2,700–3,600 m (8,858–11,811 
ft), and slopes less than 25 degrees where denning would be expected to occur. Total area 
meeting these three criteria was 339 km2 (131 mi2) (dark blue in Figure 7b), with an additional 
446 km2 (172 mi2) with snow depth greater than 0.5 m (20 in) (light blue in Figure 7b), mostly at 
higher elevations. Figures 7c (fio scenario) and Figure 7d (giss scenario) show a similar 
distribution, albeit larger areas of significant snow retention in the future (see map legends in 
Figures 7c and 7d for area estimates). 
 
Table 8. Distance of historical GLAC dens (Years 2003–2007) from projected significant snow 
covered area in the future (approximately Year 2055) (using 2000–2013 average). A 0 (zero) 
value indicates the den site location meets all three criteria in the future (greater than 0.5 m (20 
in) snow depth on May 1st, at elevation 1,514–2,252 m (4,967–7,389 ft), and with a slope less 
than 25 degrees).   
 

Den Site Elevation, m 
(ft) 

Distance from den site to nearest model cell, m (ft) 
GCM scenario 

miroc cnrm giss 
1 2,252 (7,389 ft) 0 0 0 
2 2,093 (6,867 ft) 0 0 0 
3 1,995 (6,545 ft) 0 0 0 
4 1,977 (6,486 ft) 210 (689 ft) 0 0 
5 1,973 (6,473 ft) 208 (682 ft) 0 0 
6 1,928 (6,326 ft) 0 0 0 
7 1,922 (6,306 ft) 9 (29.5 ft) 8 (26 ft) 8 (26 ft) 
8 1,912 (6,273 ft) 170 (558 ft) 0 0 
9 1,893 (6,211 ft) 110 (361 ft) 0 0 
10 1,851 (6,073 ft) 87 (285 ft) 0 0 
11 1,843 (6,047 ft) 74 (243 ft) 0 0 
12 1,823 (5,981 ft) 56 (184 ft) 0 0 
13 1,807 (5,929 ft) 0 0 0 
14 1,514 (4,967 ft) 574 (1,883 ft) 571(1,873 ft) 296 (971 ft) 
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Wildland Fire  
 
California 
 
Keeley and Syphard (2016, entire) analyzed fire-climate relationships to predict future fire 
regimes in California. Their review concluded that: (1) Climate is not a major determinant of fire 
activity across all landscapes; (2) hotter and drier conditions for areas at lower elevations and 
lower latitude were found to have little or no increase in fire activity as vegetation types in these 
regions are ignition limited; (3) increasing annual temperatures by themselves are not good 
predictors of increased fire activity; seasonality, especially spring and summer temperatures, are 
more important; and (4) fire-climate models need to be scaled to vegetation types; broad-scale 
models may produce over-predictions of the total increase in future fire regimes (Keeley and 
Syphard 2016, pp. 1, 10). Additionally, drought is a key factor in defining fire regimes and 
annual precipitation is the primary driver of drought variability (Williams et al. 2015, p. 6,819), 
but, at the present time, it is difficult to separate current droughts in California from natural 
cycles of drought (Keeley and Syphard 2016, p. 6). 
 
Pacific Northwest 
 
Sheehan et al. (2015, entire) used downscaled CMIP5 projections to model vegetation and fire 
changes, with and without fire suppression, within three subregions of the Pacific Northwest. 
RCP 4.5 and 8.5 emission scenarios were used for future climate projections. The resulting 
trends varied by geographic region. In the Western Northwest subregion (from the crest of the 
Cascade Mountains west), the mean fire interval (MFI) averaged over all climate projections 
decreased by up to 48 percent, an increase in annual percent area burned (PAB), and the 
predominant conifer forest is replaced by mixed forest under future climate under both RCP 
scenarios, with and without fire suppression; thus, climate, rather than fire was found to be the 
primary influence in this subregion (Sheehan et al. 2015, pp. 22–26). In the Eastern Northwest 
Mountains (ENWM) subregion (mountainous areas east of the Cascade Mountains), the MFI 
(averaged across all climate projections) decreased by up to 81 percent, there was a projected 
increase in mean annual PAB, and, while subalpine communities are projected to be lost, conifer 
forests were projected to continue to dominate this subregion (Sheehan et al. 2015, pp. 22–24). 
When modeled using a without fire suppression regime, the future projections for ENWM 
indicated a lower MFI and higher mean annual PAB as compared to the with fire suppression 
regime (Sheehan et al. 2015, p. 22; Table 5). However, the eastern portion of the ENWM 
subregion was found to show a differing response based on elevation; that is, higher elevations 
were found to have a higher MFI and a lower mean annual PAB during the 20th century as 
compared to lower elevations (Sheehan et al. 2015, p. 23). 
 
Gergel et al. (2017, entire) evaluated the effects of climate change on snowpack, and soil 
moisture and fuel moisture (fire potential) in the western United States. This study used a 
statistical downscaling approach, using an ensemble of 10 GCMs across several mountainous 
regions known to be occupied by wolverines, with a 6.25 km (3.88 mi) spatial resolution 
hydrologic model. The authors report significant declines in snowpack (measured as SWE) in all 
mountain ranges for all future scenarios (using RCPs 4.5 and 8.5) and GCMs (Gergel et al. 2017, 
p. 295).This study found that spring snowpack in mountains along the Pacific Coast is quite 
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sensitive to warmer temperatures, but in the continental mountain ranges (Northern and Southern 
Rocky Mountains) spring snowpack is more sensitive to changes in precipitation (Gergel et al. 
2017, p. 295). Differences were observed based on elevation (Gergel et al. 2017, p. 292). The 
study reported on future projected declines of summer soil moisture in forested areas (e.g., 
Northern Rockies) and the likelihood of increased risk of drought and therefore an increase in 
wildland fire risk for forested areas (e.g., Northern Rocky Mountains), though they recognize 
there is significant uncertainty in these future projections in high-elevation areas (Gergel et al. 
2017, pp. 295–296). 
 
Other Cumulative Effects 
 
Finally, we note here that the effects of climate change on snowpack are projected to negatively 
affect the season lengths for winter recreational activities, such as skiing and snowmobiling 
(Wobus et al. 2017, entire), thus, potentially reducing this stressor to the wolverine in the future. 
Wobus et al. (2017) modeled potential changes in snowpack at locations across the contiguous 
United States using output from five GCMs, two representative pathways (RCPs) that represent a 
future scenario with continued high emissions growth with limited efforts to reduce GHGs (RCP 
8.5) and a future scenario with global GHG mitigation (RCP 4.5), and two future time periods 
(2050 and 2090) (Wobus et al. 2017, pp. 2, 5). Although there was some inter-annual variability 
in 2050 for some model projections, in general, the Rocky Mountains and Sierra Nevada regions 
had smaller reductions in season length than other locations due to higher elevation, though for 
the RCP 8.5 scenario coupled with the 2090 future time period, the smallest projected reduction 
in season length was 15 percent (Wobus et al. 2017, p. 9). 
 
Summary of Future Conditions  
 
Models represent tools to describe basic physical and biological behaviors using the best 
available science, and, by presenting a range of plausible future outcomes, they can help generate 
hypotheses while also identifying knowledge gaps where greater accuracy is needed (Batchelet et 
al. 2016, p. 23). Detecting a species’ response to climate change in a single population, and 
sometimes multiple populations, may not always indicate the response throughout its range given 
the variation in annual mean surface temperatures over the past century (Post 2013, p. 5). In 
addition, inter-annual variability in temperature can be as important to a species’ ecological 
needs as the actual temperature itself (Post 2013, p. 7). 
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Precipitation patterns into the future are less clear as the climate models show 
significant disagreement in their many regional projections. Although drought conditions in the 
western United States are not unusual, drought duration and intensity have the potential to be 
exacerbated by projected temperature increases. Projected temperature and precipitation changes 
will affect future snow cover and the persistence of snow on the landscape. 
 
Snow cover is projected to decline in response to warming temperatures and changing 
precipitation patterns, but this varies by elevation, topography, and by geographic region. 
Simulations of natural snow accumulation at winter recreation locations have found that, overall, 
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higher elevation areas (e.g., Rocky Mountains, Sierra Nevada Mountains) are more resilient to 
projected changes in temperature and precipitation as compared to lower elevations (Wobus et 
al. 2017, p. 12). In general, models indicate higher elevations will retain more snow cover than 
lower elevations, particularly in early spring (April 30/May1).We present above results from 
several recent climate models projecting snowpack declines in the western United States. More 
specifically, we reviewed a new analysis from NOAA/CU that modeled future snow persistence 
for Glacier and Rocky Mountain National Parks (areas that encompass the latitudinal and 
elevational range of the wolverine in the contiguous United States) at high spatial resolution 
(Ray et al. 2017, entire). Their results indicate significant areas (several hundred square 
kilometers (miles) for each site) of future snow (greater than 0.5 m (20 in) in depth) will persist 
on May 1st at elevations currently used by wolverines for denning. This is true, on average, 
across the range of climate models used out to approximately Year 2055. 
 
Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, the key variables or combination of variables, that defined this relationship have not 
been empirically analyzed. As discussed above (Box 1.0), depth of snow cover and its duration 
increases with elevation; even minor elevation differences are noticeable (Formozov 1961, p. 
123). The spotty distribution of snow cover is also affected by unequal distribution of snow 
precipitation on slopes with different exposures, transport of snow by wind, melting of snow on 
sun-exposed slopes, avalanche or rolling down of snow from steeper areas, and vegetation 
(Formozov 1961, p. 123). In addition, very few studies to date have evaluated the importance of 
denning habitat to reproductive success, or the key physiological and ecological characteristics, 
including avoidance and/or protection from predators, prey availability, availability of caching 
habitat, that define denning behavior and den site selection.   
 
We also considered temperature and precipitation projections from climate change models in 
conjunction with wildland fire risk. This risk is likely to increase across the western United 
States, but patterns and trends are dependent on several factors (e.g., degree of warming and 
drought conditions, fuel and soil moisture) and geographic region. 
 
As described above (see Life History and Ecology section), across their North American range, 
wolverines are found in a number of habitats, and exhibit wide-ranging movements. In 
conjunction with behavioral responses (e.g., dispersal over great distances, prey switching), 
physiological adaptations, including observed seasonal changes in the insulative capacity of fur, 
allow wolverines to occupy a variety of habitats throughout the year. Physiological adaptations at 
the cellular and biochemical level are also important in adapting to projected increases in 
temperature due to climate changes, though we are unaware of studies evaluating these types of 
responses in wolverines. 
 
Risk Assessment or Viability Analysis 
NOTE: The structure presented in the following sections has been adopted in other SSA Reports 
in Region 8. If this needs to be revised, please let me know. 
Introduction 
 
In order to characterize a species’ viability and demographic risks, we consider the concepts of 
resilience, representation, and redundancy. We also consider known and potential stressors that Commented [HB20]: This section should address the 3 Rs as 

listed here. The only one I can see that is specifically addressed in 
resiliency. 
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may negatively impact the physical and biological features that the species needs for survival and 
reproduction. Stressors are expressed as risks to its demographic features such as abundance, 
population and spatial structure, and genetic or ecological diversity. We consider the level of 
impact a stressor may have on a species along with the consideration of demographic factors 
(e.g., whether a species has stable, increasing, or decreasing trends in abundance, population 
growth rates, diversity of populations, and loss or degradation of habitat). The following 
discussion provides a representation of the demographic risks for the wolverine. 
 
Abundance 
 
Accurate historical and current estimates of abundance are not available for the wolverine at the 
present time. As noted above, recent surveys (winter 2015, winter 2016-2017) conducted as part 
of an occupancy estimate in the western United States across four States recorded 85 
observations, including in locations where they have not been recently detected (e.g., south of 
Interstate 90 in Washington, Teton Mountain Range/Grand Teton National Park). At this time, 
the best available information does not indicate that the species’ abundance is significantly 
impacted by human-caused stressors. The best available information does not indicate either 
increasing or declining numbers of the wolverine in North America, including the contiguous 
United States.  
 
We recognize that there is limited information on population sizes for the wolverine in the 
contiguous United States, and no comprehensive studies to indicate what a viable (or minimal) 
wolverine population size should be across its North American range. Regardless, surveys 
conducted in the winter of 2016–2017 continue to document its presence across its range in the 
contiguous United States. Wolverine populations in Canada and Alaska are considered stable. 
Therefore, the total abundance across the wolverine’s North American range is not likely to be at 
or near a level that would significantly affect the species demographic stochasticity. 
 
Population or Spatial Structure Resiliency  
 
The geographical range limits of species result from a complex interactions including species-
specific physiological, phenological, and ecological characteristics, dispersal ability, and biotic 
interactions, as well as phylogenetic history (Bozinovic et al. 2011, p. 156).   
 
A recent evaluation of behavioral plasticity, as an adaptive response to climate change effects, 
was presented by Beever et al. (2017, entire) using the American pika (Ochotona princeps; 
pika), as a case study. As with the wolverine, this species is known to use several behavioral 
responses to variability in climate including changes in foraging strategies, use of habitat, and 
thermoregulation (Beever et al. 2017, p. 302). The pika was recently detected in heavily shaded 
rainforest habitat adjacent to talus patches at lower elevation (Columbia River Gorge) not typical 
of the talus-type habitats commonly used in many alpine areas of the western United States 
(Beever et al. 2017, p. 302). The authors suggest that, in the Columbia River Gorge region, this 
species is selecting microclimates in nearby shaded forests that provide insulation from warm 
summer temperatures (Beever et al. 2017, p. 302).This study also included results from a review 
of available literature related to behavior as a response to changing environmental conditions. 
They found that behavioral responses to climate change effects were most commonly observed 
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in longer-lived species, and the most common response, across all taxa, was a change in 
reproductive behavior, followed by dispersal or migration (Beever et al. 2017, p. 300). Most of 
the studies they evaluated identified temperature as the climate metric that was responsible for, 
or correlated with, changes in behavior; however, about 14 percent of the examined literature 
included responses to indirect (biotic) factors, such as changes in food resources (Beever et al. 
2017, p. 300).  
 
The authors also note that there are tradeoffs (e.g., reduction in time for foraging due to 
sheltering) that may impact long-term persistence and population viability (Beever et al. 2017, 
pp. 301–302), and the pika’s flexibility in habitat selection has not been observed in populations 
in the Great Basin (Beever et al. 2017, p. 302), where some populations have been extirpated 
(Beever et al. 2016, p. 1,498; Table 1). A recent study concluded that the pika has been 
extirpated from an interior portion of its geographic distribution in the Sierra Nevada region 
(California) due to climate effects (i.e., increase in temperature, decline in snowpack), and 
although sites surrounding this core area still harbor the species, the net effect has been 
fragmentation of habitat and species distribution (Stewart et al., 2017, entire).  
 
However, the pika continues to be found at sites that are outside of areas contained within 
bioclimatic envelop models (Jeffress et al. p. 253). Jeffress et al. (2017, entire) found previously 
undocumented extant populations of the American pika in a region of the Great Basin 
(northwestern Nevada) that has been described as extirpated. Relative to wolverine, the authors 
note that these results highlight the need for monitoring programs, particularly at remote and 
isolated locations, and the importance of evaluating occupancy at multiple scales (Jeffress et al. 
2017, p. 266). In addition, the study noted the inconsistency of modeled climate factors in 
explaining occupied/unoccupied sites, and the likely importance of the pika’s talus (micro) 
habitat as well as the scale in which environmental variables are examined (Jeffress et al. 2017, 
p, 264). Resilience of pika populations is therefore likely related to these types of landforms, 
which act to decouple surface temperatures, with the talus rock habitat providing cool refugia 
(Jeffress et al. 2017, pp. 253, 264–265), but additional microsite data is needed as well as 
analyses of physiological variables are needed to develop predictions of persistence (Jeffress et 
al. 2017, pp. 265-266). In sum, these studies indicate that small mammals exhibit adaptive 
responses to changing climate provided that refugia are available to support life history 
requirements. 
 
As indicated above, population size, growth rate, and current population trends are unknown for 
the wolverine due to the lack of abundance information. The range of the wolverine occurs 
within a large area of northern North America (see Figure 3). The most recent estimate for 
Canada indicates over 10,000 adult wolverines, and expansion into historically occupied areas in 
both Canada and the contiguous United States is occurring.  
 
We are unaware of studies of the wolverine that have formally evaluated the species’ responses 
(e.g., reproductive success) in response to warming temperatures or other climate change effects. 
As reported above, the best available information indicates confirmed observations of wolverines 
denning in areas with patchy snow cover in Alaska, Canada, and Scandinavia. Given their high 
rate of movement, large dispersal, and other observed life history traits (e.g., behavioral 
plasticity), we do not predict a significant loss of resiliency to the species. 
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Diversity 
 
As discussed above (Status–Future Conditions), both direct and cumulative effects of climate 
change (e.g., higher temperatures, loss of snow cover, wildland fire) may affect the resilience of 
the wolverine by creating an environment that is less favorable to its physiological and 
ecological needs. 
 
Currently, we are unaware of any documented specific risks for the wolverine related to a 
substantial change or loss of diversity in life history traits, population demographics, 
morphology, behavior, or genetic characteristics. Rates of dispersal or gene flow are not known 
to have changed. Additionally, there is no currently available information to indicate that the 
current abundance of the wolverine across its current range is at a level that is causing inbreeding 
depression or loss of genetic variation. Nor is there any information to indicate that this species 
is unable to adapt or adjust to changing conditions (e.g., reduction in snow cover). 
 
Overall Assessment 
 
The wolverine’s current range extends across the west-northwestern United States, large areas of 
Canada, and Alaska. In the contiguous United States, potentially suitable habitat (i.e., primary 
habitat), as determined by the physical and ecological features and the ecological needs of the 
wolverine, has been estimated at 164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). The 
species is found in a variety of habitats, but generally occurs in remote locations.  
 
In the contiguous United States, the structure of the wolverine population is represented as a 
metapopulation, although its genetic structure relative to its entire North American range has not 
been comprehensively evaluated. Wolverine populations in Alaska are considered to be 
continuous with populations in the Yukon and British Columbia provinces of Canada based on 
genetic studies (COSEWIC 2014, p. 37). Similarly, studies of wolverines in the North Cascades 
region have documented movement of wolverines from Washington into British Columbia 
(Aubry et al. 2016, pp. 16, 20). 
 
Based on our review of available relevant literature for similar species, we identified the physical 
and ecological needs of the species as follows: large territories in remote landscapes; at high 
elevation (1,800 to 3,500 meters (5,906 to 11,483 feet)) within the contiguous United States; 
access to a variety of food resources, that varies with seasons; and reproductive behavior linked 
to both temporal and physical features. 
 
We suspect Wwolverines select den sites for different characteristics depending on location. 
Dens located under snow cover may be related to wolverine distribution based on other life 
history traits, including morphological, demographic, and behavioral adaptations that allow them 
to successfully compete for food resources (Inman 2013, pers. comm.). Structure (e.g., uprooted 
trees, boulders and talus fields) appears to be essential for natal den sites. However, reproductive 
success of wolverines has not been evaluated relative to the depth and persistence of snow cover, 
or in combination with these or other important characteristics, including prey availability and 
predator avoidance. Recent studies of wolverine populations and distribution in Sweden have 

Commented [HB21]: See previous comment HB 15 related to 
this. 
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observed wolverine populations and reproductive den sites outside areas with persistent spring 
snow cover (Aronsson and Persson 2016; Persson 2017, pers. comm.). 
 
We identified several potential stressors that may be affecting the species’ and its habitat 
currently or in the future, including impacts associated with climate change effects. We 
recognize there is limited information available for the wolverine, including population estimates 
and abundance trends. Based on the best available information, demographic risks to the species 
from either known or most likely potential stressors (i.e., effects from roads, disturbance due to 
winter recreational activities, effects of wildland fire, and overutilization) are low based on our 
evaluation of the best available information as it applies to current and potential future conditions 
for the wolverine and in the context of the attributes that affect its viability.  
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). If spring snow is critical to wolverine survival, our review of projected snow 
persistence (to approximately Year 2055) within the Northern and Southern Rocky Mountains, 
indicates that several hundred kilometers (miles) of deep snow will persist on May 1st at 
elevations used by the wolverine for denning. 
 
Legal protections include State listing as threatened in California and Oregon (as threatened), 
endangered in Colorado (as endangered), as a candidate species in Washington, and protection as 
a non-game species in Idaho and Wyoming. In Canada, provincial designations range from 
endangered to threatened in eastern provinces, and sensitive/special concern to no ranking in 
other provinces.  Legal trapping or hunting of wolverines is currently prohibited in the 
contiguous United States.  Trapping effort along the United States–Canada border does not 
represent a significant barrier to wolverine movement and dispersal along the international 
border.   
 
Approximately 96 percent of modeled wolverine primary habitat is located on Federal lands, 
with 41 percent located in designated wilderness areas. Management actions for conservation of 
the wolverine and its habitat are included within State Wildlife Action Plans, the Idaho 
Wolverine Conservation Plan, and USDA Forest Service Land and Resource Management Plans 
(see Appendix G), and other Federal and Tribal partners. Various provisions of these plans , and 
include, but are not limited to, winter road closures, fire management, and land acquisition or 
conservation easements. These management measures, currently and in the future, will alleviate 
effects associated with impacts related to potential stressors discussed in this report.   
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Appendix A – Ecoregions of North American within Estimated Current Range of North 
American Wolverine 
(Adapted from EPA 2010)  
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Appendix B – Wolverine Detections, Winter 2016–2017 (as of July 2017)   
Source: Inman 2017b, pers. comm. 
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Appendix C – Recent Wolverine Detections, Idaho and Wyoming  
Sources: Dewey 2017, pers. comm.; Evans Mack 2017, pers. comm.; IDFG 2017; Walker 2017, pers. comm. 
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Appendix D – Land Ownership of Modeled Wolverine Primary Habitat in Contiguous United 
States 
(based on model from Inman et al. 2013) 

 
Ownership  
(% of total) 

Agency or other Entity Total  
(acres) 

Total 
(hectares) 

Federal Lands Bureau of Indian Affairs 453,866 183,673  
 Bureau of Land Management 498,977 201,929  
 Bureau of Reclamation 1,868 756  
 Forest Service 34,331,515 13,893,471  
 U.S. Fish and Wildlife Service 5,528 2,237  
 National Park Service 3,791,491 1,534,362  
 Other U.S. Department of Agriculture 13,312 5,387  
 Other Federal 0.05 0.02  
Total Federal  
 (96.4%) 

 39,096,557 15,821,815 

State Lands  
(0.68%) 

Arizona, California, Colorado, Idaho, 
Montana, Nevada, New Mexico, Oregon, 
Utah, Washington, Wyoming 

277,181 112,171 

Local 
Government 
(0.12%) 

 49,464 20,017 

Private Lands 
(2.63%) 

 1,064,858 430,933 

No Code (“99”) 
(0.15%) 

 60,380 24,435 

Undetermined 
(0.02%) 

 7,598 3,075 

Total (100%)  40,556,038 16,412,446 
 
Note: Numbers may not total to 100 percent due to rounding. 
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Appendix E – Results from Spatial Analysis of Roads within Current Range of Wolverine 
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Appendix F – Road Closure Map, Grand Teton National Park 
Retrieved from:  https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-
content/uploads/2015/11/GTNP-closure-map.pdf  
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Appendix G – Existing Regulatory Mechanisms and Voluntary Conservation Measures 
 
Federal Mechanisms 
 
Organic Administration Act of 1897 and the Multiple–Use, Sustained–Yield Act of 1960 
 
The USFS Organic Act of 1897 (16 U.S.C. § 475–482) established general guidelines for 
administration of timber on USFS lands, which was followed by the Multiple–Use, Sustained–
Yield Act (MUSY) of 1960 (16 U.S.C. § 528–531), which broadened the management of USFS 
lands to include outdoor recreation, range, watershed, and wildlife and fish purposes. 
 
National Forest Management Act 
 
The National Forest Management Act (NFMA) (16 U.S.C. § 1600 et seq.) requires the Forest 
Service to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. § 528–
531). The NFMA outlines the process for the development and revision of the land management 
plans and their guidelines and standards (16 U.S.C. § 1604(g)). 
 
A new National Forest System (NFS) land management planning rule (Planning Rule) was 
adopted by the U.S. Department of Agriculture Forest Service (Forest Service) in 2012 (77 FR 
21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision 
of land management plans for all units of the NFS to maintain and restore NFS land and water 
ecosystems while providing for ecosystem services and multiple uses. Land management plans 
(also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and 
resources; (2) meet the need for forest restoration and conservation, watershed protection, and 
species diversity and conservation; and (3) assist the Forest Service in providing a sustainable 
flow of benefits, services, and uses of NFS lands that provide jobs and contribute to the 
economic and social sustainability of communities (77 FR 21261, April 9, 2012). A land 
management plan does not authorize projects or activities, but projects and activities must be 
consistent with the plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of 
plant and animal communities including species-specific plan components in which a 
determination is made as to whether the plan provides the “ecological conditions necessary 
to…contribute to the recovery of federally listed threatened and endangered species…” (77 FR 
21265; April 9, 2012). 
 
The Record of Decision for the final Planning Rule was based on the analyses presented in the 
Final Programmatic Environmental Impact Statement, National Forest System Land 
Management Planning (77 FR 21162–21276; April 9, 2012), which was prepared in accordance 
with the requirements of the National Environmental Policy Act (NEPA) (discussed below). In 
addition, the NFMA requires land management plans to be developed in accordance with the 
procedural requirements of NEPA, with a similar effect as zoning requirements or regulations as 
these plans control activities on the national forests and are judicially enforceable until properly 
revised (Coggins et al. 2001, p. 720). 
 
A Species of Conservation Concern (SCC) is defined in the 2012 Planning Rule and in 
regulation (36 CFR 219.9(c)), as “a species, other than federally recognized threatened, 
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endangered, proposed, or candidate species, that is known to occur in the plan area and for which 
the regional forester has determined that the best available scientific information indicates 
substantial concern about the species' capability to persist over the long-term in the plan area.” 
The 2012 Planning Rule requires Regional Foresters to identify SCC for plan revision, and, when 
identified for a National Forest, monitoring plans are changed as needed (77 FR 21250, 21267; 
April 9, 2012). Wolverine is considered a SCC in the Rocky Mountain Region (Region 2). It is a 
considered a Sensitive Species in the Intermountain Region (Region 4) and Northern Region 
(Region 1). 
 
Within our estimated Current Range of the wolverine (see Figure 3), we identified 49 National 
Forests or Scenic Recreation Areas in the contiguous United States, and 2 within the State of 
Alaska. These areas are contained within 6 Forest Service Regions across the western United 
States and Alaska.  
 
National Forest Land Management Plans (Forest Plans) 
 
We reviewed several Forest Plans or related planning documents in an effort to describe how 
these plans provide conservation management for the wolverine and its habitat, including 
wildland fire management practices. The sections below are, in most cases, taken directly from 
relevant documents. However, this discussion is not intended to be inclusive of all NFS 
management strategies and activities across the entire Current Range of the wolverine in the 
contiguous United States. 
 
Sierra Nevada Forest Plan Implementation 
 
The 2004 Sierra Nevada Forest Plan Amendment (referred to as the Sierra Nevada Framework) 
amended the Land and Resource Management Plans (LRMP) for the eleven National Forests in 
the Sierra Nevada range to improve protection of old forests, wildlife habitats, watersheds and 
communities in the Sierra Nevada Mountains and Modoc Plateau. This amendment applies to the 
Tahoe National Forest, which has been occupied by a single male wolverine since at least 2008 
(Moriarty et al. 2009, p. 150). The emphasis of the 2004 Sierra Nevada Framework is to adopt an 
integrated strategy for vegetation management that is aggressive enough to reduce the risk of 
wildfire to communities in the wildland urban interface, while modifying fire behavior over the 
broader landscape. Direction is provided as management goals and strategies, desired conditions, 
management intents and objectives, and management standards and guidelines. The 2004 
Framework addressed five problem areas: old forest ecosystems and associated species; aquatic, 
riparian and meadow ecosystems and associated species; fire and fuels management; noxious 
weeds; and lower west side hardwood ecosystems (Forest Service 2013, p. 13).  
 
Kootenai National Forest 
 
The Kootenai National Forest is located in the northwest corner of Montana along the Canadian 
border and includes about 2.2 million acres of public land (Forest Service 2015, p. 7). The Forest 
Service published a Revised Land Management Plan for the Kootenai National Forest in 2015 
that identifies forestwide direction includes goals, desired conditions, objectives, standards, and 
guidelines for physical and biological elements including wildlife such as management activities 
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that promote connectivity and avoiding or minimizing disturbance at known active denning sites 
for sensitive, threatened, or endangered species not covered under other forestwide guidelines. It 
also outlines objectives and guidelines related to the use of fire to maintain or improve habitat 
and maintaining unlogged conditions in some portions of areas burned by wildfires for 5 years 
post-fire (Forest Service 2015, pp. 28–32).  
 
The Kootenai National Forest Land Management Plan also identifies proposed or possible 
actions for wildlife management that includes establishing and maintaining the vegetation 
diversity necessary to provide food, cover, and security for wildlife species native to the 
Kootenai National Forest in cooperation with federal, state, and other organizations. For 
wolverine, those management activities might include maintaining, managing, and protecting 
lands known or suspected to contribute to landscape linkages for wolverine (and other 
carnivores) in order to promote genetic dispersal and healthy populations (Forest Service 2015, 
p. 128). 
 
Beaverhead-Deerlodge National Forest 
 
The Beaverhead-Deerlodge National Forest covers 3.38 million acres in southwest Montana 
(Forest Service 2009, p. 2). The Beaverhead-Deerlodge National Forest Land and Resource 
Management Plan identifies goals, objectives, and standards for wildlife management (Forest 
Service 2009, pp. 45–49). Of relevance to the wolverine, wildlife security management goals 
include securing areas and connectivity for ungulates and large carnivores and managing the 
density of open motorized roads and trails by landscape region (Forest Service 2009, p. 45). 
Objectives include management of habitat conditions for elk security and winter habitat integrity 
for wolverine and mountain goat relative to changes in abundance of these Management 
Indicator Species (Forest Service 2009, p. 47). Monitoring elements are defined in the Land and 
Resource Management Plan that link goals and objectives to elements of the National 
Monitoring and Evaluation Framework (Forest Service 2009, pp. 273–280). For wildlife 
security, three performance measures relative to determine whether management activities are 
effectively protecting high elevation winter habitats for wolverines and mountain goats are 
defined: (1) presence or absence of wolverines in high elevation habitats, (2) populations of 
mountain goats (from Montana Fish Wildlife & Parks), and (3) number of snowmobile entries 
into non-motorized high elevation units protected for wolverines and mountain goats (Forest 
Service 2009, p. 277). In addition, in order to evaluate objectives related to road and trail 
densities, a performance measure related to changes in open motorized road and trail density for 
both seasons by landscape is included (Forest Service 2009, p. 277). 
 
The Forest Service is monitoring the Mount Jefferson Recommended Wilderness boundary for 
illegal snowmobile intrusions into the wolverine habitat closure; that is, illegal use will be 
monitored and recorded (number and distance of intrusions) during the period open to 
snowmobiles December 2 to May 15 and any other time of the year snow conditions make 
snowmobiling possible (Forest Service 2009, p. 277). A reassessment of the decision to allow 
snowmobile use will be triggered if: (1) illegal intrusions are documented throughout the closure 
period; (2) illegal intrusions into the closed area, or (3) illegal intrusions that extend as far as the 
Bureau of Land Management (BLM) Wilderness Study Area (Forest Service 2009, p. 277). 
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Flathead National Forest 
 
The Flathead National Forest is located in the northern Rocky Mountains in western Montana 
and includes approximately 2.4 million acres of public land (Forest Service 2016a, p. 3). This 
National Forest is surrounded by the Kootenai, Lewis and Clark, and Lolo National Forests, 
Glacier National Park, and Canada and includes large areas of designated wilderness (e.g., Bob 
Marshall Wilderness Complex, Mission Mountains Wilderness), Crown of the Continent 
Ecosystem, and wild and scenic river systems (Forest Service 2016a, pp. 3–4).  
 
A Draft Revised Forest Plan was prepared for the Flathead National Forest in 2016 (Forest 
Service 2016b, entire). The Draft Revised Forest Plan identifies components to guide future 
projects and activities and the plan monitoring program, though these components are not 
commitments or final decisions approving projects or activities (Forest Service 2016b, p. 3). 
These components include desired conditions, objectives, standards, guidelines, suitability, and 
monitoring questions and monitoring indicators (Forest Service 2016b, p. 3). [A desired 
condition is a description of specific social, economic, and/or ecological characteristics of the 
plan area, or a portion of the plan area, toward which management of the land and resources 
should be directed, while an objective a concise, measurable, and time-specific statement of a 
desired rate of progress toward a desired condition or conditions (Forest Service 2016b, p. 4). A 
standard is a mandatory constraint on project and activity decision making, established to help 
achieve or maintain the desired condition or conditions, and a guideline is a constraint on project 
and activity decision-making that allows for departure from its terms, and are established to help 
achieve or maintain a desired condition or conditions, to avoid or mitigate undesirable effects, or 
to meet applicable legal requirements (Forest Service 2016b, pp. 4–5).] 
 
Relative to wolverine, plan components for the revised forest plan include two guidelines that are 
protective of wolverine habitat; one that would protect modeled wolverine maternal denning 
habitat with respect to new projects or activity authorizations involving helicopter use and one 
that stipulates no net increase in the percentage of modeled wolverine maternal denning habitat 
where motorized over-snow vehicle use would be suitable on National Forest System lands. 
Additionally, as described in the Final EIS, management area allocations for Alternatives A, B 
modified and C include recommended wilderness areas that would add to existing wilderness. 
Desired conditions related to maintaining connectivity for wolverine and other wildlife are also 
identified within several geographic areas (Kuennen 2017, pers. comm.). 
 
Federal Land Policy and Management Act (FLPMA) of 1976 
 
FLMPA (43 U.S.C. 1711-1712) represents the BLM’s “organic act” for public lands 
management under the principles of multiple use and sustained yield. Its implementing 
regulations give BLM regulatory authority over activities for protection of the environment, 
including mining claims. Under FLPMA and BLM policy, public lands must be managed so as 
to protect the quality of scientific, scenic, historical, ecological, environmental, air and 
atmospheric, water resource, and archaeological values (BLM 2005, p. 1). 
 
Land Use and Resource Management Plans  
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BLM land use planning requirements are established by Sections 201 and 202 of FLMPA and 
regulations at 43 CFR 1600 (BLM 2005, p. 1). A Land Use Planning Handbook (BLM 2005, 
entire) provides guidance for implementing land use planning requirements established under 
FLMPA and implementing regulations. Land use plans prepared by BLM include resource 
management plans (RMPs) and management framework plans (BLM 2005, p. 1). The RMPs 
establish the basis for actions and approved uses on the public lands and are prepared for areas of 
public lands, called planning areas (BLM 2005, pp. 1, 14). These plans are periodically evaluated 
and revised in response to changed conditions and resource demands (BLM 2005, pp. 33–34).  
 
National Environmental Policy Act (NEPA) 
 
All Federal agencies are required to adhere to the NEPA of 1970 (42 U.S.C. 4321 et seq.) for 
projects they fund, authorize, or carry out. Prior to implementation of such projects with a 
Federal nexus, NEPA requires the agency to analyze the project for potential impacts to the 
human environment, including natural resources. The Council on Environmental Quality’s 
regulations for implementing NEPA state that agencies shall include a discussion on the 
environmental impacts of the various project alternatives (including the proposed action), any 
adverse environmental effects that cannot be avoided, and any irreversible or irretrievable 
commitments of resources involved (40 CFR part 1502). The public notice provisions of NEPA 
provide an opportunity for the Service and other interested parties to review proposed actions 
and provide recommendations to the implementing agency. NEPA does not impose substantive 
environmental obligations on Federal agencies—it merely prohibits an uninformed agency 
action. However, if an Environmental Impact Statement is prepared for an agency action, the 
agency must take a “hard look” at the consequences of this action and must consider all 
potentially significant environmental impacts. Federal agencies may include mitigation measures 
in the final Environmental Impact Statement as a result of the NEPA process that may help to 
conserve the wolverine and its habitat.   
 
Although NEPA requires full evaluation and disclosure of information regarding the effects of 
contemplated Federal actions on sensitive species and their habitats, it does not by itself regulate 
activities that might affect the wolverine; that is, effects to the subspecies and its habitat would 
receive the same scrutiny as other plant and wildlife resources during the NEPA process and 
associated analyses of a project’s potential impacts to the human environment. The Service 
receives notification letters for Draft and Final Environmental Impact Statements prepared by the 
Forest Service, BLM and other Federal agencies pursuant to NEPA for specific proposed 
projects including those within National Forests or National Parks, and preparation of Forest 
Service Land and Resource Management Plans, as discussed above.   
 
Wilderness Act 
 
The Wilderness Act of 1964 (16 U.S.C. 1131–1136) provides protection of habitat from most 
forms of development, though no single agency is responsible for administration of lands 
provided this designation, which are designated (or modified) by Congress. The Wilderness Act 
prohibits commercial enterprises and permanent roads within wilderness area and restricts 
temporary roads, motorized and mechanical transport, and structures, but does not prohibit all 
commercial uses (e.g., grazing). Within the portion of our estimated Current Range of the 
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wolverine in the contiguous United States and Alaska, approximately 15 percent is designated as 
wilderness areas under the Wilderness Act. We also evaluated wilderness contained within 
modeled wolverine primary habitat from Inman et al. (2013). We found 41 percent of this 
suitable habitat was designated as wilderness areas. 
 
State Mechanisms 
 
California  
 
As noted above, the wolverine is a threatened species under the California Endangered Species 
Act or CESA, which prohibits the take of any species of wildlife designated by the California 
Fish and Game Commission as endangered, threatened, or candidate species (CDFW 2017b). 
CDFW may authorize the take of any such species if certain conditions are met through the 
issuance of permits (e.g., Incidental Take Permits) (CDFW 2017b). The wolverine is also a 
Species of Greatest Conservation Need (SGCN) in the State’s Wildlife Action Plan4 and is a 
focal species of conservation strategies for conservation targets in the Southern Cascades and 
Sierra Nevada Ecoregions, and in the Mono Ecoregion of the Deserts Province section (Big 
Sagebrush Scrub (CDFW 2015, pp. 5.2-16, 5.4-23, 5.6-19). 
 
In 2011, the CDFW (formerly California Department of Fish and Game) prepared an 
assessment/briefing document, California Wolverine Population Augmentation Considerations, 
in response to a Feasibility Assessment and Implementation Plan for Population Augmentation of 
Wolverines in California (November 2010) submitted to the Department by the Institute for 
Wildlife Studies (California Department of Fish and Game, 2011). As of August 2017, no action 
has been taken by CDFW toward implementation of augmentation of wolverines in California. 
 
Oregon 
 
The wolverine has been listed as threatened species in Oregon since 1975, under the Oregon 
Endangered Species Act, and is fully protected under management authority of the ODFW 
(Anglin 2013, pers. comm.).  
 
A Conservation Strategy for conserving the State’s fish and wildlife has been prepared by the 
ODFW. The Conservation Strategy identifies 294 Strategy Species, which are Oregon’s SGCN, 
(including wolverine) and are defined as those species having small or declining populations, are 
at-risk, and/or are of management concern (ODFW 2016). For each of the Strategy Species, the 
Conservation Strategy identifies information on the special needs, limiting factors, data gaps, and 
conservation actions. For wolverine, conservation actions include management of recreational 
use to avoid impacts to the species (ODFW 2016). Other Strategy Species identified in the 

                                                 
4 The U.S. Congress created the State Wildlife Grant (SWG) funding program in 2000 (Title IX, Public Law 106-
553 and Title 1, Public Law 107-63). SWG funds are to be used "…for the planning and implementation of [States 
and territories] wildlife conservation and restoration program and wildlife conservation strategy, including wildlife 
conservation, wildlife conservation education, and wildlife-associated recreation projects.” Congress stipulated that 
each State or territory applying for this funding program must develop a wildlife conservation strategy (State 
Wildlife Action Plan (SWAP)) by October 1, 2005. All 56 states and territories submitted SWAPs by 2005 and 
made commitments to review and/or revise their SWAP at least every 10 years. 
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State’s Conservation Strategy are prey species important to wolverine, including the Rocky 
Mountain bighorn sheep and Columbian white-tailed deer (ODFW 2016). 
 
Washington 
 
The wolverine is a candidate species for listing in the State of Washington and, since 2006, the 
Washington Department of Fish and Wildlife (WDFW) has been collaborating with wolverine 
researchers in the Cascades of northern Washington and southern British Columbia to better 
understand the status, distribution, and general ecology of wolverines in this region (WDFW 
2013). It is also considered a SGCN, and is identified as a species whose population is in critical 
condition (WDFW 2013, p. 3-7). 
 
Washington’s State Wildlife Action Plan (updated in 2015) identifies several major conservation 
strategies to address the conservation of fish and wildlife habitat and biodiversity in Washington, 
on both public and private lands (WDFW 2015, pp. 2-12–2-28). The wolverine is included in 
several identified ecological systems of concern such as alpine scrub, forb meadow, and 
grassland vegetation, cliff, scree and rock vegetation, and temperate forests (WDFW 2015, pp. 4-
19, 4-27, 4-98). The State’s Wildlife Action Plan identifies major stressors and key actions 
needed to maintain habitat quality for each of these ecological systems. 
 
Of relevance to wolverine, the WDFW and its partners have been targeting land acquisition and 
conservation easements with high habitat or biodiversity values such as mixed-conifer forests as 
well as areas that support winter range and connectivity for wolverine and other carnivores (e.g., 
Methow River and Okanogan River Watersheds projects) (WDFW 2015, pp. 2-15–2-17). Other 
landscape conservation efforts highlighted in the State’s Wildlife Action Plan include a Federal-
State partnership with Washington’s Department of Transportation to implement the Interstate-
90 Snoqualmie Pass East Project to enhance wildlife connectivity that includes wildlife 
underpasses under the highway along creeks and rivers and two 150-foot wide wildlife bridges 
over the highway (WDFW 2015, p. 2-26). 
 
Idaho 
 
In Idaho, the wolverine is a protected nongame species and SGCN in Idaho (IDFG 2014). The 
Idaho State Wildlife Action Plan, 2015 is a statewide plan for conserving and managing Idaho’s 
fish and wildlife and their habitats, and provides a framework for conserving Idaho’s 205 SGCN 
and their habitats, which includes the wolverine, (IDFG 2017, pp. xv–xviii). The wolverine is 
identified as a Tier 1 SGCN, which indicates it represents a species of most critical conservation 
need (IDFG 2017, p. xvi). The statewide plan presents a species assessment for each SGCN and 
ecological section plans. Each of the ecological section plans presents a conservation target (e.g., 
habitat, species assemblage) that summarizes its viability as well as prioritized threats and 
strategies (IDFG 2017, p. xv). A section outlining species designation, planning, and monitoring 
is also provided. The wolverine is included in three of the defined conservation targets—forested 
lowlands, subalpine-high montane conifer forest, and low density forest carnivores (IDFG 2017, 
p. 76). Along with objectives and strategies, these summaries identify actions for the SGCNs 
included in the defined conservation targets. Examples include: develop and implement a long-
term multi-taxa monitoring program; determine high risk areas for wildlife crossings; construct 
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highway over- and underpasses; promote and/or facilitate the use of prescribed fire as a habitat 
restoration tool, on both public and private lands where appropriate; determine best management 
practices to maintain cool microsites and benefit cool air associated species; and implement 
strategies to minimize disturbance from winter recreation activities as outlined in the 
Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 (IDFG 2017, pp. 79, 
80, 91, 94, 110). 
 
The Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 (Management 
Plan) (IDFG 2014, entire) represents a framework for proactive efforts to ensure the long-term 
persistence and viability of wolverine populations in Idaho (IDFG 2016, pers. comm.). The 
Management Plan is described as a voluntary guidance document to lead conservation efforts at 
the State and local level, as well as to facilitate communication and collaboration efforts among 
wildlife and land managers (IDFG 2014, p. v). 
 
Conservation issues and management actions are described in the Management Plan and the 
appropriate section plans of the Idaho State Wildlife Action Plan. The recommended strategies 
include development of finer-scale climate projections, research regarding wolverine-snow 
relationships, characterizing wolverine response to recreational activities, developing predictions 
of the potential overlap of wolverine and high levels of snow-sports recreation, and educating 
trappers to minimize incidental trapping of nontarget species, including the wolverine (IDFG 
2014, pp. 32–39; IDFG 2017, p. 1058). Seven conservation and management objectives are 
outlined in the Management Plan (IDFG 2014, pp. 32–39) and, as outlined in a November 2016 
response letter, there has been progress on all of these objectives (IDFG 2016, pers. comm.). As 
an example, the agency (under the Multi-species Baseline Initiative) has developed and 
implemented a baseline micro-climate monitoring protocol for collecting environmental 
parameters in an effort to identify areas that serve as cool-air refugia (IDFG 2016, pers. comm.). 
As described above (Overutilization for Commercial, Recreational, Scientific, or Educational 
Purposes), the IDFG has prepared educational materials to promote best management practices 
for minimizing non-target wolverine captures and continues to educate trappers under legislative 
mandate passed in 2016 (State of Idaho House Bill 378) (IDFG 2016, pers. comm.).  
 
In addition, the management of prey species important to the wolverine diet are outlined in the 
Idaho Elk Management Plan 2014-2024 (IDFG 2014a), the Mule Deer Management Plan 2008-
2017 (IDFG 2008), and the Bighorn Sheep Management Plan (IDFG 2010). 
 
Montana 
 
In the State of Montana, the wolverine is classified as a furbearer and species of concern. Since 
2013, there has been a zero quota for trapping or harvest of wolverine and trappers that capture a 
wolverine must notify a designated Montana FWP employee within the relevant trapping district 
within 24 hours for collection if the animal cannot be released uninjured (Montana FWP 2016, 
pers. comm.).  
 
There are two broad-scale wildlife conservation efforts that provide conservation benefits to the 
wolverine. Montana’s State Wildlife Action Plan (updated and revised in 2015) identifies the 
wolverine as one of 128 SGCN (Montana FWP 2015, Appendix N). The State’s Wildlife Action 
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Plan identifies priority community types, focal Areas, and species to help informing Montana 
FWP’s priorities and decisions and to assist other agencies and organizations in making 
decisions as to where to focus their conservation efforts (Montana FWP 2015, p. 2). Community 
types and focal areas are designed to identify and direct attention to specific geographical areas 
in the State that have the greatest conservation need (Montana FWP 2015, p. 5). For the 
wolverine, Montana’s State Wildlife Action Plan identifies wolverine habitats in seven 
community types, all designate Tier I (or those with greatest conservation need), and in all focal 
areas (also Tier I) within those community types (Montana FWP 2016, pers. comm.). For each 
community type, impacts, threats, and corresponding conservation actions are identified, as well 
as specific impacts and threats such as habitat fragmentation (e.g., prioritize land acquisition, 
provide wildlife under- and overpasses), land management (e.g., management to address altered 
fire regimes), recreation (e.g., consider seasonal closures during breeding season), and climate 
change (e.g., collection of baseline data to document shifting range limits of SGCN and 
Community Types of Greatest Conservation Need) (Montana FWP 2015, pp. 59–63). 
 
The second conservation effort in the State of Montana is a Crucial Area Assessment to identify 
crucial areas and fish and wildlife corridors, and development of a Crucial Areas Planning 
System (URL: http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html). This 
is a Montana FWP mapping application and planning tool designed to assist in future planning of 
development and conservation (Montana FWP 2016, pers. comm.). 
 
The State of Montana is also conserving wildlife habitat through land acquisition and 
conservation easements (Montana FWP 2016, pers. comm.). In western Montana, including areas 
known to be occupied by the wolverine, 425 properties for a total 310,523 ha (767,320 ac) have 
been either acquired (e.g., State Parks, Wildlife Management Areas) or protected by conservation 
easements, as of November 2016, as shown in figure below (Montana FWP 2016, pers. comm.). 

 

http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html
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Wyoming 
 
The wolverine is a protected animal and SGCN in Wyoming (WGFD 2017). The Wyoming 
Game and Fish Department State Wildlife Action Plan directs the activities of the WGFD and 
serves as guide in conserving Wyoming’s SGCN through the combined efforts of government 
agencies, conservation organizations, academia, tribes, and others (WGFD 2017, p. I–1-1). As 
noted above, the wolverine is identified as a SGCN, a designation intended to identify species 
whose conservation status warrants increased management attention and funding, and 
consideration in conservation, land use, and development planning in the State (WGFD 2017, p. 
IV– i-1). The State Wildlife Action Plan incorporates the wolverine as a SGCN in several 
terrestrial habitat types or ecological systems, including cliffs, canyons, and rock outcrops, 
montane and subalpine forests, and mountain grasslands and alpine tundra (WGFD 2017, pp. III–
2-5, III–5-7, III–6-5).  
 
In 2015, Wyoming funded a pilot project (through The Wolverine Initiative) to evaluate 
wolverine detection and monitoring of the species in the State and is a contributing collaborator 
in the Multistate Wolverine Working Group implementing a monitoring strategy (the WSWCP) 
in the winter of 2016–2017 across four western states (WGFD 2017, p. IV–5-357). Results of 
those studies (e.g., Inman et al. 2015) are summarized above (Population Abundance and 
Distribution). The WSWCP is also updating and refining connectivity models for the wolverine 
in an effort to focus and prioritize habitat conservation and management (WGFD 2016, pers. 
comm.). 
 
Colorado 
 
The wolverine is a state-endangered species in Colorado (Colorado Parks and Wildlife 2015a); 
however, there is no known current resident or reproducing wolverine population.  
 
The Colorado State Action Plan (Colorado Parks and Wildlife 2015b) provides a blueprint for a 
collaborative effort to conserve Colorado’s at-risk wildlife and their habitats, with a primary goal 
for securing wildlife populations in order to avoid protections implemented via from so that they 
do not require protection via federal or state listing regulations (Colorado Parks and Wildlife 
2015b, p. 1). The wolverine is designated as a Tier 1 (highest conservation priority; up from Tier 
2) SGCN (Colorado Parks and Wildlife 2015, p. 19). The primary conservation action for 
wolverine described in the 2015 State Action Plan is to continue discussions among wildlife 
managers, conservation partners and stakeholders of the social and political aspects regarding 
reintroduction of wolverine populations into the southern Rocky Mountains (Colorado Parks and 
Wildlife 2015, p. 186). The State has not yet prepared a potential restoration program for the 
species (Broscheid 2016, pers. comm.). 
 
Other Conservation Mechanisms 
 
Tribes 
 
Nez Perce Tribe 
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Wolverines are found with the aboriginal territory of the Nez Perce Tribe in north-central Idaho, 
and conservation and restoration of the species within the Nez Perce homeland is important to 
the Nez Perce Tribe (Miles 2017, pers. comm.). The Nez Perce Tribe is currently preparing an 
Integrated Resource Management Plan (IRMP), a Plant and Wildlife Conservation Strategy, and 
a Forest Management plan with the wolverine defined as a species of conservation concern in all 
three draft plans (Miles 2017, pers. comm.). The planning area for the IRMP, which is being 
prepared in partnership with the Bureau of Indian Affairs, incorporates the approximately 
311,608 ha (770,000 ac) Nez Perce Reservation, located within portions of Nez Perce, Lewis, 
Clearwater, Latah, and Idaho Counties in north-central Idaho (http://www.nezperce.org/irmp/; 
accessed August 24, 2017). The preparation of the IRMP is currently at the scoping stage in the 
NEPA process for development of a Programmatic Environmental Impact Statement 
(http://www.nezperce.org/irmp/; accessed August 24, 2017). 
 
The Shoshone-Bannock Tribes 
 
The Shoshone-Bannock Tribes are currently conducting climate change modeling for the 
Northern Rocky Mountains as part of its preparation of a Climate Change Adaptation Plan 
(Edmo 2016, pers. comm.). The Upper Snake River Tribes Foundation (USRT), which is 
comprised of four member tribes—the Burns Paiute Tribe, Fort McDermitt Paiute-Shoshone 
Tribe, Shoshone-Bannock Tribes of the Fort Hall Reservation, and Shoshone-Paiute Tribes of the 
Duck Valley Reservation—within the Upper Snake River Watershed region, prepared a Climate 
Change Vulnerability Assessment in February 2017 (Petersen et al. 2017, entire). The assessment 
is the first of three steps the USRT and its member tribes plan activities over the next several 
years as part of a comprehensive climate change effort, and will include an Adaptation Plan 
(expected to be completed in 2017–2018), and, depending on future funding, a process for 
development of Implementing Adaptation Actions and Monitoring (Petersen et al. 2017, p. 7). 
 
 
 
  

http://www.nezperce.org/irmp/
http://www.nezperce.org/irmp/
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Appendix H–NOAA/CU Study Areas Used to Evaluate Future Snow Persistence  
(from Ray et al., 2017)   
 
Glacier National Park Study Area 
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Rocky Mountain National Park Study Area 

 
 



From: Grizzle, Betty
To: Shoemaker, Justin
Subject: Fwd: Question re population estimate for wolverine
Date: Friday, October 6, 2017 12:23:31 PM

Message from Alaska DFG regarding your comment on population estimate of wolverines in
Alaska.

---------- Forwarded message ----------
From: Parr, Brynn L (DFG) <brynn.parr@alaska.gov>
Date: Fri, Oct 6, 2017 at 11:09 AM
Subject: RE: Question re population estimate for wolverine
To: "Grizzle, Betty" <betty_grizzle@fws.gov>

Hi Betty,

 

Sorry for the tardy reply – I was waiting to hear back from some of our other staff who have more
knowledge on wolverines than I do. I am told that we have not yet developed a population estimate.
Also, we do prefer to use a density range of 5-10 wolverines per 1000 sq km.

 

If you have any other questions, please let me know.

 

Have a great weekend!
Brynn

 

From: Grizzle, Betty [mailto:betty_grizzle@fws.gov] 
Sent: Wednesday, October 04, 2017 7:16 AM
To: Parr, Brynn L (DFG)
Subject: Question re population estimate for wolverine

 

Hi Brynn - I am in the final stages of our status review for the North American wolverine and
have a quick question.  I received updated density estimates for wolverine in Alaska earlier
this year---about 10 per 1000 square kilometers (or 386 square miles), though this number is
lower in some areas (information from Howard Golden in an email forwarded to me).  Has
anyone developed a wolverine population estimate for the State based on this number?

 

Thanks for your time and give me a call if that's easier,

mailto:betty_grizzle@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:brynn.parr@alaska.gov
mailto:betty_grizzle@fws.gov
mailto:betty_grizzle@fws.gov


Betty

 

--

 

Betty J. Grizzle, D.Env.

Fish and Wildlife Biologist

U.S. Fish and Wildlife Service

Carlsbad Fish and Wildlife Office

2177 Salk Ave, Suite 250

Carlsbad, CA  92008

760-431-9440, ext. 215

760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

https://maps.google.com/?q=2177+Salk+Ave,+Suite+250%0D+%0D+%0D+Carlsbad,+CA+%C2%A092008&entry=gmail&source=g
https://maps.google.com/?q=2177+Salk+Ave,+Suite+250%0D+%0D+%0D+Carlsbad,+CA+%C2%A092008&entry=gmail&source=g


From: Snyder, Caitlin
To: Grizzle, Betty
Cc: Justin Shoemaker
Subject: Re: No Am Wolverine Draft SSA - for Core Team review ONLY
Date: Friday, October 6, 2017 11:14:32 AM
Attachments: 20170922_DRAFT Wolverine SSA Report_cs.docx

Hi Betty,

I apologize for the delay in getting comments to you.  I do have comments
(attached). Overall, this SSA report has a lot of very good information on wolverines. 
I am concerned that we do not seem to be consistent with what entity we are
evaluating within the SSA report.  The historical range focuses on the contiguous US,
whereas our current range looks at North America.  Some of the stressor discussions
include references to all of North America, whereas others focus on the lower 48.   I
also do not see a discussion of the individual/population/species level impacts or the
3Rs throughout the document.  Given that we are supposed to be using the SSA
framework, I'd encourage us to consider how we can incorporate that discussion
throughout the report.

One other note to consider, we have been given clear guidance that we are not to
write "Author's (1999) study says A, B, C.  Author C's study (2007) says X, Y, and Z"
in our Federal Register documents.  We are also trying to move away from this format
in our SSA reports.  The subject of the sentence should be the research, not the
researcher.  Just something to keep in mind, especially for summary sections within
the SSA report, which may be dropped into the FR notice.  I know from experience
that FR documents that have the author as a sentence subject will be sent back for
rewrites.   

Let me know if you have any questions once you've had a chance to read through my
comments.

Thanks,
Caitlin

 

Caitlin Snyder
Endangered Species Listing Program
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

On Fri, Sep 22, 2017 at 6:40 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Attached is the first draft of the North American wolverine SSA report (thanks to John and
Ed Turner for GIS support!). This draft is intended for review by Core Team members, but
if others in your office/Region are planning to review this initial draft, please send back to

mailto:caitlin_snyder@fws.gov
mailto:betty_grizzle@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:betty_grizzle@fws.gov


me one edited document from your office/Region.

I expect there will comments to sections to help clarify or correct the discussions presented.
Please provide specific suggestions, rather than commenting "not clear" or "rewrite."  A
careful review of summary sections would be particularly helpful.  Please try to focus your
review on larger content and context, and less on style/grammar or organization/format---it's
going to be challenging enough pulling together up to 10 versions of this draft in a week. 
Also, I may be missing a few citations in the references section, but I will go through those
next week.  

Finally, and most importantly, please send back your review to me by next COB Friday,
September 29, so we can stay on track for sending this out to partners and peer reviewers
by mid-October.

Thanks for your time.  Please contact me if you have specific questions.

[Justin - Please distribute this draft to RSOL in separate email message, if necessary]

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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Executive Summary 
 
The North American wolverine (Gulo gulo luscus; wolverine) is a medium-sized carnivore found 
across the west-northwestern contiguous United States, Alaska, and Canada. The most recent 
estimate of wolverine populations in the contiguous United States based on resource function 
modeling is 318 individuals, with a range from 249 to 949; however, systematic monitoring 
across the wolverine’s North American range has not been conducted given the difficulty in 
surveying this highly mobile species, and its occupation across large and remote areas. A multi-
state effort to determine wolverine occupancy in Montana, Idaho, and Washington was 
conducted in winter of 2016–2017 and in Wyoming for the winters of 2015 and 2016–2017. 
Results from this study are still being analyzed, but photographic detections of wolverines were 
found across all States, including areas where wolverines have not recently been observed. In 
Canada, the population is estimated to exceed 10,000 mature individuals and has been stable 
over the last two decades. Recent density estimates indicate no declining trend for wolverines in 
Alaska. Wolverine populations in Alaska are considered to be continuous with populations in the 
Yukon and British Columbia provinces of Canada. Wolverines that occupy the North Cascades 
region are known to move from Washington into British Columbia.  
 
Wolverines are highly mobile, capable of moving and dispersal over great distances over short 
periods of time. Wolverine populations are also characterized by naturally low densities in North 
America. The species is highly territorial, with very little overlap between same-sex adults. 
Wolverines occupy a variety of habitats, but are generally found in remote locations, away from 
human settlements. Wolverines consume a variety of food resources and seasonal switching of 
prey likely allows for adjustment for nutritional needs throughout their life history. As observed 
in other arctic mammals, wolverines have the ability to dissipate heat to balance the heat loss 
from 30°C to −40°C (86°F to −40°F), due in large part to vasodilatation and rise of skin 
temperature, and rapid and seasonal adjustments in fur insulation. Wolverines can also adapt to 
both cold and warm temperatures by movement and, relatedly, micro- and macro-habitat 
selection. Further, wolverines are not infrequently observed near and in lakes and other water 
bodies. 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., male 
mates with more than one female each year), delayed implantation (up to 6 months), a short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care. The 
reproductive behavior in wolverines is temporally adapted to take advantage of the availability of 
food resources, limited interspecific competition, and snow cover in the winter. 
 
Since the publication of the Service’s 2013 proposed rule to list the distinct population segment 
of the North American wolverine in the contiguous United States (78 FR 7863), many new 
wolverine studies have been published, which has added to our understanding of wolverine 
biology while also highlighting new insights into identifying key species’ needs and their 
interactions with both abiotic and biotic factors. In particular, wolverine populations and 
wolverine dens have been observed outside previously modeled projections. Our evaluation of 
snow cover at previously recorded natal den site locations in the western United States indicated 
that ‘melt-out’ dates at these locations extend well past the May 15 date used in persistent spring 
snow cover models. 
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Overall, the best available information indicates that within the contiguous United States the 
wolverine’s physical and ecological needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet)) within the contiguous United States;  
(2) access to a variety of food resources, that varies with seasons; and 
(3) reproductive behavior linked to both temporal and physical features. 

 
In this Species Status Assessment (SSA) Report, we provide a discussion of the ecological needs 
of the wolverine, its current conditions, and projected future conditions. We evaluate potential 
stressors to the species, with a particular focus on the impacts associated with projected effects of 
climate change.  
 
In our analysis, we applied the conservation biology principles of redundancy, resiliency, and 
representation (collectively known as the “3Rs”) to evaluate the current and projected future 
condition of the wolverine and its ability to sustain itself (as one or more populations) in the wild 
over time (Carroll et al. 2010, entire; Wolf et al. 2015, entire). This evaluation considers the 
unique demographic, distribution, and diversity characteristics unique to the species. After 
applying the framework of the 3Rs, we determined the following: 

(1) Redundancy: The wolverine occurs at across North America within a metapopulation 
structure. The best available information indicates that the species continues to 
expand into historical, previously occupied areas in the contiguous United States and 
Canada following decades of persecution. 

(2) Representation: The wolverine is currently found across the west-northwestern 
United States, much of Canada, and Alaska. The best available information indicates 
that the species is found across a wide range of habitats. Modeled primary habitat for 
the wolverine in the contiguous United States has been estimated at 164,125 square 
kilometers (km2) (63,369 square miles (mi2)). 

(3) Resiliency: The wolverine appears resilient within its North America range. The 
species exhibits physiological (e.g., seasonal changes in fur) and behavioral plasticity 
in its life history (e.g., reproduction, feeding, movement and use of habitat). 
Estimated population size and growth rates across its North American range are 
uncertain, but the best available information does not suggest that abundance is 
declining in North America, including the contiguous United States. The most 
significant stressor currently and in the future appears to be the effects of climate 
change, such as warming temperatures and loss of snowpack. However, based on the 
best available information, we have no indication that this species is unable to adapt 
or adjust to changing conditions. 

 
Demographic risks to the species from either known or most likely potential stressors (i.e., 
effects from roads, disturbance due to winter recreational activities, effects of wildland fire, and 
overutilization) are low based on our evaluation of the best available information as it applies to 
current and potential future conditions for the wolverine and in the context of the attributes that 
affect its viability. We analyzed the potential effects of climate change to wolverine habitat, 
including snow persistence in the Northern and Southern Rocky Mountains. The future 
timeframe evaluated in this analysis is approximately 40 to 50 years, which captures the range of 
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time periods for proposed projects within the species range, as well as our best professional 
judgment of the projected future conditions related to climate change, wildland fire conditions, 
or other potential cumulative impacts. While population information is lacking for this 
subspecies in some parts of its range, the best available information does not indicate that, winter 
recreational activities, infrastructure features, mortality from road crossings or trapping 
(authorized and incidental), currently and or in the future will result in a decline in the subspecies 
across its range. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). 
 
Legal protections include State listing in California and Oregon (as threatened), endangered in 
Colorado (as endangered), as a candidate species in Washington, and protection as a non-game 
species in Idaho and Wyoming. In Canada, provincial designations range from endangered to 
threatened in eastern provinces, and sensitive/special concern to no ranking in other provinces. 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
Trapping effort along the United States–Canada border does not represent a significant barrier to 
wolverine movement and dispersal along the international border.   
 
Approximately 96 percent of modeled wolverine primary habitat is located on Federal lands, 
with 41 percent located in designated wilderness areas. Management actions, including State 
Wildlife Action Plans, the Idaho Wolverine Conservation Plan, and USDA Forest Service Land 
and Resource Management Plans, and other Federal and Tribal partners, include winter road 
closures, fire management, land acquisition or conservation easements. 
 
Abbreviations and Acronyms Used 
 
ADF&G = Alaska Department of Fish and Game 
BLM = Bureau of Land Management 
°C = degrees Celsius 
CDFW = California Department of Fish and Wildlife 
CNDDB = California Natural Diversity Database 
COSEWIC = Committee on the Status of Endangered Wildlife in Canada  
cm = centimeter 
DNA = deoxyribonucleic acid 
EIS = Environmental Impact Statement 
EPA = U.S. Environmental Protection Agency 
°F = degrees Fahrenheit 
ft = feet 
GCMs = Global Climate Models 
GHG = Greenhouse gas 
GPS = Global Positioning System 
IDFG = Idaho Department of Fish and Game 
in = inch 
IPCC = Intergovernmental Panel on Climate Change 
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IUCN = International Union for Conservation of Nature and Natural Resources 
kg = kilogram 
km = kilometer 
lb = pound 
m = meter 
mi = mile 
MODIS = Moderate-Resolution Imaging Spectroradiometer 
Montana FWP = Montana Fish, Wildlife, & Parks 
NRC = National Research Council  
NRIS = Natural Resource Information System 
ODFW = Oregon Department of Fish and Wildlife 
RCPs = Representative Concentration Pathways 
Service = U.S. Fish and Wildlife Service 
SSA = Species Status Assessment 
SCA = Snow Covered Area 
SGCN = Species of Greatest Conservation Need 
SWCC = Southwestern Crown of the Continent  
SWE = Snow Water Equivalent 
WAFWA = Western Association of Fish and Wildlife Agencies 
WDFW = Washington Department of Fish and Wildlife 
WGFD = Wyoming Game and Fish Department 
WRCC = Western Regional Climate Center 
WSWCP = Western States Wolverine Conservation Project 
YBP = Years Before Present
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Introduction 
 
The wolverine (Gulo gulo) is the largest member of the Mustelidae family (weasels, mink, 
marten, and others) and resembles a small bear with a bushy tail (Hash 1987, p. 575). Wolverines 
have a Holarctic distribution that includes the northern portions of Europe, Asia, and North 
America. In North America, they are found in Alaska, parts of Canada, and the western-
northwestern United States. The wolverine is important to the culture of Native Americans and 
Aboriginal Peoples in North America, as is its conservation status in aboriginal territory 
(Cardinal 2004, p. iv; Edmo 2016; pers. comm.; Miles 2017, pers. comm.). 
   
Wolverines possess a number of morphological and physiological adaptations that allow them to 
travel long distances and they maintain large territories in remote areas (Pasitschniak-Arts and 
Larivière 1995, p. 6). They have been described as curious, intelligent, and playful, but cautious 
animals (e.g., Krott 1958, p. 241; Krott 1960, pp. 25–26; Magoun 1985, p. 94; Cardinal 2004, p. 
7–8; Woodford 2014; entire), though their social behavior and social organization has not been 
well-studied. 
 
During the late 1800s and early 1900s, the wolverine population declined or was extirpated in 
much of the conterminous United States (lower 48 States), which has been attributed to over-
trapping and habitat degradation (Hash 1987, p. 583). Similar range reductions and extirpations 
of some wolverine populations were observed in parts of Canada during this time period (van 
Zyll de Jong 1975, entire; Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC) 2014, p. iv), attributed largely to human exploitation and availability of food (e.g., 
decline in caribou (Rangifer tarandus)), not climate or habitat changes (van Zyll de Jong 1975, 
pp. 434, 436). Habitat loss (historical vs. current range) for the North American wolverine (i.e., 
Canada and United States) has been estimated at 37 percent (Laliberte and Ripple 2004, p. 126). 
Wolverine numbers have recovered to some extent from this steady decline; in the United States, 
wolverines are currently found in parts of Washington, Oregon, Idaho, Montana, Wyoming, and 
California, and, as recently as 2012 in Colorado and 2016 in Utah, though not all of these areas 
contain resident, reproductive populations.  
 
Species Status Assessment Methodology 
 
In preparing the Species Status Assessment (SSA) Report for the wolverine, we reviewed 
available reports and peer-reviewed literature, incorporated survey information, and contacted 
species experts to collect additional unpublished information for the North American subspecies, 
including Canada, Alaska, and Scandinavia. We identified uncertainties and data gaps in our 
assessment of the current and future status of the species. We also evaluated the appropriate 
analytical tools to address these gaps and conducted discussions with species experts and 
prepared updated maps of the known species’ range and denning areas across North America. In 
some instances, we used publications and other reports (primarily from Fenno-
scandinaviaScandinavia) of the Eurasian subspecies (Gulo gulo gulo) in completing this 
assessment.  
 
Importantly, we note here that, since the publication of the Service’s 2013 proposed listing rule, 
many new wolverine studies have been published, which has added to our understanding of 
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wolverine biology while also highlighting new insights into identifying key species’ needs and 
their interactions with both abiotic and biotic factors. This is particularly relevant for a difficult 
to study animal like the wolverine. 
 
Using the species, individual, and population needs identified for the wolverine and location 
results from surveys and studies, we conducted a geospatial analysis to estimate the species’ 
current range. We then evaluated this range and previous estimates of potentially suitable habitat 
in the west-northwestern United States to assess the species’ current conditions. Our future 
condition analysis includes the potential conditions that the species or its habitat may face, that 
is, the most probable scenario if those conditions are realized in the future. This most probable 
scenario includes consideration of the sources that have the potential to most likely impact the 
species at the population or rangewide scales in the future, including potential cumulative 
impacts. Potential future impacts associated with climate change (probabilistic estimates for 
temperature and precipitation) were based on climate model projections downscaled, including a 
detailed study of two regions in the western United States (Glacier National Park and Rocky 
Mountain National Park).   
 
For the purpose of this assessment, we generally define viability as the ability of the species to 
sustain locations in its natural ecosystem beyond a biologically meaningful timeframe, in this 
case, approximately 40 to 50 years. We chose this timeframe because it is within the range of the 
available modeling efforts related to climate change. We believe this is a reasonable timeframe 
to consider as it would include several generations of the species for observing effects to the 
species.   
 
Using the SSA framework (Figure 1), we consider 
what the species needs to maintain viability by 
characterizing the status of the species in terms of 
resiliency, redundancy, and representation (Wolf et 
al. 2015, entire). 
 

• Resiliency is having sufficiently large 
populations for the species to withstand 
stochastic events (arising from random 
factors). We can measure resiliency based on 
metrics of population health; for example, 
birth versus death rates and population size. 
Resilient populations are better able to 
withstand disturbances such as random 
fluctuations in birth rates (demographic 
stochasticity), variations in rainfall 
(environmental stochasticity), or the effects 
of anthropogenic activities. 

• Redundancy is having a sufficient number of populations for the species to withstand 
catastrophic events (such as a rare destructive natural event or episode involving many 
populations). Redundancy is about spreading the risk and can be measured through the 
duplication and distribution of populations across the range of the species. The greater the 

 
 
Figure 1.  Species Status Assessment 
Framework. 
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number of populations a species has distributed over a larger landscape, the better it can 
withstand catastrophic events. 

• Representation is having the breadth of genetic makeup of the species to adapt to 
changing environmental conditions. Representation can be measured through the genetic 
diversity within and among populations and the ecological diversity (also called 
environmental variation or diversity) of populations across the species’ range. The more 
representation, or diversity, a species has, the more it is capable of adapting to changes 
(natural or human caused) in its environment. In the absence of species-specific genetic 
and ecological diversity information, we evaluate representation based on the extent and 
variability of habitat characteristics within the geographical range. 
 

Species Description 
 
Taxonomy 
 
The taxonomic relationship between North American and Eurasian wolverines has been a 
debated topic (Pasitschniak-Arts and Larivière 1995, p. 1). Most authorities consider all 
wolverines to belong to a single species, Gulo gulo (Rausch 1953, p. 114; Kurten and Rausch 
1959, p. 19; Wozencraft 2008 [in Wilson and Reeder’s Mammal Species of the World, online 
publication]). Some also further consider the New World and Old World wolverines to be two 
subspecies, Gulo gulo luscus and G. g. gulo, respectively, based on morphological 
measurements. Degerbøl (1935, pp. 35–43) noted slight color differences and very slight, if any, 
cranium differences, based on 10 North American (Hudson Bay) specimens examined, and 
regarded the North American and Old World wolverines as conspecific, but identified two 
subspecies. This reference also cites Coues (1877, in litt.), who, based on observations of a slight 
similar cranium difference, had posited that the wolverines of the Old World and New World 
were the same species (Degerbøl 1935, p. 35).  
 
Ellerman and Morrison-Scott’s (1951, p. 251; 1966, p. 251) Checklist of Paleoarctic and Indian 
Mammals (1st and 2nd editions) identified one species of wolverine, but listed several subspecies. 
Rausch (1953, entire) compared various measurements from 1 wolverine skull collected from the 
northern Ural Mountains to 41 Alaskan skulls and reported “no appreciable differences,” noting 
the highly variable skull characteristics for the Alaskan specimens. Krott (1960, p. 20) stated that 
his examination did not reveal distinct differences between Old World and New World 
wolverines, and that pelt size and quality were not distinguishable. However, using biometric 
measurements of both newly collected and previous published cranial measurements (e.g., 
Degerbøl 1935; Rausch 1953), Kurtén and Rausch (1959, p. 19) reported that the North 
American and European (Fennoscandian) wolverine were significantly different in a several 
quantitative characters related to the size and shape of the skull size and teeth size. They 
concluded that the two wolverine populations represented two distinct subspecies, but were the 
same species, Gulo gulo.  
 
The International Union for Conservation of Nature and Natural Resources (IUCN) states that 
“Most recent accounts [citing Jones et al. 1992, Pasitschniak-Arts and Larivière 1995, 
Wozencraft 2005] treat luscus as a subspecies of Gulo gulo, following Degerbøl (1935) and 
Kurtén and Rausch (1959)” (Abramov 2016, p. 1). A review of these cited references revealed 
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the following. Jones et al. (1992, p. 17) only considers Gulo gulo. Pasitschniak-Arts and 
Larivière (1995, p. 1) state there are differences in the taxonomic treatment, and that, while Gulo 
gulo is now considered by most to be the extant species, others (including the above-cited Kurtén 
and Rausch (1959) and Rausch (1953)) have considered two subspecies. The Wozencraft (2005) 
citation is from Wilson and Reeder’s previous 2005 publication, which was updated as of 2008. 
That account lists several “offspring” of Gulo gulo, but does not provide citations for the 
subspecies identified there, and at least two of those listed are not considered to be subspecific 
entities (e.g., G. g. vancouverensis and G. g. luteus (see Banci 1982, p. ii; Banci 1994, p. 104)). 
Finally, the COSEWIC Assessment and Status Report on the Wolverine (Gulo gulo) in Canada 
indicated that taxonomists recognize only a single subspecies (Gulo gulo luscus) in North 
America or consider G. gulo as single Holarctic taxon (COSEWIC 2014, p. 4). 
 
Genetic analyses for the North American wolverine populations have primarily focused on 
genetic structure and variation of wolverine populations or subpopulations (see Kyle and 
Strobeck 2001; Kyle and Strobeck 2002; Zourgis et al. 2012, Zourgis et al. 2013). However, 
Frances (2008, pp. 20–21) assessment of wolverine spatial genetic structure and demographic 
history (using mitochondrial DNA) indicated incomplete lineage sorting between North 
American and Eurasian populations, though comprehensive sampling has not been conducted for 
some areas (e.g., eastern Asia). Tomasik and Cook (2005, entire) also concluded that reciprocal 
monophyly (i.e., distinct species) had not been attained between Eurasian and North American 
wolverine populations. Until additional studies are published, including robust genetic analyses 
in conjunction with additional sampling, the Service recognizes the North American wolverine 
as G. g. luscus. 
 
Physical Appearance 
 
Detailed descriptions of the wolverine are described in Novikov (1962, pp. 196–202), Hash 
(1987, p. 575), Pasitschniak-Arts and Larivière (1995, pp. 1–2), and Wilson (1983, pp. 644–646), 
among others. Key distinguishing features are summarized here. 
 
Wolverines are a medium-sized (about 1 meter (m) (3.3 feet (ft)) in length) carnivore, with a 
large head, broad forehead, and short neck (Pasitschniak-Arts and Larivière 1995, p. 1). Males 
are larger than females (Hall 1981, p. 1,007; Banci 1987, p. 35). Wolverines have heavy 
musculature and relatively short legs, and large feet with strong, curved claws for digging and 
climbing (Hash 1987, p. 575). Their feet are well-adapted for travel through deep snow and, 
during the winter, dense, stiff, bristle-type hairs are found between the toes and around the foot 
pad (Grinnell et al. 1937, pp. 265–266; Hash 1987, p. 575); this characteristic becomes 
diminished in the summer (Hash 1987, p. 575).  
 
Adult wolverines are sexually dimorphic, with females weighing from 7 to 13 kilogram (kg) 
(15.4 to 29 pounds (lbs)) and males weighing between 10 to 18 kg (22 to 40 lbs) (North 
America) (Rausch and Pearson 1972, p. 264; Magoun 1985, pp. 19–21; Banci 1994, p. 99; 
Copeland 1996, p. 20; Cardinal 2004, p. 8; Lofroth 2001, p. 11; Inman 2013, pers. comm.; 
Magoun 2013, pers. comm.; Aubry et al. 2016, pp. 17–18). The skulls of wolverine are large and 
heavy, and the strong jaw structure allows animals to feed on frozen flesh and crush bone 
(Haglund 1966, p. 269; Hash 1987, p. 575). Some geographic variation and sexual differences in 
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skull morphology have been reported (Pasitschniak-Arts and Larivière 1995, p. 2). Wolverines 
have small, wide-set eyes, and are reported to have excellent hearing (Grinnell et al. 1937, p. 
265; Krott 1960, p. 25; Bevanger 1992, p. 8).  
 
Wolverine fur is short, thick, and uniform in thickness on the head and becomes longer towards 
rear of the body (Hash 1987, p. 1). The coat consists of dense, woolly underfur (2-3 centimeters 
(cm) (0.8-1.2 inches (in) long) and coarse, stiff guard hairs, 6-10 cm (2.4-4 in) in length (Hash 
1987, p. 1). The rich glossy coat can vary from medium brown to black (Banci 1994, p. 99; 
Pasitschniak-Arts and Larivière 1995, p. 1). Seasonal and individual variation in pelt color has 
been described (Degerbøl 1935, pp. 38–42; Grinnell et al. 1937, p. 252). In general, the head, tail 
and legs are darker than the face the upper body pale buff stripe (Pasitschniak-Arts and Larivière 
1995, p. 1), which extends from the nape of the neck, along the sides of the body, to the base of 
the bushy tail (Banci 1994, p. 99). White or orange patches are commonly found on the throat or 
chest (Pasitschniak-Arts and Larivière 1995, p. 1; Magoun et al. 2008, p. 24; Figure 14). The 
unique property of wolverine fur to shed frost (Hardy 1948, p. 330; Quick 1952, pp. 492–493), 
along with its rarity, has made wolverine pelts valuable for trade (Hash 1987, p. 575). 
 
 
Various accounts state that wolverines have a strong sense of smell (Grinnell et al. 1937, p. 265; 
Bevanger 1992, p. 8) that allows them to locate carrion from great distances (Hornocker and 
Hash 1981, p. 1,297; in litt Bevanger 1992, p. 8, citing Røskaft 1990; Copeland 1996, p. 100; 
Cardinal 2004, p. 8); however, experiments with young wolverines indicated a poor sense of 
smell, and that wolverines may locate food (areas where previously located or cached) based on 
their memory skills (Magoun 2013, pers. comm.) or learning abilities (e.g., Krott 1958, p. 241).  
 
Scent-marking is used by mammalian carnivores for chemical communication (Hutchings and 
White 2000, p. 160). For wolverines, this behavior commonly includes urination (e.g., trees, 
stumps, snow) (Copeland 1996, p. 115; Magoun 1985, p. 105), but also includes scat, and 
scratches and bites on trees (Haglund 1966, pp. 225, 277; Copeland 1996, p. 115). Scent rubbing 
(see review by Rieger 1979) of the ventral (abdomen/stomach) area) and anal rubbing have also 
been observed in wolverines (Pulliainen and Oyaskainen 1975, pp. 268–269; Rieger 1979, p. 22, 
in litt Goethe 1964; Magoun 1985, p. 105). Scent marking by wolverines may also be an 
important chemical communication signal for potential wolverine prey. Field experiments 
conducted by Sullivan et al. (1985, pp. 928, 930) and Sullivan (1986, p. 388) found that black-
tailed deer (Odocoileus hemionus columbianus) and snowshoe hares (Lepus americanus) avoided 
feeding on seedlings that were marked with wolverine urine. 
 
Wolverine fur is short, thick, and uniform in thickness on the head and becomes longer towards 
rear of the body (Hash 1987, p. 1). The coat consists of dense, woolly underfur (2-3 centimeters 
(cm) (0.8-1.2 inches (in) long) and coarse, stiff guard hairs, 6-10 cm (2.4-4 in) in length (Hash 
1987, p. 1). The rich glossy coat can vary from medium brown to black (Banci 1994, p. 99; 
Pasitschniak-Arts and Larivière 1995, p. 1). Seasonal and individual variation in pelt color has 
been described (Degerbøl 1935, pp. 38–42; Grinnell et al. 1937, p. 252). In general, the head, tail 
and legs are darker than the face the upper body pale buff stripe (Pasitschniak-Arts and Larivière 
1995, p. 1), which extends from the nape of the neck, along the sides of the body, to the base of 
the bushy tail (Banci 1994, p. 99). White or orange patches are commonly found on the throat or 
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chest (Pasitschniak-Arts and Larivière 1995, p. 1; Magoun et al. 2008, p. 24; Figure 14). The 
unique property of wolverine fur to shed frost (Hardy 1948, p. 330; Quick 1952, pp. 492–493), 
along with its rarity, has made wolverine pelts valuable for trade (Hash 1987, p. 575). 
 
Life History and Ecology 
 
In this section we provide a summary of the individual and population needs (collective, species 
needs), including its life history, physiology and behavior, resource functions necessary for each 
life stage (i.e., breeding, feeding, sheltering, dispersal), demographic information (abundance 
and distribution) and ecological setting. 
 
Overview 
 
Wolverines are active year-round and have been considered as primarily nocturnal (Iversen 
1972b, p. 319; Pasitschniak-Arts and Larivière 1995, p. 7, and references cited therein). Krott 
(1958, p. 168; 1960, p. 25) described periods of 3-4 hours of activity followed by 3-4 hours of 
sleep for wolverines in Scandinavia, a pattern also observed in Idaho (Copeland 1996, p. 77). 
The Folk et al. (1977, entire) study of body temperatures of caged wolverines, along with direct 
observations of animals obtained from Alaska and Sweden and previous studied animals 
(Alaska), suggested that wolverines were a day-active species, being very active in the morning, 
with periods of sleep during the night, a pattern that persisted in both winter and summer (Folk et 
al. 1977, p. 233). However, McCue et al. (2007, pp. 98–99) suggest that crepuscular activity 
(period just after dawn and just before sunset) may be a more accurate description for wolverine 
behavior. Others have remarked that wolverines exhibit a plasticity in their behavior (i.e., 
different behavior under different conditions) (Krott 1960, p. 26), a result attributed, in part, to 
their being a scavenging carnivore covering large areas (Stewart et al. 2016, pp. 1,495, 1,497). 
Several aspects of this plasticity can be found within our descriptions below of wolverine life 
history traits.  
 
Wolverines are wide-ranging animals and known for traveling great distances in a short period of 
time (Krott 1960, p. 21; Gardner 1986, p. 603; Woodford 2014, entire ). This is due, in part, to 
their unique body structure. As described by Krott (1960, p. 20), they are “lumbrosacrally 
overbuilt” with heavy musculature and legs that are acutely angled when walking. Wolverine 
gait is characterized as either a 2X pattern (when patterns of two footprints repeat), used 
primarily in deep snow, and the more common 3X lopes (patterns of three footprints), for 
covering long distances over more compacted snow (Halfpenny et al. 1995, p. 104). The latter is 
described as a bouncing gait where all four feet may leave the ground at the same time 
(Halfpenny et al. 1995, p. 104).  
 
As noted in our Species Description section above, in winter, the dense hairs on the foot pad and 
its body structure supports a low foot load, which has been estimated at 22 gram/cm2 (Knorre 
1959, p. 26) and 27–35 gram/cm2 (Novikov 1962, pp. 22–23 (citing Dulkeit 1953)). This foot 
loading is believed to provide an advantage for wolverines preying on ungulates and other large 
mammals whose movements become restricted in deep snow (Knorre 1959, p. 26; Formozov 
1963, pp. 40–41; van Zyll de Jong 1975, p. 435; Banci 1994, p. 113). However, Wright and 
Ernst’s (2004a, pp. 58–59) study of wolverines in boreal forest habitat in Canada present a 
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differing interpretation of the wolverine foot adaptation based on tracking wolverines in snow 
over three winters. They observed that wolverines in their study area continuously selected for a 
path of least snow cover, where practicable, and only traveled in upland areas (Wright and Ernst 
2004a, p. 59). They concluded that the low foot load is advantageous when snow crusts form, 
but, in deep snow, wolverines shift to an inefficient walking gait, which increases energy 
demand (Wright and Ernst 2004a, p. 59). They hypothesized that traveling in deep snow during 
winter in search of food may increase the risk of starvation due to the greater energy expenditure 
(Wright and Ernst 2004a, p. 59). 
 
Physiology 
 
The wolverine is a snow-adapted, cold climate animal in its physiology, morphology (cf. Telfer 
and Kelsall 1984, p. 1,830), behavior, and habits. Formozov (1961, p. 65) considered the 
wolverine to be one of several “chioneuphores,” or those vertebrates who tolerate snow but have 
no special adaptations; however, wolverines could also be considered as a “chionphile” or those 
animals with adaptations (e.g., increased surface area on feet, pelt characteristics) (see definitions 
in Pruitt 1959, p. 172; Cathcart 2014, p. 22).  
 
In general, mustelids weighing more than 1 kilogram (kg) (2.2 pounds (lbs)) have a basal 
metabolism (defined as the minimum metabolic rate for maintaining a comfortable warm 
temperature; Irving 1972, p. 121) that is about 20 percent higher than other mammals (Iverson 
1972a, p. 343). For the wolverine, Young et al. (2012, p. 222) estimated a basal metabolic rate 
for a 15 kg (33 lbs) adult at 669.4 kcal/day, using Iverson’s derived equation [Metabolic rate 
(M)=84.6*Weight (W, in kg)(0.78) ± 0.15] (Iverson 1972a, p. 343).  
 
Iverson’s (1972b, pp. 320–321; Figure 4) experimental studies found that during their first 2½ 
months, the basal metabolic rate for young wolverines was substantially higher than rates 
reported for other mammals (W1.41 vs. W1.0), then declined after 3 months, and declined again 
after 8 months. Because the early period coincides with weaning, Wilson (1983, p. 646) 
suggested that the observed peak may be related to changes in food consumed as well as 
improved thermoregulation since the mother is leaving the young for longer periods of time.  
 
Energy expenditure during pregnancy is relatively low for mustelids (Oftedal and Gittleman 
1989, p. 374); however, energy requirements for lactation in mammals can be over 4 to 7 times 
basal metabolic rates (Allen and Ullrey 2004, p. 478). Thus, estimates of energetic requirements 
(e.g., less than 1 kg prey/day annually) may be too low to support reproductive activity (Young 
et al. 2012, p. 226). Wolverines are known to consume a variety of food resources and seasonal 
switching of prey likely allows for adjustment for nutritional needs throughout their life history 
(cf. Krebs et al. 2007, p. 2,187 (Canada); Koskela et al. 2013a, pp. 103–104 (Finland); Yates and 
Copeland in prep (Montana)). Additional details on diet and feeding behavior for wolverines are 
provided below.  
 
Relatedly, Casey et al. (1979, p. 335) evaluated metabolic and respiratory responses of eight 
terrestrial Arctic mammals to ambient temperature during summer months. For wolverines, they 
found that the frequency of respiration was generally constant (15-20 per minute), but their tidal 
volume (air moved per breath) increased nearly constantly with decreasing ambient temperature, 
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unlike Canada lynx (Lynx canadiensis), which is similar in body mass (Casey et al. 1979, p. 
335). The researchers inferred that the increased ventilation of wolverines at low ambient 
temperatures was the result of an increased energy metabolism (Casey et al. 1979, p. 336).  
 
Thermal neutrality (or thermoneutrality) is the temperature range at which resting metabolism 
is at minimum (Barnett and Mount 1967, p. 468) and animals produce heat at a minimum rate in 
a thermal neutral environment (Barnett and Mount 1967, p. 413). For a resting mammal at 
thermal neutrality, body temperature is primarily maintained by “physical thermoregulation,” 
that is, control of circulation in the skin and by sweating (Barnett and Mount 1967, p. 413). The 
body temperature of wolverine (measured by an implanted temperature transducer) at 
thermoneutrality has been reported at 38°C (100.4°F) (Folk et al; 1977, p. 231; Casey et al. 
1979, pp. 332–333). The critical temperature is the point at which the metabolic rate starts to 
rise; thus, animals with lower critical temperatures are able to better conserve their energy 
expenditure (Barnett and Mount 1967, p. 413). Studies of arctic mammals defined a zone of 
thermoneutrality in Eskimo dogs (Canis lupus familiaris) and Arctic foxes (Vulpes lagopus) that 
extended to at least −40°C (−40°F), with an estimated critical temperature between −45°C 
(−49°F) and −50°C (−58°F) (Scholander et al. 1950a, p. 254).  
 
Iverson 1972b (p. 322) concluded that arctic mammals, including wolverine, Arctic fox, and 
wolf (Canis lupus), have a threshold of thermoneutrality of  between −30°C to −40°C (–22°F to 
–40°F) (citing studies by Scholander et al. (1950b) and Hart (1956)). Casey et al. (1979, p. 340) 
estimated a critical temperature for wolverine (14 kg (31 lb)) in summer pelage of 5°C (41°F) 
based on an observed increase in oxygen update at air temperatures below this temperature. For 
comparison, measurements of metabolic rates for the red fox (Vulpes vulpes alascensis) (Alaska) 
observed critical temperatures of 8°C (46°F) in summer (Irving et al. 1955, p. 184). Thus, these 
arctic mammals therefore have the ability to dissipate heat to balance the heat loss from 30°C to 
−40°C (86°F to −40°F), due in large part to vasodilatation and rise of skin temperature 
(Scholander et al. 1950a, p. 251). 
 
Arctic mammals, particularly small mammals, also adapt behaviorally to cold temperatures by 
creating burrows and building nest sites under the snow. Wolverines are known to dig holes in 
snow for shelter (Pruitt 2005, p. 120), and wolverine reproductive den sites located under deep 
snow may provide a thermoneutrality advantage for newborn cubs (Magoun and Copeland 1998, 
p. 1,313). This topic is discussed in more detail below under Use of Dens and Denning Behavior.  
 
Wolverines can also adapt to both cold and warm temperatures by movement and, relatedly, 
micro- and macro-habitat selection. Wolverines are not infrequently observed near and in lakes 
and other water bodies and are good swimmers, easily crossing lakes and rivers (Seton 1909, p. 
950; Krott 1960, p. 23; Magoun 2017, pers. comm.). They likely use these areas more frequently 
during warmer months both for cooling and hydration, or possibly for hygienic reasons (Krott 
1960, p. 23).  
 
Changes in endocrine (hormone) function can also represent a physiological adaptation to cold 
by acting on organs to generate energy (Barnett and Mount 1967, p. 428). The best available 
information does not indicate that these functions have been evaluated in wolverines. However, 
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one veterinarian reported an enlarged thyroid in a wolverine during a necropsy procedure 
(Copeland 2017, pers. comm.), which is suggestive of a high metabolism.  
 
In addition to these physiological processes, rapid and seasonal adjustments of fur insulation 
provide an additional mechanism for mammals to overcome large seasonal changes in 
temperature (Casey et al. 1979, p. 340) and have been described for wolverine and other 
mammals in Alaska by Henshaw (1970, p. 522). The seasonal increase in fur depth for captive 
wolverines was reported to be 65 percent (Henshaw 1970, p. 522). That study identified a metric 
termed seasonal insulative advantage (or SIA) as a measure of the degree to which insulative 
compensation changes seasonally in response to ambient temperature (Henshaw 1970, p. 522). 
For wolverines, this advantage was found to be less than unity; that is, the increase in fur did not 
fully compensate for average winter cold, and therefore other compensating mechanisms were 
needed (Henshaw 1970, p. 522). 
 
Similarly, an evaluation of the seasonal change in the insulation of fur of wolverine (pelts from 
Canada) found a 41.2 percent change in mean insulation values (measured as °C/cal/m2/hr) from 
winter to summer (Hart 1956, p. 56). A single annual molting (between August and December) 
was noted in Grinnell et al. (1937, p. 251) (California), but twice yearly was described by 
Novikov (1962, p. 201) (Russia). The large seasonal change in insulation observed for wolverine 
and other larger mammals is, in large part, due to changes in fur depth, and can be interpreted as 
an adaptation to both high summer temperatures and low winter temperatures (Hart 1956, p. 57). 
The reported seasonal decrease in wolverine fur thickness also correlates with experimental 
results of Casey et al. (1979, p. 337) who indicated that a seasonal shift in oxygen consumption 
below critical temperature was likely due to an increased rate of heat loss in summer. 
 
Range and Habitat Use 
 
Historical Range and Distribution 
 
Phylogeography/Phylogenetics 
 
Results from a molecular study of phylogenetic relationships of the Mustelidae family suggest at 
least six radiation episodes within this family since the Early Eocene Epoch (approximately 50 
million years before present (YBP)) (Marmi et al. 2004, pp. 488, 492). The split of the marten 
(Martes, Gulo) and weasel (Mustela) lineages occurred in the Early Middle Miocene Epoch (14 
to 11 million YBP), with the separation of Old World and New World lineages (Martes, Gulo) 
occurring in the Late Miocene Epoch (8.6 to 5.8 million YBP) (Marmi et al. 2004, p. 488). The 
Gulo genus appears in the fossil record in the mid-Pleistocene in both Europe and North America 
(Bryant 1987, p. 659). 
 
The dispersal of Gulo across Beringia (land mass that extended from Siberia into interior Alaska 
during the Pleistocene) is believed to have produced contemporaneous records for the species in 
Europe and North America (Bryant 1987, p. 659). Malyarchuk et al. (2015, entire) examined 
genomic data using a molecular dating technique to estimate an approximate age of the G. gulo 
ancestor. They estimated a relatively recent origin of the species Gulo gulo at about 181,000 to 
234,000 YBP (Malyarchuk et al. 2015, pp. 1,115–1,116). They note that this latter time period 
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corresponds to the Riss glaciation period (187,000 to 230,000 YBP), a time of genetic 
divergence of amphi-Beringian (both sides of Beringia) species and speciation events (Hope et 
al. 2013, p. 426). Their results, along with fossil information, also indicate the divergence of the 
Gulo branch and the other Martes taxa occurred during the Late Miocene-Early Pliocene (5.6 
million YBP), and lends supports for strong evolutionary processes in the northern Siberian 
ecosystems in the Pliocene and Pleistocene Epochs (Malyarchuk et al. 2015, pp. 1,116–1,117).  
 
Bryant (1987, p. 660) describes an evolutionary trend in which Gulo increased in size from the 
mid- to late-Pleistocene, with a subsequent reduction in size post glaciation, as well as small 
changes in selected teeth, and a possible shift to colder habitats. The Late Pleistocene and the 
Pleistocene-Holocene transition represent the end of prolonged period that was characterized by 
climate fluctuations followed by rapid warming (Post 2013, p. 28). Bryant (1987, p. 660) also 
notes that both the mid-Pleistocene European Gulo schlosseri and the early North American 
Gulo appear to be adapted to a warmer climatic environment, but is likely to have also occupied 
colder climates. Other factors such as competition (Guilday 1971, p. 237), predator avoidance, 
and prey abundance may also have been important in creating significant shifts in geographic 
ranges for certain species during glacial cycles. 
 
Wolverines are believed to have migrated to North America during the late Pleistocene, although 
fossil evidence from the Pleistocene Epoch for wolverine is limited (Anderson 1977, p. 15; 
Bryant 1987, p. 660), and most fossil material is either cranial or dental fragments (Bryant 1987, 
p. 660). Bryant (1987, p. 659) notes records in the United States from Colorado, Idaho (e.g., 
White et al. 1987, p. 248 (lava tubes)), Yukon Alaska, Maryland, and Pennsylvania, ranging 
from the Late Wisconsinan-Holocene to Irvingtonian Age.  
 
Genetic studies can provide an understanding of the postglacial recolonization of wolverines 
following the Last Glacial Maximum, a period of rapid cooling, and movement patterns due to 
changed climatic conditions (cf. Frances 2008; Zigouris et al. 2013; McKelvey et al. 2014). 
Following the Last Glacial Maximum, beginning about 21,000 YBP, was a period of rapid 
warming, resulting in a second wave of extinction events, particularly of large mammalian 
megafauna that were cold-adapted (Post 2013, pp. 29, 31). 
 
During the late Wisconsin period (10,000 to 25,000 YBP), approximately 60 percent of North 
America was covered by glacial ice (Rogers et al. 1991, p. 624). However, several ice-free 
refugia existed at that time including the Beringian refugium, which included eastern Siberia, 
most of Alaska, areas of northwestern Canada, and areas of the Bering Sea shelf that were 
exposed by lower sea levels, and this refugium harbored a number of mammalian species 
including wolverine (Rogers et al. 1991, pp. 624, 626). Analyses by Frances (2008, entire) and 
Zigouris et al. (2013, entire) supported a wolverine colonization of North America in which 
individuals “followed retreating glaciers” (Zigouris et al. 2013, pp. 10–11). Beginning about 
21,000 YBP, following the Last Glacial Maximum, when a period of rapid warming occurred 
that resulted in additional extinction events, particularly large mammalian megafauna (Post 
2013, p. 29) 
 
A phylogeographic analysis presented by McKelvey et al. (2014, p. 331) proposed that a unique 
haplotype (Cali 1) observed in historical wolverine samples from California was reflective of an 
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independent evolutionary history resulting from isolation (i.e., southern ice-free refugium) of 
wolverines during glacial retreat. However, Zigouris et al. (2013, p. 10, Supplemental Table S5) 
found the Cali 1 haplotype described by Schwartz et al. (2007, p. 2,173; Tables 2 and 4) 
(relabeled as Haplotype 21) also occurred in historical wolverine samples from the eastern region 
of Canada (Quebec-Labrador). In addition, as noted by Zigouris (2014, pp. 232–233) the 
historical samples analyzed by McKelvey et al. (2014, p. 327; Table 1) were primarily those 
from locations at the southwestern edge of the wolverine’s North American range (e.g., 
California, Colorado, Idaho, Montana, Wyoming, Utah, Washington). Without additional 
sampling, it is unclear if this particular haplotype distribution from two of the most peripheral 
North American wolverine populations is a reflection of a skewed dispersal after post-glacial 
colonization, or was a more widely distributed haplotype that declined or was lost due to hunting 
and trapping pressures and/or fragmentation (Zigouris et al. 2013, p. 10).  
 
Additional discussion of our current understanding of wolverine genetic structure and diversity is 
provided in the Population Structure section below. 
 
Historical Range  
 
In North America, wolverines were historically distributed in much of the northern portion of the 
continent, extending southward to the northernmost region of the United States (Maine to 
Washington) or approximately north of the 38th parallel (Hash 1987, p. 576; Banci 1994, p. 
102). 
 
Aubry et al. (2007, entire) prepared an estimate of wolverine observations and distribution in the 
contiguous United States by compiling 901 verifiable or documented records of wolverine 
occurrence dating from 1801 to 2005 from 24 states in the contiguous United States. This 
included a total of 809 verifiable or documented records for the Rocky Mountain and Pacific 
Coast mountains (west-northwestern United States) for this time period (Aubry et al. 2007, p. 
2,151).  
 
The historical population size of wolverines in Canada is not known (Fortin 2005, p. 4). Its 
historical distribution, as depicted by Seton (1909, p. 947; Map 51) and also later by van Zyll de 
Jong (1975, p. 435; Figure 9) shows a broad range across much of Canada. Examples of early 
descriptive accounts include de Puyjalon (1900, pp. 126–144), who described wolverines as 
inhabiting Labrador, Canada (p. 101), and extending in range to the 66th parallel and perhaps 
further (de Puyjalon 1900, p. 144), reports of both trapped and live wolverines in Labrador in the 
late 1700s (Townsend (ed.), 1911, pp. 73, 93, 228, 255), and reports of wolverines as “common” 
in Canada’s Nunavut Territory (Hudson Bay region) during a 1920s Danish excursion (the Fifth 
Thule Expedition) to Arctic North America (Freuchen 1935, p. 101). The 2014 COSEWIC report 
presents a historical range distribution for Canada based on personal accounts and interpretation 
of the fur trade (COSEWIC 2014, pp. 12–13; Figure 3).  
 
We created a historical range map for wolverine for the west-northwestern United States by 
requesting all available wolverine records from State agencies (e.g., wildlife agencies, natural 
heritage programs) and the Forest Service Natural Resource Information System (NRIS) Wildlife 
Database. We found a total of 4,215 records (1800s to 2016) for this portion of the United States 
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(cf. 809 records from Aubrey et al. 2007; Table 1). Figure 2 presents a map of these compiled 
observations, overlaid with the habitat suitability model results presented by Inman et al. (2013, 
p. 281). We acknowledge that some of these records may be in error or inaccurately located, and 
although wolverines have been reported from the Central Great Plains, Great Lakes region, 
Upper Midwest, or Northeast (cf. Wilson 1983, p. 650), we did not create a historical range for 
these regions given the very low number (92) reported by Aubry et al. (2007, p. 2,151) from the 
1880s to 2005, and to present day. We also found a few additional historical records that do not 
appear in Aubry et al. (2007, p. 2,151). For example, Nead et al. (1985, entire) identified several 
positive and probable reports of wolverines in Colorado in the late 1970s. A wolverine was 
reported from the Squaw Valley region of California in the summer of 1953 (Ruth 1954, pp. 
594–595). Our intent in creating this map was to present an overall geographical depiction of the 
wolverine’s estimated historical range only for the west-northwestern United States, and is not 
intended to represent an estimate of population numbers or historical range in other parts of the 
contiguous United States.  
 
Current Range 
 
Using the best available information, we created a current North American range based on 
results presented by COSEWIC (2014, p. 12) for Canada and Alaska, Forest Service NRIS data, 
and more recent observations (e.g., telemetry, camera traps, mortality reports) reported from 
California, Washington, Colorado, Wyoming, Utah, and North Dakota. This range is illustrated 
in Figure 3.   
 
We recognize that this depiction does not necessarily represent current areas where reproducing 
populations of wolverines are found, nor does it capture unverified accounts from New Mexico, 
described in Frey (2006, pp. 20–21) for the Sangre de Cristo Range, and visual observations 
reported by two individuals (2005 and 2016) in response to our Federal Register notice (81 
FR71670; October 18, 2016) requesting information for our status review. In addition, we did 
not incorporate the Central Great Plains, Great Lakes region, Upper Midwest, or Northeast. 
However, we note here that a female wolverine was observed over several years (2004–2010) in 
the lower peninsula of Michigan, and genetic testing after her death in 2010 suggested she was 
more closely associated with eastern Canada wolverine populations (i.e., Manitoba and Ontario) 
(in litt Zigouris 2013, pers. comm.). It’s unclear how this individual came to occupy this region, 
but given the long distant movements reported for this species (e.g., male wolverine that traveled 
from Wyoming into Colorado and then back to North Dakota), dispersal from Canada is 
plausible. Wilson (1983, p. 650) reported that wolverines on occasion may enter Minnesota from 
Canada. Jackson (1961, pp. 359–360) also reported several authentic records of wolverine in 
Wisconsin and in areas in Minnesota, along the Wisconsin-Minnesota border. However, the 
wolverine was likely never abundant in Wisconsin, even before trapping and hunting in the late 
19th and early 20th centuries (Jackson 1961, p. 359). 
 
We provide a discussion of wolverine population abundance and distribution in more detail in 
the Biological Status–Current Condition section below. 
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Figure 2. Historical range map for the North America wolverine for west-northwestern United States; shown with Inman et al. 
(2013) modeled habitat. 
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Figure 3.  Current range of North American wolverine.  Adapted from COSEWIC (2014), EPA 
(2010), Inman et al. (2013), records from CNDDB; Forest Service NRIS; Idaho Department of Fish 
and Game; Utah Division of Wildlife; Wyoming Game and Fish Department, and den records from 
CNDDB, Inman, and Copeland. 
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Habitat Use 
 
Wolverines occupy a variety of habitats within their current range, including Arctic tundra, 
subarctic-alpine tundra, boreal forest, mixed forest, redwood forest, and coniferous forest (Banci 
1994, p. 114). However, these broad, landscape-scale vegetation associations can obscure other 
habitat variables important for wolverines, including features found within peripherally occupied 
areas or areas of high elevation (Banci 1994, p. 114). In Canada, wolverines use a wide variety 
of forested and tundra vegetation, at all elevations (COSEWIC 2014, p. 18).  
 
When viewed by ecoregion, in general, wolverine observations in the contiguous United States 
are most commonly found in the Northwestern Forested Mountains ecoregion. In Canada, our 
estimate of current range includes Northwestern Forested Mountains, Northern Forests, Marine 
West Coast Forest, Hudson Plain, Taiga (Boreal Forest), Tundra, and parts of the Arctic 
Cordillera (northeastern fringe of Nunavut and northern Labrador); in Alaska, Marine West 
Coast Forest, Northwestern Forested Mountains, Taiga, and Tundra are represented. Appendix 
A provides an illustration of these ecoregions of North America in relationship to our Current 
Range map presented in Figure 3. 
 
Studies of wolverines in central Idaho found that montane coniferous forests comprised two-
thirds of available habitat (Copeland 1996, p. 120). Wolverines in this region also exhibited a 
seasonal preference, with subalpine rock habitats used in summer and montane coniferous forests 
used most often in winter (Copeland 1996, p. 120). In addition, individuals within this study 
population commonly crossed natural openings and those areas with little cover, including burn 
areas, meadows, or open mountain-top areas (Copeland 1996, p. 124). 
 
Observations of summer movements of wolverines in northwestern Montana indicated that both 
male and females moved to higher, cooler elevations and remained there throughout the summer 
(Hornocker and Hash 1981, p. 1,299). In the Greater Yellowstone Ecosystem, wolverines 
selected areas that contained steep terrain with tree cover, high elevation meadows, boulder or 
talus fields, and avalanche chutes (Inman et al. 2012a, p. 785). In this region, wolverines selected 
elevations at and above the treeline during summer, moved slightly lower during winter, but 
avoided low-elevation winter ranges occupied by potential prey (e.g., elk) or areas with little 
human activity (Inman et al. 2012, p. 785).  
 
Several habitat association-type models have been developed for both North American and 
European wolverines. In the northern Rockies (including Canada and the United States), Carroll 
et al. (2001, p. 975) found that elevation and north-facing cirque habitat variables (i.e., alpine 
areas), when incorporated into empirical habitat models, were significantly correlated with 
wolverine occurrence; however, results from multiple regression analyses of these and other 
habitat variables indicated a high degree of unexplained variance for predicting wolverine habitat 
relationships, and underscores the inherent difficulty in identifying appropriate metrics to 
represent difficult to measure underlying factors, or other unrecognized limiting variables 
(Carroll et al. 2001, pp. 971, 973–974). Copeland et al. (2007, entire) also evaluated habitat 
associations for wolverines in central Idaho. Wolverines were found to be associated with high 
elevations (2,200 to 2,600 m (7,218 to 8,530 ft) with a slight downward shift in summer 
(Copeland et al. 2007, p. 2,207), along with a shift in cover types, from high-elevation whitebark 
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pine (Pinus albicaulis) communities in summer to mid-elevation Douglas fir (Pseudotsuga 
menziezii) and lodgepole pine (Pinus contorta) in winter (Copeland et al. 2007, pp. 2,207–
2,208). Results from a study of wolverines in Scandinavia suggested that topography may be 
important in providing refugia from predators and may therefore facilitate the co-existence of 
wolverines with larger carnivores such as wolves (Khalil et al. 2014, p. 636). 
 
In interior Alaska, wolverines were also found to be positively associated with high elevations 
(Gardner et al. 2010, p. 1,901). This study also reported the wolverines avoided human 
influences, but their sampling design was not able to determine which aspects related to human 
influences; a combination of intensity of development and harvest activities was suggested 
(Gardner et al. 2010, p. 1,901). Current studies are underway in the North Slope region of Alaska 
to evaluate fine-scale habitat selection of wolverines related to denning, caching, day bed use, 
and snow holes (Dorendorf 2016, p. 6). Day beds were also described by Haglund (1966, p. 268) 
for wolverines studied in Sweden. 
 
Krebs et al. (2007, pp. 2,186–2,187) also found that habitat associations, at least for females, are 
more complex, and include combinations of several modeled variables that supported hypotheses 
related to food (prey distribution), predation risk (based on a ruggedness index), or human 
disturbance (winter recreation activity, roads, and forest harvesting) for both summer and winter 
in two study areas located in northcentral and southeast British Columbia. Fisher et al. (2013, pp. 
710–712) found that wolverines in the Rocky Mountains of Alberta, Canada, were more likely to 
occupy areas with increasingly rugged terrain. Camera trapping was used to study wolverine 
behavior in varying habitat in the Rocky Mountains of Alberta, Canada (Stewart et al. 2016, 
entire). That study found that wolverine behavior differed in landscapes that had been 
significantly modified by human activities as compared to those with light modifications or in 
protected areas (Stewart et al. 2016, p. 1,499). They concluded that wolverine occurrence in their 
study areas varied more strongly with linear features (seismic lines created from oil and gas 
exploration, pipelines, transmission lines, roads, and rail lines) than with the degree of snowpack, 
and supports the idea that human footprint is a driver of habitat suitability for wolverines 
(Stewart et al. 2016, p. 1,501).  
 
Bowman et al. (2010, p. 464) reported a negative association with roads with wolverine (and 
caribou) occurrence in boreal forest habitat in northwestern Ontario, Canada, and wolverines in 
their study area avoided deciduous forests. However, Wright and Ernst’s (2004b, p. 59) study of 
wolverines in upland boreal forests of Canada found that wolverines followed open linear 
corridors that offered compact snow conditions, including winter roads, recent seismic lines, 
snowmobile trails, and all-terrain vehicle tire tracks for travel of distances up to 3 kilometers 
(km) (1.86 miles (mi)). In central Idaho, Copeland et al. (2007, p. 2,210) also reported 
wolverines using snowmobile winter access (unmaintained) roads for travel.  
 
Aboriginal knowledge holders in Canada have reported that while wolverines appear to avoid 
human habitation and developed areas, some wolverine will visit these areas if they are not 
threatened disturbed or if development activities cease (Cardinal 2004, p. 22). Wolverines have 
also been described as occupying deserted snow huts (Nunavut Territory) during winter months 
(Freuchen 1935, p. 98). 
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Scrafford et al.’s (2017, p. 32) study of wolverine selection patterns in boreal forests in 
northwestern Alberta using resource selection function (RSF) modeling techniques1 and data 
from telemetered wolverines found that, for the winter season, both male and female wolverines 
selected for streams, forested areas (broadleaf, coniferous, and mixed) and bogs or fens, while 
avoiding active well sites and low-traffic winter roads (Scrafford et al. 2017, p. 31). That study 
also found that wolverines did not avoid older seismic lines, likely due to the intermediate stage 
of regeneration found in their study area as well as availability of small prey in conjunction with 
minimal risk of human or wolf presence (Scrafford et al. 2017, p. 34). 
 
Johnson et al. (2005, entire) used RSF-based modeling to quantify the relationship between the 
observed distribution of the wolverine and variables representative of habitats and human 
disturbance in the taiga and tundra ecoregions (shown in Appendix A) of the Canadian central 
Arctic (Nunavut and Northwest Territories) (Johnson et al. 2005, p. 10). Using a range defined 
by previously studies of collared wolverines, they identified two seasons for wolverines, based 
on presence or absence of barren-ground caribou (Rangifer tarandus groenlandicus) (Johnson et 
al. 2005, p. 8). They found that, in winter, the occurrence of wolverines was correlated with 
patches of heath rock and rock association, and areas dominated by sedge (Johnson et al. 2005, 
pp. 23–25). Results for models for summer season were less clear, but models that included 
grizzly bear (Ursus arctos), caribou, and wolf were found to be positively associated with 
wolverine, likely due to the scavenging opportunities and hunting of caribou provided by these 
other carnivores (Johnson et al. 2005, p. 24). In Finland, the presence of wolves was found to be 
one of the most important variables influencing habitat selection of wolverines (Koskela 2013, p. 
35). 
 
Inman et al. (2013, p. 281) also used a RSF model to develop a predictive map of wolverine 
habitat for the western United States, as shown in the background of our Figure 3. Their best fit 
model found that, in general, wolverine were most likely to be distributed at high elevations, 
with steeper terrain, more snow, fewer roads, and reduced human activity, but also in proximity 
to high elevation talus, tree cover, and areas that had snow cover on April 1 (Inman et al. 2013, 
pp. 280–281). Primary habitat for the wolverine in the western United States was estimated at 
164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). Additional information related to the 
results of this modeling effort is discussed in the Population Distribution and Abundance section 
below. 
 
Movement 
 
Wolverine movements are related to both territoriality (within home ranges) and dispersal (adults 
and young). Movement within home ranges by adult male and female wolverines is extensive. 
For example, wolverines monitored in the Greater Yellowstone Ecosystem traveled a distance 
that was equivalent to their average home range diameter in less than 2 days, which is also about 

                                                 
1 RSF is any mathematical function that is proportional to the probability of use of a resource unit (Manly et al. 
2002, p. 15). A RSF contains several coefficients that quantify the selection for or avoidance of an environmental 
feature, and the sign/strength of those coefficients represents a differential variation in the distribution of each 
environmental feature measured at a sample of locations to a comparable set of random sites. Thus, when an 
animal's observed use of a resource is greater than those random sites, selection of that feature is inferred (Johnson 
et al. 2005, p. 10). 
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the size of their home range circumference in less than 1 week (Inman et al. 2012a, pp. 782–
783). This study also found that, for a 24-hour period, the average minimum distance traveled 
was 15.5 (km) (9.63 (mi) for males and 7.5 km (4.66 mi) for females (Inman et al. 2012a, p. 
783). Telemetry studies of wolverines in south-central Alaska indicate an average distance 
traveled per day of approximately 12 km (7.46 mi) for females and 8–21 km (4.97–13 mi) for 
males (Woodford 2014, no page number). Observations from snow tracking studies have found 
instances where two individual wolverines traveled together (Wright and Ernst 2004b, p. 63). 
 
Aronsson’s (2017, p. 40) study of resident status of female Fennoscandinavian wolverines found 
that most (86 percent) females remained stationary in their established territories, with 8 percent 
vacating and 6 percent expanding their territory. In addition, this study of 42 female wolverines 
in 122 territories reported that females with established territories only moved to available 
territories that were higher than average in quality (Aronsson 2017, p. 41). Bischof et al.’s (2016, 
p. 1,533) study of spatial and temporal patterns in wolverines (central Norway) using 
noninvasive genetic sampling methods also found that individuals tended to stay in same general 
area from one year to the next. 
 
A number of factors can affect wolverine movements within territories, such as availability of 
food, temperature, and breeding activity. Seasonal shifts in elevation have also been observed for 
wolverines in the contiguous United States. Gardner’s (1985, p. 21) ecological study of 
wolverines in southcentral Alaska found a significant movement up in elevation during late 
winter and early spring as well as a significant movement down in elevation during the late fall 
and winter. Wolverines were also observed moving to and occupying higher and presumably 
cooler elevations in summer months in northwestern Montana (Hornocker and Hash 1981, p. 
1,299). In Central Idaho, wolverines exhibited a preference for higher elevation areas containing 
rock and talus cover in summer months, but moved to lower elevations in winter; this was likely 
the result of an increase in availability of carrion related to the fall hunting season (Copeland 
1996, p. iv). Two aboriginal knowledge holders in the Kivalliq region (Nunavut, Canada) 
reported that wolverines will move closer to communities during caribou migration in the fall, 
likely attracted by the large number of caribou carcasses left by hunters (Cardinal 2004, p. 22). 
 
A study of wolverine movement in boreal forest habitat in Canada (northwestern Alberta and 
northeastern British Columbia) during winter months found that wolverines chose the most direct 
travel route with the least snow cover (Wright and Ernst 2004a, pp. 58–59). Woodford’s (2014, 
no page number) account of wolverines observations from studies in Alaska indicated that, when 
pursued, wolverines will run uphill, which may represent a predator-avoidance adaptive 
behavior. 
 
As discussed in more detail below (Diet and Feeding), several studies have shown that 
wolverines exhibit a seasonal shift in diet, and Hornocker and Hash (1981, p. 1298) concluded 
that food availability was the primary factor determining both movements and home ranges for 
wolverines studieds in northwestern Montana. Movement patterns of adult males during the 
summer months are also likely influenced by breeding activity (Magoun 1985, p. 66).  
 
Males and females maintain large territories with very little overlap between same-sex adults 
(Magoun 1985, p. 38; Banci 1994, p. 118; Inman et al. 2012a, p. 783; Bischof et al. 2016, pp. 
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1,532–1,533; Regehr and Lacroix 2016, p. 249), but breeding pairs have overlapping territories 
(Copeland 1996, pp. 55–61; Hedmark et al. 2007, p. 19; Dawson et al. 2010, p. 413; Persson 
2010, p. 52; Inman et al. 2012a, p. 787). However, ranges of young males, who have not yet 
dispersed, can overlap with resident adult male home ranges (Alaska) (Magoun 1985, p. 64). 
Studies of wolverines in the Greater Yellowstone Ecosystem found a mean percent overlap of 
12.7 percent for same sex, adult–sub-adult pairs and about 24 percent for opposite sex, adult–
sub-adult pairs (Inman et al. 2012a, p. 787). In addition, Inman et al. (2012a, p. 783) found that 
when a resident adult wolverine died, same-sex adults (not known to be located within the dead 
wolverine’s home range) would begin using (within 3–7 weeks) areas of the unoccupied home 
range, or same-sex subadults would expand into and then occupy most or all of the dead 
wolverine’s former home range. Bischof et al. (2016, p. 1,533) study of territoriality of 
wolverines in central Norway (using scat analysis) indicated that within their study population, 
wolverines were also more likely to choose a home range area that was previously used by a 
neighboring same sex individual after that individual’s death. 
 
In central Idaho, annual home ranges of resident adult wolverines averaged 384 km2 (148 mi2) 
for females and 1,582 km2 (610 mi2) for males (Copeland 1996, p. 128). Home ranges for 
wolverines in Greater Yellowstone Ecosystem were estimated at 303 km2 (117 mi2) for adult 
females and 797 km2 (308 mi2) for adult males (Inman et al. 2012a, p. 782). For a parturient 
female, estimates of home range size in this region were significantly smaller, with a minimum 
of 100–150 km2 (39–58 mi2) (i.e., during year raising young) (Inman et al. 2012a, p. 782). 
Average home range sizes for adult wolverines studied in Glacier National Park (Montana) were 
estimated at 139 km2 (54 mi2) for females and 521 km2 (201 mi2) for males (Copeland and Yates 
2008, p. 9). In a 6-year study of wolverines in central Idaho and western Yellowstone region, 
average home range sizes (using minimum convex polygon method) were 357 km2 (138 mi2) 
(range:162–563 km2 (63–217 mi2)) for females and 1,138 km2 (439 mi2) (range: 440–2,365 km2 
(170–1,170 mi2)) for males (Heinemeyer and Squires 2015, p. 10). 
 
In northwestern Alaska, home range sizes (using minimum polygon method) for female 
wolverines varied year-to-year and by season (Magoun 1985, p. 33). The average yearly range 
was 103 km2 (39.8 mi2) (range: 53–232 km2 (20–89.6 mi2)) (Magoun 1985, p. 22). For male 
wolverines, the average yearly range was 666 km2 (257 mi2) (range: 488–917 km2 (188–354 
mi2)) (Magoun 1985, p. 36). The average home range size for lactating females rearing young 
was estimated at 70 km2 (27 mi2) from March through August (Alaska) (Magoun 1985, p. 36). 
 
In Canada, home range sizes have been reported as 50–400 km2 (19–154 mi2) for females and 
230–1,580 km2 (89–610 mi2) for males (COSEWIC 2014, p. 23). Dawson et al. (2010, p. 141) 
estimated mean home range sizes for wolverines in lowland boreal forests of central Canada 
(northwestern Ontario), based on 95% minimum convex polygons (December to October), of 
423 km2 (163 mi2) for females and 2,563 km2 (990 mi2) for males. These researchers also 
reported a home range of 262 km2 (101 mi2) for a lactating female using that same methodology 
(Dawson et al. 2010, pp. 141–142).  
 
In Scandinavia, Bischof et al. (2016, p. 1,532) found that male wolverines in central Norway had 
home ranges just over two-times larger than females (using noninvasive genetic sampling). That 
study estimated average annual home range sizes of 757 km2 (292 mi2) for males and 331 km2 
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(128 mi2) for females (Bischof et al. 2016, p. 1,532). Landa et al.’s (1998, pp. 451–452) radio-
tracking study in southern Norway also found that mean annual home ranges of male wolverines 
were larger than females (663 km2 vs. 274 km2 (256 mi2 vs. 106 mi2), and observed a reduction 
in activity by females in late winter and late fall, likely related to reproductive behavior. Persson 
et al. (2010, p. 52) found mean home ranges for wolverines in northern Sweden were almost 
four-times larger for males than females (669 km2 (258 mi2) vs. 170 km2 (66 mi2), respectively). 
The distance traveled by female wolverines depends on the location of the reproductive den site 
within the home range, the areas used for locating food/prey, and the territory border (Myhr 
2017, no page number).     
 
In summary, habitat diversity, food availability, and competition for resources can collectively or 
individually influence home range sizes of wolverines (Magoun 1985, p. 63; Inman et al. 2012a, 
p.785), which affects wolverine densities and population structure. Home range sizes of male 
wolverines are likely influenced by the density and reproductive condition of female wolverines 
(Magoun 1985, p. 63).  
 
Dispersal relates to the successful establishment of a breeding territory, generally by juveniles, 
at a location removed from the natal denning area, and can be confused with long-range 
movements of wolverines and other carnivores (Ruggiero et al. 1994, pp. 4–5).  
 
Based on telemetry studies, wolverines have been observed to disperse over very long distances.  
Both male and females can move long distances (cf. Flagstad et al. 2004, pp. 684-686), but 
young (yearling) females tend to establish home ranges closer to nearer their natal ranges than do 
young males (COSEWIC 2014, p. 24), which supports a male-biased dispersal pattern (from 
natal range) for wolverine populations. Vangen et al. (2001, p. 1,647) indicated that dispersal 
patterns of females were likely determined by competition for resources (that is, high quality 
territories) while male dispersal patterns were likely determined by competition for mates. 
 
As noted above, wolverines readily cross water bodies such as rivers, and can cross rugged 
terrain (COSEWIC 2014, p. 24; Woodford 2014, entire). Dispersing wolverines in Idaho traveled 
over 200 km (124 mi) following routes across isolated subalpine habitat (Copeland 1996, p. 
130). Inman et al. (2012a, p. 784) recorded dispersal-related movements of wolverines in the 
Greater Yellowstone Ecosystem and found that the maximum distance of subadults from the 
home range of their mothers was 170 km (106 mi) for males and 173 km (108 mi) for females, 
with an average maximum distance per dispersal movement of 102 km (63 mi) for males and 57 
km (35 mi) for females (Inman et al. 2012a, p. 784). In the Ontario, Canada, region a juvenile 
male reportedly dispersed 100 km (62 mi) (COSEWIC 2014, p. 24, citing unpublished data from 
Dawson et al. 2013). 
 
Two recent examples illustrate the extensive dispersal capability of wolverines. A male 
wolverine apparently dispersed (2008 or earlier) from the western edge of the Rocky Mountain 
region to the Sierra Nevada region of California (Moriarty et al. 2009, p. 160). Another male 
wolverine (M56), whose natal area was the Greater Yellowstone Ecosystem (northwest 
Wyoming), was tracked from this area and moved south to Colorado (about 500 miles), where it 
remained for about 3 years (2009–2012), when its tracking signal was lost. In April 2016, M56 
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was legally shot and killed by a rancher in western North Dakota, or about 1126.5 km (700 mi) 
from where it was last seen (WGFD 2016, pers. comm).  
 
Additional discussion of population distribution and density estimates is provided below (see 
Population Abundance and Distribution). 
 
Reproduction and Growth 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., a male 
mates with more than one female each year), delayed implantation (up to 6 months), short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care 
(Rausch and Pearson 1972, pp. 255–256; Pasitschniak-Arts and Larivière 1995, p. 5; Magoun 
and Copeland 1998, pp. 1,315–1,316; Hedmark et al. 2007, p. 19; Persson et al. 2017 in prep).  
 
Table 1 below presents a summary of wolverine reproductive chronology (extent and peak of 
reproductive events) based on a review of the literature and personal knowledge from field 
studies (Inman et al. 2012b, entire), and studies from Scandinavia (Aronsson 2017; Persson et al. 
2017 in prep). 
 
Table 1. Chronology of wolverine reproductive events (adapted from Inman et al. 2012b). 
 

Reproductive Biology Event Time Interval 
Mating Season May – August; peak in June 
Nidation (implantation of embryo) November – March; peak in late December–early February 
Gestation (45 days) November – April; peak in January–mid-March 
Parturition (birth of young) late January – mid-April; peak in February–mid-March 

(Sweden: peak in mid-February, range from end of January to 
early March)a 

Reproductive Den Use late January – end of June; most commonly, early February–
mid-May 

Lactation About 10 weeks  
Weaning April – June; most commonly, late April–May 
Rendezvous Sites April – June; peak in early May 
Independence August – January; peak in September–December 
Dispersal  Peak period at 10–15 months of age; February–mid-April 
Lactation About 10 weeks  

aPersson et al. (2017, in prep). 
 
Wolverine mating is generally assumed to occur in May, June, and July (Pulliainen 1968, p. 341; 
Rausch and Pearson 1972, p. 249). Inman et al. 2012b (p. 636) review of both the literature and 
personal observations indicated that June represented the peak in a wolverine mating season, but 
began in at least May and extended into early August. Female wolverines have been reported as 
not breeding in their first summer (under 1 year of age) based on examination of reproductive 
tracts from wolverine carcasses obtained from trappers (Yukon) (Banci and Harestad 1988, p. 
268) and ages of pregnant female wolverines were estimated at 1 to 11-plus years of age (Banci 
and Harestad 1988, p. 266). In another study of wolverine carcasses (also in Yukon), some 
female wolverines were said to be mature at about 1 year (about 15 months), but first litters were 
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not produced until 2 years of age (Rausch and Pearson 1972, p. 253). Anderson and Aune (2008, 
pp. 21–22) also evaluated carcasses in female trapper-harvested wolverines from western 
Montana (1985 to 2005) and estimated median ages of pregnancy ranging from 1.5 to 2.5 years 
of age. In Scandinavia, the mean age of first reproduction for female wolverines was 3.4 years, 
based on monitoring of telemetered animals (Persson et al. 2006, p. 76). Breeding ages were 
reported at 2 to 13 years of age for wolverines in Sweden (mean age of first birth was 3.4, range 
of 2 to 5 years), based on monitoring/observations of female wolverines (Rauset et al. 2015, p. 
3,157).  
 
Genetic-based wolverine studies in Scandinavia have found that “females often reproduced with 
the same male in subsequent breeding years” (Hedmark et al. 2007, p. 18). However, this study 
also found (with some assumptions regarding sampling and paternity) that 8 of 13 female 
wolverines bred with different males, and, based on telemetry results, 2 females bred with a new 
male even though their previous breeding partner was still alive (Hedmark et al. 2007, p. 18). 
This shift in partners may have resulted from a change in the resident male wolverine in the area 
(Hedmark et al. 2007, p. 19). 
 
The reproductive rate of wolverines is relatively low. An early study of 31 wolverine dens in 
Finland, as reported by hunters, found an average of 2 young per den (range 1–4) (Pulliainen 
1968, pp. 338–341). Average litter size for northern Europe (161 litters) was 2.5 (range 1–4) 
(Pulliainen 1968, p. 343). In Alaska, average litter size was reported as 1.75 young, with a 
reproductive rate of 0.69 young per adult female per year (Magoun 1985, p. 28). A summary of 
average litter size for earlier studies of New World and Old World wolverines, based on method 
of determination, was presented in Magoun (1985, p. 29), indicating a range of 2.2 to 3.5. 
Anderson and Aune (2008, entire) evaluated pregnancy rates based on presence of corpora lutea 
(CL) and fetuses in trapper-harvested wolverines from western Montana. That study found 
median CL counts for pregnant adults ranging from 1.6 to 3.0, depending on the subpopulation 
(Anderson and Aune 2008, p. 22), with a mean litter size based on number of fetuses for 
pregnant adult females of 2.6 (Anderson and Aune 2008, p. 23). Studies of telemetered female 
wolverine in Scandinavia, from 1993 to 2002, reported a mean litter size of 1.88, with a range of 
1 to 4 young, with a mean annual birth rate of 0.74 young per female (Persson et al. 2006, pp. 
76–77). More recently, the average number of young per female per year reported for wolverines 
in Sweden was reported as 0.84 (range 0–3); however, for those animals with recorded denning 
behavior, this value increased to 1.38 (range 0–3) (Rauset et al. 2015, p. 3,157).  
 
Results from studies of telemetered female wolverines indicate that studies of wolverine 
reproductive tracts are likely to overestimate wolverine productivity (Persson et al. 2006, p. 77). 
Their findings suggest that young are either lost during pregnancy and/or shortly after birth, and 
are not likely to occur before implantation due, in part, to presumed delayed implantation 
(Persson 2006, p. 77). Delayed implantation (or reabsorption) of fetuses has been observed in 
other mustelids, including mink (Hansson, 1947 p. 62; and references cited therein, pp. 65–66). 
However, the factors that contribute to the observations that female wolverines do not give birth 
during some years are not well understood, and could be due to failure to breed, pseudo-
pregnancy (as demonstrated by Mead et al. 1993, entire), failure of a fetus to implant, absorption 
of implanted fetus, stillbirth, or mortality before emerging from den (e.g. infanticide, etc.) 
(Magoun 2013, pers. comm.).  
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Carnivorous mammals generally have altricial young (poorly developed and dependent young 
(Derrickson 1992, p. 58), and prepare shelter in dens where the mother can feed their young and 
keep them warm (Irving 1972, p. 174). Young wolverines (kits or cubs) weigh about 0.1 kg (3.5 
ounces (oz) at birth and are blind until about 4 weeks of age (Krott 1960, p. 23). Newborns are 
covered with whitish to yellow hair (Krott 1958, p. 87; Mehrer 1976, p. 570), 4.5 millimeters 
(mm) (0.18 in) in length (Shilo and Tamarovskaya 1981, p. 147), with unerupted teeth (Mehrer 
1976, p. 570; Pasitschniak-Arts and Larivière 1995, p. 5) and closed ear canals (Shilo and 
Tamarovskaya 1981, p. 147). They are generally not left alone in the den at during the first 3-4 
weeks (Krott 1958, pp. 88, 108). Myhr’s (2017, no page number) study of telemetered 
wolverines in Scandinavia found that, on average, a female wolverine spends most of her time 
within 1000 m (3,281 ft) of the reproductive den during the denning period.   
 
Mustelids, in general, have a short period of growth (Iverson 1972b, p. 317). As noted above, the 
metabolism of young wolverines is highest during the first 2½ months, and individuals are 
almost two-thirds grown by the fall (at about 6 months) (Krott 1960, p. 25). Shilo and 
Tamarovskaya (1981, p. 146) described 45-50 day old cubs (Norway) as having woolly coats, 
muddy grey in color, with teeth beginning to erupt at this age. At about 150 days, all permanent 
teeth have been established (Shilo and Tamaovskaya 1981, p. 147). After 2.5 months, young 
wolverines replace their juvenile coat with the adult summer coat (Shilo and Tamarovskaya 
1981, p. 147). With growth ending at about 8 months (Iverson 1972b, p. 320; Magoun 1985, p. 
23), cubs are generally full grown by October or November.  
 
Use of Dens and Denning Behavior 
 
Dens and breeding burrows of animals are, in general, carefully constructed, well-camouflaged, 
and located in areas not easily accessible (Novikov 1962, p. 25). Wolverines use both natal dens 
(used for birthing) and maternal dens (used subsequent to natal den and before weaning) for 
rearing young (Magoun and Copeland 1998, p. 1,314). The average relocation distance to 
maternal den sites for active wolverine den sites studied in Norway was 268 m (879 ft) (95% 
confidence interval: 40–497 m (131–1,631 ft)) (May et al. 2012, p. 199). The young remain at 
the natal den site for 6 to 8 weeks (Krott 1960, p. 24), and are weaned at 9 to 10 weeks 
(Copeland 1996, p. iv (Central Idaho); Koskela et al. 2013a, p. 101 (Finland)) (cf. 7 to 8 weeks 
reported by Myhre and Myrberget, 1975, p. 754 (Norway)). After weaning, the young are 
dependent on the mother and begin to travel with her by late April (Koskela et al. 2013a, p. 101 
(Finland)). Observations of wolverines in central Idaho reported that females traveled up to 17.9 
km (11 mi) from maternal dens to forage (Copeland 1996, p. 97). 
 
The exact timing of when females abandon natal dens and begin using maternal dens is difficult 
to establish (Inman et al. 2012b, p. 638). Magoun and Copeland (1998, p. 1,316) reported that 
natal den abandonment in Alaska and Idaho “coincided with a period when maximum daily 
temperatures rose above freezing for a number of days for the first time since denning 
commenced.” Aubry et al. (2016, p. 24) reported that a female wolverine moved her single 
young (estimated to be at least 9 weeks old) from a natal den in late April in the North Cascades 
region of Washington. However, other factors can influence shifts in the locations of these den, 
including intraspecific predation, parasites, or other disturbances (Inman et al. 2012b, p. 638). 
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Copeland (1996, p. iv) noted that human disturbance at maternal den sites resulted in den 
abandonment, but not abandonment of young.  
 
Rendezvous sites are those where young are left by the mother while she hunts for food (Magoun 
1985, p. 16). These areas provide security to young (Copeland 1996, p. 94) and serve as 
locations at which females bring food to the young, or from which she will guide them to a food 
source (Inman et al. 2012b, p. 638). Copeland 1996 (p. iv) described rendezvous sites for Central 
Idaho as consisting of large boulder talus or riparian areas associated with mature overstory and 
dense timber deadfall (Copeland 1996, p. iv). Magoun (1985, p. 76) reported that rock caves and 
hilltops containing boulders without large snowdrifts were used as rendezvous sites in Alaska. 
Females may move their young to new rendezvous sites several times over a two month period 
(Magoun 1985, p. 73), and distances between consecutives sites have been reported as far away 
as 8.5 km (5.3 mi) (Magoun 1985, p. 76). 
 
Studies of adult female wolverines in Scandinavia (northern Sweden) have provided additional 
details regarding the temporal patterns of reproductive behavior and den site use. Aronsson 
(2017, p. 45) (see also Persson et al. 2017, in prep) found that, in general, most births occurred in 
mid-February. Females spend very little time outside the natal den for the first 2 weeks 
(Aronsson 2017, p. 45). During the first period of den site use, or approximately 2 to 2.5 months 
from mid-February (when females generally give birth and are lactating), females will move 
short distances and do not need to bring food to young (Aronsson 2017, p. 46). This time period 
generally coincides with snow cover and favorable conditions for food caching, and dens offer 
protection from predators and environment (Aronsson, 2017, p. 46). In addition, during the first 
1.5 months of the denning period, females rarely changed den sites, but begin to move outside 
the den in early March (Aronsson 2017, p. 45). In the later denning period (after April 15), 
females begin to move more frequently and at greater distances between den sites (Aronsson 
2017, p. 45). By late April, the young are more active and also begin to rely more on solid food 
that is brought back to them by their mother (Aronsson 2017, p. 46). This also corresponds to a 
time period when prey are more available (reindeer migration and calving period in Sweden) and 
expected less longer distant movements by the mother back to denning or rendezvous sites 
(Aronsson 2017, p. 46). These observations are consistent with Inman et al.’s (2012b, entire) 
proposed cold, low productivity niche for wolverines based on studies of wolverines in the 
Greater Yellowstone Ecosystem. That is, reproductive chronology in wolverines is considered to 
be adapted to take advantage of the availability of food resources, limited interspecific 
competition, and snow cover in the winter (Inman et al. 2012b, p. 635).  
 
In summary, as described by Inman et al. (2012b, entire) and Persson et al. (2017, in prep), 
reproductive behavior of wolverines reflect seasonal shifts in resource abundance within the 
wolverine’s range; that is, adaptation that matches the time of birth and development of young to 
changes in the availability of resources and foraging strategies (Persson et al. 2017, in prep). We 
present in Figure 4 a visual summary of wolverine feeding strategies relative to resource 
availability from time of birth to post-weaning. 
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Figure 4. Wolverine feeding strategies relative to resource availability. Adapted from 
Persson et al. 2017, in prep.  
 
Denning Habitat  
 
Given the wolverine’s observed association with snow, we provide in Box 1.0 a summary of the 
importance of snow for ecological systems. This summary provides a detailed perspective of 
how various physical properties of snow can influence ecological systems occupied by snow-
adapted wildlife, including insulating properties, differences in snow cover in mountainous vs. 
forested habitat, and changes in snow cover due to wind and slope/aspect. However, we also 
emphasize here that there have been limited comprehensive studies of wolverine behavior, or its 
physical and ecological requirements outside of the winter months in North America (cf. Banci 
1987 (Yukon); Hornocker and Hash 1981 (Montana); Gardner 1985 (Alaska); Magoun 1985 
(Alaska); Copeland 1996 (Idaho); Krebs et al. 2007 (Canada); Inman 2013 (Greater Yellowstone 
Ecosystem)) due, in part, to the difficulty in tracking animals when snow cover is absent and 
their ability to move great distances across rugged terrain. In addition, den site locations for 
North America reported in the past haves been biased to tundra regions where dens are more 
readily observed and located (Banci 1994, p. 110). In Scandinavia, snow cover has also been 
found to be a poor technique for tracking female wolverines during the time when they give birth 
and initiate denning (Aronsson and Persson 2016, p. 6). 
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Box 1.0: Snow Cover in an Ecological Context 
Formozov (1961; 1963) prepared comprehensive reviews of the unique properties of snow in the 
context of its role in the ecology of animals and plants in Russia. In his 1961 review (translated 
from the 1946 original), he identified two important factors attributed to snow cover — 
nastization (the thickness of the crust on the surface of mature snow cover) and firnization 
(process of snow compaction) — relative to its ecological influence (Formozov 1961, p. 8). Snow 
cover provides not only a substrate that allows some animals to move across the landscape, it also 
provides a matrix within which other animals can create tunnels and build nests (Formozov 1961, 
p. 8). Additional fundamental concepts described in this study are provided below: 
 

• Snow has very low thermal conductivity which promotes cooling at the surface while at 
the same time protects the deeper layers from chilling; but this property varies by region, 
by depth, by season , and by year (e.g., the more continuous the snow cover during winter, 
the greater the warming effect); as snow changes to ice (through compaction and melting), 
the thermal conductivity decreases (Formozov 1961, pp. 7, 8, 108) 

• Snow therefore creates a thermo-insulating layer, which allows for a unique temperature 
regime on the surface and underneath; as an example, soil temperatures measured in 
January (near Saint Petersburg, Russia) averaged 15°C higher with snow cover than 
without snow cover, with up to a 32°C difference, depending on the day and depth 
measured (Formozov 1946, p. 109) 

• Snow cover in mountains: 
o Depth of snow cover and its duration increases with elevation; even minor 

elevation differences are noticeable (Formozov 1961, p. 123) 
o This spotty distribution is also affected by unequal distribution of snow 

precipitation on slopes with different exposures, transport of snow by wind, 
melting of snow on sun-exposed slopes, avalanche or rolling down of snow from 
steeper areas, and vegetation (Formozov 1961, p. 123)  

o Snow cover areas near Arctic limits and at treeline in mountain regions is more 
strongly influenced by wind (which compacts and re-works snow cover) 
(Formozov 1961, p. 29) 

• Snow cover in forests: 
o The maximum depth, density, duration and date of melting, thickness of snow 

surface crust are all much different in forested areas as compared to open 
treeless areas (Formozov 1961, p. 19) 

o Snow accumulates slowly under trees and is generally thicker the further away 
from the forest than within the forest; thus, the compaction and settling of snow 
under a forest canopy is less than tundra or open fields (with a less icy crust), so 
for some vertebrates, forested areas can provide a more preferable place to 
winter or migrate (Formozov 1961, pp. 24, 26) 

o Snow cover in forested areas also melts slower than open fields and clearings 
(Formozov 1961, p. 28) 

• Snow cover also plays an important role in the overwintering conditions for insect eggs, 
caterpillars, pupae, and adult insects in litter and soil, and some plants (Formozov 1961, p. 
121) 
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Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, including persistent spring snow cover, the key elements or combination of elements 
that define this relationship have not been empirically analyzed. As noted above, adult 
wolverines have a wide range of thermoneutrality. However, newborns, who are born with 
lighter, less dense fur are likely to have a more limited ability to control their internal 
temperature, though huddling (a thermotactic behavior) of small mammals in dens can conserve 
heat (Barnett and Mount 1967, p. 439). Den locations are also assumed to be located in areas that 
provide protection for nursing female and her young. But it is unclear if the relationship to snow 
cover is based on selecting dens in remote, high elevation areas to avoid predators. 
 
Basal metabolic production of heat is the source of heat that maintains bodily warmth, and is not 
easily modifiable unlike the flexibility of insulation (Irving 1972, p. 121). However, metabolic 
heat above an animal’s basal rate for preservation of warmth is restricted by its not unlimited 
capacity for metabolic production of heat, but also by food availability and the time and 
opportunity for nourishment (Irving 1972, p. 121). In general, metabolic production of heat is 
costly to animals, but variable insulation represents a conservative strategy (Irving 1972, p. 121).  
 
Another key element related to den location is the protection that dens provide to a nursing 
female and her young. Because wolverines are known to den in a variety of structures it is 
unclear if the apparent relationship to snow cover is based on selecting den locations in remote, 
high elevation areas to avoid predators. Bare rock and boulders at den sites can offer dry and 
secure cavities and enhance the ruggedness of the landscape (May et al. 2012, p. 198).  
“Ruggedness,” a measure derived from elevational changes and irregularity of land surface 
(density of contour lines) traversing a given area (Beasom et al. 1983, p. 1,163) has been found 
to be an important variable (i.e., secure habitat from predation risk) for female wolverines in 
winter (British Columbia, Canada) (Krebs et al. 2007, p. 2,188) and for den site selection at site-
specific, home range, and landscape scales (southcentral Norway) (May et al. 2012, pp. 200–
201).   
 
Wolverine denning habitat varies across its Holarctic range. For example, in southcentral 
Norway, wolverine dens were snow tunnels dug into deep snow at the tree line (elevation 1,100 
meters a.s.l. (3,609 ft)), but most of the tunnel systems extended down to boulder fields, talus 
slopes, or rock crevices such that young could crawl around within these structures (May et al. 
2012, p. 201). Snow tunnels are also reported for wolverine natal dens in Alaska (Magoun 1985, 
pp. 84, 185, 190). However, reproductive dens are not always excavated in deep snow. In 
Canada, female wolverines are said to give birth in dens where snow cover persists at least until 
April, and can den under snow-covered rocks, logs, or within snow tunnels (COSEWIC 2014, p. 
v). For example, in northwestern Ontario, den site habitat for a female in lower Boreal Forest 
habitat (elevation 250 to 500 m (820 to 1,640 ft), 51°N) included large boulders and downed 
trees, similar to dens described for wolverines in montane ecosystems (Dawson et al. 2010, p. 
139). In Finland, Pulliainen (1968, p. 340) reported a den site (January) at the base of a tree and 
not covered in snow, and also described other structural features such as rocks, fallen trees, and 
deep ravines as denning habitat (likely both natal and maternal dens) (Pullianinen 1968, pp. 338–
341). In Russia, where wolverine habitat has been described as located far from human-inhabited 
areas within boreal forests and, to some extent, tundra, and taiga (Novikov 1962, pp. 199, 200), 
den locations were described as “clefts in rocks, among stones, and under roots of upturned 
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trees” (Novikov 1962, p. 200). Dawson et al.’s (2010, p. 142) study from northwestern Ontario 
noted that, because lowland boreal forest habitat in this region does not support deep, wind-
hardened snowdrifts, other structural elements within snow layers such as trees and boulders can 
be important components of wolverine denning habitat.  
 
Limited studies to date have evaluated the importance of denning habitat to reproductive success, 
or the key physiological and ecological characteristics, including avoidance and/or protection 
from predators, prey availability, availability of caching habitat, that define denning behavior 
and den site selection. Population density, trapping pressure, population genetics, and other 
measures of habitat quality may also influence wolverine fecundity (Anderson and Aune 2008, p. 
28). In addition, studies of wolverine denning activity have not reported the condition of the 
natal or maternal den location following abandonment; that is, wWhat is the persistence and/or 
depth of snow at the natal den at the end of the denning season and how does this affect survival 
of young?  
 
Copeland et al. (2010, p. 234) used a bioclimatic model to test the following hypothesis: 
“…wolverine distribution at the broadest spatial scale is constrained within a climatic envelope 
defined by an obligate association with persistent spring snow cover and by an upper limit of 
thermoneutrality.”  However, this hypothesis was based on the premise “If persistence of 
wolverine populations is linked to the availability of suitable reproductive den sites ([citing] 
Banci 1994), snow cover that persists throughout the denning period may be a critical habitat 
component that limits the wolverine’s geographic distribution” (Copeland et al. 2010, p. 234). 
The authors tested this hypothesis by “comparing and correlating the locations of wolverine 
reproductive dens from throughout their circumboreal range, and telemetry locations from 10 
recent wolverine studies in western North America and Scandinavia, with spatial models 
representing the distribution of spring snow cover and average maximum August temperatures” 
(Copeland et al. 2010, p. 234) (emphasis added). 
 
Bioclimatic models “use associations between aspects of climate and known occurrences of 
species across landscapes of interest to define sets of conditions under which species are likely to 
maintain viable populations” (Araújo and Peterson 2012, p. 1,527). They are correlational by 
nature and are often applied to study a variety of conservation issues, including forecasting 
potential climate change effects on species’ distributions (Araújo and Peterson 2012, p. 1,527). 
However, these types of correlational models have received some criticisms and require careful 
framing to avoid misapplication (Sieck et al. 2011, p. 6; review by Araújo and Peterson 2012, 
entire).They generally represent a first step for evaluating current and future species 
distributions, and, when coupled with climate change scenarios, results are presented at a coarse 
scale that may not accurately project shifts in species distribution at a smaller scale (Sieck et al. 
2011, p. 6). In particular, when used to estimate extinction risk, these types of models provide 
only an estimate of the empirical relationships between a species’ current distribution and 
climate variables and then use inferred relationships to identify potential areas where the species 
is distributed under future climate scenarios (Araújo and Peterson 2012, p. 1,553). Extinction 
risk is not represented in the model’s input data and therefore is not the targeted parameter of the 
model; thus, a bioclimatic model’s usefulness may be limited in these types of applications given 
that it only offers partial explanatory evidence for reasons for potential extinction related to the 
shifts in climate suitability within the time frame being modeled (Araújo and Peterson 2012, p. 
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1,533 and citations therein). In addition, climate niche projections generally do not incorporate 
factors such as competition, dispersal, and evolutionary capacity, which also influence range 
boundaries (Michalak et al. 2017, p. 370). Thus, these types of models are more applicable at 
broad scales in which the effects of fine-scaled topography and biological interactions play a 
more limited role (Michalak et al. 2017, p. 370); however, both of those effects are important for 
wolverine, particularly at the den-site scale.  
 
Finally, Post (2013, p. 50) suggested that the niche conservatism approach may not be 
appropriate in predicting changes to species’ distributions under future climate change scenarios. 
He concluded that, based on redistribution patterns of flora and fauna throughout the Pleistocene 
epoch, but particularly the Late Pleistocene period of rapid warming, species movement is not 
always predictable in directions or rates based simply on their association with the more 
predictably changing environmental/abiotic measures.  
 
As noted above, Copeland et al. (2010, entire), used a bioclimatic model to evaluate an assumed 
association not at the den site scale, but at a broad scale. The results presented in Copeland et al. 
(2010, entire) were based not on the condition of snow cover at a particular den site at the time of 
denning, but rather their evaluation of snow persistence (April 24 to May 15) was based on 
satellite images summed over a 7-year period (2000 to 2006) for the den locations. The 
resolution of the snow measurement used to detect daily snow cover was 500 m (1,640 ft), using 
Moderate-Resolution Imaging Spectroradiometer (MODIS). If persistent snow cover was 
observed in any one year, it was included in the bioclimatic model regardless of whether denning 
occurred during that particular year.  
 
In addition, although the study found that 69 percent of dens for North American wolverines 
were located within satellite images (pixels) in areas that had snow cover for 6–7 years, just over 
one-third (31 percent) of the identified den locations were located in areas that were identified as 
having spring snow cover 5 years or less out of 7 years. Also, the den location attributes (e.g., 
den structure, how long it was used) were not recorded relative to the observed persistent snow 
cover and some of the 560 dens (e.g., Norway) were identified by snow tracking rather than 
direct observation. In essence, the results presented by Copeland et al. (2010, entire) provided a 
fairly accurate, though preliminary, assessment of where wolverine populations are expected to 
be observed, but did not evaluate (model) snow persistence at the den site scale based on location 
and denning period.  
 
We also note here that results from scoring exercises of a panel of scientists convened by the 
Service in April 2014 (Wolverine Science Panel Workshop), indicated that most panelists 
allocated points to an obligate relationship of wolverines with deep snow at the den-site scale, 
but there was a wide range of scores from the panel as to whether contiguous snow was limiting 
at the home-range or species-range scales (Wolverine Science Panel Workshop Report 2014, pp. 
9–11).  
 
Since the 2013 and 2014 proposed rules for the wolverine, several publications have presented 
additional study results related to wolverine distribution and snow cover. In Alberta, Canada, 
(Webb et al. 2016, entire) found that, based on wolverine harvest data, wolverine occurrence 
relative to spring snow cover varied based on the different regions of Alberta. Although the study 
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found an overall positive trend of more frequent wolverine harvests in those areas expected to 
have spring snow cover, the study did not find consistent large differences between these areas, 
and did not typically detect significant relationships with frequent spring snow cover (4–7 years) 
in all regions (Webb et al. 2016, p. 6). The Rocky Mountains region was the only region in 
which wolverines were reported in areas with more frequent spring snow cover (4–7 years) 
(Webb et al. 2016, p. 5). This region, which is located along the western border of Alberta, 
contains montane, subalpine and alpine habitat, with elevations from 1,000 m (3,281 ft) to 3,700 
m (12,139 ft) (Webb et al. 2016, p. 9). Conversely, the study found that in the Boreal Forest 
region of Alberta (wetland habitat interspersed with coniferous, mixed wood, and deciduous 
forests, with elevations between 1,500 m (4,921 ft) to 1,100 m (3,609 ft), a female wolverine 
denned under large boulders and downed trees (Webb et al. 2016, p. 8). The authors noted that 
wolverine den locations within low elevation, forest habitats have not been well-described 
(Webb et al. 2016, p. 8). As noted above (Novikov 1962, p. 200), in boreal forested habitat, 
wolverines den in rock areas and in tree root structures. A similar finding was reported in 
Sweden, where a majority of dens (n=49) were in boulder areas located within mature, mixed 
coniferous forests (i.e., not alpine or tundra habitat) (Makkonen 2015, p. 14); all den sites 
provided cover for young without snow (Makkonen 2015, p. 17). A recently published study 
reported wolverine natal dens in logged areas (cutblocks) in northern Alberta, Canada; 
specifically, within a slash pile and log deck (Scrafford et al. 2017, p. 35). 
 
Aronsson and Persson’s (2016, p. 6) study of wolverine populations and distribution in Sweden 
observed that wolverine populations were found outside areas with persistent spring snow cover 
and expanding into boreal forest habitat located to the east and south of alpine areas. This 
southern and eastern expansion (from 1996 to 2014) indicates recolonization of their historical 
distribution in Sweden, and is thought to be the result of an increase in population, with more 
dispersers colonizing forest habitat, and an increase in year-round scavenging opportunities due 
to an increase in Scandinavian wolf packs (Aronsson and Persson 2016, p. 6; Aronsson 2017, p. 
43–44). As of the spring of 2017, over 80 reproductive dens have been observed outside the 
boundary of the snow model presented in Copeland et al. (2010) (Persson 2017, pers. comm.). 
Similarly, Koskela (2013, p. 38) found that 10 observed wolverine dens observed in Finland 
were determined to be “snow dens,” but 8 of the 10 dens were located in areas outside the 
modeled, satellite-based spring snow cover area.  
 
Snow depth can be affected at a local level by terrain, ruggedness, slope and aspect; slope and 
aspect together will affect the exposure to snow accumulation (May et al. 2012, p. 198). In an 
effort to document and compare snow persistence at the wolverine den-site scale, Magoun et al. 
(2017, entire) evaluated the use of low-altitude aerial photography during late May 2016 in areas 
within the Rocky Mountains (Idaho and Montana) and northwestern Alaska. Transect segments 
(established along flight lines) in the Rocky Mountain study areas documented snow on May 31 
in all but one segment, with 82 percent classified in low to heavy snow retention categories, and 
58 percent considered as moderate to heavy (Magoun et al. 2017, p. 383). In the Alaska study 
area, photographs documented widely scattered patches of snow on May 29, with remnant 
snowdrifts observed at all four wolverine den sites (Magoun et al. 2017, p. 383). The 
documentation of the existence of scattered patches of snow in the Rocky Mountains persisting 
into late May in areas previously detected to be bare of snow on May 29 (MODIS persistent 
spring snow cover, McKelvey et al. 2011, p. 2,889, Figure 4D; Magoun et al. 2017, p. 384, 
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Figures 2b and 2d) suggests that persistent spring cover may not always be detectable at the den-
site scale using remote sensing methods (Magoun et al. 2017, p. 384).  
 
To evaluate snow cover at previously recorded den site locations in the western U.S., we 
reviewed natal, maternal, and known den sites relative to derived ‘melt-out’ dates using 
MODIS/Terra Snow Cover, 8-day series (Hall and Riggs 2016). Melt-out dates represent the first 
day of the 8-day composite series when the cell in which the den was located switches from 
“snow” to “no snow.” The spatial resolution for these data is 500 m by 500 m (1,640 ft by 1,640 
ft). Because this MODIS data was only available from the years 2002–2008, we were only able 
to evaluate 21 of the 34 den sites documented in our records. As shown in Table 2, the earliest 
melt-out date was May 14 (2006) and the latest was July 12 (2002). For natal den sites only, the 
range for melt-out dates was May 25 to July 12. All of these sites indicate a melt-out date that is 
past the May 15 date used for the persistent spring snow cover model presented in Copeland et 
al. (2010).  
 
Table 2.  Wolverine Den Site Melt-Out Dates, 2002–2008.  
 

Den # Den Type Melt-out Date Elevation, meters (feet) Structure State 
1 Unknown 7/12/2002 1,814 m (5,951 ft) None Listed WA 
2 Natal 5/25/2003 1,928 m (6,326 ft) Log Complex MT 
3 Maternal 5/25/2003 1,995 m (6,545 ft) Log Complex MT 
4 Natal 6/4/2004 1,807 m (5,923 ft) Log Complex MT 
5 Natal 6/9/2004 2,399 m (7,871 ft) None Listed WY 
6 Natal 6/17/2004 2,487 m (8,160 ft) None Listed MT 
7 Maternal 6/29/2004 1,823 m (5,981 ft) Downed Log MT 
8 Maternal 6/29/2004 1,893 m (6,211 ft) Log/Boulder MT 
9 Maternal 6/11/2005 1,912 m (6,273 ft) Spider Tree MT 

10 Maternal 6/11/2005 1,973 m (6,473 ft) Spider Tree MT 
11 Natal 6/11/2005 1,977 m (6,486 ft) Spider Tree MT 
12 Natal 7/12/2005 2,693 m (8,835 ft) None Listed MT 
13 Unknown 5/14/2006 1,514 m (4,967 ft) Log Complex MT 
14 Unknown 5/25/2006 2,093 m (6,867 ft) None Listed MT 
15 Maternal 5/31/2006 1,851 m (6,073 ft) Log Complex MT 
16 Natal 5/31/2006 1,843 m (6,047 ft) Log Complex MT 
17 Unknown 6/7/2006 2,252 m (7,389 ft) None Listed MT 
18 Natal 6/18/2006 2,695 m (8,842 ft) None Listed MT 
19 Natal 5/25/2007 2,820 m (9,252 ft) None Listed MT 
20 Natal 6/4/2007 1,922 m (6,306 ft) Log/Boulder MT 
21 Unknown 7/3/2008 2,505 m (8,219 ft) None Listed ID 

 
Additional studies are needed to further document wolverine den structure, snow conditions at 
dens, and how long dens are used, particularly for those locations outside of areas expected to 
have spring snow cover, to better understand the relationship of wolverines and snow cover 
(Webb et al. 2016, p. 8; Magoun et al. 2017, pp. 6–7). 
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Other physical or biotic variables are also likely to be important for wolverine den site locations. 
Elevation affects snow depth and persistence at the landscape scale (May et al. 2012, p. 198). 
Inman et al. (2012a, p. 782) found that wolverines (12 females and 6 males) monitored in the 
Greater Yellowstone Ecosystem selected, on an annual basis, areas above 2,600 m (8,530 ft) 
latitude-adjusted elevation. In central Idaho, natal dens were also found in secluded, high 
elevation (above 2,500 m (8,202 ft)) cirque basins (Copeland 1996, p. 94).  
 
We evaluated 34 den sites in the lower United States using a linear regression model to evaluate 
whether the elevation of wolverine den sites is related to latitude. We note here that not all of 
these dens were characterized as to whether they were natal or maternal dens and a few records 
were not verified through tracking of females or direct observations. Given these caveats, our 
examination of these records indicated that, in general, wolverine dens at lower latitudes (36 to 
38°N) occur at higher elevations (range: 2,688 to 3,562 m) (8,819 to 11,686 ft) while the 
converse is seen for those dens at higher latitudes, or approximately 44 to 49°N (range: 1,514 to 
2,820 m) (4,967 to 9,252 ft). Given our assumptions (small sample size, test of normality (i.e., 
Shapiro test for elevation is just met)) we used linear regression (R Software; R Core Team, 
2014) to test this association. We found a significant association with elevation and latitude 
[adjusted R2 = 0.76, F = 108.1, df=32; p-value = 8.24 x10-12], such that dens found at lower 
elevation were associated with higher latitudes. However, the results of this simple model 
indicate that 76 percent of the elevation for this sample is explained by latitude; thus, other 
potential explanatory variables or interactions between variables should be considered using 
multiple regression techniques. 
 
The steep slopes found at higher elevations also provide conditions conducive to avalanches, 
which result in debris and talus/boulder piles that provide structure for dens (Inman 2013, pers. 
comm.). Steep slopes and the availability of rocks were found to be important to wolverine den 
site selection for wolverines studied in Norway (May et al. 2012, p. 200). These areas also offer 
either exclusive or higher frequencies of maternal food sources during the high energy demands 
for reproducing females, such as marmot emerging from hibernation and neonatal ungulates 
(Inman 2013, pers. comm.) (see Diet and Feeding discussion below). 
 
In summary, wolverines select den sites for different characteristics depending on location. Dens 
located under snow cover may be related to wolverine distribution based on other life history 
traits, including morphological, demographic, and behavioral adaptations that allow them to 
successfully compete for food resources (Inman 2013, pers. comm.). Structure (e.g., uprooted 
trees, boulders and talus fields) appears to be essential for natal den sites. Sensitivity to human 
disturbance and predator avoidance are also likely important factors in selecting both natal and 
maternal den sites. However, reproductive success of wolverines has not been evaluated relative 
to the depth and persistence of snow cover, or in combination with these or other important 
characteristics, including prey availability and predator avoidance.  
 
Demography 
 
The lifespan of the wolverine is variable. Jackson (1961, p. 361) reported an upper range of 8–10 
years and potentially up to 18 years in captivity. Based on trapper-submitted carcasses from the 
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Yukon, Jung and Kukka (2013, pp. 8, 12) reported an upper age of 11.9 years for a male 
wolverine and 12.9 years for (pregnant) female. Inman et al. (2012a, p. 781) classified 
wolverines less than 1 year old as juveniles (or cub), those 1 to 2 years old as subadults, and 
those at least 3 years old as adults. Wolverine generation time for wolverines has been estimated 
at 7.5 years (COSEWIC 2014, p. 23). 
 
Survival of adult female wolverines is considered to be an important demographic parameter in 
the wolverine’s life history (Sæther et al. 2005, entire). As noted by Aronsson (2017, p. 13), 
because most polygamous species display a dispersal pattern that is sex-based, their population 
distribution is generally limited by the dispersal behavior of the sex that is more philopatric (the 
tendency of a species to remain within or return to its birth area). Thus, the distribution of 
wolverine populations and colonization is generally limited by dispersal of female wolverines 
(Aronsson et al. 2017, p. 2).  
 
Stochastic factors (both demographic and environmental) also strongly influence the population 
dynamics of the wolverine (Sæther et al. 2005, p. 1,011–1,012). Given the rapid maturity of 
young wolverines, survival of female wolverines with young is likely dependent on the 
availability and distribution of food sources during the “snow-free season” (late spring and 
summer) (Banci 1994, p. 114). For example, a study of wolverines in Norway found that survival 
of young was primarily influenced by the abundance of small rodents (Landa et al. 1997, p. 
1,293).  
 
Evaluating how variations in demographic rates are influenced by the interactions between costs 
of reproduction, individual quality (e.g., breeding status), and environmental factors can provide 
a better understanding of the dynamics and viability of animal populations (Robert et al. 2012; p. 
entire; Rauset et al. 2015, entire). The interactions between individual age, environmental 
resources, and reproductive costs of wolverines in Sweden were recently examined by Rauset et 
al. (2015, entire). The results of this study provide important details regarding the influences on 
wolverine reproduction productivity. The study found that age-related variation in reproductive 
output for female wolverines is driven by the interactions between age, reproductive costs, and 
availability of resources (Rauset et al. 2015, p. 3,160). As an example, female wolverines were 
found to be more likely to give birth and nurse young in home ranges with greater food resource 
abundance at the time of fetal development (Rauset et al. 2015, p. 3,158). The study also 
concluded that a favorable reproductive strategy for female wolverines is a conservative one, 
wherein older female wolverines do not “trade” current reproduction against their own survival 
(Rauset et al. 2015, p. 3,161). 
 
Intraspecific predation of wolverines is another important influence on wolverine population 
dynamics (Persson et al. 2003, p. 26). The altricial life history stage (early May to end of July) is 
likely a period of high juvenile mortality in solitary carnivores, such as the wolverine, since 
females are balancing the energetic demands of lactation (Sadleir 1984, pp. 179–180) and 
providing protection to young (Persson et al. 2003, p. 22). Young (juveniles) wolverines are 
vulnerable to predation during the time period when left unattended in the natal den (generally 
March-April) and when they have first exit the natal den and are left at rendezvous sites 
(locations in which the female leaves young while she hunts for food, and from which they will 
not leave without her), or around May-June (Magoun 1985, pp. 49, 73, 77). An additional Commented [SC25]: I believe we used this term earlier, so 
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vulnerability occurs when juvenile wolverines are required to become nutritionally independent 
and begin exploratory movements away from their mother’s protection, generally August-
September (Vangen et al. 2001, p. 1,644).  
 
Mortality 
 
There are a few natural predators of wolverines, but interactions with wolves can lead to severe 
injury and death (Burkholder 1962, p. 264; Banci 1987, pp. 81, 91; White et al. 2002, p. 132). 
Mountain lion are suspected of killing wolverines (Copeland 1996, p. 46; Krebs et al. 2004, p. 
497; Aubry et al. 2016, pp. 27, 32). Starvation has also been identified as a cause of mortality in 
wolverines (Hornocker and Hash 1981, p. 1,296; Banci 1987, pp. 91, 110; Krebs et al. 2004, p. 
497).  Intraspecific predation also contributes to wolverine deaths. Persson et al.’s (2003, p. 25) 
found that juvenile survival rate tended to be lower during the altricial period (May–July), and 
intraspecific predation was the most common cause of mortality, occurring either as infanticide 
orand after independence. Avalanches have also been documented as a cause of wolverine deaths 
(Inman et al. 2007, p. 89). 
 
In North America, anthropogenic causes of mortality for wolverine populations include hunting, 
trapping, and road kill. There is currently no allowable trapping or harvesting of wolverines in 
the contiguous United States, though incidental trapping mortalities have been reported as we 
reported in our proposed rule (78 FR 7881; February 4, 2013). This is discussed in more detail in 
Biological Status–Current Condition section below. Two mortality events from shootings of 
wolverines were documented in Idaho (2001, 2007) (Idaho Department of Fish and Game 
(IDFG) 2014, p. 26). In Alaska, wolverine trapping and hunting is controlled by seasons and bag 
limits, with about 550 animals harvested each year (Alaska Department of Fish and Game 
(ADF&G) 2017a). Trapping and harvesting of wolverines occurs over much of the range in 
Canada, as summarized in the 2014 COSEWIC wolverine status review (COSEWIC 2014, pp. 
10, 29–35). Harvest levels in western provinces have remained relatively stable since 1992 
(COSEWIC 2014, p. 38; Table 1). Trapping is closed in Ontario (except through treaty rights), 
though incidental trapping results in 1 to 4 mortalities per year (Bowman et al. 2010, p. 465). 
 
In their review of 12 radio-telemetry studies (1972 to 2001) of wolverines in North America, 
Krebs et al. (2004, p. 497) reported 3 mortalities of wolverines from road-rail kills. More 
recently, road mortalities have been recorded in Idaho (1 confirmed in 2014) (Idaho Department 
of Fish and Game 2017) and 2 in Montana (2004) (Kociolek et al. 2016, p. 68); one in Utah 
(2016) (Hersey 2017, pers. comm.); and two other wolverine road-rail fatalities were reported in 
2015 (Inman 2017a, pers. comm.). In Canada, anthropogenic causes of mortality for wolverine 
populations also include road kill (COSEWSIC 2014, p. v). Dawson et al. (2010, p. 142) 
reported a road mortality for a male in a lowland boreal forest region of Ontario, Canada. More 
recently, Scrafford et al. (2017, p. 34) described a report in which 9 wolverines were struck and 
killed by vehicles in the Hay-Zama region of northwestern Alberta, Canada (2013–2015), and 1 
road mortality within the town of Rainbow Lake in Alberta. 
 
Additional discussion of the effects of hunting, trapping, and human development is discussed 
below (see Biological Status–Current Condition section below).   
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Diet and Feeding 
 
Wolverines have been described as opportunistic foragers (Inman et al. 2012b, p. 639) and as a 
“seasonal scavenger on the fringe of the food web” (Larsen 1980, p. 399). They are both 
scavengers and predators, with a diet that varies between seasons and years, and switching 
between food sources depending on availability (Magoun 1987, p. 396; Cardinal 2004, pp. 19–
22; Mattisson et al. 2016, p. 9). Landa et al. (1997, p. 1,292) used the term “polyphagous” to 
describe the switching of food sources depending on prey availability by wolverines. Regional 
variations in diet have also been observed for wolverine populations (Nunavut, Canada) (Awan 
and Szor 2012, p. 9). The availability of ungulate carrion is believed to be more important than a 
particular habitat type for wolverines (Cardinal 2004, p. 20). 
 
Early studies from northwestern Montana using scat analysis found that carrion (deer or elk) was 
an important component of wolverine diet (Hornocker and Hash 1981, p. 1,297). However, 
during winter, hoary marmots (Marmota caligata) were also important food items consumed 
and, in the spring, Columbian ground squirrels (Urocitellus columbianus) were heavily preyed 
upon (Hornocker and Hash 1981, p. 1,298). Cardinal (2004, pp. 20–21) described a large and 
varying diet for wolverines in Canada based on reports from aboriginal traditional knowledge 
holders; in addition to large animals as prey or carrion, wolverine diet includes rabbits and 
ptarmigans (Lagopus sp.), porcupine (Erethizon dorsatum), mice, beaver (Castor canadensis), 
fish, ducks, seals, gulls and gull eggs, and lemmings, as well as antlers, bones, and skulls. Native 
mountain goats (Oreamnos americanus) and bighorn sheep (Ovis canadensis), who occupy high 
elevation winter ranges in portions of North America, have also been suggested as important 
components of wolverine winter diet, particularly during the reproductive denning period (Buell 
2016, pers. comm.). Snowshoe hares may also be an important food item for wolverines in parts 
of Canada (Jung and Kukka 2013, p. 20). 
 
In northwestern Alaska, analyses of wolverine winter diet using carcasses collected from hunters 
(1996–2002) within the migratory range of the Western Arctic Caribou Hard found that caribou 
represented the most common food item, likely through scavenging behavior, followed by moose 
(Alces alces), and to a lesser degree, microtine rodents, Arctic ground squirrels (Spermophilus 
parryii), porcupines, wolverines, red fox (Vulpes vulpes), sheep and ptarmigan (Dalerum et al. 
2009, p. 249). One study year found stomach contents contained a large portion of muskoxen 
(Ovibos moschatus) and Dall’s sheep (Ovis dalli) (Dalerum et al. 2009, p. 249). Gustine et al. 
(2006, pp. 13–14) found that wolverines were the main predator of caribou calves (less than 14 
days of age) in northern British Columbia, Canada. Magoun (1987, entire) evaluated wolverine 
diets in winter (scat analysis) and summer (primarily direct observation) in northwestern Alaska. 
Results from that study indicate a large number of Arctic ground squirrels were eaten in summer, 
while the winter diet consisted primarily of caribou and Arctic ground squirrels (Magoun 1987, 
p. 393). Scavenging was found to be an important feeding strategy in winter, including remnants 
of caribou buried caribou carcasses or bone/hide in the tundra (Magoun 1987, p. 396). 
 
Yates and Copeland (in prep) documented food habits of wolverines from 2002 to 2007 in 
Glacier National Park by reviewing prey remains and scat samples, or direct observations of 
feeding behavior. Their scat analysis found that 72 percent of samples contained more than one 
prey species, and 89 percent contained plant material, primarily conifer needles (Yates and 
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Copeland, in prep). The latter may be related to scent-marking behavior of territories, either by 
defecation after chewing on twigs/shrubs or terpenes released during urination, or the result of 
stomach contents found within their consumed herbivorous prey (Yates and Copeland, in prep). 
Overall, deer and elk represented the most frequent prey item (37 percent), but hibernating 
rodents were also common in scats (36 percent).  Other prey items included mice, voles, 
lemmings, bovids (e.g., bighorn sheep, mountain goat), birds, and hares (Yates and Copeland, in 
prep). Temporal differences in the occurrence of prey were also observed. 
 
Snow tracking in Montana found that wolverines hunted in brush piles, log jams, and heavy 
cover, and routinely entered "tree wells," areas immediately under dense, low growing conifers 
where snow does not accumulate, that provide easy access to small, ground-dwelling mammals 
(Hornocker and Hash 1981, p. 1298). Wolverines have been described as moving and lifting 
large stones in order to access human-cached meat (Freuchen 1935, p. 98). 
 
Several foraging strategies have been described for wolverines. Predation behavior on reindeer 
(Sweden) was detailed by Haglund (1966, p. 275). A study of elk in Siberia, Russia, noted that, 
in most instances, wolverines will attack young, pregnant females, young of the year, and 
wounded or sick animals (Knorre 1959, p. 27). Elk were chased, sometimes by two wolverines 
during periods of heavy snow (Knorre 1959, pp. 10, 27) and wolverines have been observed 
feeding in groups on large animal carcasses (Cardinal 2004, p.21). However, wolverines have 
been described as neither an effective predator of large game animals, nor a serious competitor 
with other predators (Cardinal 2004, p. 21).  
 
Based on studies in Alaska, Dalerum et al. (2009, p. 251) suggested that wolverines occupying 
this region are large ungulate specialists, but use a generalist feeding strategy by switching 
between ungulate food sources (e.g., caribou and moose) depending on their availability. Thus, 
during periods of low caribou abundance, wolverines can switch from caribou (migratory) to 
moose (non-migratory) while still maintaining their ecological role as a scavenger on ungulate 
carcasses (Dalerum et al. 2009, p. 251).  
 
A study of wolverine diet using scat samples in Finland found that breeding female wolverines 
opportunistically used carrion and hunted less on small prey as compared to males and non-
breeding females (Koskela 2013, p. 35). In addition, in areas with low densities of mid-size 
ungulates, smaller prey and carcasses may be important in the wolverine diet (Koskela 2013, p. 
35). These results supported an optimal foraging theory; that is, wolverines will opportunistically 
use foods that are the most energy-efficiently available (Koskela 2013, p. 41). In other words, 
hunting ungulates or smaller prey (rabbits, birds) may incur greater energetic costs than 
scavenging for food, but searching for wolf- or human-killed carcasses will take more time 
(Koskela 2013, p. 41).  
 
Finally, Mattisson et al. (2016, entire) evaluated diet and feeding strategies of wolverines in 
Scandinavia. They found that wolverine feeding strategies were flexible and temporarily shifted 
from scavenging to predation and heavily influenced by seasonal dependent responses to 
availability of prey and the supply of carrion (Mattisson et al. 2016, p. 9). Predictable 
anthropogenic food sources (i.e., remains from hunted ungulates) also influenced wolverine 
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feeding strategies in their study area by increasing scavenging behavior relative to predation 
(Mattisson et al. 2016, p. 10). 
 
Aboriginal traditional knowledge holders (Canada) have reported wolverines as being largely 
dependent on wolves or another large predator to obtain large mammal carrion such as caribou, 
but also scavenge off polar bear (Ursus maritimus) and grizzly bear (summer) kills (Cardinal 
2004, p. 20). Wolverines were observed following the tracks of lynx and then scavenging on 
prey left behind from lynx kills (Haglund 1966, pp. 272-273). Myhre and Myrberget (1975, p. 
756) noted that the hunting abilities of wolverine and lynx are not the same and that the two 
animals use the meat of their prey differently, which, together, may allow the two carnivores to 
coexist in the same environment.  
  
In Sweden, Mattisson et al.’s (2011b, p. 1,326) study of Global Positioning System (GPS)-
collared wolverines found that they spent three times longer scavenging ungulate carrion as 
compared to feeding on wolverine-killed prey, and more than half of the reindeer carcasses 
scavenged by wolverines were killed by lynx. That study concluded that lynx can increase the 
availability of food for wolverines and other scavengers and that lynx behavior around kill sites 
minimizes potential encounter conflicts (Mattisson et al. 2011b, p. 1,328). In their study area, 
lynx do not appear to pose a significant threat to wolverines, neither by exclusion in space or 
time (Mattisson et al. 2011a, p. 79) nor from mortality (Persson et al. 2009, p. 327). We are not 
aware of similar evaluations for North American populations of wolverines and lynx. Fisher et 
al. (2013, p. 712) remarked that this lack of study on interspecific processes in the more 
predator-diverse North American landscape is an important gap in our understanding of 
wolverine distribution. 
 
Large carnivores can act as “sympatric ungulate predators” (Dalerum et al. 2009, p. 251), 
generating carrion at kill sites, particularly during winter months, but also as competitors and 
potential source of mortality (cf. White et al. 2002, p. 132; Krebs et al. 2004, p. 497; Koskela et 
al. 2013b, p. 221). Scrafford et al. (2017, p. 32) concluded that wolverines balanced their 
exposure to the risk of predation with foraging opportunities. Thus, even though wolverines may 
not be dependent on lynx or other sympatric predators for their survival or reproduction, an 
increase in the availability of carrion likely has a positive influence on the reproductive rate (e.g., 
number of offspring) in wolverine populations (Mattisson et al. 2011b, p. 1,328). 
 
Caching of food is an important behavior of wolverines and is important component of wolverine 
population dynamics (Hornocker and Hash 1981, p. 1,297; Inman et al. 2012b, p. 640). Food is 
cached in both summer and winter, by both sexes, and allows for food to be available past the 
peak periods of mortality and predation (Inman et al. 2012b, pp. 639). Wolverines will typically 
move between carcasses and cache sites and are able to remove large parts of a carcass in a short 
time (Mattisson et al. 2011, p. 1,327). Haglund (1966, p. 274) (Sweden) reported caching 
behavior most commonly in snow, as well as crevices in rock piles, and found that wolverines 
carried food to cache sites over long distances (8 and 10 km (5 and 6 mi)). Bjӓrvall (1982, p.319) 
reported a female wolverine carried a reindeer head (with antlers) about 22 km (13.67 mi) back 
to a den site in Sweden. In northwestern Alaska, wolverines fed on cached ground squirrels 
during winter (Magoun 1987, p. 395).  
 



North American Wolverine Species Status Assessment 
Report 
DATE 

38 
 

A study of wolverine caching behavior in boreal forest habitat in Canada reported that cache 
sites varied from simple caches, a single feeding site or excavation, to cache complexes, which 
included feeding stations, latrines, resting sites, and climbing trees dispersed over varying spatial 
landscapes (Wright and Ernst 2004b, pp. 61–62). All cache sites included bones and hides of 
moose, which were likely scavenged from wolf kills (Wright and Ernst 2004b, p. 62). Cache 
sites were often excavated in snow, but also in the ground under boughs of large spruce (Picea 
spp.) trees (Wright and Ernst, 2004b, p. 62). Wolverines also appeared to select cache sites and 
resting areas that offered good visibility of approaching competitors or predators (Wright and 
Ernst 2004b, pp. 63–64). 
 
Wolverine energetic demands and food requirements are related to their foraging strategies. 
Caching provides important energy for female wolverines during the lactation period and helps 
ensure survival of newborns (Inman et al. 2012b, p. 640). Young et al. (2012, p. 2,252) reported 
that wolverines have high energetic needs compared to other mammalian carnivores, which is 
similar to results previously presented by Iverson (1972a, p. 343), who concluded the basal 
metabolism of mustelids weighing over 1 kg (2.2 lbs) is approximately 20 percent higher than for 
other mammals. Andrén et al. (2011, p. 36) estimated a 1.2 kg/day (2.65 lbs/day) (range: 1.0–1.4 
kg/day (2.2–3 lbs/day)) food requirement for wolverines, while Young et al. (2012, p. 223) 
estimated a male wolverine would require an average of 0.85 kg (1.87 lb) of prey/day in winter 
and 0.95 kg/day (2.1 lbs/day) in “snow-free” periods.” Based on energy equivalent value of 
various prey sources, Young et al. (2012, pp. 223, 225) estimated that a winter diet for a male 
wolverine would include the equivalent of 1.8 ungulates, 70.7 sciurids (squirrels), 20.6 
lagomorphs (rabbits), and 832.7 small mammals, while in snow free season this would include 
the equivalent of 0.9 ungulates, 122.9 sciurids, and 3362.1 small mammals. 
 
Young et al. (2012, p. 225) concluded that wolverines consume 0.1 kg (0.22 lb) of prey per day 
more outside winter season, but that prey expected to be consumed in winter had a higher caloric 
content than other season; thus, the mass requirement is lower. As an example, they cite the 
higher proportion of ungulates consumed in winter, which provide about 1.3 times more energy 
(kilojoules per kilogram) than squirrels (Young et al. 2012, p. 225). Inman et al. (2012b, pp. 
640–642) also noted that food during the summer is just as important as the availability of 
cached ungulate food in the winter (e.g., during the energy demanding lactation period). Inman et 
al. (2012b, p. 640) identified the post-weaning growth period (May–August) for wolverines as a 
high energetic demand for food by a wolverine family group. Taken together with the lactation 
period, the calories available to wolverines therefore likely reaches a maximum from March to 
April (Inman et al. 2012b, p. 640).  
 
Population Structure 
 
As discussed above, wolverines recolonized much of North America after periods of glaciation 
and then experienced heavy human persecution in much of their range. As shown in our current 
range map (Figure 3) and described below in our Population Abundance and Distribution section 
wolverines occur across a broad expanse of North America, where the contiguous United States 
represents the southern extent of the species’ range. A number of biological factors can affect 
wolverine populations, including the species’ low intrinsic rate of population increase, naturally 
low densities, and need for large, intra-sexual home ranges (Banci and Proulx 1999, p. 180). 
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Their extensive dispersal abilities make possible the recolonization of individuals into vacant 
habitats (cf. Vangen et al. 2001, p; 1,647; Aronsson 2017, p. 43). As noted above (Diet and 
Feeding), interactions with sympatric predators and the availability of prey and carrion can also 
directly and indirectly affect wolverine populations.  
 
Wolverines in the contiguous United States are considered to represent a metapopulation (set of 
local or subpopulations within a larger area and where migration is possible between patches 
(Hanski and Simberloff 1997, p. 11)) (Inman et al. 2013, p. 277) and occupy habitat in high 
alpine patches at low densities, dispersing into suitable areas (Inman et al. 2012a, pp. 782–784). 
Wolverine populations in Alaska are considered to be continuous with populations in the Yukon 
and British Columbia provinces of Canada based on genetic studies (COSEWIC 2014, p. 37). 
Similarly, studies of wolverines in the North Cascades region have documented movement of 
wolverines from Washington into British Columbia (Aubry et al. 2016, pp. 16, 20). The 2014 
COSEWIC Report indicated that rescue (immigration from another population) of Canadian 
wolverine populations along the Canada-Alaska international boundary was likely (based on 
nuclear DNA evidence), but was negligible from the contiguous United States (COSEWIC 2014, 
p. 37). Based on mitochondrial DNA studies, Tomasik and Cook (2005, p. 390) concluded the 
gene flow in wolverines in northwestern North America is likely male-mediated, and is primarily 
due to long distance dispersal between low-density populations. Genetic studies of North 
American wolverines conducted by Kyle and Strobeck (2002, entire) found high levels of gene 
flow across northern populations (Canada and Alaska).  
 
Genetics 
 
Evaluation of genetic material can provide an understanding of population dynamics (Cegekski 
et al. 2006, p. 209). The geographical genetic structure of wolverines is believed to be largely 
structured around the strong female philopatry characteristic of this species (Rico et al. 2015, p. 
2), and, given the species polygamous behavior, wolverine population distributions (at least in 
Scandinavia) are considered to be primarily limited by dispersal of the more philopatric sex 
(Aronsson 2017, p. 13). However, the extensive and often asymmetrical movement of male 
wolverines from core populations to the periphery of their range can result in the addition of 
nuclear genetic material to these edges (Zigoruis et al. 2012, p, 1553). Thus, the dispersal pattern 
for male wolverines may help explain why allelic richness (i.e., nuclear DNA) can be similar 
across regions, but haplotype richness (mitochondria DNA) is lower at the periphery of the range 
(Zigouris et al. 2012, p. 1,553). Additionally, the extensive dispersal movements of both male 
and female wolverines can produce gene flow among diverged populations, making it difficult to 
distinguish, without additional sampling and analysis, between long-distance dispersal and 
fragmentation based on the patchy distribution of some haplotypes (Zigouris et al. 2013, p.10).  
 
Studies evaluating the genetic structure of wolverines, primarily within its core range in North 
America, were presented in Chappell et al. (2004) and Kyle and Strobeck (2001, 2002). Using 
microsatellite markers, Kyle and Strobeck (2002) and Zigouris et al. (2012) found a greater 
genetic structure of wolverines toward their eastern and southern peripheries of their North 
American distribution, likely due to a west-to-east recolonization during the Holocene (Zigouris 
et al. 2013, p. 9). Similarly, based on mitochondria DNA, McKelvey et al. (2014, p. 330) 
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concluded that modern wolverine populations in the contiguous United States are the result of 
recolonization (following persecution from hunting and trapping) from the north.   
 
Cegelski et al. (2006, entire) examined genetic diversity and population genetic structure of a 
larger sample size of wolverines in the southern extent of their North American range using both 
microsatellite markers and mitochondrial DNA. They concluded that the wolverine populations 
in the contiguous United States were not sources for dispersing individuals into Canada 
(Cegelski et al. 2006, p. 208). The also concluded that there was significant differentiation 
between most of the populations in Canada and the United States (Cegelski et al. 2006, p. 208). 
However, they cautioned that their statistical analysis may not have been able to detect “effective 
migrants” and that sample size can affect the detection of dispersers (Cegelski et al. 2006, p. 
208). They concluded that some migration of wolverines was occurring between the Rocky 
Mountain Front region (northwestern Montana) and Canada as well as among wolverine 
populations in the United States, with the exception of Idaho (Cegelski et al. 2006, p. 208). In 
addition, results from testing of allelic differences among the populations were interpreted by the 
authors as likely inadequate to counter the effects of genetic drift due to low numbers of migrants 
(Cegelski et al. 2006, p. 208). They estimated that, based on genetic diversity observed at that 
time, two effective migrants from either Canada or Wyoming into the Rocky Mountain Front 
population would be needed to maintain the levels of genetic diversity in that population, and 
one effective migrant was needed to maintain levels of diversity in the Gallatin, Crazybelt, or 
Idaho populations (Cegelski et al. 2006, p. 209). The authors concluded that migration is 
essential for maintaining diversity in wolverine populations in the contiguous United States since 
effective population size may never be reached due to the naturally low population densities of 
wolverines (Cegelski et al. 2006, p. 209). 
 
Effective population size (Ne) (see Box 2.0) is defined as “the size of an idealized population that 
would experience the same amount of genetic drift and inbreeding as the population of interest. 
In popular terms, Ne is the number of individuals in a population that contribute offspring to the 
next generation.” (Hoffman et al. 2017, p. 507). It represents a metric for quantifying rates of 
inbreeding and genetic drift and is often used in conservation management to set genetic viability 
targets (Olsson et al. 2017, p. 1). It is not the same as the more commonly used metric, census 
population size (N), but is often assumed to represent the genetically effective population size.  
 
An effective population size analysis for wolverines in the contiguous United States was 
presented in Schwartz et al. (2009, p. 3,225) using wolverine samples from the main part of the 
Rocky Mountains populations. Excluded in this analysis, were subpopulations from Crazy and 
Belt Mountains (based on suggestion by Cegelski et al. (2003) that they represented separate 
groups) (Schwartz et al. 2009, p. 3,225). Samples were divided into three time frames and the 
computer program ONeSAMP was used to estimate effective population size in each time frame 
[sample size appears to be between 142 and 210]. The summed effective population size was 
estimated at 35, with credible limits from 28–52, and the summed values for the three time 
frames was reported as follows: Ne 1989–1994 = 33, credible limits 27–43; Ne 1995–2000 = 35, credible 
limits 28–57; Ne 2001–2006 = 38, credible limits 33–59 (Schwartz et al. 2009, p. 3,226).  
 
However, Cegelski et al.’s (2006, p. 203) evaluation of nuclear DNA population structure in 
wolverines in Canada (sample size of 101) and the contiguous United States (sample size of 
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116), as depicted by a principle component analysis plot and dendrogram, found that all of the 
Canadian wolverine populations clustered together. In the contiguous United States, the Rocky 
Mountain Front subpopulation clustered with the Wyoming subpopulation, the Crazybelts area 
subpopulation clustered with the Gallatin (Montana) population, and the Idaho population was 
highly differentiated (Cegelski et al. 2006, p. 203). That study concluded that some exchange of 
migrants is occurring between the Gallatin and Crazybelt wolverine populations (Cegelski et al. 
2006, p. 207), but noted that this grouping is more genetically differentiated and isolated from 
the other populations they sampled when compared to the Rocky Mountain Front population 
(Cegelski et al. 2003).  
 
In addition, the map presented in Schwartz et al. (2009, p. 3,223) depicting the locations of the 
wolverine samples used in preparing their effective population size estimate shows significant 
gaps within the wolverine’s range in Idaho and parts of Montana (e.g., interior of the Bob 
Marshall Wilderness area). Thus, other wolverine subpopulations and/or individuals were likely 
missed for this analysis. Studies within the Southwestern Crown of the Continent (SWCC) in 
northwestern Montana have detected cross-valley movements of wolverines, which researchers 
believe is an indication of good connectivity in this region (SWCC Wildlife Working Group 
2016, pers. comm.).  Current efforts to collect additional wolverine hair samples for genetic 
analyses are underway through a multi-state occupancy survey project (see Population 
Abundance and Distribution section below). 
 
Francis’s (2008, p. 12) evaluation of mitochondria DNA found an overall lack of regional 
(geographic) genetic structure for North American wolverines, but noted that a few populations  
(Crazybelts (Montana), Southeast Alaska, Nunavut  (Canada), and Kenai Peninsula) appeared to 
be isolated from the others. However, statistical testing did not identify any genetically defined 
sampling localities (Francis 2008, p. 13). Minimal differences were found between core and 
peripheral wolverine populations, as grouped in that analysis (Francis 2008, p. 21; Table 4). 
Conversely, Zigouris et al. (2012, p. 1,554; Table 5) did find support for genetic clusters for 
wolverine populations in Canada, and Zigouris et al. (2013, p. 5; Table 3) identified several 
worldwide regional genetic groups. In addition, an analysis of estimated population growth 
found signals of population expansion in several wolverine populations (Francis 2008, p. 13; 
Table 5) including Rocky Mountain Front, Wyoming, Central, South, and Northwestern Alaska, 
British Columbia, Northwest Territories, and Nunavut. 
 
[Update here with any new genetic studies] 
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It can be difficult to make inferences about the relationship between population size and point 
estimates of genetic diversity without continued genetic monitoring and an understanding of the 
demographic history of a species’ population (Hoffman et al. 2017, p. 507), including factors 
that have influenced movement patterns and connectivity. It’s also important to note that genetic 
diversity can be a reflection of favorable adaptations (natural selection) and is necessary for 
species to locally adapt to environmental stressors or to facilitate range shifts (Zigouris et al. 
2012, p. 1,544). Genetic distinctiveness in peripheral populations may play a role in both 
maintaining and generating biological diversity for a species (Zigouris et al. 2012, p. 1,544; 
citing results presented in Channell and Lomolino 2000, p. 84). Genetic variation that is adaptive 
is a better for predictor of the long-term success of populations as compared to overall genetic 
variation (Hoffman et al. 2017, p. 510).The challenge is to be able to determine whether genetic 
variation is adaptive and is a reflection of remnants of high genetic diversity from ancestral 
populations, or whether that variation is a reflection of accumulated deleterious, nonadaptive 
genes due to genetic drift in small populations (Hoffman et al. 2017, p. 509).  
 
In summary, the currently known spatial distribution of genetic variability in wolverines in North 
America appears to be a reflection of a complex history where population abundance has 
fluctuated since the time of the last glaciation, and insufficient time has passed since human 
persecution for a full recovery of wolverine densities (cf. Cardinal 2004, pp. 23–24; Zigouris 
2012, p. 1,554). Zigouris et al. (2012, p.1,545) noted that the genetic diversity reported in 
Cegelski et al. (2006) and Kyle and Strobeck (2001, 2002) for the southwestern edge of the 
North American range represented only part of the diversity in the northern populations of 
wolverines. The authors believe that the irregular distribution of wolverines in the southwestern 
periphery and the genetic diversity observed in those analyses is a result of population 

Box 2.0: Effective Population Size and Genetic Variation 
The concept of effective population size (Ne) (see review by Wang et al. 2016) and, relatedly, minimum 
viable population, has been a topic of debate, particularly the 50/500 rule, which was developed over 30 
years ago. As noted by Laikre et al. (2016, p. 280), the concept and guidelines for genetically effective 
population size were developed for single, isolated populations, but it’s unclear which of the various Ne 
metrics was referenced in the original concept proposed by Franklin (1980) (i.e., inbreeding effective size, 
realized effective size, total inbreeding effective size of a metapopulation, or eigenvalue effective size 
(Laikre et al. 2016, p. 288)). 
 
There are differing interpretations of the values proposed for effective population size. For example, 
should the minimum viable effective population size be derived genetically to set a threshold for a 
minimum viable population? Here, the rule is interpreted as 50 being the short-term number (for 
inbreeding depression) and 500 as the long-term number (for retention of genetic variation). Or should the 
Ne value of 500 can be interpreted as a long-term goal for maintaining a healthy, genetically robust 
population, and not a threshold trigger that predicts extinction risk? In addition, some view the 500 value 
to be a global reference value rather than a local value, and that it may not be necessary to maintain a local 
Ne of 500 as long as there is some gene flow into a population (Jamieson and Allendorf 2012, p. 580).  
 
Finally, others have recommended changes to the 50/500 rule. Laikre et al. (2016, entire) presented an 
analysis of the metapopulation effective size for the Fennoscandian wolf population and recommended 
that long-term conservation genetic target for metapopulations (NeMeta) ≥ 500, but also a realized effective 
size of each subpopulation (NeRx) ≥ 500. Frankham et al. (2014, p. 59) have recommended modifying the 
50/500 rule to 100/1000. 
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bottlenecks that were caused by range contractions from a panmictic (random mating) northern 
core population approximately 150 years ago (Zigouris et al. 2012, p. 1,545). Demographic 
studies as well as additional genetic analyses from contemporaneous wolverines currently 
occupying the contiguous United States are needed to evaluate the current status of wolverine 
populations in North America. In addition, ecological, phenotypical, and environmental 
information should be used to complement genomic data when interpreting the strength of 
conclusions or inferences of spatial patterns of adaptation or for adaptively divergent populations 
(Jamieson and Allendorf 2012, p. 492). 
 
Summary 
 
In the SSA Report, we have incorporated information from several new studies related to the 
wolverine published since our 2013 proposed rule and previous studies that were not considered 
(e.g., Magoun et al. 2017;). We have also reviewed new publications and publications in 
preparation from wolverine researchers in Scandinavia (e.g., Aronsson 2017; Bischof et al. 2016; 
Makkonen 2015; Mattisson et al. 2016; Myhr 2015; Persson et al. 2017, in prep). This 
information informs our assessment of the most current information regarding the description of 
the wolverine and its life history and ecology across its North American range. We have included 
in this SSA Report detailed discussions of wolverine physiology, and spatial and temporal 
patterns and trends related to reproduction and diet/feeding. We also prepared a revised current 
range map (see Figure 3) based on information we received from Federal, State, and others, 
including Canada. 
 
Overall, the best available information indicates that the wolverine’s physical and ecological 
needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet)) within the contiguous United States  
(2) access to a variety of food resources, that varies with seasons; and 
(3) reproductive behavior linked to both temporal and physical features. 

 
Biological Status – Current Condition 
 
This section provides an overview of the wolverine’s current condition, including those stressors 
that may be impacting the species or its habitat. In this SSA Report, we have identified stressors 
based on impacts that may negatively affect the ecological needs of the species, including 
temporary or permanent impacts to habitat features that the species relies on for survival and 
reproduction.   
 
Population Abundance and Distribution 
 
Since our 2013 proposed rule, we have received additional reports of wolverine observations 
including Utah, Colorado, and Oregon, and an updated Canadian status review for the wolverine 
has been prepared (COSEWIC 2014, entire). Additional studies have also been published related 
to wolverine populations in British Columbia and Alberta (e.g., Regehr and Lacroix 2016; 
Stewart et al. 2016; Webb et al. 2016). As noted above, we developed a Current Range map for 
the North American wolverine (see Figure 3). For the conterminous United States, this map was 
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based on several resources, including the primary habitat model developed by Inman et al. 
(2013), EPA Ecoregion mapping (2010), Forest Service NRIS data, and information received 
from State agencies. We used the 2014 COSEWIC Assessment and Status Report’s current range 
map for Canada and Alaska. For Canada , the range of occurrence includes the Yukon, 
Northwest Territories, Nunavut, British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, 
Québec, Newfoundland, and Labrador (COSEWIC 2014, p. vii).  
 
Contiguous United States 
 
Inman et al. (2013, entire) identified areas in the western contiguous United States suitable for 
wolverine survival (long-term survival; used by resident adults, or primary habitat (Inman et al. 
2013, p. 279), reproduction (used by reproductive females), and dispersal (female and male) of 
wolverines using resource selection function habitat modeling based on telemetry data collected 
in the Yellowstone region (see methodology in Inman et al. 2013, pp. 279–280; Figure 2). From 
these results, the researchers estimated potential and current distribution and abundance of 
wolverines in the western contiguous United States (Inman et al. 2013, p. 282). They estimated 
current population size of wolverines to be 318 (range 249–626) located within the Northern 
Continental Divide (Montana) and areas within the following ecoregions: Salmon-Selway 
(Idaho, portion of eastern Oregon), Central Linkage (primarily Idaho, Montana), Greater 
Yellowstone (Montana, Idaho, Wyoming), and Northern Cascades (Washington) (Inman et al. 
2013, p. 282). Potential wolverine population capacity was estimated to be 644 (range: 506–
1881) (Inman et al. 2013, p. 282). However, these estimates did not consider spatial 
characteristics related to behavior, such as territoriality, of wolverine populations. The discussion 
below provides a summary of recent studies of wolverine detections and observations in the 
western United States; however, no comprehensive surveys have been conducted across the 
species’ entire range. 
 
In the northern Cascades region of Washington and Canada, researchers tracked activity areas for 
14 wolverines via satellite telemetry from 2007 through 2015 (Aubry et al. 2016, entire). This 
study demonstrated that the region supports a resident population, with 9 of 11 study animals 
documented primarily with Washington (Aubry et al. 2016, p. 40). 
 
The Oregon Department of Fish and Wildlife (ODFW) reports that wolverines have been found 
on Three-fingered Jack in Linn County on the Steens Mountain in Harney County, Broken Top 
Mountain in Deschutes County, in the Eagle Cap Wilderness Area in the Wallowa Mountains of 
northeastern Oregon, and, more recently (2012), in Wallowa County, northeast Oregon (ODFW 
2017). 
 
In California, the California Department of Fish and Wildlife (CDFW) has received reports of 
wolverine detections from the public over past several years, particularly the region near Carson 
Pass, as well as near Meeks Bay, Lake Tahoe (Stermer 2017, pers. comm.). CDFW researchers 
are conducting multi-species predator surveys, targeting the potential occurrence of Sierra 
Nevada red fox and wolverine using camera trapping with hair snares in an effort to determine 
occupancy, detection probability, distribution, and habitat associations (Stermer 2017, pers. 
comm.).  
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A pilot study to evaluate wolverine occupancy was conducted in Wyoming from February 
through June in 2015 (Inman et al. 2015, entire). Results from that survey (hair snares and 
camera traps in 18 stations across 5 mountain ranges) indicated at least three individual 
wolverines (at five stations) with at least one individual in the Gros Ventre and Wind River 
mountain ranges, and at least two individuals in the Southern Absaroka mountain range (Inman 
et al. 2015, p. 9). Occupancy modeling estimated a probability of occupancy for sampled sites of 
62.9 percent (Inman et al. 2015, p. 8). 
 
In an effort to assess wolverine occupancy in the western United States, the Western Association 
of Fish and Wildlife Agencies (WAFWA), in coordination with Tribal partners, have formed a 
multi-state, multi-agency working group (Western States Wolverine Working Group) to design 
and implement the Western States Wolverine Conservation Project (WSWCP)–Coordinated 
Occupancy Survey (see Bjornlie et al. 2017 for details of protocol). The primary objectives of 
the WSWCP include: 1) implement a monitoring program to define a baseline wolverine 
distribution and genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, 
and Washington, 2) model and maintain the connectivity of the wolverine metapopulation in 
western United States, and 3) develop policies to address socio-political needs to assist wolverine 
population expansion as a conservation tool, including translocation of wolverines (IDFG 2016, 
pers. comm.; Montana Fish, Wildlife, & Parks (FWP) 2016, pers. comm.;Wyoming Game and 
Fish Department (WGFD) 2016, pers. comm.).  
 
The WGFD began implementation of the survey in Wyoming in the Greater Yellowstone 
Ecosystem region and the Bighorn Mountains (25 grid cells) in the winter of 2015–2016 (Smith 
2016, pers. comm.). That initial survey detected, based on unique fur markings, at least two 
unique wolverines in the Wind River and southern Absaroka Mountain Ranges (Smith 2016, 
pers. comm.). The WGFD reported 26 independent wolverine visits, and detections at least once 
within their study area during each of the four sampling periods (December 2015 through March 
2016) (Bjornlie et al. 2017, pp. 4–5). Genetic analyses of collected hair samples, including sex 
and individual identification, are underway. 
 
The monitoring effort was expanded in the winter of 2016–2017 to 187 cells (cell area of 225 
km2 (87 mi2)) across four states (Washington, Idaho, Montana, and Wyoming). Preliminary 
results for the 2016–2017 winter detected wolverines in 85 survey cells (WAFWA 2017). 
Photographic detections of wolverine include 18 from Idaho, 48 in Montana (including detection 
of wolverines in all 10 cells surveyed in the SWCC region (Davis 2017, pers. comm.)), 10 in 
Washington, including detections south of Interstate 90 (Davis 2017, pers. comm.), and 9 in 
Wyoming; genetic analyses, to date, have reported a total of 157 wolverine samples (WAFWA 
2017). It has not yet been determined from the camera-trap images and hair samples how many 
of these detections are the same individual. Appendix B contains a map illustrating these 
preliminary detections (as of July 2017).  
 
Heinemeyer (2016, pers. comm.) suggested that, based on a 6-year study of resident wolverines 
in central Idaho and the western Yellowstone region, subpopulations of the species at the 
southern periphery of their North American range are still unstable with low rates of recruitment 
and Based on monitoring (live trapping and camera stations), the researchers suggested that there 
was some instability in subpopulations in their study areas (Heinemeyer 2017, pers. comm.). 
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We therefore requested additional information from State and Federal agencies regarding the 
most recent wolverine detections in the Winter Recreation Project study areas of Idaho and 
Wyoming. In the Teton Mountains region, two wolverines were detected in March 2017, in two 
different areas (Dewey 2017, pers. comm.). In addition, at least one wolverine was detected on 
the east side of the Teton Mountains during the winter of 2016-2017, as part of the Western 
States Wolverine Conservation Project–Coordinated Occupancy Survey monitoring and 
occupancy study, and a member of the public reported wolverine tracks within Grand Teton 
National Park in March 2017, while skiing (Walker 2017, pers. comm.). In Idaho, IDFG 
reporteds 5 wolverine detections in the Salmon Mountains in Central Idaho in the winter of 2016 
(Mack 2017, pers. comm.). These recent detections are displayed in Appendix C relative to the 
study areas of the Winter Recreation Project study areas for the McCall, Idaho, and Teton 
Mountains. A wolverine was also detected in the winter of 2016-2017 in the Gravelly Range in 
southwestern Montana about 25 km (15.5 mi) north of the Centennial Mountains area surveyed 
during the winter recreation project (Inman 2017b, pers. comm.).  
 
Alaska 
 
The 2016 ADF&G Trapper Questionnaire Annual Report includes the estimates of relative 
abundance and trends of wolverines and other furbearers as reported by trappers (Parr 2016, p. 
38). Table 3 below provides a summary of those reports by region. 
 
Table 3.  Relative Abundance and Trend of Wolverine Populations, Alaska (as reported by 
trappers), 2015–2016.  Source: Parr, 2016. 
 

Region Relative Abundance Trend 
Region I – Southeast Alaska Scarce Decrease 
Region II – Southcentral Alaska Scarce Decrease 
Region III – Interior Alaska Scarce Decrease 
Region IV – Central and Southwest Alaska Scarce Decrease 
Region V - Northwest Scarce Decrease 

 
However, relying exclusively on trapping reports is likely to present an incomplete assessment of 
wolverine populations. The accuracy of information provided in the most recent report is 
dependent on how many trappers reply to the annual survey; for 2016 the response rate was only 
11.7 percent (Parr 2016, p. 3). Trapping effort was reported to have increased by some trappers 
(45 percent of those reporting) during the 2015–2016 season, and 80 percent of those who 
increased their efforts reported an increased in their overall catch (Parr 2016, p. 15). However, 
this assessment does not consider how this increased trapper effort relates to harvest levels for 
wolverine, nor does it account for an unknown and unreported number of wolverines taken for 
subsistence purposes (Gardner et al. 2010, p. 1,894). Estimates of density, described below, 
provide a better depiction of wolverine population status in Alaska. 
 
Canada 
 
Similar to Alaska, determining wolverine population abundance and trends in Canada is difficult 
as numbers are developed from harvest activity (COSEWIC 2014, p. 25). Wolverine harvest 
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trends are also difficult to estimate given the temporal and spatial variability in trapping effort 
and reporting of harvest, and not all regions use mandatory pelt sealing, compulsory reporting, or 
fur export permits/fur dealer records (COSEWIC 2014, p. 26). Aboriginal traditional knowledge 
(the knowledge Aboriginal Peoples have accumulated about wildlife species and their 
environment) indicate that wolverine is widespread and stable across northern Canada, and is 
now found in areas where they occurred in past; however, they are still considered naturally 
uncommon (Cardinal 2004, pp. iii– iv, 10).  
 
According to the most recent COSEWIC Assessment and Status Report on the Wolverine, Gulo 
gulo in Canada (COSEWIC 2014, entire), the population size of wolverines in Canada is 
unknown, but is estimated to be over 10,000 adults (COSEWIC 2014, p. 36). Population trends 
across all of Canada are not known, but wolverine populations have been stable over areas within 
the country’s northern range for the last three generations (22.5 years) (COSEWIC 2014, p. v). 
In northern Manitoba and Ontario, wolverines may be increasing in number as aerial surveys in 
northern Ontario have indicated an eastward reoccupation of its former range (towards James 
Bay and Québec) (COSEWIC 2014, p. v). However, although observations of wolverines 
continue to be reported within Québec and Labrador (the eastern sub-population), there have 
been no verifiable observations since 1978, and wolverines are likely extirpated from much of 
southern and eastern Canada (COSEWIC 2014, p. v). In addition, declines in the southern 
regions (within parts of British Columbia and Alberta) may be occurring (COSEWIC 2014, p. 
36). Table 3 presents a more detailed summary of wolverine populations in Canada. 
 
The total wolverine population in Canada is estimated at over 10,000 adults (COSEWIC 2014, p. 
36). Canada’s western sub-population has been estimated at 15,688 to 23,830 adults, though this 
value is based on several assumptions (consistent trapping effort and uniform densities across the 
species’ range); the eastern population is estimated at less than 100 individuals or may be 
extirpated (COSEWIC 2014, p. 36). Table 4 provides a summary of estimates by Territory.  
 
Table 4. Wolverine Population Estimates for Canadian Territories.  Source: COSEWIC, 2014. 
 

Territory Number of wolverines 
Yukon Territory 3,500–4,500 
Northwest Territories 3,430–7,325 (with an additional 220–470 juveniles) 
Nunavut Estimated at 2,000–2,500 
British Columbia 2,700–4,760 
Alberta  Estimated at 1,500–2,000 
Saskatchewan Less than 1,000 
Manitoba 1,100–1,600 
Ontario 458–645 
Québec Very rare, at non-detectable level, or extirpated 
Labrador (including mainland 
Newfoundland) 

Very rare or extirpated 

 
In addition to the 2014 COSEWIC summary, Cardinal 2004 (entire) prepared a complimentary 
summary report of wolverine trends in Canada based on Aboriginal traditional knowledge. 
Trends reported indicate: (1) high, relatively stable levels of wolverines in the Yukon; (2) high 
levels of wolverines in the North Slave region of the Northwest Territories, though  population 
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levels are estimated to be stable to decreasing; (3) high levels of wolverine along forested areas 
in the northern portions of the mainland within the Inuvialuit Settlement Region (ISR) (located in 
the northwest corner of the Northwest Territories) and Kitikmeot region of Nunavut; (4) an 
increase in wolverines in the Kivalliq region of Nunavut, but at lower levels than populations in 
the Boreal and North Mountain ecological areas; and (5) least abundant in the northeastern 
corner of Nunavut and the Arctic Islands (Cardinal 2004, pp. 22–29). In sum, the majority of 
traditional knowledge holders in Nunavut, Northwest Territory, and Yukon Territory described 
wolverine populations as either stable or increasing; only in Yellowknife did people report that 
wolverines might be decreasing (Cardinal 2004, p. 23).  
 
Other inventory and occupancy studies include an inventory of wolverines conducted by Regehr 
and Lacroix (2016, entire) in the winter of 2012 on the east side of the Coast Mountains in 
British Columbia using a multi-method approach. They identified six individuals using genetic 
analysis, and one additional individual by photography, which was higher than expected as 
compared to model predictions of density and habitat quality (Regehr and Lacroix 2016, pp. 
248–249). Estimates of wolverine occupancy were also evaluated for the Canadian Crown of the 
Continent ecosystem (central and southern Canadian Rockies) (Clevenger et al. 2016, entire). 
Occupancy estimates were found to vary from year-to-year and exhibited a north-south gradient, 
likely due to the differences in habitat quality among areas that were sampled by year (Clevenger 
et al. 2016, p. 4). For 2016, estimated wolverine occupancy was 0.40 for their British Columbia 
Rockies study area, with a declining pattern from north to south (Clevenger et al. 2016, p. 4). In 
general, their research has found that wolverines are more abundant in rugged, remote areas that 
have minimal human activity and landscape disturbance (Clevenger et al. 2016, p. 5). Clevenger 
et al. (2017, p. 6) projected an expected number of wolverines in their study area of about 28. To 
the south, in the Southwestern Crown of the Continent (SWCC) region (northwestern Montana, 
approximately 1.5 million acres), wolverine surveys (snow tracking, bait stations/hair snares) 
have been conducted since 2012 (SWCC Wildlife Working Group 2016, pers. comm.). These 
survey efforts have detected 22 unique wolverines (11 males, 11 females) across three U.S. 
Forest Service districts, and they reported an increase in the frequency of detections from 2012 to 
2015 (SWCC Wildlife Working Group 2016, pers. comm.). 
 
The 2014 COSEWIC report concluded that a climate-driven decline in wolverine populations in 
North America is not evident at this time in much of its range (COSEWIC 2014, p. 22). The 
report indicates that trends in wolverine populations in the northern range, while uncertain, 
appear to be stable or increasing, but also notes that there is some concern for populations in the 
southern areas of British Columbia and parts of the northern United States (COSEWIC 2014, p. 
22, and references cited therein).  
 
Estimates of Density 
 
Wolverine densities vary across North America, and have been described as “naturally low” (van 
Zyll de Jong 1975, p. 434) and “naturally uncommon” (Cardinal 2004, p. iii) given the species’ 
large home range, wide-ranging movements, and solitary characteristics. Inman et al. (2012a, p. 
789; Table 5) presented the most recent estimates (at that time) of density (number of wolverines 
per 1,000 km2 (386 mi2)) for North America. In the contiguous United States, density estimates 
ranged from 3.5 for the Greater Yellowstone region (2001–2008) (areas above 22,150 m (7,054 
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ft) (latitude-adjusted elevation), 4.5 for central Idaho (1992–1995), to 15.4 for northwestern 
Montana (1972–1977).  
 
In Alaska and Yukon, density estimates presented by Inman et al. (2012a, p. 789) range from 3 
to about 14 wolverines per 1000 km2 (386 mi2), using a number of methods. For example, Royle 
et al. (2011, p. 609) estimated wolverine densities for southeastern Alaska (Tongass National 
Forest; 2008) from 8.2 to 9.7 per 1000 km2 (386 mi2) (using mark-recapture), where the higher 
estimate incorporates a positive, trap-specific behavioral response. Density of wolverines were 
recently reported as an estimated 5–10 wolverines per 1000 km2 (386 mi2) (based on snow 
tracking) for southcentral Alaska, and approximately 10 per 1000 km2 (386 mi2) (based on DNA 
mark-recapture methods) for southeast Alaska (Golden 2017, pers. comm.). A wolverine 
occupancy study in 2015 within an area of central Alaska reported a density estimate of 9.48 
wolverines per 1,000 km2 (386 mi2) (ADF&G 2015a, p. 7).  
 
Wolverine density estimates for Canada varies across regions, from 5 to 10 per 1000 km2 (386 
mi2) in northern mountain and boreal regions to 1 to 4 per 1000 km2 (386 mi2) in southern boreal 
areas (COSEWIC 2014, p. 27). More recently, Clevenger et al. (2017, entire) presented a density 
estimate (using spatial capture/recapture models) for the Kootenay region of British Columbia of 
0.78 wolverines per 1000 km2 (386 mi2), for 3 study years (2014–2016), which they reported as 
lower than expected (Clevenger et al. 2017, p. 6).  
 
Stressors – Causes and Effects 
 
We reviewed the best available information to identify current conditions and potential stressors 
that may be affecting wolverine populations or its habitat. These include roads and other 
infrastructure, recreational activity and other human disturbances, wildland fire, disease or 
predation, and overutilization for commercial, recreational, scientific, or educational purposes.   
 
As an initial step, we reviewed the land ownership of the area defined as primary habitat by 
Inman et al. (2013, entire) in the contiguous United States, and determined that 96 percent of that 
modeled habitat is located on Federal land (see Appendix D). Lands managed by the Forest 
Service represent the largest portion of Federal lands (89 percent) within this modeled primary 
habitat. 
 
Effects from Roads 
 
As noted above (see Demography section), roads and rail lines can be a cause of mortality to 
wolverines and habitat models have identified road density as an important association 
(avoidance) for selection of habitat (e.g., Rowland et al. 2003; Bowman et al. 2010; Inman et al. 
2013). Road density has been listed as a threat to wolverines occupying the boreal/western 
mountain regions of Canada (Canadian Boreal Forest Agreement 2014, p. 2). An evaluation of 
road density by Dawson et al. (2010, p.142) in lowland boreal forest habitat in Ontario, Canada, 
suggested that road densities may have an effect on the selection of home range by wolverines. 
In the wolverine’s southern Canadian range, roads may be facilitating direct mortality by 
improving motorized access of hunters, trappers, and recreational users into remote areas 
(COSEWIC 2014, p. 21).  
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Roads may also affect den site selection (May 2012, p. 202), particularly areas within their range 
where they cannot select for high elevation habitat (e.g., central lowland forests of Canada) 
(Dawson et al. 2010, p. 143). In Norway, May et al. (2012, p 202) found that wolverine dens 
were generally located far from infrastructures (public roads and private roads and/or 
recreational cabins). However, despite this observation of a minimum threshold, the authors also 
reported that wolverines had a wide tolerance range, supporting conclusions from other studies 
that have found that, once a general area is used, it appears to be re-used in subsequent years 
including by successive individual wolverines that colonize the sites (May et al. 2012, p. 202). 
 
Wolverine road crossings were evaluated in the western Greater Yellowstone region through 
telemetered animals and visual observations of snow tracks, direct observations of crossings, and 
road-kill mortality (Packila et al. 2007, entire). That study documented 43 crossings of U.S. and 
State highways by 12 wolverines (Packila et al. 2007, p. 105). Within the Big Sky, Montana, 
area, they documented 67 crossings of MT64/Jack Creek Road by 4 wolverines (Packila et al. 
2007, p. 105). Most (76%) road crossings were made by subadult wolverines, dispersing or 
otherwise exploring new areas (Packila et al. 2007, p. 105). One road-caused mortality was 
observed and the authors report two others from additional sources during their study period 
(Inman et al. 2007, p. 89). The study results indicate that roads do not act as absolute barriers to 
movement by wolverines, but they can directly affect individuals (road kill) and may have 
secondary eaffects at the population level (Packila et al. 2007, p. 105). 
 
In an effort to evaluate the potential impact of major roads to wolverine (individuals and 
populations), we conducted a spatial analysis of roads2 found within Inman et al.’s (2013, p. 
281) primary wolverine habitat and female wolverine dispersal habitat in the western United 
States, as measured by number of kilometers (miles). In our analysis, we identified four road 
classes: Interstate Highway, U.S. Highway, State Highway, and secondary roads. Secondary 
roads encompassed all roads not included in any of the first three categories. Our analysis found 
that secondary roads represented 97 percent (29,892 km (18,574 mi)) of all roads (30,805 km 
(19,141 mi)) within modeled primary habitat, and 97.5 percent (144,279 km (89,650 mi)) of all 
roads (148,029 km (91,980 mi)) within modeled female dispersal habitat.  
 
We then evaluated the type of roads at high elevation within our estimated Current Range 
(shown in Figure 3). Using the 2,300 m (7,546 ft) elevation as a benchmark (based on its use as a 
predictor variable for wolverine occurrence in Inman et al. 2013, and results from predictive 
models presented in Copeland et al. 2007, p. 2,205), we evaluated the length of roads above and 
below this elevation, and also the type of roads at or above 2,300 m (7,546 ft). The results are 
illustrated in Appendix E. Overall, we found that approximately 85 percent of all roads were 
below 2,300 m (7,546 ft). Of the roads located at or above 2,300 m (7,546 ft), 95 percent are 
secondary roads (see charts in Appendix E). 
 
Using the same dataset, we evaluated road density (km/km2) based on regional blocks of primary 
wolverine habitat in the western United States delineated by Inman et al. (2013; Figure 3). Those 

                                                 
2 Using U.S. Geological Survey National Transportation Dataset Downloadable Data Collection based on 
TIGER/Line data provided through U.S. Census Bureau and supplemented with ‘HERE’ road data to create tile 
cache base maps 
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results are shown in Table 5. With the exception of the Southern Rockies (at 0.47 km/km2), the 
mean road densities at elevations equal to or greater than 2,300 m (7,546 ft) are very low. 
 
Table 5.  Mean Road Density in Wolverine Primary Habitat, by Region. 
 

Geographic Region Mean density (km/km2), 
all roads 

Mean density (km/km2),  
all roads ≥ 2,300 m (7,546 ft) 

Northern Cascade 0.54 0.00 
North Continental Divide 0.54 0.00 
Salmon-Selway 0.70 0.03 
Central Linkage 0.84 0.06 
Greater Yellowstone 0.24 0.06 
Southern Rockies 0.55 0.47 
Sierra Nevada 0.09 0.03 
Uinta 0.15 0.12 
Bighorn 0.00 0.00 
Great Basin 0.06 0.03 
Oregon Cascade 0.72 0.00 

 
We also reviewed den site locations (natal, maternal, or unknown dens) within our database 
relative to roads (see map in Appendix E). Our results indicate that wolverine dens are located 
in areas with minimal roads, including secondary roads; however, we caution that this analysis is 
based on a limited den site dataset and should be viewed in the context of other abiotic and biotic 
variables including landscape features at the den site scale and availability of food. Additionally, 
most den locations in much of the wolverine’s range in the contiguous United States are at high 
elevations and roads in these areas would likely be impassable or closed entirely to vehicles 
during the time of denning (January–March). 
 
In summary, wolverines are associated with habitat found in high elevation areas, but are known 
to disperse across great distances. Major highways can present mortality risks to dispersing 
individuals and affect immigration to open territories, but roads do not represent absolute barriers 
to wolverine movements. Wolverines den during winter months in remote locations that are often 
inaccessible or restricted to motorized vehicles, though, secondary roads and trails are used for 
winter recreational activity. Although we recognize there are likely additional events that have 
not been reported, we estimated the total number of wolverine mortalities due to roads-rails from 
1972 to 2016 in North America was 20, at least 11 of which are from Canada (see citations in 
Mortality section above). As discussed above, we calculated a low proportion of major highways 
in both modeled primary habitat and female dispersal habitat, and a low mean density of roads at 
high elevations where wolverines have been observed, with the exception of the southern Rocky 
Mountains. Roads present a low risk to wolverines in most of its current contiguous U.S. range, 
affecting wolverines at the individual and population level. 
 
Disturbance due to Winter Recreational Activity 
 
Wolverine behavior patterns, such as denning, rearing of young, movement and dispersal, and 
foraging/scavenging, may be affected by recreational activities (COSEWIC 2014, p. 42). As 
noted above, in Norway, May et al. (2012, p. 201) found, at the home range scale, a minimal 
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threshold distance of approximately 1.5 km (0.93 mi) for wolverine den sites from private roads 
and/or recreational cabins. Krebs et al. (2007, entire) evaluated habitat use associations for 
wolverines in two multiple use areas in British Columbia, Canada. Using logistic regression 
models, the authors found that in an area of active recreation (Columbia Mountains), female 
wolverines were negatively associated with helicopter and backcountry skiing in their winter 
models (Krebs et al. 2007, p. 2,187–2,188). However, in summer months, Copeland et al. (2007, 
p. 2,210) reported that wolverines in their study area of central Idaho were not uncommonly 
found near maintained trails and active campgrounds.  
 
The Wolverine–Winter Recreation Study represents an on-going project to evaluate the potential 
effects of backcountry winter recreation on wolverines (Heinemeyer 2017, pers. comm.). The 
multiyear study areas include central Idaho and areas in the western Yellowstone region (‘Island 
Park’ and Teton Mountains) (Heinemeyer and Squires 2015, p. 3). The study monitored 19 
wolverines using GPS collars using movement rates and percent of time active (vs. resting) as 
indicators of potential responses of wolverines to winter recreation activities (Heinemeyer 2013, 
pers. comm.). Backcountry winter recreation activities were monitored through GPS units 
voluntarily carried by recreationists (Heinemeyer 2017, pers. comm.). Early analysis of the data 
suggest that wolverines demonstrate a behavioral response to recreation activities, such as 
increased movement rates and a reduction in resting periods in areas of high recreation activity, 
especially high recreation days (Saturday and Sunday) (Heinemeyer and Squires 2013, pp. 5, 7–
8). 
 
However, this research has also found that wolverines maintained their home ranges within areas 
with relatively high winter recreation activity over several years of monitoring, including some 
areas found to contain the highest recreational activities (Heimemeyer 2017, pers. comm.). The 
study has not been able to determine whether these resident wolverines are reproductively 
successful (Heinemeyer 2017, pers. comm.).  
 
Conservation measures that address the effects of roads currently being implemented in the 
Teton Mountains include winter closures in certain areas (generally from November 1 through 
May 1), including road closures in the Bridger-Teton and Caribou-Targhee National Forests and 
in Grand Teton National Park as shown in Appendix F (additional details for Grand Teton 
National Park are described in Superintendent’s Compendium (National Park Service 2017; pp. 
8–9); see also maps at https://jhalliance.org/campaigns/dont-poach-the-powder/ Jackson Hole 
Conservation Alliance 2017). These closures are being implemented to help minimize 
disturbance to wildlife (e.g., migration pathways).  
 
State Wildlife Action Plans prepared for individual western States identify recreation 
management strategies within wolverine habitats. For example, in the State of Oregon, the 
ODFW Conservation Strategy identifies management of winter recreation use in order to avoid 
impacts to wolverines (ODFW 2016). In Montana’s State Wildlife Action Plan, conservation 
actions are identified for potential impacts from recreation, such as consideration of seasonal 
closures during breeding season (Montana FWP 2015, p. 63). The IDFG Management Plan for 
the Conservation of Wolverines in Idaho also includes conservation strategies related to winter 
recreation (e.g., characterizing wolverine response to recreational activities (IDFG 2014, p. 35), 
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and the State continues to support the Wolverine-Winter Recreation Study. Appendix F provides 
additional details on individual State conservation strategies. 
 
In summary, wolverine behavior (movement) can be affected by winter recreational activity. 
Results from one long-term study in parts of the wolverine’s range in the contiguous United 
States have found that wolverines can maintain residency in high winter recreational use areas. 
Wolverines have recently been detected in areas that experience winter recreational activity. 
Conservation strategies and actions have been identified in several western States’ Wildlife 
Action Plan to address potential impacts of this stressor to wolverines. Based on the best 
available scientific and commercial information, the effect of roads represents a low stressor to 
the wolverine in the contiguous United States at the individual and population level. 
 
Other Human Disturbance 
 
Infrastructure, such as pipelines, active logging or clearcuts, seismic lines, and activities 
associated with mining (e.g., producing mines, mines under development, mineral exploration 
areas), may also affect individual wolverine behavior or wolverine habitat. As discussed above 
(see Habitat Use section), Johnson et al. (2005, entire) evaluated habitat relationships for the 
wolverine and other arctic wildlife, including the cumulative effects of human activities and 
associated infrastructure on the distribution of wolverines in the Canadian central Arctic using 
RSF modeling. However, because human disturbance factors (i.e., major developments, mineral 
explorations, seasonal outfitter camps) were mostly absent from the range of monitored 
wolverines that were monitored, the researchers were not able to reliably model their effects 
(Johnson et al. 2005, p. 23). 
 
The 2014 COSEWIC status review identified several potential stressors to wolverines and their 
habitat in Canadian territories. They indicated potential permanent, temporary, and functional 
losses to wolverine habitat from forestry; oil, gas and mineral exploration and development; and 
large hydroelectric reservoirs (COSEWIC 2014, p. 21). As discussed above, Scrafford et al. 
(2017, entire) evaluated habitat selection of wolverines in response to human disturbance in the 
western Canadian boreal forest in both winter and summer months. Their analysis found that 
wolverines were attracted to some industrial infrastructure (older seismic lines exhibiting latter 
stages of regeneration) and disturbance (areas of active logging), likely related to foraging 
opportunities (e.g., small prey), but avoided interior areas of intermediate-aged cutblocks (areas 
authorized for logging) (Scrafford et al. 2017, pp. 32–34). Their results found evidence of road 
avoidance, but wolverines were attracted to all-season road sections with borrow pits, which they 
suggest was related to foraging opportunities at these pits (e.g., presence of beavers in water-
filled pits) and less predation risk, since wolves avoid these roads (Scrafford et al. 2017, p. 34). 
In sum, these authors concluded that wolverine selection patterns relative to industrial activity 
and infrastructure in their study area represent a balance between exposure to predators and 
foraging opportunities (Scrafford et al. 2017, p. 32).  
 
Additional studies of wolverine behaviors related to the effects of disturbance due to 
infrastructure and other human activities are needed. Based on the best available scientific and 
commercial information, these effects are site- and temporally-specific, and appear to represent a 
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trade-off between foraging opportunities in areas that provide minimal risk of predation and 
avoidance of open areas and/or higher predation risk (Scrafford et al. 2017, pp. 33–34). 
 
Effects from Wildland Fire 
 
Wildland fire can produce both direct and indirect effects to wildlife. Direct effects include 
injury and mortality as well as escape or emigration movement away from fires (Lyon et al. 
2000, pp. 17–21). Small mammals will generally find refuge underground or within sheltered 
places within the burning area, while larger mammals will move to safe areas in unburned 
patches or outside the burn (Lyon et al. 2000, p. 18). For animals that emigrate during fire 
events, the length of time before they return is dependent on the degree to which fire has altered 
habitat structure and food supply (Lyon et al. 2000, p. 20). 
 
We are unaware of any studies evaluating direct effects of wildland fire to wolverines. Wildland 
fire is likely to temporarily displace wolverines, which could affect home range dynamics.  
Given that wolverines can travel long distances in a short period of time, individuals would be 
expected to move away from fire and smoke (Luensmann 2008, p. 14). In addition, because 
young are born during winter months, fire risk at that critical time life stage is very low 
(Luensmann 2008, p. 14). 
 
Indirect effects of wildland fire can include habitat-related effects or effects to prey and 
competitors/predators; however, we are unaware of empirical studies evaluating these potential 
effects as they relate to wolverines. In a study area within the Yukon (Canada), wolverines were 
reported occupying regenerating forested habitat that contained remnants of mature timber which 
had burned 30 years prior (Slough and Mowat 1996, p. 948). Additionally, fire suppression in 
conjunction with logging activities in boreal forests (northwestern Ontario) can increase the 
prevalence of deciduous tree habitats, at least at a regional level, which is negatively associated 
with wolverine occurrence (Bowman et al. 2010, p. 464).  
 
A study in northern Idaho of the effects of multiple wildland fires over several years, including 
very large fires, to forest habitat occupied by another mustelid, the American marten (Martes 
americana) found that fire events had created a mosaic of vegetation that supported a diverse 
assemblage of cover and food resources that was favorable to this species (Koehler and 
Hornocker 1977, p. 503). Similar to wolverines, the summer and fall diet of the American marten 
is represented by diverse prey, and wildland fire events can create and maintain forest openings 
for ground squirrels and voles (Koehler and Hornocker 1977, p. 504). The development of these 
types of mosaic forest communities following certain wildland fire events also provides 
discontinuous fuel loads, which in turn should result in smaller and cooler wildland fires, with 
less replacement of marten habitat (Koehler and Hornocker 1977, p. 504). However, large, 
uniform burns would be expected to result in more severe impacts to American marten habitat 
(Lyon et al. 2000, p. 21).  
 
Studies of the effects of wildland fire to a key prey species for the wolverine in parts of its North 
American range, the caribou, was reviewed by Klein (1982, entire). This review highlighted the 
importance of separating short-term effects of wildland fire in boreal forests to caribou ecology 
from long-term effects (Klein 1982, p. 393). Given that long-term benefits to the species’ 
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ecology can be disproportionate to the short-term detrimental effects on populations and herds, 
(including the species’ lack of reproductive plasticity), caribou may be more appropriately 
considered as fire-influenced, rather than fire-adapted (Klein 1982, p. 393). Other ungulate 
species respond more positively to fire. An increase in spring and summer grasses following fall 
burns can provide forage for elk and deer, and sprouting of deciduous trees, such as aspen, birch 
and willow, following burns provides forage for moose (Luensmann 2008, p. 18). 
 
Management measures to address this potential stressor are identified in USDA Forest Service 
National Forest Land Management Plans. Examples of these goals and objectives are described 
in Appendix G. In addition, the Idaho State Wildlife Action Plan includes measures to address 
fire threats to the wolverine and its habitat, including removal of perceived barriers to allow 
more prescribed natural fire on State and private forest lands and promoting/facilitating the use 
of prescribed fire as a habitat restoration tool, on both public and private lands where 
appropriate, and leaving fire-killed trees standing as wildlife habitat if they pose no safety 
hazard, all in an effort to restore a more natural fire interval that allows for return to historical 
forest conditions (IDFG 2017, pp. 91, 134, 180).  
 
Given the diversity of habitats occupied by wolverines, their occupancy of high elevations, and 
extensive mobility, wildland fire represents a limited short-term stressor to wolverine habitat and 
its prey.  
 
Disease or Predation 
 
Disease 
 
We are unaware of comprehensive surveys evaluating the prevalence of diseases in wolverines in 
the contiguous United States. Early accounts of endoparasites species and their prevalence in 
wolverines include a review by Erickson (1946, p. 503), and a report by Rausch (1959, entire), 
who documented 7 species of helminths in 86 percent of wolverines examined from trapper-
supplied carcasses in Alaska. In 1994, Copeland (1996, p. 26) collected a single specimen of the 
parasite Toxascaris sp. from wolverine scat in Idaho. In Alaska, carcasses sampled (during 
necropsy or predator control activities) in 2012–2014 to determine the prevalence of Trichinella 
and its genotypes reported one wolverine with T6 genotype in that single sample (ADF&G 
2015b, p. 8). Results from Alaska trapper questionnaires for the prevalence of ectoparasites on 
wolverines were either scarce or not present across all reporting regions in 2015–2016 (Parr 
2016, p, 21). 
 
Rabies is endemic to Alaska in Arctic and red fox along north and west coasts of Alaska 
(ADF&G 2013). Under the ADF&G enhanced rabies surveillance program, the agency 
confirmed rabies in one wolverine (out of 49 sampled) in 2012, a female found dead in the North 
Slope region (Woodford and Beckman 2012). This was the first confirmed case of rabies in 
wolverines in North America (Woodford and Beckham 2012).  
 
The 2014 COSEWIC Assessment and Status Report for the wolverine presented a summary of 
reported parasitic species observed in wolverines in Canada (COSEWIC 2014, p. 25). These 
observations included: parasitic nematode roundworms (Trichinella spp.) in 88 percent of 
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wolverine samples tested from Nunavut and 26 percent from the lower MacKenzie region; 
helminth parasites (trematodes, cestodes and nematodes) in wolverine digestive tracts from the 
lower Mackenzie River valley; and, from the Nunavut region, protozoan parasites infections 
including Sacrosystis spp. (80 percent) and Toxoplasma gondii (41 percent) (citations omitted). 
Banci (1987, pp. 81, 110) reported parasitic pneumonia as a cause of mortality in southwest 
Yukon Territory, a female thought be nutritionally-stressed following the raising of young.  
 
An evaluation of trapper-submitted wolverine carcasses harvested was conducted for the Yukon 
Territory in the fur trapping seasons 2005–2006 through 2011–2012 (Jung and Kukka 2013, 
entire). No samples tested positive for rabies (Jung and Kukka 2013, p. 17). Another study of 
intestinal parasites of wolverine carcasses from both the Yukon and Northwest Territories 
reported Trichinella spp. in 74 percent of carcasses and several intestinal parasites, including 
cestodes (parasitic flatworms) such as Taenia spp. (Luck et al. 2016, no page number). 
 
Other than these accounts of prevalence of parasitic infections, including one rabies case, and a 
reported parasitic pneumonia mortality event, we are not aware of any studies documenting 
impacts of disease to wolverines in North America. At this time, based on the best available 
scientific and commercial information, disease is not a stressor to the wolverine in the 
contiguous United States or within its range in North America. 
 
Predation 
 
As discussed above (Diet and Feeding section), a number of potential natural predators, have 
been identified for wolverines across its North American range, including intraspecific predation. 
However, we have no information that suggests this predation represents a significant stressor to 
the wolverine at either an individual or population level.  
 
In summary, the best scientific and commercial information available indicates that disease or 
predation is not a stressor the wolverine. We are unaware of any management or conservation 
measures currently in place to reduce potential impacts associated with disease or predation. 
 
Overutilization for Commercial, Recreational, Scientific, or Educational Purposes 
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
In Montana, wolverines were a legally harvested furbearer in Montana up until 2012; however, 
the trapping season is currently suspended with a zero statewide quota (Montana Natural 
Heritage Program and Montana FWP 2017). Unlike populations in Eurasia, wolverines rarely 
prey on livestock in North America (cf., domestic sheep predation in Wyoming reported (Mead 
2013, pers. comm.)) and therefore they are not directly targeted for predator control (COSEWIC 
2014, p. 41). However, incidental trapping can result in the capture of non-target species such as 
wolverine. In Idaho, the IDFG has a mandatory furtaker harvest report that requests all live 
incidental catches be reported by species (IDFG 2013, pers. comm.). Since 1965, 16 incidentally-
trapped wolverines were reported during the State’s furbearing seasons, with 6 animals known to 
be released alive and 6 mortalities (IDFG 2013, pers. comm.; IDFG 2016, pers. comm.). This 
total includes four wolverines caught during the 2013-2014 furbearer season, with three released 
alive and one mortality (IDFG 2014, p. 26). Within the State of Wyoming, there are two 
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confirmed reports of incidental take of Wyoming in 1996 (Mead 2013, pers. comm.) and 2006; 
the 2006 animal was released unharmed (Inman 2012, pers. comm.). In Montana, since the 
closing of trapping season for wolverine in 2013, three animals have been incidentally trapped 
(Montana FWP 2016, pers. comm.). 
 
Krebs et al. (2004, p. 499) modeled several population growth rate scenarios for North American 
wolverines, including trapped and untrapped populations. Estimated (logistic) rates of population 
growth (λ) were found to be lower for trapped populations (λ = 0.878) as compared to untrapped 
populations (λ = 1.064) (Krebs et al. 2004, p. 499). Harvesting is considered to be an additive 
mortality in the populations studied and is likely sustained by dispersal from untrapped areas that 
provide refugia (Krebs et al. 2004, pp. 499–500). Of note, at the time of this study, wolverines 
were considered furbearer or game animals and trapped or hunted in 8 of their 12 study areas in 
North America, including Montana (Krebs et al. 2004, p. 495; Table 1). 
 
Predator control programs targeting wolves, including poison and incidental trapping, can result 
in incidental losses of wolverines (COSEWIC 2014, p. 41). Specific to wolf control for livestock 
protection in Idaho, three wolverines have been trapped incidental to authorized wolf control 
activities since 1995, with two released alive and one animal euthanized (IDFG 2014, p. 26). 
Additional preventive measures have been adopted to reduce these incidental captures (IDFG 
2014, p. 26). The IDFG has also implemented educational programs to minimize incidental 
capture of wolverines during trapping seasons and licensed wolf trappers are required to 
complete a Wolf Trapper Education course with specific instruction for reducing incidental 
trapping of wolverine, lynx, and other non-target species (IDFG 2014, p. 27). In addition, the 
U.S. Department of Agriculture Wildlife Services (Wildlife Services) agency has also 
temporarily stopped (as of April 2017) using cyanide predator control devices in the State of 
Idaho (Moeller 2017). 
 
Wolverine hunting and trapping is permitted in the State of Alaska. For the 2015–2016 reporting 
period, wolverine harvest, based on furbearer sealing records, totaled 527 animals (Parr 2016, p. 
42). This level of harvest has been fairly consistent since 2010, as shown in table below: 
 
Table 6.  Number of wolverines harvested in Alaska, as reported from regulatory year sealing 
records, 2010–2015. Adapted from Parr (2016, p. 42; Table 10). 
 

Alaska 
Region 2010 2011 2012 2013 2014 2015 

I 25 20 25 31 14 15 
II  25 29 50 31 16 37 
III  233 235 261 358 268 214 
IV  180 160 170 158 99 150 
V  140 110 135 133 109 111 
Total 603 554 641 711 506 527 

 
In Canada, wolverines are harvested in the northern and western territories–Manitoba, 
Saskatchewan, Alberta, British Columbia, Yukon, Northwest Territories, and Nunavut 
(COSEWIC 2014, p. 43). Non-aboriginal harvest of wolverines has not been permitted since 
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2001–2002 in Québec, Labrador, or Ontario, though incidental harvest has been reported in 
Ontario (COSEWIC 2014, p. 43). The management of wolverine harvest in Canada incorporates 
spatial and temporal elements such as season length, quotas, limited entry, and trapline 
management by trappers (reviewed by Slough et al. 1987). Wolverine harvest levels in Canada 
are monitored using mandatory pelt sealing, annual harvest reporting, or through monitoring of 
fur exports (COSEWIC 2014, p. 43). In some northern communities, wolverine pelts are used 
locally and harvests are monitored through carcass collection programs (COSEWIC 2014, p. 43).  
 
The COSEWIC Assessment and Status Report for the wolverine also noted that range 
contraction and habitat trends of wolverines in Canada are not solely the result of habitat or 
trapping pressure (COSEWIC 2014, p. 20). Reductions in ungulate (e.g., caribou) populations, 
which provide an important winter food resource, were also likely an important factor in range 
contractions of wolverines in its northern range (COSEWIC 2014, p. 20), and likely continue to 
influence populations today. Although the table above shows relatively stable numbers of harvest 
in Canada, snowmobiles have allowed for better access for hunters and trappers and may be 
increasing the number of wolverine harvested in its northern North America range; however, the 
areas of exploitation are still relatively small concentrated areas, and large areas of refugia 
continue to be found (Cardinal 2004, p. 31). That report concluded that harvest pressure is 
sustainable in most areas as young wolverines migrate from these areas of refugia that, if left 
undisturbed, into empty home ranges of wolverines lost to harvest or other mortality events 
(Cardinal 2004, p. 31).  
 
We evaluated trapping of wolverines in British Columbia and Alberta regions of Canada in an 
effort to document potential impacts to dispersing wolverines along the U.S.–Canada border. As 
described above (Population Abundance and Distribution), the population of wolverines in British 
Columbia is estimated to be 2,700–4,760 and 1,500–2,000 animals in Alberta (COSEWIC 2014, p 
36). We obtained 9 years (2007-2015) of harvest data for southern BC wildlife management units 
from the British Columbia Ministry of Environment, Ecosystems Branch for our analysis. Twenty 
seven years (1989–2015) of harvest data was obtained for Alberta in addition to locations of 
wolverines from a run pole study (2012–2015) and other sources (Webb et al. 2016, p. 1,465; 
Webb 2017, pers. comm.). 
 
Figure 5 presents the results from our spatial analysis and indicates a total of 77 wolverines were 
trapped in British Columbia wildlife management units within 110 km (68.35 mi) of the U.S.–
Canada border from 2007–2015 (average of 8.5 animals per year). We used this distance since it’s 
similar to both the average maximum distance per dispersal movement of 102 km (63 mi) for 
male wolverines reported by Inman et al. (2012a, p. 784) for the Greater Yellowstone region of 
Montana, and a reported 100 km (62 mi) dispersal distance for a juvenile male for Ontario, 
Canada (COSEWIC 2014, p. 24, citing unpublished data from Dawson et al. 2013). As shown 
below, one management area contains nearly one-third (23 individuals) of this total number. The 
other management units along the international border indicate very few animals harvested over 
this 8-year period. For Alberta, we identified a total of 15 wolverines harvested by trappers and 
data presented in other studies within 110 km (68.35 mi) of the U.S.–Canada border from 1989–
2014 (average of less than 1.0 animal per year).  
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Figure 5. Numbers of wolverines harvested in British Columbia and Alberta, Canada.  
Sources: British Columbia Ministry of Environment; Webb et al. 2016; Webb 2017, pers. 
comm.  
 
Based on this analysis, trapping effort along the United States–Canada border does not represent 
a significant barrier to wolverine movement and dispersal along the international border. As 
noted above, Regehr and Lacroix’s (2016, entire) multi-method inventory of wolverines within 
an area located in the eastern side of the Coast Mountains of British Columbia (see black star in 
Figure 5 above) found unexpectedly high numbers of wolverines, which may have been the 
result of the rugged landscape features in this mountainous area and abundant food resources 
(both winter and summer) (Regehr and Lacroix, pp. 249–250). 
 
Legal Status/Protection 
 
In the western United States, the wolverine status is as follows: a state-threatened species in 
Oregon (ODFW 2016) and California (CDFW 2017a); state-endangered species in Colorado 
(Colorado Parks and Wildlife 2015a) ; a candidate species in Washington (Washington 
Department of Fish and Wildlife 2013); a protected nongame species and species of greatest 
conservation need in Idaho (IDFG 2014); a protected animal and species of greatest conservation 
need in Wyoming (WGFD 2017); a species of greatest conservation need in Utah (Utah Division 
of Wildlife 2015); a furbearer and species of concern in Montana (Montana Natural Heritage 
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Program and Montana FWP 2017); and, in Nevada, the Nevada Administrative Code lists 
wolverines as a protected mammal (NAC 503.030), which provides full legal protection. There is 
no protected status for wolverines in the State of Alaska. The State of New Mexico Department 
of Game and Fish does not recognize the wolverine as a native mammal. Additional discussion 
regarding State regulatory mechanisms that provide protections for wolverines is provided in 
Appendix G. 
 
The Idaho Department of Fish and Game issues permits allowing live capture, handling, and 
release of wolverines for scientific studies, which usually involved log box-traps that do not 
cause physical injury to the captured animals (IDFG 2014, p. 27). The agency also issues 
scientific collection permits to various agencies and organizations and to IDFG biologists that 
can include the capture, chemical immobilization, and placement of radio-collars/radio-markers 
on wolverines (IDFG 2014, p. 27). These permittees (and IDFG staff) are required to comply 
with animal trapping and handling protocols approved by IDFG’s Wildlife Health/Forensic 
Laboratory and other animal welfare and research institutions. Over the past 20 years, there have 
been two documented wolverine deaths due to live capture activities in Idaho (IDFG 2014, p. 
27). 
 
In Wyoming, the Wyoming Game and Fish Commission (Commission) Regulation Chapter 52, 
Nongame Wildlife, authorizes take of wolverine only for scientific or educational purposes as 
regulated by Commission Regulation Chapter 33 (Regulation Governing Issuance of Scientific, 
Research, Educational, or Special Purpose Permits). We received information from the State of 
Wyoming indicating that a search of electronic records of Chapter 33 permits (issued since 1997) 
found (as of May 2013) three permits have been issued for scientific purposes to further 
understanding of wolverine ecology in Wyoming (Mead 2013, pers. comm.). 
 
In California, research permits for State-listed, State-candidate, and fully protected species in 
California are issued as a Memorandum of Understanding (MOU). Currently, there are no active 
MOUs for research on wolverine in California (Burkett 2017, pers. comm.). 
 
In Canada, provincial designations for the wolverine include Endangered in Labrador, and 
Threatened in Ontario and Québec (‘Threatened’ is equivalent to Endangered in Québec), with 
the remaining provincial designations ranging from no ranking to Sensitive or Special Concern 
and the Vancouver Island population designated as Imperilled (COSEWIC 2014, p. 44).  
Recovery planning for the wolverine is focused on the eastern population (Canadian Boreal 
Forest Agreement Secretariat 2015, p. 3). 
 
In summary, overutilization does not represent a threat stressor to the wolverine the contiguous 
United States. Wolverine populations in the contiguous United States are currently protected 
under several State laws and regulations. Hunting and trapping activities for wolverines are 
currently suspended or closed entirely for animals within the contiguous United States, though 
incidental trapping can occur. Trapping in Alaska and Canada has been and appears to be 
sustainable given large areas of available refugia in these regions. Trapping or harvesting of 
wolverines along the contiguous United States–Canada border does not represent a stressor to 
wolverines migrating into the contiguous United States at the individual or population level. In 
addition, wolverine populations along the Alaska–Canada border are continuous with the Yukon 
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region of Canada, which suggests a rescue effect for Canadian populations along this 
international boundary (COSEWIC 2014, p. 37). 
 
Summary of Current Conditions 
 
Wolverine populations in much of North America are still recovering from large losses of 
individuals from intensively hunting and persecution pressures in the late 1880s into the mid-20th 
century. Although there is limited rangewide survey information, based on the best available 
information, wolverines continue to be detected across suitable habitat within the contiguous 
United States. Studies are currently underway to estimate the species’ current distribution and 
genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, and Washington. 
In Canada, the total wolverine population is estimated at over 10,000 adults (COSEWIC 2014, p. 
47). In Alaska, estimates of populations are best evaluated based on density, which are naturally 
low for this species. Recent density estimates are generally about 10 wolverines per 1000 km2 
(386 mi2) for Alaska. 
 
Based on our collection of observations and detections of wolverines in the contiguous United 
States and the 2014 status review for Canada, we prepared a Current Range map to illustrate the 
species’ North American range (Figure 3). We estimated that the proportion of the current North 
American range of the wolverine encompassed within the contiguous United States is 
approximately 6 percent.  
 
We determined that 96 percent of the previously modeled primary habitat (Inman et al. 2013) in 
the lower United States is considered to be lands owned or managed by the Federal government 
(see Appendix D). We also estimated that this 41 percent of this modeled primary habitat is 
located in designated wilderness areas. Appendix G, Regulatory Mechanisms and Conservation 
Measures, provides a more detailed summary of management actions. 
 
We evaluated several potential stressors that may be affecting wolverine populations or its 
habitat, including effects from roads, disturbance due to winter recreation and other activities, 
effects from wildland fire, disease and predation, and overutilization for (primarily) commercial 
purposes. We determined that the effects of roads (evaluated by number of miles, density, and 
location) and disturbance represent low level stressors to the wolverine in the contiguous United 
States. Wildland fire was determined to be a short-term stressor to wolverine habitat and its prey. 
Disease and predation are not considered stressors to the wolverine. 
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
Incidental trapping of wolverines is infrequent in the contiguous United States, and, in Idaho, 
education programs are being implemented to reduce this stressor. In Alaska, the level of harvest 
of wolverines has been fairly consistent since 2010, and, as noted above, density estimates 
indicate no declining trend in wolverine populations.  
 
Wolverines are harvested in several Canadian provinces with management and monitoring 
oversight based on spatial and temporal elements. We reviewed trapping information from 
Canada (within 110 km (68.35 mi) of the contiguous U.S.–Canada border) to assess potential 
impacts to dispersing wolverines into the United States. We found that, in Alberta, 15 wolverines 
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were harvest over a 25 year period (average of less than 1.0 animal per year), and, for British 
Columbia, we found an average of 8.5 animals per year, though one management area contained 
nearly one-third (23 individuals) of this total. Based on the best available commercial and 
scientific information, overutilization does not represent a stressor to the wolverine in the 
contiguous United States. 
 
Status – Future Conditions  
 
The future timeframe evaluated in our analysis is approximately 40 to 50 years, which captures 
the range of time periods for proposed projects within the species’ range, as well as our best 
professional judgment of the projected future conditions related to trapping/harvesting, climate 
change, or other potential cumulative impacts. 
 
After considering the current conditions for the wolverine and its habitat, we describe here one 
circumstance that could potentially result in the most likely future conditions scenario:   

• Climate change effects (i.e., significantly elevated temperatures resulting in decline in 
snowpack) may modify suitable habitat, which could also change the scope of the 
wildland fire stressor. 
 

Based on our review of the best available information, we determined that there were no other 
scenarios that were likely to occur for this species. 
 
Climate Change Effects 
 
In this section, we consider climate changes that may affect environmental conditions that the 
wolverine relies on. As defined by the Intergovernmental Panel on Climate Change (IPCC), the 
term “climate” refers to the mean and variability of different types of weather conditions over 
time, with 30 years being a typical period for such measurements, although shorter or longer 
periods also may be used (IPCC 2013a, p. 1450). The term “climate change” thus refers to a 
change in the mean or the variability of relevant properties, which persists for an extended 
period, typically decades or longer, due to natural conditions (e.g., solar cycles) or human-caused 
changes in the composition of atmosphere or in land use (IPCC 2013a, p. 1,450).  
 
Scientific measurements spanning several decades demonstrate that changes in climate are 
occurring. In particular, warming of the climate system is unequivocal and many of the observed 
changes in the last 60 years are unprecedented over decades to millennia (IPCC 2013b, p. 4). The 
change in temperature reported in the Northern Hemisphere in recent history (past 150 years) at 
+0.6°C (1.08°F) is twice the change reported for the Southern Hemisphere (+0.3°C (0.54°F)) and 
there is much year-to-year variation (Post 2013, p. 4). With regard to precipitation over land, 
there has been a decline in global total annual precipitation, but the variability between years in 
total precipitation has increased since about the 1970s (Post 2013, p. 9). The Palmer Drought 
Severity Index (PDSI) compares the actual amount of precipitation received in an area during a 
certain time period with the normal or average amount expected during that same period 
(National Weather Service (NWS) 2015) and is generally used as a measure of water stress. 
Time series analysis of the PDSI indicates worsening persistent drought-like or drought-potential 
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conditions across the globe since 1980, a reflection of the influence of temperature on 
atmospheric dynamics (Post 2013, pp. 10–11).  
 
Comprehensive assessments of other observed and projected changes in climate and associated 
effects and risks, and the bases for them, are provided for global and regional scales in recent 
reports issued by the IPCC (2013c, 2014), and similar types of information for the United States 
and regions within it can be found in the National Climate Assessment (Melillo et al. 2014, 
entire). Results of scientific analyses presented by the IPCC show that most of the observed 
increase in global average temperature since the mid-20th century cannot be explained by natural 
variability in climate and is “extremely likely” (defined by the IPCC as 95 to 100 percent 
likelihood) due to the observed increase in greenhouse gas (GHG) concentrations in the 
atmosphere as a result of human activities, particularly carbon dioxide emissions from fossil fuel 
use (IPCC 2013b, p. 17 and related citations).   
 
Scientists use a variety of climate models, which include consideration of natural processes and 
variability, as well as various scenarios of potential levels and timing of GHG emissions, to 
evaluate the causes of changes already observed and to project future changes in temperature and 
other climate conditions. Model results yield very similar projections of average global warming 
until about 2030, and thereafter the magnitude and rate of warming vary through the end of the 
Century depending on the assumptions about population levels, emissions of GHGs, and other 
factors that influence climate change. Thus, absent extremely rapid stabilization of GHGs at a 
global level, there is strong scientific support for projections that warming will continue through 
the 21st century, and that the magnitude and rate of change will be influenced substantially by 
human actions regarding GHG emissions (IPCC 2013b, 2014; entire).  
 
Global climate projections are informative, and, in some cases, the only or the best scientific 
information available. However, projected changes in climate and related impacts can vary 
substantially across and, as noted above, within different regions and hemispheres (e.g., IPCC 
2013c, 2014; entire) and within the United States (Melillo et al. 2014, entire). Therefore, we use 
“downscaled” projections when they are available and have been developed through appropriate 
scientific procedures, because such projections provide higher resolution information that is 
more relevant to spatial scales used for analyses of a given species (see Glick et al. 2011, pp. 58–
61, for a discussion of downscaling). We note here that multiple lines of evidence, not just 
projections derived from quantitative models, should be examined when conducting climate 
vulnerability assessments (Michalak et al. 2017, entire). Thus, we provide below projected 
effects from climate change in the western United States relative to both abiotic (e.g., 
temperature, precipitation, snow cover) and biotic (e.g., phenology, behavior) factors.  
 
Abiotic Factors 
 
California 
 
Regional temperature and precipitation observations for assessing climate change are often used 
as an indicator of how climate is changing. For evaluating climate trends in California, the 
Western Regional Climate Center (WRCC) has defined 11 climate regions (Abatzoglou et al. 



North American Wolverine Species Status Assessment 
Report 
DATE 

64 
 

2009, p. 1,535). The relevant region for our assessment is the north/north-central Sierra Nevada 
region (Tahoe National Forest) currently occupied by a male wolverine is the northeast region. 
 
Two indicators of temperature, the increase in mean temperature and the increase in maximum 
temperature, are important for evaluating trends in climate change in California. For the climate 
region that encompasses the Tahoe National Forest region, the 100-year linear trends provided 
by the WRCC indicate an increase in mean temperatures (Jan–Dec) of approximately 0.92°C/100 
yr (± 0.29°C/100 yr) (1.66°F ± 0.53°F/100 yr) since 1895 from present day; 1.55°C/100 yr (± 
0.67°C/100 yr ) (2.79°F ± 1.21°F/100 yr) since 1949 to present day; and 2.41°C/100 yr 
(±1.54°C/100 yr ) (4.33°F ± 2.78°F/100 yr) since 1975 to present day (WRCC 2017). Thus, the 
increase in mean temperature has not been constant—the rate of increase over the past 42 years 
in this region has been 2.6 times higher than the past 122 years. We assume the rate of 
temperature increase for this region is higher for the second and third time periods (since 1949 
and 1975, respectively) than for the first time period (since 1895) due to the increased use of 
fossil fuels in the later part of the 20th and early 21st century. 
 
Although these observed trends provide information as to how climate has changed in the past, 
climate models can be used to simulate and develop future climate projections. Pierce et al. 
(2013, entire) presented both state-wide and regional probabilistic estimates of temperature and 
precipitation changes for California (by the 2060s) using downscaled data from 16 global 
circulation models and 3 nested regional climate models. The study looked at a historical (1985–
1994) and a future (2060–2069) time period using the IPCC Special Report on Emission 
Scenarios A2 (Pierce et al. 2013, p. 841), which is an IPCC-defined scenario used for the IPCCs 
Third and Fourth Assessment reports, and is based on a global population growth scenario and 
economic conditions that result in a relatively high level of atmospheric GHGs by 2100 (IPCC 
2000, pp. 4–5; see Stocker et al. 2013, pp. 60–68, and Walsh et al. 2014, pp. 25–28, for 
discussions and comparisons of the prior and current IPCC approaches and outcomes). 
Importantly, the projections by Pierce et al. (2013, pp. 852–853) include daily distributions and 
natural internal climate variability.  
 
Simulations using these downscaling methods project an increase in yearly temperature for the 
area that encompasses the Tahoe National Forest (Sierra Nevada) ranging from 2.1°C (3.78°F) to 
3.2°C (5.76°F) by the 2060s time period (Pierce et al. 2013, p. 844), compared to 1985–1994. 
The simulations indicated a yearly upper temperature increase of 2.5°C (4.5°F) from 1985–1994 
to 2060–2069 (averaged across models) for this area, and an increase of 1.9°C (3.42°F ) for the 
December–February period (Pierce et al. 2013, p. 842).  
 
In California (Griffin and Anchukaitis 2014, p. 9020), beginning in 2012 and continuing into 
2016, California experienced a severe drought throughout most of the state. Although three year 
droughts in California are not unusual when evaluated over the past 1000 years, the severity of 
these drought conditions during this period was demonstrated in the 2014 summer PDSI, 
which was estimated to be the lowest on record (1901–2014) (Williams et al. 2015, p. 6,823). 
Griffin and Anchukaitis (2014, entire) investigated how unusual this drought event was in the 
context of the last millennium using blue oak (Quercus douglasii) tree ring data from four 
sampling sites (with additional tree sampling following the 2014 growth season). Their 
paleoclimate drought and precipitation reconstructions for Central and Southern California show 
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that, although the precipitation during this drought has not been anomalously low, it was not 
outside the range of variability (Griffin and Anchukaitis 2014, p. 9,017). However, the 2014 
drought was the worst single drought year of at least the last 1,200 years in California and the 
2012–2014 drought was the most severe of three consecutive drought years, based on three 
events found in the record for the last 1,200 years (Griffin and Anchukaitis 2014, pp. 9,020–
9,021). The study concluded that low precipitation combined with high temperatures was 
responsible for creating this worst short-term drought episode (Griffin and Anchukaitis 2014, pp. 
9,021–9,022). 
  
Williams et al. (2015, entire) recently estimated the anthropogenic contribution to California’s 
drought during 2012–2014. They found that the intensifying effect of high potential 
evapotranspiration on this drought event (measured by summer PDSI) was almost entirely the 
result of high temperatures (18–27 percent in 2012–2014; 20–26 percent in 2014) (Williams et 
al. 2015, p. 6,825). Another study evaluating the influence of temperature on the drought in 
water year 2014 in California found that, although the low level of precipitation was the 
primary driver for the drought conditions, temperature was an important factor in exacerbating 
the drought, noting that the water year 2014 was the third year of the multiyear drought event 
and therefore conditions were drier than normal at the beginning of the water year (Shukla et al. 
2015, p. 4,392).  
 
In sum, these projections indicate that increased temperatures are likely to occur in the Tahoe 
National Forest region by the 2060s due to the effects of climate change. 
 
Precipitation patterns can also be used as an indicator of potential climate change. We obtained 
yearly snowfall data for the Tahoe City station located in the northern Sierra Nevada region from 
the Western Regional Climate Center (https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758) since 
that dataset was the most complete for the area. We then conducted a nonparametric 
correlation test, the Mann-Kendall statistical test (Hipel and McLeod 1994, pp. 63–64, 856–
858), which is commonly used for analyzing climatic time series (e.g., Ahmad et al. 2015, 
entire), to evaluate trends in snowfall over time. This analysis was conducted using the R and 
R Studio software programs (Version 3.1.2; R Development Core Team, 2014) with the 
“Kendall” package (Version 2.2) (McLeod 2011). We found that annual snowfall amounts 
showed no statistically significant trend (increasing or decreasing) from 1909–2017 (tau = –
0.0289, two-sided p-value of 0.6705) for the Tahoe City station.  
 
State-wide and regional probabilistic estimates of precipitation changes for California were also 
evaluated by Pierce et al. (2013, entire). When averaged across all models and downscaling 
methods, a small annual mean decreases in precipitation were found for the Sierra Nevada region 
of California, but an increase in precipitation for the December through February period (wetter 
winters) (Pierce et al. 2013, pp. 849, 855). However, there was significant disagreement across 
the models, with percent changes ranging from a12 percent decrease to a 9 percent increase 
(Pierce et al. 2013, p. 851).   
 
Columbia River Basin Region  
 

https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758
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This region covers a large area within Washington, Oregon, and Idaho, and parts of British 
Columbia, Canada, and includes portions of the current range of the wolverine. Rupp et al. 
(2017, entire) used simulations from 35 Global Climate Models (GCMs) to provide projections 
of climate in the Columbia River Basin into the 2080s under two with two emissions scenarios 
Representative Concentration Pathways (RCP) (RCP 4.5, which represents moderate reduction in 
GHG emissions (“intermediate emissions”), and RCP 8.5, which represents a continued increase 
in GHG emission “high emission”). The results of their multi-model ensemble for the RCP 4.5 
scenario indicate mean annual temperature increases (above Bonneville Dam), above the 1970–
1999 baseline average, of 1.3°C (2.34°F) for the 2010–2039 period, 2.3°C (4.14°F) for the 2040–
2069 period, and 2.8°C (5.04°F), for the 2070–2099 future period (Rupp et al. 2017, p. 1,788). 
By season, the winter period (December–February) mean change result indicates an increase of 
1.1°C (2.52°F) for 2010–2039, 2.2°C (3.96°F) for 2040-2069, and 2.7°C (4.86°F) for 2070–
2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788).  
 
For the RCP 8.5 scenario, the multi-model ensemble projections indicate mean annual 
temperature increases, above the 1970–1999 baseline average, of 1.4°C (2.34°F) for the 2010–
2039 period, 3.1°C (5.58°F) for the 2040–2069 period, and 5.0°C (9.0°F), for the 2070–2099 
period (Rupp et al. 2017, p. 1,788). For the winter season (December–February) mean change 
increase of 1.4°C (2.34 °F) for 2010–2039, 2.9°C (5.22°F) for 2040-2069, and 4.7°C (8.46°F) for 
2070–2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788). The 
anthropogenic-forced change for these projections is higher than the annual variability; thus, by 
the year 2050, it is very unlikely that the temperature for this year or any year following during 
this century would be as low as the historical average (Rupp et al. 2017, p. 1,788). 
 
Precipitation projections were much less robust; the multi-model ensemble mean precipitation 
projections indicate an increase above baseline of up to 8 percent by 2099 for RCP 8.5 and 
slightly less for RCP 4.5 (Rupp et al. 2017, p. 1,788). When viewed seasonally, for the winter 
season, the ensemble projections indicate increases for all three future time periods for both the 
RCP 4.5 and RCP 8.5 scenarios (ranging from 3 to 14 percent) as compared to the baseline 
period (1970–1999) (Rupp et al. 2017, p. 1,788). The anthropogenic-forced change for these 
projections is lower than the annual variability; however, the authors indicate that years of 
anomalously low precipitation relative to baseline would be expected with high frequency 
throughout the 21st century (Rupp et al. 2017, p. 1,788). 
 
Sheehan et al. (2015, p. 20; Table 4) also found that, within three subregions of the Pacific 
Northwest, when compared to a historical baseline (1971–2000), all future climate projections 
(RCP scenarios 4.5 and 8.5; 2036–2066, 2071–2100) indicate a rise in both minimum and 
maximum monthly temperatures, and a generally positive change in mean annual precipitation, 
though the latter results varied across projections.  
 
Upper Snake River Basin 
 
The Upper Snake River Tribe Foundation and its Tribal members prepared a climate change 
vulnerability assessment for the Upper Snake River Watershed (Petersen et al. 2017, entire). The 
assessment the assessment covers large areas of southern Idaho and eastern Oregon, and small 
areas of northern Nevada, northern Utah, and western Wyoming (Petersen et al. 2017, p. 15). 
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Within three geographic/model domains of this larger region, downscaled climate projections 
were created from 20 GCMs run with two emissions scenarios (RCPs 4.5 and 8.5) and these 
outputs were then used to calculate potential future changes in temperature and precipitation 
(Petersen et al. 2017, pp. 15–16). The projections were analyzed in reference to a baseline period 
(1950-2005) for three future time periods—the 2030s (2020–2049), the 2050s (2040–2069), and 
the 2080s (2070–2099) (Petersen et al. 2017, p. 16). 
 
For temperature, their projections indicated an increase in average annual temperatures in both 
future emission scenarios and across all time periods. Under RCP 8.5 (high emissions scenario), 
the ensemble mean temperature increase was about 6.11°C (11ºF), and 2.78°C (5ºF) under the 
RCP 4.5 lower emissions scenario across all three geographic/model domains (Petersen et al. 
2017, Appendix A, p. 2). For the North and East domains (areas with greater topographical 
variability), there was some indication of a small increase in total annual precipitation by the end 
of the century, though there was less agreement among the models (Petersen et al. 2017, 
Appendix A, p. 2). 
 
For all geographic/model domains, the average temperature is projected to increase under both 
emissions scenarios for all seasons (Petersen et al. 2017, Appendix A, p. 2). For the winter 
months (December, January, February), for RCP 4.5, the average seasonal temperature is 
projected to increase by 3.89 to 5°C (7 to 9ºF) by the end of the century, and an increase of 
approximately 2.22 to 3.33°C (4 to 6ºF) for the other seasons (Petersen et al. 2017, Appendix A, 
pp. 2, 6). The winter season projections for RCP 8.5 add an additional 1.67 to 2.22°C (3 to 4ºF) 
by the end of the century (Petersen et al. 2017, Appendix A, pp. 2, 6).  
 
Rocky Mountain Region (Colorado) 
 
Lukas et al. (2014, entire) presented an assessment of observed and future projections of climate 
change effects for Colorado. They reported that, statewide, annual average temperatures have 
increased by 1.1°C (2.0°F) over the past 30 years, and 1.4°C (2.5°F) over the past 50 years 
(Lukas et al. 2014, p. 11). These warming trends have been observed in much of the State (Lukas 
et al. 2014, p. 11). They report no significant long-term trends in annual precipitation (30-, 50-, 
and 100-year trends) through 2012, but they indicate an observed trend towards more severe soil-
moisture drought conditions in Colorado, based on the PDSI, over the past 30 years (Lukas et al. 
2014, pp. 12, 21).  
 
This report also presents results from climate change modeling using an ensemble of CMIP5 
model projections, run with RCP 4.5 and 8.5 scenarios (Lukas et al. 2014; Section 5). The results 
indicate future warming in Colorado for all of the climate model projections (Lukas et al. 2014, 
p. 59). By 2050, for the RCP 4.5 (intermediate) emissions scenario, the statewide average annual 
temperatures are projected to increase by 1.4 to 2.8°C (2.5 to 5°F) (relative to a 1971–2000 
baseline), and increase by 1.9 to 3.6°C (3.5 to 6.5°F) under the RCP 8.5 (high) emissions 
scenario (Lukas et al. 2014, p. 59). For precipitation, they report that climate model projections 
show less agreement regarding future precipitation change for Colorado, but most projections 
indicate increasing winter precipitation by 2050 (Lukas et al. 2014, p. 59). 
 
Summary Commented [SC47]: What does this mean for the wolverine? 
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Observed trends and future climate model projections indicate warming temperatures for much 
of the western United States. The degree of future warming varies by region and is dependent 
upon the future emission scenario used during the modeling process. Future precipitation trends 
are less certain for many regions, in part, due to naturally high, inter-annual variability; some 
regions are projected to experience greater winter precipitation. 
 
Biotic Factors 
 
In addition to evaluating changes in these abiotic factors, biotic interactions should be considered 
in evaluating species’ response to climate change (reviewed by Post 2013). Although abiotic 
changes drive ecological processes, the alterations in biotic interactions (e.g., competition among 
conspecifics, interactions with competitors, resources, and predators) represent the ecological 
responses that result from those changes (Post 2013, p 1). Changes in certain abiotic factors, such 
as snow and ice cover, should also be considered in an ecological context since they represent 
habitat for many species (Post 2013, p. 11). 
 
Ecological studies evaluating the effects of climate change often evaluate phenology, the timing 
of life history events and how they vary in space and time, generally at the population or site-
specific level, though phenological variation at the individual level may also be important (Post 
2013, p. 54). Previous meta-analyses of the rate of phenological advancement have suggested 
advances of between 2–5 days per decade, across taxa, and between low-mid to mid-high 
latitudes (Post 2013, p. 59). A more recent meta-analysis from Cohen et al. (2017, p. 4) found, 
on average, significant advancement in the phenology of animals since 1950, advancing by about 
2.88 days per decade and 3.08 days per degree Celsius.  
 
Within the Pacific Northwest region, Ford et al. 2016 (entire) modeled the timing of growth 
initiation in coast Douglas-fir trees (Pseudotsuga menziezii var. menziezii) within the species’ 
range in Washington and Oregon to evaluate its ability to track changes in climate with changes 
in phenology. This study found that, for high latitudes and elevations, growth initiation was 
predicted to occur earlier in the year, which allows trees to track the beginning of favorable 
growing conditions, without exposure to frost risk (i.e., adaptive phenological response) (Ford et 
al. 2016, pp. 3718, 3,721). Conversely, their model predicted that at lower latitudes and 
elevations, growth initiation will lag behind climate change shifts due to reduced chilling with 
lower productivity, which suggested that coast Douglas-fir has an obligate chilling requirement 
for height (but not diameter growth initiation) (Ford et al. 2016, pp. 3,717–3,719). 
 
Another study reported on the effects of encroachment of woody plants (willows (Salix sp.)) in 
alpine environments to alpine wildflowers and their pollinators due to temporal overlap in 
flowering phenology, which may result in establishment of plant species with broader 
environmental tolerance in high alpine ecosystems (Kettenbach et al. 2017, p. 6,969). Similarly, 
in Sweden, Wilson and Nilsson (2009, entire) reported on encroachment of woody vegetation in 
arctic-mountain habitat, though primarily at lower elevations in response to observed 
temperature increase of 2.0°C (3.6°F) over 20 years, though this increase in cover was observed 
primarily at lower elevations (Wilson and Nilsson 2009, p. 1,682). 
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A high-latitude, North American study evaluated the effect of weather and broad-scale climate 
variables and vegetation productivity on the timing of spring and fall migrations of migratory 
caribou herds in northern Québec and Labrador, Canada (Le Corre et al. 2017, entire). That 
study found that, since 2000, except for the spring arrival, migrations occurred earlier, and were 
affected by resource availability, likely through intraspecific competition factors (Le Corre et al. 
2017, p. 266).  
 
In addition to phenological changes related to habitat variables or reproduction patterns, the 
effects of climate change may affect food resources important to wolverine, either directly (e.g., 
survival) or indirectly (e.g., effects to their habitat). An early study by Wang et al. (2002, p. 217) 
projected a potential increase in ungulate populations in Rocky Mountain National Park 
(Colorado) under future climate scenarios due to enhanced survival and recruitment of juvenile 
animals in response to less severe winters. The authors note that their results should be 
interpreted qualitatively given the uncertainties in applying climate change scenarios based on 
global models to ecological systems at the local scale (Wang et al. 2002, p. 217). In addition, 
they report that vegetation response (e.g., succession) in response to climate change effects may 
result in changes to ungulate habitat (Wang et al. 2002, p. 219). Overall, the study concluded that 
their results were consistent with those reported in other studies that have evaluated the 
relationships between the effect of weather and density dependence and ungulate population 
dynamics (Wang et al. 2002, p. 219). 
 
Summary 
 
The results presented above indicate biotic effects resulting from climate change, varying from 
phenological changes to shifts in vegetation and vegetation succession. We are unaware of 
studies that have directly evaluated these types of effects to the North American wolverine or its 
habitat. 
 
Climate Change and Potential for Cumulative Effects  
 
Threats can work in concert with one another to cumulatively create conditions that may impact 
the wolverine or its habitat beyond the scope of each individual threat. Given an expected 
increase in temperature in the western United States, the best available information indicates 
that, if there are any cumulative impacts in the future, the most likely could be changes in 
snowpack from the combination of increased temperature and changes or from the combination 
of wildland fire potential and snowpack. 
 
Snowpack/Snow Cover 
 
Upper Snake River Watershed (Pacific Northwest region) 
 
The Upper Snake River Tribal Foundation assessment (discussed above) included projected 
changes in snowpack for three locations in the Upper Snake River watershed, including areas 
location within our estimated Current Range of the wolverine (from Climate Impacts Group 
Pacific Northwest (PNW) Hydroclimate Scenarios Project (2860); 
http://warm.atmos.washington.edu/2860/products/sites/). Model results, based on snow water 
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equivalent (SWE) (the water content of snowpack, expressed as depth), indicate a projected loss 
in April 1st snowpack of 36 percent for the 2030–2059 period and 64 percent for the 2070–2099 
period for the Salmon River at White Bird location (average of percent change across all models 
relative to the long-term average for 1916–2006 (“historical period”)). For the Snake River at 
Brownlee Dam location, the projected loss is 37 percent for the 2030–2059 period and 64 percent 
for the 2070–2099 period (summary presented in Petersen et al. 2017, p. 20). These projected 
changes were found to be consistent with overall changes projected for the Columbia River 
Basin snowpack in an earlier study. Hamlet et al. (2013, p. 404; Figure 7) found that, relative to 
the long-term average for 1916 to 2006, the April 1st snowpack in the Columbia River Basin is 
projected to decline by 29% for the 30-year period spanning 2030-2059 and decline by 52% for 
the period spanning 2070-2099 for the A1B emissions scenario. [Note: the A1B emission 
scenario represents a more balanced energy portfolio than RCP 8.5, with GHG emissions 
leveling off by the middle of the 21st century]. 
 
Sierra Nevada 
 
Walton et al. (2017, entire) developed snow cover projections for the Sierra Nevada region in 
California, incorporating snow albedo feedback using a hybrid downscaling approach to develop 
future climate projections. This feedback loop is known to be important for regional climate 
change (Thackeray and Fletcher 2016, p. 395) and occurs when warming causes snow pack to 
shrink at margins and the exposed ground absorbs more sunlight than snow, which enhances the 
warming, and resulting in more melting of snow (Walton et al. 2017, p. 1,417). This study (using 
3 km (1.86 mi) resolution) found that, by the end of the 21st century (2081–2100), warming and 
loss of snow cover is expected to occur, though the degree varies depending on the GHG 
scenario (Walton 2017, p. 1,430). Under the RCP 8.5 (high emissions) scenario, the study found 
that the total area covered by snow during the typical month of April decreases by 48 percent, as 
compared to historical average (1981–2000) (using ensemble mean) (Walton et al. 2017, p. 
1,432). Under the RCP 4.5 (moderate emissions) scenario, snow cover losses were projected at 
about half of those for RCP 8.5 (Walton et al. 2017, p. 1,434; Figure 13).Warming was more 
pronounced with elevation, and was most severe in May and June (Walton et al. 2017, p. 1,431; 
Figure 12). For the months of March and April, the highest elevations were found to have nearly 
complete snow covered (measured as snow covered fraction) for all GCM simulations (Walton et 
al. 2017, p. 1,431; Figure 12).  
 
Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks 
 
The effects of climate change on snow persistence has been suggested as an important negative 
impact on wolverine habitat and populations by the mid-21st century (McKelvey et al., 2011, 
entire). The Service therefore pursued a refined methodology to provide insights into the 
potential impacts of climate change on snow persistence. 
 
The Service engaged the National Oceanic and Atmospheric Administration (NOAA) 
laboratories and University of Colorado in Boulder, Colorado (CU) regarding their ability to 
evaluate and model fine scale persistence of snow in occupied and potential wolverine habitat in 
the contiguous United States. Those discussions revealed significant progress in fine scale 
modeling approaches since the early 2000s and the Service provided funding for an assessment 
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of snow extent and depth to assess the effects of climate change on snow persistence in two areas 
of the western United States, Rocky Mountain and Glacier National Parks (Ray et al. 2017, 
entire). The primary objective of this study was to refine the spatial and temporal scale of snow 
modeling efforts and improve the scientific understanding of the extent of spring snow retention 
currently and into the future under a changing climate (Ray et al. 2017, p. 9). The objectives of 
the study included (Ray et al. 2017, p. 10): 
 

• Use of fine-scale models to analyze the topographic effects of snow, including slope and 
aspect (compass direction that slope faces)  

• Use of a range of plausible future climate change scenarios to assess snow persistence 
• Analysis of extremes and year-to-year variability by selecting representative wet, dry, 

and near normal years (using observed conditions) and then modeling changes for those 
base years under several future climate scenarios 

• Assessment of changes in snow persistence by elevation 
 
The study was designed to parallel as much as possible and thereby refine the previous 
assessment of snow cover persistence in the western United States presented in McKelvey et al. 
(2011). However, an exact replication of the McKelvey et al (2011) study was not possible given 
the time, funding, and computational constraints needed to develop a fine-scale assessment. The 
current study was limited to two study areas (approximately 1,500 to 3,000 km2 (579 to 1,158 
mi2) each) in the northern and southern Rocky Mountains (see Appendix H for maps). The two 
study areas were selected because they encompass the latitude and elevational range of 
wolverines within the contiguous United States. Glacier National Park (GLAC) is representative 
of a high latitude and relatively low elevation area currently occupied by wolverines. The Rocky 
Mountain National Park region (ROMO) is a lower latitude and higher elevation area within the 
wolverine’s historical range, which was recently occupied by a wolverine from 2009 to at least 
2012. 
 
Methods: We provide here a brief summary of the methods used in this study. Additional details 
are contained in the full report authored by Ray et al. (2017). The initial step of the analysis was 
a review of the observed climate and variability to provide context for trends and year-to-year 
variability. Next, historical snow cover extent and variability were analyzed using satellite 
remote sensing (MODIS) data from 2000 to 2016 to calculate a snow disappearance date for 
each year at each pixel. Summary statistics include total snow covered area (total area covered 
by snow), representation of snow pack by aspect (percent of land areas covered by snow for each 
of the 17 years in the historical record by topographic aspect based on compass direction that the 
slope faces), and elevation dependence for wet, near-normal, and dry years (with median of all 
years used as reference). Future snow pack projections were then generated using the Distributed 
Hydrology Soil Vegetation Model (DHSVM), for the historic period 1998-2013, and then 
validated against SNOTEL observing stations and MODIS satellite data.  

Both Ray et al. (2017) and McKelvey et al. (2011) used the delta method to estimate future snow 
persistence. The NOAA-DHSVM delta method uses historical observed weather (1998–2013) as 
the baseline and applies future changes in temperature and precipitation from the chosen GCMs 
(approximately Year 2055) to estimate future snow persistence on the landscape. Five future 
scenarios (GCMs) were selected from CMIP5 global climate model projections to capture 
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variability in temperature and precipitation, using the RCP 4.5 (moderate) and RCP 8.5 (high) 
emissions scenarios. Representative wet, near normal, and dry years were analyzed for the 
historical simulations and evaluated for the five future scenarios. The number of years (out of 16) 
with snow depth greater than 0.5 m (20 in) was also analyzed as was the change in Snowcovered 
Area (SCA) with depth greater than 0.5 m (20 in). This snow depth was selected based on an 
analysis of the snow depth at documented wolverine den sites in Glacier National Park (Ray et 
al. 2017; Table 5-2). Results were reported for “light snow cover” (snow depth greater than 1.25 
cm (0.5 in)) and “significant” snow (snow depth > 0.5 m (20 in)) for April 15, May 1, and May 
15 for previously defined representative years. The term “light snow cover” was incorporated as 
the most directly comparable parameter to McKelvey et al.’s “light” snow cover. The average 
change in SCA and SWE was analyzed as a function for both study areas of elevation and was 
overlaid with the elevations of documented wolverine den sites (2003–2007) in GLAC.  

Comparison with McKelvey et al. (2011): Although the methods used in this study have 
similarities with those presented in McKelvey et al. (2011), there are several key differences. 
Ray et al. (2017) used a finer spatial resolution model (DHSVM) than McKelvey et al. (2011) 
(0.0625 km2 vs. 35 km2) that incorporated slope and aspect. The grid cells represented in 
McKelvey et al. (2011) were assumed to be flat (i.e., north-facing slopes treated as identical to 
south-facing slopes). McKelvey et al. (2011) focused on May 1st snow depth as a proxy for May 
15th snow disappearance, while Ray et al. (2017) focused directly on May 15th snow 
disappearance and produced results for the presence or absence of deeper snow (nominally 
greater than or equal to 0.5 m (20 in) depth) on May 1st and April 15th.3 Because of the increased 
resolution of this study, Ray et al. (2017) was able to consider whether any pockets of snow with 
depth greater than 0.5 m (20 in) will persist in these areas. Additional comparisons are outlined 
below in Table 7 and in Ray et al. (2017, p. 6). 
 
Table 7. Comparison of Methods, Ray et al. (2017) vs. Copeland et al. (2010)/ McKelvey et al. 
(2011)  

Ray et al. (2017) Copeland et al. (2010)  
and McKelvey et al. (2011) 

Spatial Resolution 250 m x 250 m = 62,500 m2 or 0.0625 km2  

(0.24 mi2) 
~5 km x 7 km = 35 km2  

(13.51 mi2) 
Geographic Area Glacier and Rocky Mountain National Parks, 

300 m below treeline and above 
Western United States, except 
California and Great Basin 

Topography Slope, aspect, and shading were used Slope and aspect were not used 
Validation SNOTEL (ground stations) and MODIS 

(satellite data) 
None 

Future Scenario 
Method 

Delta Method, used to project 2000-2013 
conditions out to Year 2055 

Delta Method (Years: 2045, 2085, 
2070-2099) 

Future Scenarios 
(GCMs) 

miroc, giss, fio, cnrm (both study areas); 
canesm (Glacier National Park only) 
hadgem2 (Rocky Mountain National Park 
only) 

Ensemble of 10 GCMs, pcm1, and 
miroc 3.2 

Time-related Results Long-term means and year-to-year variability 
(i.e., wet, near normal, and dry years)  

Changes in long-term mean snowpack 
only 

                                                 
3 The NOAA/CU study originally focused on May 15th to compare to the McKelvey et al. (2011) study, and June 1st 
to bracket the snowmelt season. However, April 15 and April 30 dates were added to the evaluation of snowcovered 
areas to align with temporal reproductive patterns of the wolverine (see Life History section above).   
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Snow Detection and 
Measurements 

Snow or no snow (1.25 cm (0.5 in) threshold), 
snow depth (0.5 meter (20 in) threshold for 
"significant snow"), and snow water 
equivalent  

Snow or no snow (13 cm (5.12 in) 
threshold) 

Number of Years of 
MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 
Snow Cover Dates 
Analyzed 

April 15, May 1, and May 15 May 1, May 15 (derived from May 1), 
May 29 (derived from May 1) 

 
Results: While there are challenges in comparing the results from McKelvey et al. (2011) 
directly to the NOAA/CU study due to differences in methodology and focus, the qualitative 
picture can be summarized as follows: projected warming has a larger effect at lower elevations 
whereas projected precipitation changes may dominate the springtime snowpack in the high 
country. We present below a summary of the main results from Ray et al. (2017). 
 
MODIS Observed Historic Snowpack Variability Analysis:   
 

● In GLAC, SCA varies considerably by year, including wet years such as 2011 with very 
persistent snow, years with strong melt in early May, such as 2012, or in late May (2009, 
2001), and dry years (2004, 2005) (Ray et al. 2017, Section 4.3).  

● Even in dry years, northeast-facing slopes in GLAC tend to hold more snow and melt 
later in the season.  

● More than 80 percent of the GLAC study area above approximately 2,000 m (6,562 ft) 
elevation on May 1 has snow cover during dry years, and more than 95 percent has snow 
cover above approximately 1,200 m (3,937 ft) during wet years.  

● In ROMO, the SCA also varies considerably by year. 
● The northwest-facing slopes in ROMO tend to hold more snow even during dry years. In 

very dry years, snow cover peaks at intermediate elevations, suggesting that the high-
altitude snowpack may be particularly vulnerable in this region under warm/dry 
conditions. 

 
Future Snowpack Projections: The area-wide SCA results include snow cover changes in both 
forested and above-treeline (alpine) terrain, which may have different implications for wolverine 
biology. 
 
Glacier National Park (GLAC): 
 

• Projections for April 15th, May 1st, and May 15th SCA and area with snow depth greater 
than 0.5 m (20 in) show declines on average in all scenarios, compared to the 2000–2013 
historic average, except for small increases in the Warm/Wet scenario and for almost all 
years.  

o For April 15th, light SCA area is reduced by 3 to 23 percent and significant snow 
cover (greater than 0.5 m (20 in)) declines by 7 to 44 percent.  

o For May 15th, light SCA is reduced by 10 to 36 percent, and the area with 
significant snow cover declines by 13 to 50 percent. 
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• All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 m (20 in)). Areas with frequent availability (at least 14 out of 16 years) 
of significant snow become concentrated in smaller high elevation areas. Lower elevation 
areas had the largest decreases in the number of years with significant snow cover.  

• Most of the known den sites are located between 1,800 m (5,906 ft) and 2,000 m (6,562 
ft) in GLAC. Below that elevation band, large snow losses are predicted (40 to 70 percent 
decrease for two of the scenarios, 16 to 20 percent for the other three). Above that 
elevation band, there is little change in SCA for four of the five scenarios (2 to 8 percent) 
except in maximum warming scenario (decline of 40 percent (Ray et al. 2017; Figure 5-
22). In the 1,800–2,000 m (5,906–6,562 ft) band, the snowpack change is sensitive to 
elevation and to the future climate scenario used. 

• For representative wet years, for May 15th, the higher elevations of the study areas 
experience only 2 to 7 percent loss of snowpack under the scenarios with “least” change 
and the “central” change, although for the dry years, losses range from 18 to 57 percent. 

o The implication is that the wet, cold climate of the GLAC study area could act as 
a “buffer” to change in areas with of 0.5 m (20 in) of deep snow on May 1st, at 
least for elevations above 1,800 m (5,906 ft). 

 
Rocky Mountain National Park (ROMO):  
 

• Projections of May 15th SCA in ROMO decline on average in all scenarios, except for 
small increases in the Warm/Wet scenario, and for almost all years. 

o For April 15th, light SCA (depth ≥ 5 mm (0.2 in)) declines by 3 to 18 percent and 
significant SCA (depth > 0.5 m (20 in)) changes from −1 to +16 percent for the 
five scenarios considered (compared to the 2000-2013 historical average).  

o For May 15th, the area with light snow cover declines 8 to 35 percent and the area 
with significant snow cover declines 6 to 38 percent. 

• All projections show declines in the number of years with significant snow. The areas 
with frequent availability (at least 14 out of 16 years) of significant snow (equal to or 
greater than 0.5 m (20 in)) become concentrated in smaller high elevation areas. In 
contrast, lower elevation areas had the largest decreases in the number of years with 
significant snow cover.  

• Although no dens have been documented in ROMO, the elevation band for denning, 
modeled by regression analysis, is estimated at 2,700 to 3,600 m (8,858 to 11,811 ft). On 
May 1st, modest declines in SWE of about 15 percent and less for areas at 3,400 m 
(11,155 ft) or above result in losses of only about 10 percent snow cover.  

o The implication is that the wet, cold climate of the higher parts of the ROMO 
study area could also act as a “buffer” to change in the area of 0.5 m (20 in) deep 
snow on May 1st.  

 
Elevation Dependence of Change: In general, and supported by the literature, the snowpack in 
the higher elevations of both areas is more responsive to precipitation change, while lower 
elevations are more responsive to temperature change. For GLAC, most of the observed den sites 
are located within the zone where temperature dominates the future effects of change. For the 
elevation of den sites in GLAC (i.e., above 1800 m (5,906 ft)), loss of SCA on May 1st spans the 
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range of 5–40 percent, with a 70 percent decrease for the Hot/Wet (miroc GCM) scenario. Above 
2,200 m (7,218 ft), the losses are less than 5 percent for all but the Hot/Wet scenario.  
 
Current results may be a reasonable estimate for the high mountain ranges within the Rockies 
that lie between GLAC and ROMO. However, without further study, we cannot reasonably 
extend these results to say whether or not snow refugia will persist in the Central Rockies below 
our study elevations (approximately 1,000 m (3,281 ft)). These lower elevations are where 
McKelvey et al. (2011) predicted the greatest losses in snowpack. The NOAA/CU results also 
cannot be extrapolated to mountain ranges outside of the Rockies (i.e. the Cascade Range) that 
have different climates (temperature and precipitation). We note here that we have no 
documented wolverine den sites in the contiguous United States below 1,500 m (4,921 ft) 
elevation; that is, no documented den locations in the areas where McKelvey et al. (2011) 
predicted the greatest loss in snowpack. 

 
Interpretation and additional analysis relative to wolverine den site scale: The Service was 
interested in exploring the question, “If snow cover is required for wolverine denning, will there 
be a sufficient amount of significant snow cover in the future in areas wolverines have 
historically used for denning in the contiguous United States?” The Service integrated future 
DHSVM projections (2000–2013 averages) of snow covered area (greater than 0.5 m (20 in) 
depth) on May 1st for GLAC and ROMO with new information obtained from a spatial analysis 
of documented den sites in the contiguous United States. This spatial analysis indicated 31 of 34 
documented den sites in the contiguous U.S. were located in areas with slope less than 25 
degrees. Avalanche risk increases significantly in areas with slope greater than 25 degrees (Scott 
2017; pers. comm.) and wolverines may avoid these areas for denning due to this risk.  
 
Using the projections prepared by Ray et al. (2017), we present in Figures 6 and 7 the spatial 
distribution of significant snow covered area with slopes less than 25 degrees and within the 
elevation bands indicated above for three future scenarios in each study area. The three scenarios 
for GLAC (miroc, cnrm, and giss) and for ROMO (hadgem2, fio, and giss) were chosen to span 
the range of GCM uncertainty regarding temperature and precipitation, and by extension 
significant SCA (see Figures 6a and 7a). We found that large portions of the study areas meet all 
three criteria— greater than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m 
(4,967–7,389 ft), and with a slope less than 25 degrees—across both study sites in the future.   
 
The GLAC miroc simulation shows the greatest decrease in future snow covered area in the 
elevation band historically used for denning (orange line in Figure 7a). Figure 6b shows the 
spatial distribution of significant SCA with slope less than 25 degrees and elevation of 1,514–
2,252 m (4,967–7,389 ft) for the miroc simulation on May 1st (approximately Year 2055). 
Approximately 494 km2 (191 mi2) of area meet the three criteria with an additional 803 km2 (310 
mi2) of area retaining significant snow covered area, primarily at higher elevations. Moreover, 
we determined that large tracts of significant SCA are projected in close proximity to 
documented historical den sites across all three scenarios (Figures 6b–6d). A shown in Table 8, 
wolverines would not have to travel far, or at all, relative to either distance or elevation to reach 
areas with significant snow covered area in the future.  
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A similar analysis was performed for the ROMO study area and the results indicate that large 
portions of the study area meet all three criteria identified above. The hadgem2 (Figure 7b) and 
cnrm scenarios were found to have the greatest decrease in significant snow covered area of the 
five scenarios analyzed. Figure 7b (hadgem2 simulation) shows the spatial distribution of 
significant SCA (greater than 0.5 m (20 in) depth), elevation of 2,700–3,600 m (8,858–11,811 
ft), and slopes less than 25 degrees where denning would be expected to occur. Total area 
meeting these three criteria was 339 km2 (131 mi2) (dark blue in Figure 7b), with an additional 
446 km2 (172 mi2) with snow depth greater than 0.5 m (20 in) (light blue in Figure 7b), mostly at 
higher elevations. Figures 7c (fio scenario) and Figure 7d (giss scenario) show a similar 
distribution, albeit larger areas of significant snow retention in the future (see map legends in 
Figures 7c and 7d for area estimates). 
 
Table 8. Distance of historical GLAC dens (Years 2003–2007) from projected significant snow 
covered area in the future (approximately Year 2055) (using 2000–2013 average). A 0 (zero) 
value indicates the den site location meets all three criteria in the future (greater than 0.5 m (20 
in) snow depth on May 1st, at elevation 1,514–2,252 m (4,967–7,389 ft), and with a slope less 
than 25 degrees).   
 

Den Site Elevation, m 
(ft) 

Distance from den site to nearest model cell, m (ft) 
GCM scenario 

miroc cnrm giss 
1 2,252 (7,389 ft) 0 0 0 
2 2,093 (6,867 ft) 0 0 0 
3 1,995 (6,545 ft) 0 0 0 
4 1,977 (6,486 ft) 210 (689 ft) 0 0 
5 1,973 (6,473 ft) 208 (682 ft) 0 0 
6 1,928 (6,326 ft) 0 0 0 
7 1,922 (6,306 ft) 9 (29.5 ft) 8 (26 ft) 8 (26 ft) 
8 1,912 (6,273 ft) 170 (558 ft) 0 0 
9 1,893 (6,211 ft) 110 (361 ft) 0 0 
10 1,851 (6,073 ft) 87 (285 ft) 0 0 
11 1,843 (6,047 ft) 74 (243 ft) 0 0 
12 1,823 (5,981 ft) 56 (184 ft) 0 0 
13 1,807 (5,929 ft) 0 0 0 
14 1,514 (4,967 ft) 574 (1,883 ft) 571(1,873 ft) 296 (971 ft) 
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Wildland Fire  
 
California 
 
Keeley and Syphard (2016, entire) analyzed fire-climate relationships to predict future fire 
regimes in California. Their review concluded that: (1) Climate is not a major determinant of fire 
activity across all landscapes; (2) hotter and drier conditions for areas at lower elevations and 
lower latitude were found to have little or no increase in fire activity as vegetation types in these 
regions are ignition limited; (3) increasing annual temperatures by themselves are not good 
predictors of increased fire activity; seasonality, especially spring and summer temperatures, are 
more important; and (4) fire-climate models need to be scaled to vegetation types; broad-scale 
models may produce over-predictions of the total increase in future fire regimes (Keeley and 
Syphard 2016, pp. 1, 10). Additionally, drought is a key factor in defining fire regimes and 
annual precipitation is the primary driver of drought variability (Williams et al. 2015, p. 6,819), 
but, at the present time, it is difficult to separate current droughts in California from natural 
cycles of drought (Keeley and Syphard 2016, p. 6). 
 
Pacific Northwest 
 
Sheehan et al. (2015, entire) used downscaled CMIP5 projections to model vegetation and fire 
changes, with and without fire suppression, within three subregions of the Pacific Northwest. 
RCP 4.5 and 8.5 emission scenarios were used for future climate projections. The resulting 
trends varied by geographic region. In the Western Northwest subregion (from the crest of the 
Cascade Mountains west), the mean fire interval (MFI) averaged over all climate projections 
decreased by up to 48 percent, an increase in annual percent area burned (PAB), and the 
predominant conifer forest is replaced by mixed forest under future climate under both RCP 
scenarios, with and without fire suppression; thus, climate, rather than fire was found to be the 
primary influence in this subregion (Sheehan et al. 2015, pp. 22–26). In the Eastern Northwest 
Mountains (ENWM) subregion (mountainous areas east of the Cascade Mountains), the MFI 
(averaged across all climate projections) decreased by up to 81 percent, there was a project 
increase in mean annual PAB, and, while subalpine communities are projected to be lost, conifer 
forests were projected to continue to dominate this subregion (Sheehan et al. 2015, pp. 22–24). 
When modeled using a without fire suppression regime, the future projections for ENWM 
indicated a lower MFI and higher mean annual PAB as compared to the with fire suppression 
regime (Sheehan et al. 2015, p. 22; Table 5). However, the eastern portion of the ENWM 
subregion was found to show a differing response based on elevation; that is, higher elevations 
were found to have a higher MFI and a lower mean annual PAB during the 20th century as 
compared to lower elevations (Sheehan et al. 2015, p. 23). 
 
Gergel et al. (2017, entire) evaluated the effects of climate change on snowpack, and soil 
moisture and fuel moisture (fire potential) in the western United States. This study used a 
statistical downscaling approach, using an ensemble of 10 GCMs across several mountainous 
regions known to be occupied by wolverines, with a 6.25 km (3.88 mi) spatial resolution 
hydrologic model. The authors report significant declines in snowpack (measured as SWE) in all 
mountain ranges for all future scenarios (using RCPs 4.5 and 8.5) and GCMs (Gergel et al. 2017, 
p. 295).This study found that spring snowpack in mountains along the Pacific Coast is quite 
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sensitive to warmer temperatures, but in the continental mountain ranges (Northern and Southern 
Rocky Mountains) spring snowpack is more sensitive to changes in precipitation (Gergel et al. 
2017, p. 295). Differences were observed based on elevation (Gergel et al. 2017, p. 292). The 
study reported on future projected declines of summer soil moisture in forested areas (e.g., 
Northern Rockies) and the likelihood of increased risk of drought and therefore an increase in 
wildland fire risk for forested areas (e.g., Northern Rocky Mountains), though they recognize 
there is significant uncertainty in these future projections in high-elevation areas (Gergel et al. 
2017, pp. 295–296). 
 
Other Cumulative Effects 
 
Finally, we note here that the effects of climate change on snowpack are projected to negatively 
affect the season lengths for winter recreational activities, such as skiing and snowmobiling 
(Wobus et al. 2017, entire), thus, potentially reducing this stressor to the wolverine in the future. 
Wobus et al. (2017) modeled potential changes in snowpack at locations across the contiguous 
United States using output from five GCMs, two representative pathways (RCPs) that represent a 
future scenario with continued high emissions growth with limited efforts to reduce GHGs (RCP 
8.5) and a future scenario with global GHG mitigation (RCP 4.5), and two future time periods 
(2050 and 2090) (Wobus et al. 2017, pp. 2, 5). Although there was some inter-annual variability 
in 2050 for some model projections, in general, the Rocky Mountains and Sierra Nevada regions 
had smaller reductions in season length than other locations due to higher elevation, though for 
the RCP 8.5 scenario coupled with the 2090 future time period, the smallest projected reduction 
in season length was 15 percent (Wobus et al. 2017, p. 9). 
 
Summary of Future Conditions  
 
Models represent tools to describe basic physical and biological behaviors using the best 
available science, and, by presenting a range of plausible future outcomes, they can help generate 
hypotheses while also identifying knowledge gaps where greater accuracy is needed (Batchelet et 
al. 2016, p. 23). Detecting a species’ response to climate change in a single population, and 
sometimes multiple populations, may not always indicate the response throughout its range given 
the variation in annual mean surface temperatures over the past century (Post 2013, p. 5). In 
addition, inter-annual variability in temperature can be as important to a species’ ecological 
needs as the actual temperature itself (Post 2013, p. 7). 
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Precipitation patterns into the future are less clear as the climate models show 
significant disagreement in their many regional projections. Although drought conditions in the 
western United States are not unusual, drought duration and intensity have the potential to be 
exacerbated by projected temperature increases. Projected temperature and precipitation changes 
will affect future snow cover and the persistence of snow on the landscape. 
 
Snow cover is projected to decline in response to warming temperatures and changing 
precipitation patterns, but this varies by elevation, topography, and by geographic region. 
Simulations of natural snow accumulation at winter recreation locations have found that, overall, 
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higher elevation areas (e.g., Rocky Mountains, Sierra Nevada Mountains) are more resilient to 
projected changes in temperature and precipitation as compared to lower elevations (Wobus et 
al. 2017, p. 12). In general, models indicate higher elevations will retain more snow cover than 
lower elevations, particularly in early spring (April 30/May1).We present above results from 
several recent climate models projecting snowpack declines in the western United States. More 
specifically, we reviewed a new analysis from NOAA/CU that modeled future snow persistence 
for Glacier and Rocky Mountain National Parks (areas that encompass the latitudinal and 
elevational range of the wolverine in the contiguous United States) at high spatial resolution 
(Ray et al. 2017, entire). Their results indicate significant areas (several hundred square 
kilometers (miles) for each site) of future snow (greater than 0.5 m (20 in) in depth) will persist 
on May 1st at elevations currently used by wolverines for denning. This is true, on average, 
across the range of climate models used out to approximately Year 2055. 
 
Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, the key variables or combination of variables, that defined this relationship have not 
been empirically analyzed. As discussed above (Box 1.0), depth of snow cover and its duration 
increases with elevation; even minor elevation differences are noticeable (Formozov 1961, p. 
123). The spotty distribution of snow cover is also affected by unequal distribution of snow 
precipitation on slopes with different exposures, transport of snow by wind, melting of snow on 
sun-exposed slopes, avalanche or rolling down of snow from steeper areas, and vegetation 
(Formozov 1961, p. 123). In addition, very few studies to date have evaluated the importance of 
denning habitat to reproductive success, or the key physiological and ecological characteristics, 
including avoidance and/or protection from predators, prey availability, availability of caching 
habitat, that define denning behavior and den site selection.   
 
We also considered temperature and precipitation projections from climate change models in 
conjunction with wildland fire risk. This risk is likely to increase across the western United 
States, but patterns and trends are dependent on several factors (e.g., degree of warming and 
drought conditions, fuel and soil moisture) and geographic region. 
 
As described above (see Life History and Ecology section), across their North American range, 
wolverines are found in a number of habitats, and exhibit wide-ranging movements. In 
conjunction with behavioral responses (e.g., dispersal over great distances, prey switching), 
physiological adaptations, including observed seasonal changes in the insulative capacity of fur, 
allow wolverines to occupy a variety of habitats throughout the year. Physiological adaptations at 
the cellular and biochemical level are also important in adapting to projected increases in 
temperature due to climate changes, though we are unaware of studies evaluating these types of 
responses in wolverines. 
 
Risk Assessment or Viability Analysis 
NOTE: The structure presented in the following sections has been adopted in other SSA Reports 
in Region 8. If this needs to be revised, please let me know. 
Introduction 
 
In order to characterize a species’ viability and demographic risks, we consider the concepts of 
resilience, representation, and redundancy. We also consider known and potential stressors that 
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may negatively impact the physical and biological features that the species needs for survival and 
reproduction. Stressors are expressed as risks to its demographic features such as abundance, 
population and spatial structure, and genetic or ecological diversity. We consider the level of 
impact a stressor may have on a species along with the consideration of demographic factors 
(e.g., whether a species has stable, increasing, or decreasing trends in abundance, population 
growth rates, diversity of populations, and loss or degradation of habitat). The following 
discussion provides a representation of the demographic risks for the wolverine. 
 
Abundance 
 
Accurate historical and current estimates of abundance are not available for the wolverine at the 
present time. As noted above, recent surveys (winter 2015, winter 2016-2017) conducted as part 
of an occupancy estimate in the western United States across four States recorded 85 
observations, including in locations where they have not been recently detected (e.g., south of 
Interstate 90 in Washington, Teton Mountain Range/Grand Teton National Park). At this time, 
the best available information does not indicate that the species’ abundance is significantly 
impacted by human-caused stressors. The best available information does not indicate either 
increasing or declining numbers of the wolverine in North America, including the contiguous 
United States.  
 
We recognize that there is limited information on population sizes for the wolverine in the 
contiguous United States, and no comprehensive studies to indicate what a viable (or minimal) 
wolverine population size should be across its North American range. Regardless, surveys 
conducted in the winter of 2016–2017 continue to document its presence across its range in the 
contiguous United States. Wolverine populations in Canada and Alaska are considered stable. 
Therefore, the total abundance across the wolverine’s North American range is not likely to be at 
or near a level that would significantly affect the species demographic stochasticity. 
 
Population or Spatial Structure Resiliency  
 
The geographical range limits of species result from a complex interactions including species-
specific physiological, phenological, and ecological characteristics, dispersal ability, and biotic 
interactions, as well as phylogenetic history (Bozinovic et al. 2011, p. 156).   
 
A recent evaluation of behavioral plasticity, as an adaptive response to climate change effects, 
was presented by Beever et al. (2017, entire) using the American pika (Ochotona princeps; 
pika), as a case study. As with the wolverine, this species is known to use several behavioral 
responses to variability in climate including changes in foraging strategies, use of habitat, and 
thermoregulation (Beever et al. 2017, p. 302). The pika was recently detected in heavily shaded 
rainforest habitat adjacent to talus patches at lower elevation (Columbia River Gorge) not typical 
of the talus-type habitats commonly used in many alpine areas of the western United States 
(Beever et al. 2017, p. 302). The authors suggest that, in the Columbia River Gorge region, this 
species is selecting microclimates in nearby shaded forests that provide insulation from warm 
summer temperatures (Beever et al. 2017, p. 302).This study also included results from a review 
of available literature related to behavior as a response to changing environmental conditions. 
They found that behavioral responses to climate change effects were most commonly observed 
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in longer-lived species, and the most common response, across all taxa, was a change in 
reproductive behavior, followed by dispersal or migration (Beever et al. 2017, p. 300). Most of 
the studies they evaluated identified temperature as the climate metric that was responsible for, 
or correlated with, changes in behavior; however, about 14 percent of the examined literature 
included responses to indirect (biotic) factors, such as changes in food resources (Beever et al. 
2017, p. 300).  
 
The authors also note that there are tradeoffs (e.g., reduction in time for foraging due to 
sheltering) that may impact long-term persistence and population viability (Beever et al. 2017, 
pp. 301–302), and the pika’s flexibility in habitat selection has not been observed in populations 
in the Great Basin (Beever et al. 2017, p. 302), where some populations have been extirpated 
(Beever et al. 2016, p. 1,498; Table 1). A recent study concluded that the pika has been 
extirpated from an interior portion of its geographic distribution in the Sierra Nevada region 
(California) due to climate effects (i.e., increase in temperature, decline in snowpack), and 
although sites surrounding this core area still harbor the species, the net effect has been 
fragmentation of habitat and species distribution (Stewart et al., 2017, entire).  
 
However, the pika continues to be found at sites that are outside of areas contained within 
bioclimatic envelop models (Jeffress et al. p. 253). Jeffress et al. (2017, entire) found previously 
undocumented extant populations of the American pika in a region of the Great Basin 
(northwestern Nevada) that has been described as extirpated. Relative to wolverine, the authors 
note that these results highlight the need for monitoring programs, particularly at remote and 
isolated locations, and the importance of evaluating occupancy at multiple scales (Jeffress et al. 
2017, p. 266). In addition, the study noted the inconsistency of modeled climate factors in 
explaining occupied/unoccupied sites, and the likely importance of the pika’s talus (micro) 
habitat as well as the scale in which environmental variables are examined (Jeffress et al. 2017, 
p, 264). Resilience of pika populations is therefore likely related to these types of landforms, 
which act to decouple surface temperatures, with the talus rock habitat providing cool refugia 
(Jeffress et al. 2017, pp. 253, 264–265), but additional microsite data is needed as well as 
analyses of physiological variables are needed to develop predictions of persistence (Jeffress et 
al. 2017, pp. 265-266). In sum, these studies indicate that small mammals exhibit adaptive 
responses to changing climate provided that refugia are available to support life history 
requirements. 
 
As indicated above, population size, growth rate, and current population trends are unknown for 
the wolverine due to the lack of abundance information. The range of the wolverine occurs 
within a large area of northern North America (see Figure 3). The most recent estimate for 
Canada indicates over 10,000 adult wolverines, and expansion into historically occupied areas in 
both Canada and the contiguous United States.  
 
We are unaware of studies of the wolverine that have formally evaluated the species’ responses 
(e.g., reproductive success) in response to warming temperatures or other climate change effects. 
As reported above, the best available information indicates confirmed observations of wolverines 
denning in areas with patchy snow cover in Alaska, Canada, and Scandinavia. Given their high 
rate of movement, large dispersal, and other observed life history traits (e.g., behavioral 
plasticity), we do not predict a significant loss of resiliency to the species. 
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Diversity 
 
As discussed above (Status–Future Conditions), both direct and cumulative effects of climate 
change (e.g., higher temperatures, loss of snow cover, wildland fire) may affect the resilience of 
the wolverine by creating an environment that is less favorable to its physiological and 
ecological needs. 
 
Currently, we are unaware of any documented specific risks for the wolverine related to a 
substantial change or loss of diversity in life history traits, population demographics, 
morphology, behavior, or genetic characteristics. Rates of dispersal or gene flow are not known 
to have changed. Additionally, there is no currently available information to indicate that the 
current abundance of the wolverine across its current range is at level that is causing inbreeding 
depression or loss of genetic variation. Nor is there any information to indicate that this species 
is unable to adapt or adjust to changing conditions (e.g., reduction in snow cover). 
 
Overall Assessment 
 
The wolverine’s current range extends across the west-northwestern United States, large areas of 
Canada, and Alaska. In the contiguous United States, potentially suitable habitat (i.e., primary 
habitat), as determined by the physical and ecological features and the ecological needs of the 
wolverine, has been estimated at 164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). The 
species is found in a variety of habitat, but generally occurs in remote locations.  
 
In the contiguous United States, the wolverine is represented as a metapopulation, although its 
genetic structure relative to its entire North American range has not been comprehensively 
evaluated. Wolverine populations in Alaska are considered to be continuous with populations in 
the Yukon and British Columbia provinces of Canada based on genetic studies (COSEWIC 
2014, p. 37). Similarly, studies of wolverines in the North Cascades region have documented 
movement of wolverines from Washington into British Columbia (Aubry et al. 2016, pp. 16, 20). 
 
Based on our review of available relevant literature for similar species, we identified the physical 
and ecological needs of the species as follows: large territories in remote landscapes; at high 
elevation (1,800 to 3,500 meters (5,906 to 11,483 feet)) within the contiguous United States; 
access to a variety of food resources, that varies with seasons; and reproductive behavior linked 
to both temporal and physical features. 
 
Wolverines select den sites for different characteristics depending on location. Dens located 
under snow cover may be related to wolverine distribution based on other life history traits, 
including morphological, demographic, and behavioral adaptations that allow them to 
successfully compete for food resources (Inman 2013, pers. comm.). Structure (e.g., uprooted 
trees, boulders and talus fields) appears to be essential for natal den sites. However, reproductive 
success of wolverines has not been evaluated relative to the depth and persistence of snow cover, 
or in combination with these or other important characteristics, including prey availability and 
predator avoidance. Recent studies of wolverine populations and distribution in Sweden have 
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observed wolverine populations and reproductive den sites outside areas with persistent spring 
snow cover (Aronsson and Persson 2016; Persson 2017, pers. comm.). 
 
We identified several potential stressors that may be affecting the species’ and its habitat 
currently or in the future, including impacts associated with climate change effects. We 
recognize there is limited information available for the wolverine, including population estimates 
and abundance trends. Based on the best available information, demographic risks to the species 
from either known or most likely potential stressors (i.e., effects from roads, disturbance due to 
winter recreational activities, effects of wildland fire, and overutilization) are low based on our 
evaluation of the best available information as it applies to current and potential future conditions 
for the wolverine and in the context of the attributes that affect its viability.  
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). If spring snow is critical to wolverine survival, our review of projected snow 
persistence (to approximately Year 2055) within the Northern and Southern Rocky Mountains, 
indicates that several hundred kilometers (miles) of deep snow will persist on May 1st at 
elevations used by the wolverine for denning. 
 
Legal protections include State listing in California and Oregon (as threatened), endangered in 
Colorado (as endangered), as a candidate species in Washington, and protection as a non-game 
species in Idaho and Wyoming. In Canada, provincial designations range from endangered to 
threatened in eastern provinces, and sensitive/special concern to no ranking in other provinces.  
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States.  
Trapping effort along the United States–Canada border does not represent a significant barrier to 
wolverine movement and dispersal along the international border.   
 
Approximately 96 percent of modeled wolverine primary habitat is located on Federal lands, 
with 41 percent located in designated wilderness areas. Management actions for conservation of 
the wolverine and its habitat are included within State Wildlife Action Plans, the Idaho 
Wolverine Conservation Plan, and USDA Forest Service Land and Resource Management Plans 
(see Appendix G), and other Federal and Tribal partners, and include winter road closures, fire 
management, land acquisition or conservation easements. These management measures, 
currently and in the future, will alleviate effects associated with impacts related to potential 
stressors discussed in this report.   
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Appendix A – Ecoregions of North American within Estimated Current Range of North 
American Wolverine 
(Adapted from EPA 2010)  
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Appendix B – Wolverine Detections, Winter 2016–2017 (as of July 2017)   
Source: Inman 2017b, pers. comm. 
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Appendix C – Recent Wolverine Detections, Idaho and Wyoming  
Sources: Dewey 2017, pers. comm.; Evans Mack 2017, pers. comm.; IDFG 2017; Walker 2017, pers. comm. 
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Appendix D – Land Ownership of Modeled Wolverine Primary Habitat in Contiguous United 
States 
(based on model from Inman et al. 2013) 

 
Ownership  
(% of total) 

Agency or other Entity Total  
(acres) 

Total 
(hectares) 

Federal Lands Bureau of Indian Affairs 453,866 183,673   
Bureau of Land Management 498,977 201,929   
Bureau of Reclamation 1,868 756   
Forest Service 34,331,515 13,893,471   
U.S. Fish and Wildlife Service 5,528 2,237   
National Park Service 3,791,491 1,534,362   
Other U.S. Department of Agriculture 13,312 5,387  

 Other Federal 0.05 0.02  
Total Federal  
 (96.4%) 

 
39,096,557 15,821,815 

State Lands  
(0.68%) 

Arizona, California, Colorado, Idaho, 
Montana, Nevada, New Mexico, Oregon, 
Utah, Washington, Wyoming 

277,181 112,171 

Local 
Government 
(0.12%) 

 
49,464 20,017 

Private Lands 
(2.63%) 

 1,064,858 430,933 

No Code (“99”) 
(0.15%) 

 60,380 24,435 

Undetermined 
(0.02%) 

 
7,598 3,075 

Total (100%) 
 

40,556,038 16,412,446 
 
Note: Numbers may not total to 100 percent due to rounding. 
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Appendix E – Results from Spatial Analysis of Roads within Current Range of Wolverine 
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Appendix F – Road Closure Map, Grand Teton National Park 
Retrieved from:  https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-
content/uploads/2015/11/GTNP-closure-map.pdf  
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https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-content/uploads/2015/11/GTNP-closure-map.pdf
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Appendix G – Existing Regulatory Mechanisms and Voluntary Conservation Measures 
 
Federal Mechanisms 
 
Organic Administration Act of 1897 and the Multiple–Use, Sustained–Yield Act of 1960 
 
The USFS Organic Act of 1897 (16 U.S.C. § 475–482) established general guidelines for 
administration of timber on USFS lands, which was followed by the Multiple–Use, Sustained–
Yield Act (MUSY) of 1960 (16 U.S.C. § 528–531), which broadened the management of USFS 
lands to include outdoor recreation, range, watershed, and wildlife and fish purposes. 
 
National Forest Management Act 
 
The National Forest Management Act (NFMA) (16 U.S.C. § 1600 et seq.) requires the Forest 
Service to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. § 528–
531). The NFMA outlines the process for the development and revision of the land management 
plans and their guidelines and standards (16 U.S.C. § 1604(g)). 
 
A new National Forest System (NFS) land management planning rule (Planning Rule) was 
adopted by the U.S. Department of Agriculture Forest Service (Forest Service) in 2012 (77 FR 
21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision 
of land management plans for all units of the NFS to maintain and restore NFS land and water 
ecosystems while providing for ecosystem services and multiple uses. Land management plans 
(also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and 
resources; (2) meet the need for forest restoration and conservation, watershed protection, and 
species diversity and conservation; and (3) assist the Forest Service in providing a sustainable 
flow of benefits, services, and uses of NFS lands that provide jobs and contribute to the 
economic and social sustainability of communities (77 FR 21261, April 9, 2012). A land 
management plan does not authorize projects or activities, but projects and activities must be 
consistent with the plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of 
plant and animal communities including species-specific plan components in which a 
determination is made as to whether the plan provides the “ecological conditions necessary 
to…contribute to the recovery of federally listed threatened and endangered species…” (77 FR 
21265; April 9, 2012). 
 
The Record of Decision for the final Planning Rule was based on the analyses presented in the 
Final Programmatic Environmental Impact Statement, National Forest System Land 
Management Planning (77 FR 21162–21276; April 9, 2012), which was prepared in accordance 
with the requirements of the National Environmental Policy Act (NEPA) (discussed below). In 
addition, the NFMA requires land management plans to be developed in accordance with the 
procedural requirements of NEPA, with a similar effect as zoning requirements or regulations as 
these plans control activities on the national forests and are judicially enforceable until properly 
revised (Coggins et al. 2001, p. 720). 
 
A Species of Conservation Concern (SCC) is defined in the 2012 Planning Rule and in 
regulation (36 CFR 219.9(c)), as “a species, other than federally recognized threatened, 
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endangered, proposed, or candidate species, that is known to occur in the plan area and for which 
the regional forester has determined that the best available scientific information indicates 
substantial concern about the species' capability to persist over the long-term in the plan area.” 
The 2012 Planning Rule requires Regional Foresters to identify SCC for plan revision, and, when 
identified for a National Forest, monitoring plans are changed as needed (77 FR 21250, 21267; 
April 9, 2012). Wolverine is considered a SCC in the Rocky Mountain Region (Region 2). It is a 
considered a Sensitive Species in the Intermountain Region (Region 4) and Northern Region 
(Region 1). 
 
Within our estimated Current Range of the wolverine (see Figure 3), we identified 49 National 
Forests or Scenic Recreation Areas in the contiguous United States, and 2 within the State of 
Alaska. These areas are contained within 6 Forest Service Regions across the western United 
States and Alaska.  
 
National Forest Land Management Plans (Forest Plans) 
 
We reviewed several Forest Plans or related planning documents in an effort to describe how 
these plans provide conservation management for the wolverine and its habitat, including 
wildland fire management practices. The sections below are, in most cases, taken directly from 
relevant documents. However, this discussion is not intended to be inclusive of all NFS 
management strategies and activities across the entire Current Range of the wolverine in the 
contiguous United States. 
 
Sierra Nevada Forest Plan Implementation 
 
The 2004 Sierra Nevada Forest Plan Amendment (referred to as the Sierra Nevada Framework) 
amended the Land and Resource Management Plans (LRMP) for the eleven National Forests in 
the Sierra Nevada range to improve protection of old forests, wildlife habitats, watersheds and 
communities in the Sierra Nevada Mountains and Modoc Plateau. This amendment applies to the 
Tahoe National Forest, which has been occupied by a single male wolverine since at least 2008 
(Moriarty et al. 2009, p. 150). The emphasis of the 2004 Sierra Nevada Framework is to adopt an 
integrated strategy for vegetation management that is aggressive enough to reduce the risk of 
wildfire to communities in the wildland urban interface, while modifying fire behavior over the 
broader landscape. Direction is provided as management goals and strategies, desired conditions, 
management intents and objectives, and management standards and guidelines. The 2004 
Framework addressed five problem areas: old forest ecosystems and associated species; aquatic, 
riparian and meadow ecosystems and associated species; fire and fuels management; noxious 
weeds; and lower west side hardwood ecosystems (Forest Service 2013, p. 13).  
 
Kootenai National Forest 
 
The Kootenai National Forest is located in the northwest corner of Montana along the Canadian 
border and includes about 2.2 million acres of public land (Forest Service 2015, p. 7). The Forest 
Service published a Revised Land Management Plan for the Kootenai National Forest in 2015 
that identifies forestwide direction includes goals, desired conditions, objectives, standards, and 
guidelines for physical and biological elements including wildlife such as management activities 
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that promote connectivity and avoiding or minimizing disturbance at known active denning sites 
for sensitive, threatened, or endangered species not covered under other forestwide guidelines. It 
also outlines objectives and guidelines related to the use of fire to maintain or improve habitat 
and maintaining unlogged conditions in some portions of areas burned by wildfires for 5 years 
post-fire (Forest Service 2015, pp. 28–32).  
 
The Kootenai National Forest Land Management Plan also identifies proposed or possible 
actions for wildlife management that includes establishing and maintaining the vegetation 
diversity necessary to provide food, cover, and security for wildlife species native to the 
Kootenai National Forest in cooperation with federal, state, and other organizations. For 
wolverine, those management activities might include maintaining, managing, and protecting 
lands known or suspected to contribute to landscape linkages for wolverine (and other 
carnivores) in order to promote genetic dispersal and healthy populations (Forest Service 2015, 
p. 128). 
 
Beaverhead-Deerlodge National Forest 
 
The Beaverhead-Deerlodge National Forest covers 3.38 million acres in southwest Montana 
(Forest Service 2009, p. 2). The Beaverhead-Deerlodge National Forest Land and Resource 
Management Plan identifies goals, objectives, and standards for wildlife management (Forest 
Service 2009, pp. 45–49). Of relevance to the wolverine, wildlife security management goals 
include securing areas and connectivity for ungulates and large carnivores and managing the 
density of open motorized roads and trails by landscape region (Forest Service 2009, p. 45). 
Objectives include management of habitat conditions for elk security and winter habitat integrity 
for wolverine and mountain goat relative to changes in abundance of these Management 
Indicator Species (Forest Service 2009, p. 47). Monitoring elements are defined in the Land and 
Resource Management Plan that link goals and objectives to elements of the National 
Monitoring and Evaluation Framework (Forest Service 2009, pp. 273–280). For wildlife 
security, three performance measures relative to determine whether management activities are 
effectively protecting high elevation winter habitats for wolverines and mountain goats are 
defined: (1) presence or absence of wolverines in high elevation habitats, (2) populations of 
mountain goats (from Montana Fish Wildlife & Parks), and (3) number of snowmobile entries 
into non-motorized high elevation units protected for wolverines and mountain goats (Forest 
Service 2009, p. 277). In addition, in order to evaluate objectives related to road and trail 
densities, a performance measure related to changes in open motorized road and trail density for 
both seasons by landscape is included (Forest Service 2009, p. 277). 
 
The Forest Service is monitoring the Mount Jefferson Recommended Wilderness boundary for 
illegal snowmobile intrusions into the wolverine habitat closure; that is, illegal use will be 
monitored and recorded (number and distance of intrusions) during the period open to 
snowmobiles December 2 to May 15 and any other time of the year snow conditions make 
snowmobiling possible (Forest Service 2009, p. 277). A reassessment of the decision to allow 
snowmobile use will be triggered if: (1) illegal intrusions are documented throughout the closure 
period; (2) illegal intrusions into the closed area, or (3) illegal intrusions that extend as far as the 
Bureau of Land Management (BLM) Wilderness Study Area (Forest Service 2009, p. 277). 
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Flathead National Forest 
 
The Flathead National Forest is located in the northern Rocky Mountains in western Montana 
and includes approximately 2.4 million acres of public land (Forest Service 2016a, p. 3). This 
National Forest is surrounded by the Kootenai, Lewis and Clark, and Lolo National Forests, 
Glacier National Park, and Canada and includes large areas of designated wilderness (e.g., Bob 
Marshall Wilderness Complex, Mission Mountains Wilderness), Crown of the Continent 
Ecosystem, and wild and scenic river systems (Forest Service 2016a, pp. 3–4).  
 
A Draft Revised Forest Plan was prepared for the Flathead National Forest in 2016 (Forest 
Service 2016b, entire). The Draft Revised Forest Plan identifies components to guide future 
projects and activities and the plan monitoring program, though these components are not 
commitments or final decisions approving projects or activities (Forest Service 2016b, p. 3). 
These components include desired conditions, objectives, standards, guidelines, suitability, and 
monitoring questions and monitoring indicators (Forest Service 2016b, p. 3). [A desired 
condition is a description of specific social, economic, and/or ecological characteristics of the 
plan area, or a portion of the plan area, toward which management of the land and resources 
should be directed, while an objective a concise, measurable, and time-specific statement of a 
desired rate of progress toward a desired condition or conditions (Forest Service 2016b, p. 4). A 
standard is a mandatory constraint on project and activity decision making, established to help 
achieve or maintain the desired condition or conditions, and a guideline is a constraint on project 
and activity decision-making that allows for departure from its terms, and are established to help 
achieve or maintain a desired condition or conditions, to avoid or mitigate undesirable effects, or 
to meet applicable legal requirements (Forest Service 2016b, pp. 4–5).] 
 
Relative to wolverine, plan components for the revised forest plan include two guidelines that are 
protective of wolverine habitat; one that would protect modeled wolverine maternal denning 
habitat with respect to new projects or activity authorizations involving helicopter use and one 
that stipulates no net increase in the percentage of modeled wolverine maternal denning habitat 
where motorized over-snow vehicle use would be suitable on National Forest System lands. 
Additionally, as described in the Final EIS, management area allocations for Alternatives A, B 
modified and C include recommended wilderness areas that would add to existing wilderness. 
Desired conditions related to maintaining connectivity for wolverine and other wildlife are also 
identified within several geographic areas (Kuennen 2017, pers. comm.). 
 
Federal Land Policy and Management Act (FLPMA) of 1976 
 
FLMPA (43 U.S.C. 1711-1712) represents the BLM’s “organic act” for public lands 
management under the principles of multiple use and sustained yield. Its implementing 
regulations give BLM regulatory authority over activities for protection of the environment, 
including mining claims. Under FLPMA and BLM policy, public lands must be managed so as 
to protect the quality of scientific, scenic, historical, ecological, environmental, air and 
atmospheric, water resource, and archaeological values (BLM 2005, p. 1). 
 
Land Use and Resource Management Plans  
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BLM land use planning requirements are established by Sections 201 and 202 of FLMPA and 
regulations at 43 CFR 1600 (BLM 2005, p. 1). A Land Use Planning Handbook (BLM 2005, 
entire) provides guidance for implementing land use planning requirements established under 
FLMPA and implementing regulations. Land use plans prepared by BLM include resource 
management plans (RMPs) and management framework plans (BLM 2005, p. 1). The RMPs 
establish the basis for actions and approved uses on the public lands and are prepared for areas of 
public lands, called planning areas (BLM 2005, pp. 1, 14). These plans are periodically evaluated 
and revised in response to changed conditions and resource demands (BLM 2005, pp. 33–34).  
 
National Environmental Policy Act (NEPA) 
 
All Federal agencies are required to adhere to the NEPA of 1970 (42 U.S.C. 4321 et seq.) for 
projects they fund, authorize, or carry out. Prior to implementation of such projects with a 
Federal nexus, NEPA requires the agency to analyze the project for potential impacts to the 
human environment, including natural resources. The Council on Environmental Quality’s 
regulations for implementing NEPA state that agencies shall include a discussion on the 
environmental impacts of the various project alternatives (including the proposed action), any 
adverse environmental effects that cannot be avoided, and any irreversible or irretrievable 
commitments of resources involved (40 CFR part 1502). The public notice provisions of NEPA 
provide an opportunity for the Service and other interested parties to review proposed actions 
and provide recommendations to the implementing agency. NEPA does not impose substantive 
environmental obligations on Federal agencies—it merely prohibits an uninformed agency 
action. However, if an Environmental Impact Statement is prepared for an agency action, the 
agency must take a “hard look” at the consequences of this action and must consider all 
potentially significant environmental impacts. Federal agencies may include mitigation measures 
in the final Environmental Impact Statement as a result of the NEPA process that may help to 
conserve the wolverine and its habitat.   
 
Although NEPA requires full evaluation and disclosure of information regarding the effects of 
contemplated Federal actions on sensitive species and their habitats, it does not by itself regulate 
activities that might affect the wolverine; that is, effects to the subspecies and its habitat would 
receive the same scrutiny as other plant and wildlife resources during the NEPA process and 
associated analyses of a project’s potential impacts to the human environment. The Service 
receives notification letters for Draft and Final Environmental Impact Statements prepared by the 
Forest Service, BLM and other Federal agencies pursuant to NEPA for specific proposed 
projects including those within National Forests or National Parks, and preparation of Forest 
Service Land and Resource Management Plans, as discussed above.   
 
Wilderness Act 
 
The Wilderness Act of 1964 (16 U.S.C. 1131–1136) provides protection of habitat from most 
forms of development, though no single agency is responsible for administration of lands 
provided this designation, which are designated (or modified) by Congress. The Wilderness Act 
prohibits commercial enterprises and permanent roads within wilderness area and restricts 
temporary roads, motorized and mechanical transport, and structures, but does not prohibit all 
commercial uses (e.g., grazing). Within the portion of our estimated Current Range of the 
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wolverine in the contiguous United States and Alaska, approximately 15 percent is designated as 
wilderness areas under the Wilderness Act. We also evaluated wilderness contained within 
modeled wolverine primary habitat from Inman et al. (2013). We found 41 percent of this 
suitable habitat was designated as wilderness areas. 
 
State Mechanisms 
 
California  
 
As noted above, the wolverine is a threatened species under the California Endangered Species 
Act or CESA, which prohibits the take of any species of wildlife designated by the California 
Fish and Game Commission as endangered, threatened, or candidate species (CDFW 2017b). 
CDFW may authorize the take of any such species if certain conditions are met through the 
issuance of permits (e.g., Incidental Take Permits) (CDFW 2017b). The wolverine is also a 
Species of Greatest Conservation Need (SGCN) in the State’s Wildlife Action Plan4 and is a 
focal species of conservation strategies for conservation targets in the Southern Cascades and 
Sierra Nevada Ecoregions, and in the Mono Ecoregion of the Deserts Province section (Big 
Sagebrush Scrub (CDFW 2015, pp. 5.2-16, 5.4-23, 5.6-19). 
 
In 2011, the CDFW (formerly California Department of Fish and Game) prepared an 
assessment/briefing document, California Wolverine Population Augmentation Considerations, 
in response to a Feasibility Assessment and Implementation Plan for Population Augmentation of 
Wolverines in California (November 2010) submitted to the Department by the Institute for 
Wildlife Studies (California Department of Fish and Game, 2011). As of August 2017, no action 
has been taken by CDFW toward implementation of augmentation of wolverines in California. 
 
Oregon 
 
The wolverine has been listed as threatened species in Oregon since 1975, under the Oregon 
Endangered Species Act, and is fully protected under management authority of the ODFW 
(Anglin 2013, pers. comm.).  
 
A Conservation Strategy for conserving the State’s fish and wildlife has been prepared by the 
ODFW. The Conservation Strategy identifies 294 Strategy Species, which are Oregon’s SGCN, 
(including wolverine) and are defined as those species having small or declining populations, are 
at-risk, and/or are of management concern (ODFW 2016). For each of the Strategy Species, the 
Conservation Strategy identifies information on the special needs, limiting factors, data gaps, and 
conservation actions. For wolverine, conservation actions include management of recreational 
use to avoid impacts to the species (ODFW 2016). Other Strategy Species identified in the 

                                                 
4 The U.S. Congress created the State Wildlife Grant (SWG) funding program in 2000 (Title IX, Public Law 106-
553 and Title 1, Public Law 107-63). SWG funds are to be used "…for the planning and implementation of [States 
and territories] wildlife conservation and restoration program and wildlife conservation strategy, including wildlife 
conservation, wildlife conservation education, and wildlife-associated recreation projects.” Congress stipulated that 
each State or territory applying for this funding program must develop a wildlife conservation strategy (State 
Wildlife Action Plan (SWAP)) by October 1, 2005. All 56 states and territories submitted SWAPs by 2005 and 
made commitments to review and/or revise their SWAP at least every 10 years. 



North American Wolverine Species Status Assessment Report DATE 

128 
 

State’s Conservation Strategy are prey species important to wolverine, including the Rocky 
Mountain bighorn sheep and Columbian white-tailed deer (ODFW 2016). 
 
Washington 
 
The wolverine is a candidate species for listing in the State of Washington and, since 2006, the 
Washington Department of Fish and Wildlife (WDFW) has been collaborating with wolverine 
researchers in the Cascades of northern Washington and southern British Columbia to better 
understand the status, distribution, and general ecology of wolverines in this region (WDFW 
2013). It is also considered a SGCN, and is identified as a species whose population is in critical 
condition (WDFW 2013, p. 3-7). 
 
Washington’s State Wildlife Action Plan (updated in 2015) identifies several major conservation 
strategies to address the conservation of fish and wildlife habitat and biodiversity in Washington, 
on both public and private lands (WDFW 2015, pp. 2-12–2-28). The wolverine is included in 
several identified ecological systems of concern such as alpine scrub, forb meadow, and 
grassland vegetation, cliff, scree and rock vegetation, and temperate forests (WDFW 2015, pp. 4-
19, 4-27, 4-98). The State’s Wildlife Action Plan identifies major stressors and key actions 
needed to maintain habitat quality for each of these ecological systems. 
 
Of relevance to wolverine, the WDFW and its partners have been targeting land acquisition and 
conservation easements with high habitat or biodiversity values such as mixed-conifer forests as 
well as areas that support winter range and connectivity for wolverine and other carnivores (e.g., 
Methow River and Okanogan River Watersheds projects) (WDFW 2015, pp. 2-15–2-17). Other 
landscape conservation efforts highlighted in the State’s Wildlife Action Plan include a Federal-
State partnership with Washington’s Department of Transportation to implement the Interstate-
90 Snoqualmie Pass East Project to enhance wildlife connectivity that includes wildlife 
underpasses under the highway along creeks and rivers and two 150-foot wide wildlife bridges 
over the highway (WDFW 2015, p. 2-26). 
 
Idaho 
 
In Idaho, the wolverine is a protected nongame species and SGCN in Idaho (IDFG 2014). The 
Idaho State Wildlife Action Plan, 2015 is a statewide plan for conserving and managing Idaho’s 
fish and wildlife and their habitats, and provides a framework for conserving Idaho’s 205 SGCN 
and their habitats, which includes the wolverine, (IDFG 2017, pp. xv–xviii). The wolverine is 
identified as a Tier 1 SGCN, which indicates it represents a species of most critical conservation 
need (IDFG 2017, p. xvi). The statewide plan presents a species assessment for each SGCN and 
ecological section plans. Each of the ecological section plans presents a conservation target (e.g., 
habitat, species assemblage) that summarizes its viability as well as prioritized threats and 
strategies (IDFG 2017, p. xv). A section outlining species designation, planning, and monitoring 
is also provided. The wolverine is included in three of the defined conservation targets—forested 
lowlands, subalpine-high montane conifer forest, and low density forest carnivores (IDFG 2017, 
p. 76). Along with objectives and strategies, these summaries identify actions for the SGCNs 
included in the defined conservation targets. Examples include: develop and implement a long-
term multi-taxa monitoring program; determine high risk areas for wildlife crossings; construct 
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highway over- and underpasses; promote and/or facilitate the use of prescribed fire as a habitat 
restoration tool, on both public and private lands where appropriate; determine best management 
practices to maintain cool microsites and benefit cool air associated species; and implement 
strategies to minimize disturbance from winter recreation activities as outlined in the 
Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 (IDFG 2017, pp. 79, 
80, 91, 94, 110). 
 
The Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 (Management 
Plan) (IDFG 2014, entire) represents a framework for proactive efforts to ensure the long-term 
persistence and viability of wolverine populations in Idaho (IDFG 2016, pers. comm.). The 
Management Plan is described as a voluntary guidance document to lead conservation efforts at 
the State and local level, as well as to facilitate communication and collaboration efforts among 
wildlife and land managers (IDFG 2014, p. v). 
 
Conservation issues and management actions are described in the Management Plan and the 
appropriate section plans of the Idaho State Wildlife Action Plan. The recommended strategies 
include development of finer-scale climate projections, research regarding wolverine-snow 
relationships, characterizing wolverine response to recreational activities, developing predictions 
of the potential overlap of wolverine and high levels of snow-sports recreation, and educating 
trappers to minimize incidental trapping of nontarget species, including the wolverine (IDFG 
2014, pp. 32–39; IDFG 2017, p. 1058). Seven conservation and management objectives are 
outlined in the Management Plan (IDFG 2014, pp. 32–39) and, as outlined in a November 2016 
response letter, there has been progress on all of these objectives (IDFG 2016, pers. comm.). As 
an example, the agency (under the Multi-species Baseline Initiative) has developed and 
implemented a baseline micro-climate monitoring protocol for collecting environmental 
parameters in an effort to identify areas that serve as cool-air refugia (IDFG 2016, pers. comm.). 
As described above (Overutilization for Commercial, Recreational, Scientific, or Educational 
Purposes), the IDFG has prepared educational materials to promote best management practices 
for minimizing non-target wolverine captures and continues to educate trappers under legislative 
mandate passed in 2016 (State of Idaho House Bill 378) (IDFG 2016, pers. comm.).  
 
In addition, the management of prey species important to the wolverine diet are outlined in the 
Idaho Elk Management Plan 2014-2024 (IDFG 2014a), the Mule Deer Management Plan 2008-
2017 (IDFG 2008), and the Bighorn Sheep Management Plan (IDFG 2010). 
 
Montana 
 
In the State of Montana, the wolverine is classified as a furbearer and species of concern. Since 
2013, there has been a zero quota for trapping or harvest of wolverine and trappers that capture a 
wolverine must notify a designated Montana FWP employee within the relevant trapping district 
within 24 hours for collection if the animal cannot be released uninjured (Montana FWP 2016, 
pers. comm.).  
 
There are two broad-scale wildlife conservation efforts that provide conservation benefits to the 
wolverine. Montana’s State Wildlife Action Plan (updated and revised in 2015) identifies the 
wolverine as one of 128 SGCN (Montana FWP 2015, Appendix N). The State’s Wildlife Action 
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Plan identifies priority community types, focal Areas, and species to help informing Montana 
FWP’s priorities and decisions and to assist other agencies and organizations in making 
decisions as to where to focus their conservation efforts (Montana FWP 2015, p. 2). Community 
types and focal areas are designed to identify and direct attention to specific geographical areas 
in the State that have the greatest conservation need (Montana FWP 2015, p. 5). For the 
wolverine, Montana’s State Wildlife Action Plan identifies wolverine habitats in seven 
community types, all designate Tier I (or those with greatest conservation need), and in all focal 
areas (also Tier I) within those community types (Montana FWP 2016, pers. comm.). For each 
community type, impacts, threats, and corresponding conservation actions are identified, as well 
as specific impacts and threats such as habitat fragmentation (e.g., prioritize land acquisition, 
provide wildlife under- and overpasses), land management (e.g., management to address altered 
fire regimes), recreation (e.g., consider seasonal closures during breeding season), and climate 
change (e.g., collection of baseline data to document shifting range limits of SGCN and 
Community Types of Greatest Conservation Need) (Montana FWP 2015, pp. 59–63). 
 
The second conservation effort in the State of Montana is a Crucial Area Assessment to identify 
crucial areas and fish and wildlife corridors, and development of a Crucial Areas Planning 
System (URL: http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html). This 
is a Montana FWP mapping application and planning tool designed to assist in future planning of 
development and conservation (Montana FWP 2016, pers. comm.). 
 
The State of Montana is also conserving wildlife habitat through land acquisition and 
conservation easements (Montana FWP 2016, pers. comm.). In western Montana, including areas 
known to be occupied by the wolverine, 425 properties for a total 310,523 ha (767,320 ac) have 
been either acquired (e.g., State Parks, Wildlife Management Areas) or protected by conservation 
easements, as of November 2016, as shown in figure below (Montana FWP 2016, pers. comm.). 

 

http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html
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Wyoming 
 
The wolverine is a protected animal and SGCN in Wyoming (WGFD 2017). The Wyoming 
Game and Fish Department State Wildlife Action Plan directs the activities of the WGFD and 
serves as guide in conserving Wyoming’s SGCN through the combined efforts of government 
agencies, conservation organizations, academia, tribes, and others (WGFD 2017, p. I–1-1). As 
noted above, the wolverine is identified as a SGCN, a designation intended to identify species 
whose conservation status warrants increased management attention and funding, and 
consideration in conservation, land use, and development planning in the State (WGFD 2017, p. 
IV– i-1). The State Wildlife Action Plan incorporates the wolverine as a SGCN in several 
terrestrial habitat types or ecological systems, including cliffs, canyons, and rock outcrops, 
montane and subalpine forests, and mountain grasslands and alpine tundra (WGFD 2017, pp. III–
2-5, III–5-7, III–6-5).  
 
In 2015, Wyoming funded a pilot project (through The Wolverine Initiative) to evaluate 
wolverine detection and monitoring of the species in the State and is a contributing collaborator 
in the Multistate Wolverine Working Group implementing a monitoring strategy (the WSWCP) 
in the winter of 2016–2017 across four western states (WGFD 2017, p. IV–5-357). Results of 
those studies (e.g., Inman et al. 2015) are summarized above (Population Abundance and 
Distribution). The WSWCP is also updating and refining connectivity models for the wolverine 
in an effort to focus and prioritize habitat conservation and management (WGFD 2016, pers. 
comm.). 
 
Colorado 
 
The wolverine is a state-endangered species in Colorado (Colorado Parks and Wildlife 2015a); 
however, there is no known current resident or reproducing wolverine population.  
 
The Colorado State Action Plan (Colorado Parks and Wildlife 2015b) provides a blueprint for a 
collaborative effort to conserve Colorado’s at-risk wildlife and their habitats, with a primary goal 
for securing wildlife populations in order to avoid protections implemented via from so that they 
do not require protection via federal or state listing regulations (Colorado Parks and Wildlife 
2015b, p. 1). The wolverine is designated as a Tier 1 (highest conservation priority; up from Tier 
2) SGCN (Colorado Parks and Wildlife 2015, p. 19). The primary conservation action for 
wolverine described in the 2015 State Action Plan is to continue discussions among wildlife 
managers, conservation partners and stakeholders of the social and political aspects regarding 
reintroduction of wolverine populations into the southern Rocky Mountains (Colorado Parks and 
Wildlife 2015, p. 186). The State has not yet prepared a potential restoration program for the 
species (Broscheid 2016, pers. comm.). 
 
Other Conservation Mechanisms 
 
Tribes 
 
Nez Perce Tribe 
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Wolverines are found with the aboriginal territory of the Nez Perce Tribe in north-central Idaho, 
and conservation and restoration of the species within the Nez Perce homeland is important to 
the Nez Perce Tribe (Miles 2017, pers. comm.). The Nez Perce Tribe is currently preparing an 
Integrated Resource Management Plan (IRMP), a Plant and Wildlife Conservation Strategy, and 
a Forest Management plan with the wolverine defined as a species of conservation concern in all 
three draft plans (Miles 2017, pers. comm.). The planning area for the IRMP, which is being 
prepared in partnership with the Bureau of Indian Affairs, incorporates the approximately 
311,608 ha (770,000 ac) Nez Perce Reservation, located within portions of Nez Perce, Lewis, 
Clearwater, Latah, and Idaho Counties in north-central Idaho (http://www.nezperce.org/irmp/; 
accessed August 24, 2017). The preparation of the IRMP is currently at the scoping stage in the 
NEPA process for development of a Programmatic Environmental Impact Statement 
(http://www.nezperce.org/irmp/; accessed August 24, 2017). 
 
The Shoshone-Bannock Tribes 
 
The Shoshone-Bannock Tribes are currently conducting climate change modeling for the 
Northern Rocky Mountains as part of its preparation of a Climate Change Adaptation Plan 
(Edmo 2016, pers. comm.). The Upper Snake River Tribes Foundation (USRT), which is 
comprised of four member tribes—the Burns Paiute Tribe, Fort McDermitt Paiute-Shoshone 
Tribe, Shoshone-Bannock Tribes of the Fort Hall Reservation, and Shoshone-Paiute Tribes of the 
Duck Valley Reservation—within the Upper Snake River Watershed region, prepared a Climate 
Change Vulnerability Assessment in February 2017 (Petersen et al. 2017, entire). The assessment 
is the first of three steps the USRT and its member tribes plan activities over the next several 
years as part of a comprehensive climate change effort, and will include an Adaptation Plan 
(expected to be completed in 2017–2018), and, depending on future funding, a process for 
development of Implementing Adaptation Actions and Monitoring (Petersen et al. 2017, p. 7). 
 
 
 
  

http://www.nezperce.org/irmp/
http://www.nezperce.org/irmp/
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Appendix H–NOAA/CU Study Areas Used to Evaluate Future Snow Persistence  
(from Ray et al., 2017)   
 
Glacier National Park Study Area 
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Rocky Mountain National Park Study Area 

 
 



From: Grizzle, Betty
To: Snyder, Caitlin
Cc: Justin Shoemaker
Subject: Re: No Am Wolverine Draft SSA - for Core Team review ONLY
Date: Tuesday, October 10, 2017 9:08:27 AM

Caitlin - Thanks for your review.
In response to your comment about "this SSA report has a lot of very good information on wolverines" and
a few of your review comments as to why certain information was included, two of the peer reviewers for the
previous proposed rule were highly critical of the misstatements, misrepresentations, and misinterpretation of the
literature. Those reviewers are two of the most well-respected wolverine experts. Both of them also submitted
extensive comments at that time, including a formal letter from Dr. Magoun in which she stated "I do not believe
the conclusions reached are supported by the evidence that was provided and I found...the literature was at times
incorrectly cited and at times did not support the arguments being put forward." She went on to say her impression
was "...that the document was intended as a justification for listing the wolverine rather than an unbiased scientific
review of why the wolverine should be listed, and there is a difference."  If you would like a copy of these two peer
reviews, let me know.
I see this misinformation repeated in Forest Plans, news stories, and even journal articles. It's important for the
Service to correct the errors in our previous documents (including addressing assumptions made and
unsubstantiated analyses) as well as incorporate new information from recent peer-reviewed publications.

On Fri, Oct 6, 2017 at 10:13 AM, Snyder, Caitlin <caitlin_snyder@fws.gov> wrote:
Hi Betty,

I apologize for the delay in getting comments to you.  I do have comments
(attached). Overall, this SSA report has a lot of very good information on
wolverines.  I am concerned that we do not seem to be consistent with what entity
we are evaluating within the SSA report.  The historical range focuses on the
contiguous US, whereas our current range looks at North America.  Some of the
stressor discussions include references to all of North America, whereas others
focus on the lower 48.   I also do not see a discussion of the
individual/population/species level impacts or the 3Rs throughout the document. 
Given that we are supposed to be using the SSA framework, I'd encourage us to
consider how we can incorporate that discussion throughout the report.

One other note to consider, we have been given clear guidance that we are not to
write "Author's (1999) study says A, B, C.  Author C's study (2007) says X, Y, and
Z" in our Federal Register documents.  We are also trying to move away from this
format in our SSA reports.  The subject of the sentence should be the research, not
the researcher.  Just something to keep in mind, especially for summary sections
within the SSA report, which may be dropped into the FR notice.  I know from
experience that FR documents that have the author as a sentence subject will be
sent back for rewrites.   

Let me know if you have any questions once you've had a chance to read through
my comments.

Thanks,
Caitlin

mailto:betty_grizzle@fws.gov
mailto:caitlin_snyder@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:caitlin_snyder@fws.gov


 

Caitlin Snyder
Endangered Species Listing Program
U.S. Fish & Wildlife Service
MS: ES
5275 Leesburg Pike
Falls Church, VA 22041-3803
phone: 703 358 2673

On Fri, Sep 22, 2017 at 6:40 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Attached is the first draft of the North American wolverine SSA report (thanks to John and
Ed Turner for GIS support!). This draft is intended for review by Core Team members, but
if others in your office/Region are planning to review this initial draft, please send back to
me one edited document from your office/Region.

I expect there will comments to sections to help clarify or correct the discussions
presented. Please provide specific suggestions, rather than commenting "not clear" or
"rewrite."  A careful review of summary sections would be particularly helpful.  Please try
to focus your review on larger content and context, and less on style/grammar or
organization/format---it's going to be challenging enough pulling together up to 10
versions of this draft in a week.  Also, I may be missing a few citations in the references
section, but I will go through those next week.  

Finally, and most importantly, please send back your review to me by next COB Friday,
September 29, so we can stay on track for sending this out to partners and peer reviewers
by mid-October.

Thanks for your time.  Please contact me if you have specific questions.

[Justin - Please distribute this draft to RSOL in separate email message, if necessary]

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.

mailto:betty_grizzle@fws.gov


Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax



From: Shoemaker, Justin
To: Grizzle, Betty
Subject: Re: Next SSA Report Draft
Date: Wednesday, October 11, 2017 12:53:11 PM

Thanks Betty.  I'll read through the document while you are out and have a version ready for
you w/ track changes accepted. I will also do what we discussed w/ Caitlin: make sure lower
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Executive Summary 
 
The North American wolverine (Gulo gulo luscus; wolverine) is a medium-sized carnivore found 
across the west-northwestern contiguous United States, Alaska, and Canada. The most recent 
estimate of wolverine populations in the contiguous United States based on resource function 
modeling is 318 individuals, with a range from 249 to 949; however, systematic monitoring 
across the wolverine’s North American range has not been conducted given the difficulty in 
surveying this highly mobile species, and its occupation across large and remote areas. A multi-
state effort to determine wolverine occupancy in Montana, Idaho, and Washington was 
conducted in winter of 2016–2017 and in Wyoming for the winters of 2015 and 2016–2017. 
Results from this study are still being analyzed, but photographic detections of wolverines were 
found across all States, including areas where wolverines have not recently been observed. In 
Canada, the population is estimated to exceed 10,000 mature individuals and has been stable 
over the lastpast two decades. Recent density estimates indicate no declining trend for 
wolverines in Alaska. Wolverine populations in Alaska are considered to be continuous with 
populations in the Yukon and British Columbia provinces of Canada. Wolverines that occupy the 
North Cascades region are known to move from Washington into British Columbia.  
 
Wolverines are highly mobile, capable of moving and dispersing over great distances over short 
periods of time. Wolverine populations are also characterized by naturally low densities in North 
America. The species is highly territorial, with very little overlap between same-sex adults. 
Wolverines occupy a variety of habitats, but are generally found in remote locations, away from 
human settlements. Wolverines consume a variety of food resources and seasonal switching of 
prey likely allows for adjustment for nutritional needs throughout their life history. As observed 
in other arctic mammals, wolverines have the ability to dissipate body heat to balance the heat 
loss from 30°C to −40°C (86°F to −40°F), due in large part to vasodilatation and rise of skin 
temperature, and rapid and seasonal adjustments in fur insulation. Wolverines can also adapt to 
both cold and warm temperatures by movement and, relatedly, micro- and macro-habitat 
selection. Further, wolverines are not infrequently observed near and in lakes and other water 
bodies. 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., male 
mates with more than one female each year), delayed implantation (up to 6 months), a short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care (3.5 
months). The reproductive behavior in wolverines is temporally adapted to take advantage of the 
availability of food resources, limited interspecific competition, and snow cover in the winter. 
 
Since the publication of the Service’s 2013 proposed rule to list the distinct population segment 
of the North American wolverine in the contiguous United States (78 FR 7864; February 4, 
2013), several new wolverine studies have been published, which has added to our understanding 
of wolverine biology while also highlighting new insights into identifying key species’ needs and 
their interactions with both abiotic and biotic factors. In particular, wolverine populations and 
wolverine dens have been observed outside previously modeled projections of spring snow 
cover. Our evaluation of snow cover at previously recorded natal den site locations in the 
western United States indicated that ‘melt-out’ dates at these locations extend well past the May 
15 date used in persistent spring snow cover models. 
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Overall, the best available information indicates that within the contiguous United States the 
wolverine’s physical and ecological needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet)) within the contiguous United States;  
(2) access to a variety of food resources, that varies with seasons; and 
(3) physical/structural features (e.g., talus slopes, rugged terrain) linked to reproductive 
behavioral patterns. 

 
In this Species Status Assessment (SSA) Report, we provide a discussion of the ecological needs 
of the wolverine, its current conditions, and projected future conditions. We evaluate potential 
stressors to the species, with a particular focus on the impacts associated with projected effects of 
climate change.  
 
In our analysis, we applied the conservation biology principles of redundancy, resiliency, and 
representation (collectively known as the “3Rs”) to evaluate the current and projected future 
condition of the wolverine and its ability to sustain itself (as one or more populations) in the wild 
over time (Carroll et al. 1996, entire; Wolf et al. 2015, entire). This evaluation considers the 
unique demographic, distribution, and diversity characteristics unique to the species. After 
applying the framework of the 3Rs, we determined the following: 
 

(1) Redundancy: The wolverine occurs across the contiguous United StatesNorth 
America within a metapopulation structure. The best available information indicates 
that the species continues to expand into historical, previously occupied areas in the 
contiguous United States and Canada following decades of persecution. 

(2) Representation: The wolverine is currently found across the west-northwestern 
United States, as well as much of Canada, and Alaska. The best available information 
indicates that the species is found across a wide range of habitats. Modeled primary 
habitat for the wolverine in the contiguous United States has been estimated at 
164,125 square kilometers (km2) (63,369 square miles (mi2). 

(3) Resiliency: The wolverine appears resilient within its North America rangecontiguous 
United States range. The species exhibits physiological (e.g., seasonal changes in fur) 
and behavioral plasticity in its life history (e.g., reproduction, feeding, movement and 
use of habitat). Estimated population size and growth rates across its North American 
range are uncertain, but the best available information does not suggest that 
abundance is declining in North America, including the contiguous United States, or 
in North America. The most significant stressor currently and in the future appears to 
be the effects of climate change, such as warming temperatures and loss of snowpack. 
However, based on the best available information, we have no indication that this 
species is unable to adapt or adjust to changing conditions. 

 
Demographic risks to the species from either known or most likely potential stressors (i.e., 
effects from roads, disturbance due to winter recreational activities, effects of wildland fire, and 
overutilization) are low based on our evaluation of the best available information as it applies to 
current and potential future conditions for the wolverine and in the context of the attributes that 
affect its viability. We analyzed the potential effects of climate change to wolverine habitat, 
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including snow persistence in the Northern and Southern Rocky Mountains. The future 
timeframe evaluated in this analysis is approximately 40 to 50 years, which captures the range of 
time periods for proposed projects within the species range, as well as our best professional 
judgment of the projected future conditions related to climate change, wildland fire conditions, 
or other potential cumulative impacts. While population information is lacking for this 
subspecies in some parts of its range, the best available information does not indicate that, winter 
recreational activities, infrastructure features, mortality from road crossings or trapping 
(authorized and incidental), currently orand in the future will result in a decline in the subspecies 
across its range. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). Further, significant snow persistence (greater than 0.5 meters (20 inches)) is projected 
at high elevations. 
 
Legal protections include State listing in California and Oregon (as threatened), as endangered in 
Colorado, as a candidate species in Washington, and protection as a non-game species in Idaho 
and Wyoming. In Canada, provincial designations range from endangered to threatened in 
eastern provinces, and sensitive/special concern to no ranking in other provinces. Legal trapping 
or hunting of wolverines is currently prohibited in the contiguous United States. Trapping effort 
along the U.S.–Canada border does not represent a significant barrier to wolverine movement 
and dispersal along the international border.   
 
Within the contiguous United States, Approximately approximately 96 percent of modeled 
wolverine primary habitat is located on Federal lands, with 41 percent located in designated 
wilderness areas within the contiguous United States. Management actions, including State 
Wildlife Action Plans, the Idaho Wolverine Conservation Plan, and USDA Forest Service Land 
and Resource Management Plans, and other Federal and Tribal partners, include winter road 
closures, fire management, land acquisition or conservation easements. 
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Abbreviations and Acronyms Used 
 
ADF&G = Alaska Department of Fish and Game 
BLM = Bureau of Land Management 
°C = degrees Celsius 
CDFW = California Department of Fish and Wildlife 
CNDDB = California Natural Diversity Database 
COSEWIC = Committee on the Status of Endangered Wildlife in Canada  
cm = centimeter 
DNA = deoxyribonucleic acid 
EIS = Environmental Impact Statement 
EPA = U.S. Environmental Protection Agency 
°F = degrees Fahrenheit 
ft = feet 
GCMs = Global Climate Models 
GHG = Greenhouse gas 
GPS = Global Positioning System 
IDFG = Idaho Department of Fish and Game 
in = inch 
IPCC = Intergovernmental Panel on Climate Change 
IUCN = International Union for Conservation of Nature and Natural Resources 
kg = kilogram 
km = kilometer 
lb = pound 
m = meter 
mi = mile 
MODIS = Moderate-Resolution Imaging Spectroradiometer 
Montana FWP = Montana Fish, Wildlife, & Parks 
NRC = National Research Council  
NRIS = Natural Resource Information System 
ODFW = Oregon Department of Fish and Wildlife 
RCPs = Representative Concentration Pathways 
Service = U.S. Fish and Wildlife Service 
SSA = Species Status Assessment 
SCA = Snow Covered Area 
SGCN = Species of Greatest Conservation Need 
SWCC = Southwestern Crown of the Continent  
SWE = Snow Water Equivalent 
WAFWA = Western Association of Fish and Wildlife Agencies 
WDFW = Washington Department of Fish and Wildlife 
WGFD = Wyoming Game and Fish Department 
WRCC = Western Regional Climate Center 
WSWCP = Western States Wolverine Conservation Project 
YBP = Years Before Present
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Introduction 
 
The wolverine (Gulo gulo) is the largest member of the Mustelidae family (weasels, mink, 
marten, and others) and resembles a small bear with a bushy tail (Hash 1987, p. 575). Wolverines 
have a Holarctic distribution that includes the northern portions of Europe, Asia, and North 
America. In North America, they are found in Alaska, much of Canada, and the western-
northwestern United States. The wolverine is important to the culture of Native Americans and 
Aboriginal Peoples in North America, as is its conservation status in aboriginal territory 
(Cardinal 2004, p. iv; Edmo 2016; pers. comm.; Miles 2017, pers. comm.). 
   
Wolverines possess a number of morphological and physiological adaptations that allow them to 
travel long distances and they maintain large territories in remote areas (Pasitschniak-Arts and 
Larivière 1995, p. 6). They have been described as curious, intelligent, and playful, but cautious 
animals (e.g., Krott 1958, p. 241; Krott 1960, pp. 25–26; Magoun 1985, p. 94; Cardinal 2004, p. 
7–8; Woodford 2014; entire), though their social behavior and social organization has not been 
well-studied. 
 
During the late 1800s and early 1900s, the wolverine population declined or was extirpated in 
much of the conterminous United States (lower 48 States), which has been attributed to over-
trapping and habitat degradation (Hash 1987, p. 583). Similar range reductions and extirpations 
of some wolverine populations were observed in parts of Canada during this time period (van 
Zyll de Jong 1975, entire; Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC) 2014, p. iv), attributed largely to human exploitation and availability of food (e.g., 
decline in caribou (Rangifer tarandus)), not climate or habitat changes (van Zyll de Jong 1975, 
pp. 434, 436). Habitat loss (historic vs. current range) for the North American wolverine (i.e., 
Canada and United States) has been estimated at 37 percent (Laliberte and Ripple 2004, p. 126). 
Wolverine numbers have recovered to some extent from this decline; in the United States, 
wolverines are currently found in parts of Washington, Oregon, Idaho, Montana, Wyoming, and 
California, and, as recently as 2012 in Colorado and 2016 in Utah, though not all of these areas 
contain resident, reproductive populations.  
 
Species Status Assessment Methodology 
 
In preparing the Species Status Assessment (SSA) Report for the wolverine, we reviewed 
available reports and peer-reviewed literature, incorporated survey information, and contacted 
species experts to collect additional unpublished information for the North American subspecies 
(Gulo gulo luscus), including Canada and, Alaska, and Scandinavia. We identified uncertainties 
and data gaps in our assessment of the current and future status of the species. We also evaluated 
the appropriate analytical tools to address these gaps and conducted discussions with species 
experts and prepared updated maps of the known species’ range and denning areas across North 
America. In some instances, we used publications and other reports (primarily from Fenno-
Sscandinavia) of the Eurasian subspecies (Gulo gulo gulo) in completing this assessment.  
 
Importantly, we note here that, since the publication of the 2013 proposed listing rule (78 FR 
7864; February 4, 2013), many new wolverine studies have been published, which has added to 
our understanding of wolverine biology while also highlighting new insights into identifying key 
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species’ needs and their interactions with both abiotic and biotic factors. This is particularly 
relevant for a difficult to study animal like the wolverine. 
 
Using the species, individual, and population needs identified for the wolverine and location 
results from surveys and studies, we conducted a geospatial analysis to estimate the North 
American wolverine’sspecies’ current range. We then evaluated this range and previous 
estimates of potentially suitable habitat in the west-northwestern United States to assess the 
species’ current conditions within that region. Our future condition analysis includes the 
potential conditions that the species or its habitat may face, that is, the most probable scenario if 
those conditions are realized in the future. This most probable scenario includes consideration of 
the sources that have the potential to most likely impact the species at the population or 
rangewide scales in the future, including potential cumulative impacts. Potential future impacts 
associated with climate change (probabilistic estimates for temperature and precipitation) were 
based on downscaled climate model projections, including a detailed study of two regions in the 
western United States (Glacier National Park and Rocky Mountain National Park).   
 
For the purpose of this assessment, we generally define viability as the ability of the species to 
sustain locations in its natural ecosystem beyond a biologically meaningful timeframe, in this 
case, approximately 40 to 50 years. We chose this timeframe because it is within the range of the 
available modeling efforts related to climate change. We believe this is a reasonable timeframe 
to consider as it would include several generations of the species for observing effects to the 
species.   
 
Using the SSA framework (Figure 1), we consider 
what the species needs to maintain viability by 
characterizing the status of the species in terms of 
resiliency, redundancy, and representation (Wolf et 
al. 2015, entire). 
 

• Resiliency is having sufficiently large 
populations for the species to withstand 
stochastic events (arising from random 
factors). We can measure resiliency based on 
metrics of population health; for example, 
birth versus death rates and population size. 
Resilient populations are better able to 
withstand disturbances such as random 
fluctuations in birth rates (demographic 
stochasticity), variations in rainfall 
(environmental stochasticity), or the effects 
of anthropogenic activities. 

• Redundancy is having a sufficient number of populations for the species to withstand 
catastrophic events (such as a rare destructive natural event or episode involving many 
populations). Redundancy is about spreading the risk and can be measured through the 
duplication and distribution of populations across the range of the species. The greater the 

 
 
Figure 1. Species Status Assessment 
Framework. 
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number of populations a species has distributed over a larger landscape, the better it can 
withstand catastrophic events. 

• Representation is having the breadth of genetic makeup of the species to adapt to 
changing environmental conditions. Representation can be measured through the genetic 
diversity within and among populations and the ecological diversity (also called 
environmental variation or diversity) of populations across the species’ range. The more 
representation, or diversity, a species has, the more it is capable of adapting to changes 
(natural or human caused) in its environment. In the absence of species-specific genetic 
and ecological diversity information, we evaluate representation based on the extent and 
variability of habitat characteristics within the geographical range. 
 

Species Description 
 
Taxonomy 
 
The taxonomic relationship between North American and Eurasian wolverines has been a 
debated topic (Pasitschniak-Arts and Larivière 1995, p. 1). Most authorities consider all 
wolverines to belong to a single species, Gulo gulo (Rausch 1953, p. 114; Kurten and Rausch 
1959, p. 19; Wozencraft 2008 [in Wilson and Reeder’s Mammal Species of the World, online 
publication]). Some also further consider the New World and Old World wolverines to be two 
subspecies, Gulo gulo luscus and G. g. gulo, respectively, based on morphological 
measurements. Degerbøl (1935, pp. 35–43) noted slight color differences and very slight, if any, 
cranium differences, based on 10 North American (Hudson Bay) specimens examined, and 
regarded the North American and Old World wolverines as conspecific, but identified two 
subspecies. This reference also cites Coues (1877, p. 43), who, based on observations of a slight 
similar cranium difference, had posited that the wolverines of the Old World and New World 
were the same species (Degerbøl 1935, p. 35).  
 
In their Ellerman and Morrison-Scott’s (1951, p. 251; 1966, p. 251) Checklist of Paleoarctic and 
Indian Mammals (1st and 2nd editions) Ellerman and Morrison-Scott (1951, p. 251; 1966, p. 251) 
identified one species of wolverine, but listed several subspecies. Rausch (1953, entire) A 
comparative analysis of compared various measurements from 1 wolverine skull collected from 
the northern Ural Mountains to 41 Alaskan skulls by Rausch (1953, entire) and reported “no 
appreciable differences,” noting the highly variable skull characteristics for the Alaskan 
specimens. Additionally, Krott (1960, p. 20) stated that his examination did not revealfound no 
distinct differences between Old World and New World wolverines, and that pelt size and 
quality were not distinguishable. However, using biometric measurements of both newly 
collected and previously published cranial measurements (e.g., Degerbøl 1935; Rausch 1953), 
Kurtén and Rausch (1959, p. 19) reported that the North American and European 
(Fennoscandian) wolverine were significantly different in several quantitative characters related 
to the size and shape of the skull size and teeth size. They concluded that the two wolverine 
populations represented two distinct subspecies, but were the same species, Gulo gulo.  
 
The International Union for Conservation of Nature and Natural Resources (IUCN) states that 
“Most recent accounts [citing Jones et al. 1992, Pasitschniak-Arts and Larivière 1995, 
Wozencraft 2005] treat luscus as a subspecies of Gulo gulo, following Degerbøl (1935) and 
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Kurtén and Rausch (1959)” (Abramov 2016, p. 1). A review of these cited references revealed 
the following. Jones et al. (1992, p. 17) only considers Gulo gulo. Pasitschniak-Arts and 
Larivière (1995, p. 1) state there are differences in the taxonomic treatment, and that, while Gulo 
gulo is now considered by most to be the extant species, others (including the above-cited Kurtén 
and Rausch (1959) and Rausch (1953)) have considered two subspecies. The Wozencraft (2005) 
citation is from Wilson and Reeder’s previous 2005 publication, which was updated as of 2008. 
That account lists several “offspring” of Gulo gulo, but does not provide citations for the 
subspecies identified there, and at least two of those listed are not considered to be subspecific 
entities (e.g., G. g. vancouverensis and G. g. luteus (see Banci 1982, p. ii; Banci 1994, p. 104)). 
Finally, the COSEWIC Assessment and Status Report on the Wolverine (Gulo gulo) in Canada 
indicated that taxonomists recognize only a single subspecies (Gulo gulo luscus) in North 
America or consider G. gulo as single Holarctic taxon (COSEWIC 2014, p. 4). 
 
Genetic analyses for the North American wolverine populations have primarily focused on 
genetic structure and variation of wolverine populations or subpopulations (see Kyle and 
Strobeck 2001; Kyle and Strobeck 2002; Zigouris et al. 2012, Zigouris et al. 2013). However, 
Frances’ (2008, pp. 20–21) assessment of wolverine spatial genetic structure and demographic 
history (using mitochondrial DNA) indicated incomplete lineage sorting between North 
American and Eurasian populations, though comprehensive sampling has not been conducted for 
some areas (e.g., eastern Asia). A study by Tomasik and Cook (2005, entire) also concluded that 
reciprocal monophyly (i.e., distinct species) had not been attained between Eurasian and North 
American wolverine populations. Until additional studies are published, including robust genetic 
analyses in conjunction with additional sampling, the Service recognizes the North American 
wolverine as G. g. luscus. 
 
Physical Appearance 
 
Detailed descriptions of the wolverine are described in Novikov (1962, pp. 196–202), Hash 
(1987, p. 575), Pasitschniak-Arts and Larivière (1995, pp. 1–2), and Wilson (1982, pp. 644–646), 
among others. Key distinguishing features are summarized here. 
 
Wolverines are a medium-sized (about 1 meter (m) (3.3 feet (ft)) in length) carnivore, with a 
large head, broad forehead, and short neck (Pasitschniak-Arts and Larivière 1995, p. 1). Males 
are larger than females (Hall 1981, p. 1,007; Banci 1987, p. 35). Wolverines have heavy 
musculature and relatively short legs, and large feet with strong, curved claws for digging and 
climbing (Hash 1987, p. 575). Their feet are well-adapted for travel through deep snow and, 
during the winter, dense, stiff, bristle-type hairs are found between the toes and around the foot 
pad (Grinnell et al. 1937, pp. 265–266; Hash 1987, p. 575); this characteristic becomes 
diminished in the summer (Hash 1987, p. 575).  
 
Adult wolverines are sexually dimorphic, with females weighing from 7 to 13 kilogram (kg) 
(15.4 to 29 pounds (lbs)) and males weighing between 10 to 18 kg (22 to 40 lbs) (North 
America) (Rausch and Pearson 1972, p. 264; Magoun 1985, pp. 19–21; Banci 1994, p. 99; 
Copeland 1996, p. 20; Cardinal 2004, p. 8; Lofroth 2001, p. 11; Inman 2013, pers. comm.; 
Magoun 2013, pers. comm.; Aubry et al. 2016, pp. 17–18). The skulls of wolverine are large and 
heavy, and the strong jaw structure allows animals to feed on frozen flesh and crush bone 
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(Haglund 1966, p. 269; Hash 1987, p. 575). Some geographic variation and sexual differences in 
skull morphology have been reported (Pasitschniak-Arts and Larivière 1995, p. 2). Wolverines 
have small, wide-set eyes, and are reported to have excellent hearing (Grinnell et al. 1937, p. 
265; Krott 1960, p. 25; Bevanger 1992, p. 8).  
 
Wolverine fur is short, thick, and uniform in thickness on the head and becomes longer towards 
rear of the body (Hash 1987, p. 1). The coat consists of dense, woolly underfur (2-3 centimeters 
(cm) (0.8-1.2 inches (in) long) and coarse, stiff guard hairs, 6-10 cm (2.4-4 in) in length (Hash 
1987, p. 1). The rich glossy coat can vary from medium brown to black (Banci 1994, p. 99; 
Pasitschniak-Arts and Larivière 1995, p. 1). Seasonal and individual variation in pelt color has 
been described (Degerbøl 1935, pp. 38–42; Grinnell et al. 1937, p. 252). In general, the head, tail 
and legs are darker than the face, with an upper body pale buff stripe (Pasitschniak-Arts and 
Larivière 1995, p. 1) that extends from the nape of the neck, along the sides of the body, to the 
base of the bushy tail (Banci 1994, p. 99). White or orange patches are commonly found on the 
throat or chest (Pasitschniak-Arts and Larivière 1995, p. 1; Magoun et al. 2008, p. 24; Figure 
14). The unique property of wolverine fur to shed frost (Hardy 1948, p. 330; Quick 1952, pp. 
492–493), along with its rarity, has made wolverine pelts valuable for trade (Hash 1987, p. 575). 
 
Various accounts state that wolverines have a strong sense of smell (Grinnell et al. 1937, p. 265; 
Bevanger 1992, p. 8) that allows them to locate carrion from great distances (Hornocker and 
Hash 1981, p. 1,297; in litt Bevanger 1992, p. 8, citing Røskaft 1990; Copeland 1996, p. 100; 
Cardinal 2004, p. 8); however, experiments with young wolverines indicated a poor sense of 
smell, and that wolverines may locate food (areas where previously located or cached) based on 
their memory skills (Magoun 2013, pers. comm.) or learning abilities (e.g., Krott 1958, p. 241).  
 
Scent-marking is used by mammalian carnivores for chemical communication (Hutchings and 
White 2000, p. 160). For wolverines, this behavior commonly includes urination (e.g., trees, 
stumps, snow) (Copeland 1996, p. 115; Magoun 1985, p. 105), but also includes scat, and 
scratches and bites on trees (Haglund 1966, pp. 225, 277; Copeland 1996, p. 115). Scent rubbing 
(see review by Rieger 1979) of the ventral (abdomen/stomach) area) and anal rubbing have also 
been observed in wolverines (Pulliainen and Oyaskainen 1975, pp. 268–269; Rieger 1979, p. 22, 
in litt Goethe 1964; Magoun 1985, p. 105). Scent marking by wolverines may also be an 
important chemical communication signal for potential wolverine prey. Field experiments 
conducted by Sullivan et al. (1985, pp. 928, 930) and Sullivan (1986, p. 388) found that black-
tailed deer (Odocoileus hemionus columbianus) and snowshoe hares (Lepus americanus) avoided 
feeding on seedlings that were marked with wolverine urine. 
 
Wolverine fur is short, thick, and uniform in thickness on the head and becomes longer towards 
rear of the body (Hash 1987, p. 1). The coat consists of dense, woolly underfur (2-3 centimeters 
(cm) (0.8-1.2 inches (in) long) and coarse, stiff guard hairs, 6-10 cm (2.4-4 in) in length (Hash 
1987, p. 1). The rich glossy coat can vary from medium brown to black (Banci 1994, p. 99; 
Pasitschniak-Arts and Larivière 1995, p. 1). Seasonal and individual variation in pelt color has 
been described (Degerbøl 1935, pp. 38–42; Grinnell et al. 1937, p. 252). In general, the head, tail 
and legs are darker than the face, with an upper body pale buff stripe (Pasitschniak-Arts and 
Larivière 1995, p. 1) that extends from the nape of the neck, along the sides of the body, to the 
base of the bushy tail (Banci 1994, p. 99). White or orange patches are commonly found on the 
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throat or chest (Pasitschniak-Arts and Larivière 1995, p. 1; Magoun et al. 2008, p. 24; Figure 
14). The unique property of wolverine fur to shed frost (Hardy 1948, p. 330; Quick 1952, pp. 
492–493), along with its rarity, has made wolverine pelts valuable for trade (Hash 1987, p. 575). 
 
Life History and Ecology 
 
In this section we provide a summary of the individual and population needs (collective, species 
needs), including its life history, physiology and behavior, resource functions necessary for each 
life stage (i.e., breeding, feeding, sheltering, dispersal), demographic information (abundance 
and distribution) and ecological setting. 
 
Overview 
 
Wolverines are active year-round and have been considered as primarily nocturnal (Iversen 
1972b, p. 319; Pasitschniak-Arts and Larivière 1995, p. 7, and references cited therein). In his 
observational studies, Krott (1958, p. 168; 1960, p. 25) described periods of 3-4 hours of activity 
followed by 3-4 hours of sleep for wolverines in Scandinavia, a pattern also observed in Idaho 
(Copeland 1996, p. 77).  
 
Folk et al.’s (1977, entire) A study of body temperatures of caged wolverines, along with direct 
observations of animals obtained from Alaska and Sweden and previous studied animals 
(Alaska), suggested that wolverines were a day-active species, being very active in the morning, 
with periods of sleep during the night, a pattern that persisted in both winter and summer (Folk et 
al. 1977, p. 233). However, McCue et al. (2007, pp. 98–99) suggest that crepuscular activity 
(period just after dawn and just before sunset) may be a more accurate description for wolverine 
behavior (McCue et al. (2007, pp. 98–99). Others have remarked that wolverines exhibit a 
plasticity in their behavior (i.e., different behavior under different conditions) (Krott 1960, p. 
26), a result attributed, in part, to their being a scavenging carnivore covering large areas 
(Stewart et al. 2016, pp. 1,495, 1,497). Several aspects of this plasticity are described below.  
 
Wolverines are wide-ranging animals and known for traveling great distances in a short period of 
time (Krott 1960, p. 21; Gardner et al. 1986, p. 603; Woodford 2014, entire ) (see Movement 
section below). This is due, in part, to their unique body structure. As described by Krott (1960, 
p. 20), they are “lumbrosacrally overbuilt” with heavy musculature and legs that are acutely 
angled when walking. Wolverine gait is characterized as either a 2X pattern (when patterns of 
two footprints repeat), used primarily in deep snow, and the more common 3X lopes (patterns of 
three footprints), for covering long distances over more compacted snow (Halfpenny et al. 1995, 
p. 104). The latter is described as a bouncing gait where all four feet may leave the ground at the 
same time (Halfpenny et al. 1995, p. 104).  
 
As noted in our Species Description section above, in winter, the dense hairs on the foot pad and 
its body structure supports a low foot load, which has been estimated at 22 gram/cm2 (Knorre 
1959, p. 26) and 27–35 gram/cm2 (Novikov 1962, pp. 22–23 (citing Dulkeit 1953)). This foot 
loading is believed to provide an advantage for wolverines preying on ungulates and other large 
mammals whose movements become restricted in deep snow (Knorre 1959, p. 26; Formozov 
1963, pp. 40–41; van Zyll de Jong 1975, p. 435; Banci 1994, p. 113). However, Wright and 
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Ernst’s (2004a, pp. 58–59) a study of wolverines in boreal forest habitat in Canada present a 
differing interpretation of the wolverine foot adaptation based on tracking wolverines in snow 
over three winters (Wright and Ernst 2004a, pp. 58–59), in which they. They observed that 
wolverines in their study area continuously selected for a path of least snow cover, where 
practicable, and only traveled in upland areas (Wright and Ernst 2004a, p. 59). They concluded 
that the low foot load is advantageous when snow crusts form, but, in deep snow, wolverines 
shift to an inefficient walking gait, which increases energy demand (Wright and Ernst 2004a, p. 
59). They hypothesized that traveling in deep snow during winter in search of food may increase 
the risk of starvation due to the greater energy expenditure (Wright and Ernst 2004a, p. 59). 
 
Physiology 
 
The wolverine is a snow-adapted, cold climate animal in its physiology, morphology (Telfer and 
Kelsall 1984, p. 1,830), behavior, and habits. Formozov (1963, p. 65) considered theThe 
wolverine was considered by Formozov (1963, p. 65) as to be one of several “chioneuphores,” or 
those vertebrates who tolerate snow but have no special adaptations; however, wolverines could 
also be considered as a “chionphile” or those animals with adaptations (e.g., increased surface 
area on feet, pelt characteristics) (see definitions in Pruitt 1959, p. 172; Cathcart 2014, p. 22).  
 
In general, mustelids weighing more than 1 kilogram (kg) (2.2 pounds (lbs)) have a basal 
metabolism (defined as the minimum metabolic rate for maintaining a comfortable warm 
temperature; Irving 1972, p. 121) that is about 20 percent higher than other mammals (Iversen 
1972a, p. 343). For the wolverine, Young et al. (2012, p. 222) estimated a basal metabolic rate 
for a 15 kg (33 lbs) adult at 669.4 kcal/day, using Iversen’s derived equation [Metabolic rate 
(M)=84.6*Weight (W, in kg)(0.78) ± 0.15] (Iversen 1972a, p. 343).  
 
Iversen’s (1972b, pp. 320–321; Figure 4) Eexperimental studies by Iversen (1972, pp. 320–321; 
Figure 4) found that during their first 2½ months, the basal metabolic rate for young wolverines 
was substantially higher than rates reported for other mammals (W1.41 vs. W1.0), then declined 
after 3 months, and declined again after 8 months. Because the early period coincides with 
weaning, Wilson (1982, p. 646) suggested that the observed peak may be related to changes in 
food consumed as well as improved thermoregulation since the mother is leaving the young for 
longer periods of time.  
 
Energy expenditure during pregnancy is relatively low for mustelids (Oftedal and Gittleman 
1989, p. 374); however, energy requirements for lactation in mammals can be over 4 to 7 times 
basal metabolic rates (Allen and Ullrey 2004, p. 478). Thus, estimates of energetic requirements 
(e.g., less than 1 kg prey/day annually) may be too low to support reproductive activity (Young 
et al. 2012, p. 226). Wolverines are known to consume a variety of food resources and seasonal 
switching of prey likely allows for adjustment for nutritional needs throughout their life history 
(Krebs et al. 2007, p. 2,187 (Canada); Koskela et al. 2013a, pp. 103–104 (Finland); Yates and 
Copeland in prep (Montana)). Additional details on diet and feeding behavior for wolverines are 
provided below.  
 
Relatedly, Casey et al. (1979, p. 335) evaluated metabolic and respiratory responses of eight 
terrestrial Arctic mammals to ambient temperature during summer months. For wolverines, they 
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found that the frequency of respiration was generally constant (15-20 per minute), but their tidal 
volume (air moved per breath) increased nearly constantly with decreasing ambient temperature, 
unlike Canada lynx (Lynx canadiensis), which is similar in body mass (Casey et al. 1979, p. 
335). The researchers inferred that the increased ventilation of wolverines at low ambient 
temperatures was the result of an increased energy metabolism (Casey et al. 1979, p. 336).  
 
Thermal neutrality (or thermoneutrality) is the temperature range at which resting metabolism 
is at minimum (Barnett and Mount 1967, p. 468) and animals produce heat at a minimum rate in 
a thermal neutral environment (Barnett and Mount 1967, p. 413). For a resting mammal at 
thermal neutrality, body temperature is primarily maintained by “physical thermoregulation,” 
that is, control of circulation in the skin and by sweating (Barnett and Mount 1967, p. 413). The 
body temperature of wolverine (measured by an implanted temperature transducer) at 
thermoneutrality has been reported at 38°C (100.4°F) (Folk et al; 1977, p. 231; Casey et al. 
1979, pp. 332–333). The critical temperature is the point at which the metabolic rate starts to 
rise; thus, animals with lower critical temperatures are able to better conserve their energy 
expenditure (Barnett and Mount 1967, p. 413). Studies of arctic mammals defined a zone of 
thermoneutrality in Eskimo dogs (Canis lupus familiaris) and Arctic foxes (Vulpes lagopus) that 
extended to at least −40°C (−40°F), with an estimated critical temperature between −45°C 
(−49°F) and −50°C (−58°F) (Scholander et al. 1950a, p. 254).  
 
Iversen 1972b (p. 322) concluded that Arctic mammals, including wolverine, Arctic fox, and 
wolf (Canis lupus), have a threshold of thermoneutrality of  between −30°C to −40°C (–22°F to 
–40°F) (Iversen 1972b, p. 322; (citing studies by Scholander et al. (1950b) and Hart (1956)). 
Relatedly, Casey et al. (1979, p. 340) estimated a critical temperature for wolverine (14 kg (31 
lb)) in summer pelage of 5°C (41°F) based on an observed increase in oxygen uptake at air 
temperatures below this temperature. For comparison, measurements of metabolic rates for the 
red fox (Vulpes vulpes alascensis) (Alaska) observed critical temperatures of 8°C (46°F) in 
summer (Irving et al. 1955, p. 184). These Arctic mammals therefore have the ability to dissipate 
heat to balance the heat loss from 30°C to −40°C (86°F to −40°F), due in large part to 
vasodilatation and rise of skin temperature (Scholander et al. 1950a, p. 251). 
 
Arctic mammals, particularly small mammals, also adapt behaviorally to cold temperatures by 
creating burrows and building nest sites under the snow. Wolverines are known to dig holes in 
snow for shelter (Pruitt 2005, p. 120), and wolverine reproductive den sites located under deep 
snow may provide a thermoneutrality advantage for newborn cubs (Magoun and Copeland 1998, 
p. 1,313). This topic is discussed in more detail below under Use of Dens and Denning Behavior.  
 
Wolverines can also adapt to both cold and warm temperatures by movement and, relatedly, 
micro- and macro-habitat selection. Wolverines are not infrequently observed near and in lakes 
and other water bodies and are good swimmers, easily crossing lakes and rivers (Seton 1909, p. 
950; Krott 1960, p. 23; Magoun 2017, pers. comm.). They likely use these areas more frequently 
during warmer months both for cooling and hydration, or possibly for hygienic reasons (Krott 
1960, p. 23).  
 
Changes in endocrine (hormone) function can also represent a physiological adaptation to cold 
by acting on organs to generate energy (Barnett and Mount 1967, p. 428). The best available 



North American Wolverine Species Status Assessment Report DATE 

9 
 

information does not indicate that these functions have been evaluated in wolverines. However, 
one veterinarian reported an enlarged thyroid in a wolverine during a necropsy procedure 
(Copeland 2017, pers. comm.), which is suggestive of a high metabolism.  
 
In addition to these physiological processes, rapid and seasonal adjustments of fur insulation 
provide an additional mechanism for mammals to overcome large seasonal changes in 
temperature (Casey et al. 1979, p. 340) and have been described for wolverine and other 
mammals in Alaska by Henshaw (1970, p. 522). The seasonal increase in fur depth for captive 
wolverines was reported to be 65 percent (Henshaw 1970, p. 522). That study identified a metric 
termed seasonal insulative advantage (or SIA) as a measure of the degree to which insulative 
compensation changes seasonally in response to ambient temperature (Henshaw 1970, p. 522). 
For wolverines, this advantage was found to be less than unity; that is, the increase in fur did not 
fully compensate for average winter cold, and therefore other compensating mechanisms were 
needed (Henshaw 1970, p. 522). 
 
Similarly, an evaluation of the seasonal change in the insulation of fur of wolverine (pelts from 
Canada) found a 41.2 percent change in mean insulation values (measured as °C/cal/m2/hr) from 
winter to summer (Hart 1956, p. 56). A single annual molting (between August and December) 
was noted in Grinnell et al. (1937, p. 251) (California), but twice yearly was described by 
Novikov (1962, p. 201) (Russia). The large seasonal change in insulation observed for wolverine 
and other larger mammals is, in large part, due to changes in fur depth, and can be interpreted as 
an adaptation to both high summer temperatures and low winter temperatures (Hart 1956, p. 57). 
The reported seasonal decrease in wolverine fur thickness also correlates with experimental 
results of Casey et al. (1979, p. 337) who indicated that a seasonal shift in oxygen consumption 
below critical temperature was likely due to an increased rate of heat loss in summer. 
 
Range and Habitat Use 
 
Historical Range and Distribution 
 
Phylogeography/Phylogenetics 
 
Results from a molecular study of phylogenetic relationships of the Mustelidae family suggest at 
least six radiation episodes within this family since the Early Eocene Epoch (approximately 50 
million years before present (YBP)) (Marmi et al. 2004, pp. 488, 492). The split of the marten 
(Martes, Gulo) and weasel (Mustela) lineages occurred in the Early Middle Miocene Epoch (14 
to 11 million YBP), with the separation of Old World and New World lineages (Martes, Gulo) 
occurring in the Late Miocene Epoch (8.6 to 5.8 million YBP) (Marmi et al. 2004, p. 488). The 
Gulo genus appears in the fossil record in the mid-Pleistocene in both Europe and North America 
(Bryant 1987, p. 659). 
 
The dispersal of Gulo across Beringia (land mass that extended from Siberia into interior Alaska 
during the Pleistocene) is believed to have produced contemporaneous records for the species in 
Europe and North America (Bryant 1987, p. 659). Malyarchuk et al. (2015, entire) examined 
gGenomic data was examined by Malyarchuk et al. (2015, entire) using a molecular dating 
technique to estimate an approximate age of the G. gulo ancestor. They estimated a relatively 
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recent origin of the species Gulo gulo at about 181,000 to 234,000 YBP (Malyarchuk et al. 2015, 
pp. 1,115–1,116). They note that this latter time period corresponds to the Riss glaciation period 
(187,000 to 230,000 YBP), a time of genetic divergence of amphi-Beringian (both sides of 
Beringia) species and speciation events (Hope et al. 2013, p. 426). Their results, along with fossil 
information, also indicate the divergence of the Gulo branch and the other Martes taxa occurred 
during the Late Miocene-Early Pliocene (5.6 million YBP), and lends support for strong 
evolutionary processes in the northern Siberian ecosystems in the Pliocene and Pleistocene 
Epochs (Malyarchuk et al. 2015, pp. 1,116–1,117).  
 
Bryant (1987, p. 660) describes aAn evolutionary trend was described by Bryant (1987, p. 660) 
in which Gulo increased in size from the mid- to late-Pleistocene, with a subsequent reduction in 
size post glaciation, as well as small changes in selected teeth, and a possible shift to colder 
habitats. The Late Pleistocene and the Pleistocene-Holocene transition represent the end of 
prolonged period that was characterized by climate fluctuations followed by rapid warming (Post 
2013, p. 28). This analysis also indicated Bryant (1987, p. 660) also notes that both the mid-
Pleistocene European Gulo schlosseri and the early North American Gulo appear to be adapted 
to a warmer climatic environment, but is likely to have also occupied colder climates (Bryant 
1987, p. 660). Other factors such as competition (Guilday 1971, p. 237), predator avoidance, and 
prey abundance may also have been important in creating significant shifts in geographic ranges 
for certain species during glacial cycles. 
 
Wolverines are believed to have migrated to North America during the late Pleistocene, although 
fossil evidence from the Pleistocene Epoch for wolverine is limited (Anderson 1977, p. 15; 
Bryant 1987, p. 660), and most fossil material is either cranial or dental fragments (Bryant 1987, 
p. 660). A summary of records records for both Pleistocene and extant Gulo prepared by Bryant 
(1987, p. 659; Table 3) summarized recordsincludes findings  in the United States for both 
Pleistocene and extant Gulo from Colorado, Idaho (e.g., White et al. 1984, p. 248 (lava tubes)), 
Yukon Alaska, Maryland, and Pennsylvania, and Canada (primarily the Yukon region) ranging 
from the Irvingtonian Age (1.8–2.4 million YBP) to Late Wisconsinan-Holocene (15,000 YBP to 
present day).  
 
Genetic studies can provide an understanding of the postglacial recolonization of wolverines 
following the Last Glacial Maximum, a period of rapid cooling, and movement patterns due to 
changed climatic conditions (Frances 2008; Zigouris et al. 2013; McKelvey et al. 2014). 
Following the Last Glacial Maximum, beginning about 21,000 YBP, was a period of rapid 
warming, resulting in a second wave of extinction events, particularly of large mammalian 
megafauna that were cold-adapted (Post 2013, pp. 29, 31). 
 
During the late Wisconsin period (10,000 to 25,000 YBP), approximately 60 percent of North 
America was covered by glacial ice (Rogers et al. 1991, p. 624). However, several ice-free 
refugia existed at that time including the Beringian refugium, which included eastern Siberia, 
most of Alaska, areas of northwestern Canada, and areas of the Bering Sea shelf that were 
exposed by lower sea levels, and this refugium harbored a number of mammalian species 
including wolverine (Rogers et al. 1991, pp. 624, 626). Analyses by Frances (2008, entire) and 
Zigouris et al. (2013, entire) supported a wolverine colonization of North America in which 
individuals “followed retreating glaciers” (Zigouris et al. 2013, pp. 10–11), . Bbeginning about 
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21,000 YBP, following the Last Glacial Maximum, when a period of rapid warming occurred 
that resulted in additional extinction events, particularly large mammalian megafauna (Post 
2013, p. 29) 
 
A phylogeographic analysis presented by McKelvey et al. (2014, p. 331) proposed that a unique 
haplotype (Cali 1) observed in historical wolverine samples from California was reflective of an 
independent evolutionary history resulting from isolation (i.e., southern ice-free refugium) of 
wolverines during glacial retreat. However, Zigouris et al. (2013, p. 10, Supplemental Table S5) 
found the Cali 1 haplotype described by Schwartz et al. (2007, p. 2,173; Tables 2 and 4) 
(relabeled as Haplotype 21) also occurred in historical wolverine samples from the eastern region 
of Canada (Quebec-Labrador). In addition, as noted by Zigouris (2014, pp. 232–233) the 
historical samples analyzed by McKelvey et al. (2014, p. 327; Table 1) were primarily those 
from locations at the southwestern edge of the wolverine’s North American range (e.g., 
California, Colorado, Idaho, Montana, Wyoming, Utah, Washington). Without additional 
sampling, it is unclear if this particular haplotype distribution from two of the most peripheral 
North American wolverine populations is a reflection of a skewed dispersal after post-glacial 
colonization, or was a more widely distributed haplotype that declined or was lost due to hunting 
and trapping pressures (beginning in 18th century) or fragmentation (late-20th century) (Zigouris 
et al. 2013, p. 10).  
 
Additional discussion of our current understanding of wolverine genetic structure and diversity is 
provided in the Population Structure section below. 
 
Historical Range  
 
In North America, wolverines were historically distributed in much of the northern portion of the 
continent, extending southward to the northernmost region of the United States (Maine to 
Washington) or approximately north of the 38th parallel (Hash 1987, p. 576; Banci 1994, p. 
102). 
 
Aubry et al. (2007, entire) prepared aAn estimate of wolverine observations and distribution in 
the contiguous United States was prepared by Aubry et al. (2007, entire) by compiling 901 
verifiable or documented records of wolverine occurrence dating from 1801 to 2005 from 24 
states in the contiguous United States. This included a total of 809 verifiable or documented 
records for the Rocky Mountain and Pacific Coast mountains (west-northwestern United States) 
for this time period (Aubry et al. 2007, p. 2,151).  
 
The historical population size of wolverines in Canada is not known (Fortin 2005, p. 4). Its 
historical distribution, as depicted by Seton (1909, p. 947; Map 51) and also later by van Zyll de 
Jong (1975, p. 435; Figure 9) shows a broad range across much of Canada. Examples of early 
descriptive accounts include de Puyjalon (1900, pp. 126–144), who described wolverines as 
inhabiting Labrador, Canada (de Puyjalon, p. 101), and extending in range to the 66th parallel and 
perhaps further (de Puyjalon 1900, p. 144); reports of both trapped and live wolverines in 
Labrador in the late 1700s (Townsend (ed.), 1911, pp. 73, 93, 228, 255); and reports of 
wolverines as “common” in Canada’s Nunavut Territory (Hudson Bay region) during a 1920s 
Danish excursion (the Fifth Thule Expedition) to Arctic North America (Freuchen 1935, p. 101). 
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The 2014 COSEWIC report presents a historical range distribution for Canada based on personal 
accounts and interpretation of the fur trade (COSEWIC 2014, pp. 12–13; Figure 3).  
 
Current Range 
 
We created a historical range map depicting wolverine observations for wolverine for the west-
northwestern United States by requesting all available wolverine records from State agencies 
(e.g., wildlife agencies, natural heritage programs) and the Forest Service Natural Resource 
Information System (NRIS) Wildlife Database. We found a total of 4,215 records (1800s to 
2016) for this portion of the United States (cf. 809 records from Aubrey et al. 2007; Table 1). 
Figure 2 presents a map of these compiled observations, overlaid with the habitat suitability 
model results presented by Inman et al. (2013, p. 281). We acknowledge that some of these 
records may be in error or inaccurately located, and although wolverines have been reported 
from the Central Great Plains, Great Lakes region, Upper Midwest, or Northeast (Wilson 1982, 
p. 650), we did not create a historical range for these regions given the very low number (92) 
reported by Aubry et al. (2007, p. 2,151) from the 1880s to 2005, and to present day. We also 
found a few additional historical records that do not appear in Aubry et al. (2007, p. 2,151). For 
example, Nead et al. (1985, entire) identified several positive and probable reports of wolverines 
in Colorado in the late 1970s. A wolverine was reported from the Squaw Valley region of 
California in the summer of 1953 (Ruth 1954, pp. 594–595). Our intent in creating this map was 
to present an overall geographical depiction of the wolverine’s estimated historic range only for 
the west-northwestern United States, and is not intended to represent an estimate of population 
numbers or historic range in other parts of the contiguous United States.  
 
Using the best available information, we also created a current North American range based on 
results presented by COSEWIC (2014, p. 12) for Canada and Alaska, Forest Service NRIS data, 
and more recent observations (e.g., telemetry, camera traps, mortality reports) reported from 
California, Washington, Colorado, Wyoming, Utah, and North Dakota. This range is illustrated 
in Figure 3.   
 
We recognize that this depiction does not necessarily represent current areas where reproducing 
populations of wolverines are found, nor does it capture unverified accounts from New Mexico, 
described in Frey (2006, pp. 20–21) for the Sangre de Cristo Range, and visual observations 
reported by two individuals (2005 and 2016) in response to our Federal Register notice (81 
FR71670; October 18, 2016) requesting information for our status review. In addition, we did 
not incorporate the Central Great Plains, Great Lakes region, Upper Midwest, or Northeast. 
However, we note here that a female wolverine was observed over several years (2004–2010) in 
the lower peninsula of Michigan, and genetic testing after her death in 2010 suggested she was 
more closely associated with eastern Canada wolverine populations (i.e., Manitoba and Ontario) 
(in litt Zigouris 2013, pers. comm.). It’s unclear how this individual came to occupy this region, 
but given the long distant movements reported for this species (e.g., male wolverine that traveled 
from Wyoming into Colorado and then back to North Dakota), dispersal from Canada is 
plausible. Wilson (1982, p. 650) reported that wolverines on occasion may enter Minnesota from 
Canada. Jackson (1961, pp. 359–360) also reported several authentic records of wolverine in 
Wisconsin and in areas in Minnesota, along the Wisconsin-Minnesota border. However, the 
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wolverine was likely never abundant in Wisconsin, even before trapping and hunting in the late 
19th and early 20th centuries (Jackson 1961, p. 359). 
 
We provide a discussion of wolverine population abundance and distribution in more detail in 
the Biological Status–Current Condition section below. 
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Figure 2. Historical range map for the North America wolverine observations withinfor the west-northwestern United States (1800s to 2016); shown 
with Inman et al. (2013) modeled habitat. 

 



North American Wolverine Species Status Assessment Report  DATE 

15 
 

 
Figure 3. Current range of North American wolverine.  Adapted from COSEWIC (2014), EPA (2010), Inman 
et al. (2013), records from CNDDB; Forest Service NRIS; Idaho Department of Fish and Game; Utah 
Division of Wildlife; Wyoming Game and Fish Department, and den records from CNDDB, Inman, and 
Copeland.  
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Habitat Use 
 
Wolverines occupy a variety of habitats within their current range, including Arctic tundra, 
subarctic-alpine tundra, boreal forest, mixed forest, redwood forest, and coniferous forest (Banci 
1994, p. 114). However, these broad, landscape-scale vegetation associations can obscure other 
habitat variables important for wolverines, including features found within peripherally occupied 
areas or areas of high elevation (Banci 1994, p. 114). In Canada, wolverines use a wide variety 
of forested and tundra vegetation, at all elevations (COSEWIC 2014, p. 18).  
 
When viewed by ecoregion (U.S. Environmental Protection Agency (EPA) 2010), in general, 
wolverine observations in the contiguous United States are most commonly found in the 
Northwestern Forested Mountains ecoregion. In Canada, our estimate of current range includes 
Northwestern Forested Mountains, Northern Forests, Marine West Coast Forest, Hudson Plain, 
Taiga (Boreal Forest), Tundra, and parts of the Arctic Cordillera (northeastern fringe of Nunavut 
and northern Labrador); in Alaska, Marine West Coast Forest, Northwestern Forested 
Mountains, Taiga, and Tundra are represented. Appendix A provides an illustration of these 
ecoregions of North America in relationship to our Current Range map presented in Figure 3. 
 
Studies of wolverines in central Idaho found that montane coniferous forests comprised two-
thirds of available habitat (Copeland 1996, p. 120). Wolverines in this region also exhibited a 
seasonal preference, with subalpine rock habitats used in summer and montane coniferous forests 
used most often in winter (Copeland 1996, p. 120). In addition, individuals within this study 
population commonly crossed natural openings and those areas with little cover, including burn 
areas, meadows, or open mountain-top areas (Copeland 1996, p. 124). 
 
Observations of summer movements of wolverines in northwestern Montana indicated that both 
male and females moved to higher, cooler elevations and remained there throughout the summer 
(Hornocker and Hash 1981, p. 1,299). In the Greater Yellowstone Ecosystem, wolverines 
selected areas that contained steep terrain with tree cover, high elevation meadows, boulder or 
talus fields, and avalanche chutes (Inman et al. 2012a, p. 785). In this region, wolverines selected 
elevations at and above the treeline during summer, moved slightly lower during winter, but 
avoided low-elevation winter ranges occupied by potential prey (e.g., elk) or areas with little 
human activity (Inman et al. 2012a, p. 785). The avoidance of these areas may be the result of 
lack of tree or talus field cover at these low elevations, in combination with presence of potential 
predators (e.g., wolf, mountain lion (Puma concolor) or competitors (e.g., coyote (Canis 
latrans), bobcat (Lynx rufus) (Inman et al. 2012a, p. 785). 
 
Several habitat association-type models have been developed for both North American and 
European wolverines. In the northern Rockies (including Canada and the United States), Carroll 
et al. (2001, p. 975) found that elevation and north-facing cirque habitat variables (i.e., alpine 
areas), when incorporated into empirical habitat models, were significantly correlated with 
wolverine occurrence; however, results from multiple regression analyses of these and other 
habitat variables indicated a high degree of unexplained variance for predicting wolverine habitat 
relationships, and underscores the inherent difficulty in identifying appropriate metrics to 
represent difficult to measure underlying factors, or other unrecognized limiting variables 
(Carroll et al. 2001, pp. 971, 973–974). Copeland et al. (2007, entire) also evaluated habitat 
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associations for wolverines in central Idaho. Wolverines were found to be associated with high 
elevations (2,200 to 2,600 m (7,218 to 8,530 ft)) with a slight downward shift in summer 
(Copeland et al. 2007, p. 2,207). These movements correspond, along with a shift in cover types, 
from high-elevation whitebark pine (Pinus albicaulis) communities in summer to mid-elevation 
Douglas fir (Pseudotsuga menziezii) and lodgepole pine (Pinus contorta) in winter (Copeland et 
al. 2007, pp. 2,207–2,208). Results from a study of wolverines in Scandinavia suggested that 
topography may be important in providing refugia from predators and may therefore facilitate 
the co-existence of wolverines with larger carnivores such as wolves (Khalil et al. 2014, p. 636). 
 
In interior Alaska, wolverines were also found to be positively associated with high elevations 
(Gardner et al. 2010, p. 1,901). This study also reported the wolverines avoided human 
influences, but their sampling design was not able to determine which aspects related to human 
activities influenced wolverine behaviorsinfluences.;  However, a combination of intensity of 
development and harvest activities was suggested (Gardner et al. 2010, p. 1,901). Current studies 
are underway in the North Slope region of Alaska to evaluate fine-scale habitat selection of 
wolverines related to denning, caching, day bed use, and snow holes (Dorendorf 2016, p. 6). Day 
beds were also described by Haglund (1966, p. 268) for wolverines studied in Sweden. 
 
A study by Krebs et al. (2007, pp. 2,186–2,187) also found that habitat associations, at least for 
females, are more complex, and include combinations of several modeled variables that 
supported hypotheses related to food (prey distribution), predation risk (based on a ruggedness 
index), or human disturbance (winter recreation activity, roads, and forest harvesting) for both 
summer and winter in two study areas located in northcentral and southeast British Columbia. 
Fisher et al. (2013, pp. 710–712) found that Wwolverines in the Rocky Mountains of Alberta, 
Canada, were found to more likely to occupy areas with increasingly rugged terrain (Fisher et al. 
(2013, pp. 710–712). Camera trapping was used to study wolverine behavior in varying habitat 
in the Rocky Mountains of Alberta, Canada (Stewart et al. 2016, entire). That study found that 
wolverine behavior differed in landscapes that had been significantly modified by human 
activities as compared to those with light modifications or in protected areas (Stewart et al. 2016, 
p. 1,499). They concluded that wolverine occurrence in their study areas varied more strongly 
with linear features (seismic lines created from oil and gas exploration, pipelines, transmission 
lines, roads, and rail lines) than with the degree of snowpack, and supports the idea that human 
footprint is a driver of habitat suitability for wolverines (Stewart et al. 2016, p. 1,501).  
 
Bowman et al. (2010, p. 464) reported aA negative association with roads andwith wolverine 
(and caribou) occurrence in boreal forest habitat was reported in northwestern Ontario, Canada, 
and wolverines in thateir study area avoided deciduous forests (Bowman et al. 2010, p. 464). 
However, Wright and Ernst’s (2004b, p. 59) a study of wolverines in upland boreal forests of 
Canada found that wolverines followed open linear corridors that offered compact snow 
conditions, including winter roads, recent seismic lines, snowmobile trails, and all-terrain vehicle 
tire tracks for travel of distances up to 3 kilometers (km) (1.86 miles (mi)) (Wright and Ernst 
2004b, p. 59). In central Idaho, Copeland et al. (2007, p. 2,210) also reported wolverines using 
snowmobile winter access (unmaintained) roads for travel.  
 
Aboriginal knowledge holders (the knowledge Aboriginal Peoples have accumulated about 
wildlife species and their environment) in Canada have reported that while wolverines appear to 
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avoid human habitation and developed areas, some wolverine will visit these areas if they are not 
appear to be threatened or if development activities cease (Cardinal 2004, p. 22). Wolverines 
have also been described as occupying deserted snow huts (Nunavut Territory) during winter 
months (Freuchen 1935, p. 98). 
 
Scrafford et al.’s (2017, p. 32) A study of wolverine selection patterns in boreal forests in 
northwestern Alberta using resource selection function (RSF) modeling techniques1 and data 
from telemetered wolverines found that, for the winter season, both male and female wolverines 
selected for streams, forested areas (broadleaf, coniferous, and mixed) and bogs or fens, while 
avoiding active well sites and low-traffic winter roads (Scrafford et al. 2017, pp. 31, 32). That 
study also found that wolverines did not avoid older seismic lines, likely due to the intermediate 
stage of regeneration found in their study area as well as availability of small prey in conjunction 
with minimal risk of human or wolf presence (Scrafford et al. 2017, p. 34). 
 
Johnson et al. (2005, entire) used RSF-based modeling was used by Johnson et al. (2005, entire)  
to quantify the relationship between the observed distribution of the wolverine and variables 
representative of habitats and human disturbance in the taiga and tundra ecoregions (shown in 
Appendix A) of the Canadian central Arctic (Nunavut and Northwest Territories) (Johnson et al. 
2005, p. 10). Using a range defined by previous studies of collared wolverines, they identified 
two seasons for wolverines, based on presence or absence of barren-ground caribou (Rangifer 
tarandus groenlandicus) (Johnson et al. 2005, p. 8). They found that, in winter, the occurrence of 
wolverines was correlated with patches of heath rock and rock association, and areas dominated 
by sedge (Johnson et al. 2005, pp. 23–25). Results for models for summer season were less clear, 
but models that included grizzly bear (Ursus arctos), caribou, and wolf were found to be 
positively associated with wolverine, likely due to the scavenging opportunities and hunting of 
caribou provided by these other carnivores (Johnson et al. 2005, p. 24). In Finland, the presence 
of wolves was found to be one of the most important variables influencing habitat selection of 
wolverines (Koskela 2013, p. 35) likely due to the increased scavenging opportunities provide by 
wolf kills (Koskela 2013, p. 36). 
 
Inman et al. (2013, p. 281) also usedA a RSF model was also used to develop a predictive map 
of wolverine habitat for the western United States (Inman et al. (2013, p. 281) , as shown in the 
background of our Figure 3. Their best fit model found that, in general, wolverine were most 
likely to be distributed at high elevations, with steeper terrain, more snow, fewer roads, and 
reduced human activity, but also in proximity to high elevation talus, tree cover, and areas that 
had snow cover on April 1 (Inman et al. 2013, pp. 280–281). Primary habitat for the wolverine in 
the western United States was estimated at 164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). 
Additional information related to the results of this modeling effort is discussed in the 
Population Distribution and Abundance section below. 
 

                                                 
1 RSF is any mathematical function that is proportional to the probability of use of a resource unit (Manly et al. 
2002, p. 15). A RSF contains several coefficients that quantify the selection for or avoidance of an environmental 
feature, and the sign/strength of those coefficients represents a differential variation in the distribution of each 
environmental feature measured at a sample of locations to a comparable set of random sites. Thus, when an 
animal's observed use of a resource is greater than those random sites, selection of that feature is inferred (Johnson 
et al. 2005, p. 10). 
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Movement 
 
Wolverine movements are related to both territoriality (within home ranges) and dispersal (adults 
and young). Movement within home ranges by adult male and female wolverines is extensive. 
For example, wolverines monitored in the Greater Yellowstone Ecosystem traveled a distance 
that was equivalent to their average home range diameter in less than 2 days, which is also about 
the size of their home range circumference in less than 1 week (Inman et al. 2012a, pp. 782–
783). This study also found that, for a 24-hour period, the average minimum distance traveled 
was 15.5 (km) (9.63 (mi) for males and 7.5 km (4.66 mi) for females (Inman et al. 2012a, p. 
783). Telemetry studies of wolverines in south-central Alaska indicate an average distance 
traveled per day of approximately 12 km (7.46 mi) for females and 8–21 km (4.97–13 mi) for 
males (Woodford 2014, no page number). Observations from snow tracking studies have found 
instances where two individual wolverines traveled together (Wright and Ernst 2004b, p. 63). 
 
Aronsson’s (2017, p. 40) A study of resident status of female Fennoscandinavian wolverines 
found that most (86 percent) females remained stationary in their established territories, with 8 
percent vacating and 6 percent expanding their territory (Aronsson 2017, p. 40). In addition, this 
study of 42 female wolverines in 122 territories reported that females with established territories 
only moved to available territories that were higher than average in quality (Aronsson 2017, p. 
41). In central Norway, Bischof et al.’s (2016, p. 1,533) study of spatial and temporal patterns in 
wolverines (central Norway) using noninvasive genetic sampling methods also found that 
individuals tended to stay in the same general area from one year to the next. 
 
A number of factors can affect wolverine movements within territories, such as availability of 
food, temperature, and breeding activity. Seasonal shifts in elevation have also been observed for 
wolverines in the contiguous United States. Gardner’s (1985, p. 21) ecological study of 
wolverines in southcentral Alaska found a significant movement up in elevation during late 
winter and early spring as well as a significant movement down in elevation during the late fall 
and winter. Wolverines were also observed moving to and occupying higher and presumably 
cooler elevations in summer months in northwestern Montana (Hornocker and Hash 1981, p. 
1,299). In Central Idaho, wolverines exhibited a preference for higher elevation areas containing 
rock and talus cover in summer months, but moved to lower elevations in winter; this was likely 
the result of an increase in availability of carrion related to the fall hunting season (Copeland 
1996, p. iv). Two aboriginal knowledge holders in the Kivalliq region (Nunavut, Canada) 
reported that wolverines will move closer to communities during caribou migration in the fall, 
likely attracted by the large number of caribou carcasses left by hunters (Cardinal 2004, p. 22). 
 
A study of wolverine movement in boreal forest habitat in Canada (northwestern Alberta and 
northeastern British Columbia) during winter months found that wolverines chose the most direct 
travel route with the least snow cover (Wright and Ernst 2004a, pp. 58–59). Woodford’s (2014, 
no page number) account of wolverines observations from studies in Alaska indicated that, when 
pursued, wolverines will run uphill, which may represent a predator-avoidance adaptive 
behavior. 
 
As discussed in more detail below (Diet and Feeding), several studies have shown that 
wolverines exhibit a seasonal shift in diet, and Hornocker and Hash (1981, p. 1298) concluded 
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that food availability was the primary factor determining both movements and home ranges for 
wolverines studied in northwestern Montana. Movement patterns of adult males during the 
summer months are also likely influenced by breeding activity (Magoun 1985, p. 66).  
 
Males and females maintain large territories with very little overlap between same-sex adults 
(Magoun 1985, p. 38; Banci 1994, p. 118; Inman et al. 2012a, p. 783; Bischof et al. 2016, pp. 
1,532–1,533; Regehr and Lacroix 2016, p. 249), but breeding pairs have overlapping territories 
(Copeland 1996, pp. 55–61; Hedmark et al. 2007, p. 19; Dawson et al. 2010, p. 413; Persson 
2010, p. 52; Inman et al. 2012a, p. 787). However, ranges of young males, who have not yet 
dispersed, can overlap with resident adult male home ranges (Alaska) (Magoun 1985, p. 64). 
Studies of wolverines in the Greater Yellowstone Ecosystem found a mean percent overlap of 
12.7 percent for same sex, adult–sub-adult pairs and about 24 percent for opposite sex, adult–
sub-adult pairs (Inman et al. 2012a, p. 787). In addition, Inman et al. (2012a, p. 783) found that 
when a resident adult wolverine died, same-sex adults (not known to be located within the dead 
wolverine’s home range) would begin using (within 3–7 weeks) areas of the unoccupied home 
range, or same-sex subadults would expand into and then occupy most or all of the dead 
wolverine’s former home range. Bischof et al.’s (2016, p. 1,533) A study of territoriality of 
wolverines in central Norway (using scat analysis) indicated that within their study population, 
wolverines were also more likely to choose a home range area that was previously used by a 
neighboring same sex individual after that individual’s death (Bischof et al. 2016, p. 1,533). 
 
Table 1 below presents a summary of annual home ranges of resident wolverines. Home range 
use is smaller for female wolverines during the reproductive period. For a parturient (about to 
bear young) female, estimates of home range size in this region were significantly smaller, with a 
minimum of 100–150 km2 (39–58 mi2) (i.e., during year raising young) (Inman et al. 2012a, p. 
782). The average home range size for lactating females rearing young was estimated at 70 km2 
(27 mi2) from March through August (Alaska) (Magoun 1985, p. 36). In northwestern Ontario, 
researchers reported a home range of 262 km2 (101 mi2) for a lactating female (Dawson et al. 
2010, pp. 141–142). In general, the distance traveled by female wolverines depends on the 
location of the reproductive den site within the home range, the areas used for locating 
food/prey, and the territory border (Myhr 2017, no page number).  
 
 
Table 1. Home Range Size for Adult, Resident Wolverines. 

Region Female, km2 (mi2) Male, km2 (mi2) Reference 

Central Idaho 384 (148) 1,582 (610) Copeland 1996 

Central Idaho / Yellowstone 
Region 

357 (138) 1,138 (439) Heinemeyer and Squires 
2015 

Greater Yellowstone Ecosystem 303 (117) 797 (308) Inman et al. 2012a 

Glacier National Park (MT) 139 (54) 521 (201) Copeland and Yates 
2008 

Alaska (Northwestern) 53-232 (20-89.6) 488-917 (188-354) Magoun 1985 
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Canada 
Northwest Ontario 

50-400 (19-154) 
423 (163) 

230-1,580 (89-610) 
2,563 (990) 

COSEWIC 2014 
Dawson et al. 2010 

Central Norway 331 (128) 757 (292) Bischof et al. 2016 
Southern Norway 274 (106) 663 (256) Landa et al. 1998 

Northern Sweden 170 (66) 669 (258) Persson et al. 2010 
 
In central Idaho, annual home ranges of resident adult wolverines averaged 384 km2 (148 mi2) 
for females and 1,582 km2 (610 mi2) for males (Copeland 1996, p. 128). Home ranges for 
wolverines in Greater Yellowstone Ecosystem were estimated at 303 km2 (117 mi2) for adult 
females and 797 km2 (308 mi2) for adult males (Inman et al. 2012a, p. 782). For a parturient 
(about to bear young) female, estimates of home range size in this region were significantly 
smaller, with a minimum of 100–150 km2 (39–58 mi2) (i.e., during year raising young) (Inman et 
al. 2012a, p. 782). Average home range sizes for adult wolverines studied in Glacier National 
Park (Montana) were estimated at 139 km2 (54 mi2) for females and 521 km2 (201 mi2) for males 
(Copeland and Yates 2008, p. 9). In a 6-year study of wolverines in central Idaho and western 
Yellowstone region, average home range sizes (using minimum convex polygon method) were 
357 km2 (138 mi2) (range:162–563 km2 (63–217 mi2)) for females and 1,138 km2 (439 mi2) 
(range: 440–2,365 km2 (170–1,170 mi2)) for males (Heinemeyer and Squires 2015, p. 10). 
 
In northwestern Alaska, home range sizes (using minimum polygon method) for female 
wolverines varied year-to-year and by season (Magoun 1985, p. 33). The average yearly range 
was 103 km2 (39.8 mi2) (range: 53–232 km2 (20–89.6 mi2)) (Magoun 1985, p. 22). For male 
wolverines, the average yearly range was 666 km2 (257 mi2) (range: 488–917 km2 (188–354 
mi2)) (Magoun 1985, p. 36). The average home range size for lactating females rearing young 
was estimated at 70 km2 (27 mi2) from March through August (Alaska) (Magoun 1985, p. 36). 
 
In Canada, home range sizes have been reported as 50–400 km2 (19–154 mi2) for females and 
230–1,580 km2 (89–610 mi2) for males (COSEWIC 2014, p. 23). Dawson et al. (2010, p. 141) 
estimated mean home range sizes for wolverines in lowland boreal forests of central Canada 
(northwestern Ontario), based on 95% minimum convex polygons (December to October), of 
423 km2 (163 mi2) for females and 2,563 km2 (990 mi2) for males. These researchers also 
reported a home range of 262 km2 (101 mi2) for a lactating female using that same methodology 
(Dawson et al. 2010, pp. 141–142).  
 
In Scandinavia, Bischof et al. (2016, p. 1,532) found that male wolverines in central Norway had 
home ranges just over two-times larger than females (using noninvasive genetic sampling). That 
study estimated average annual home range sizes of 757 km2 (292 mi2) for males and 331 km2 
(128 mi2) for females (Bischof et al. 2016, p. 1,532). Landa et al.’s (1998, pp. 451–452) radio-
tracking study in southern Norway also found that mean annual home ranges of male wolverines 
were larger than females (663 km2 vs. 274 km2 (256 mi2 vs. 106 mi2)), and observed a reduction 
in activity by females in late winter and late fall, likely related to reproductive behavior. Persson 
et al. (2010, p. 52) found mean home ranges for wolverines in northern Sweden were almost 
four-times larger for males than females (669 km2 (258 mi2) vs. 170 km2 (66 mi2), respectively). 
The distance traveled by female wolverines depends on the location of the reproductive den site 
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within the home range, the areas used for locating food/prey, and the territory border (Myhr 
2017, no page number).     
 
In summary, habitat diversity, food availability, and competition for resources can collectively or 
individually influence home range sizes of wolverines (Magoun 1985, p. 63; Inman et al. 2012a, 
p. 785), which affects wolverine densities and population structure. Home range sizes of male 
wolverines are likely influenced by the density and reproductive condition of female wolverines 
(Magoun 1985, p. 63).  
 
Dispersal relates to the successful establishment of a breeding territory, generally by juveniles, 
at a location removed from the natal denning area, and can be confused with long-range 
movements of wolverines and other carnivores (Ruggiero et al. 1994, pp. 4–5).  
 
Based on telemetry studies, wolverines have been observed to disperse over very long distances.  
Both male and females can move long distances (Flagstad et al. 2004, pp. 684–686), but young 
(yearling) females tend to establish home ranges closer to their natal ranges than do young males 
(COSEWIC 2014, p. 24), which supports a male-biased dispersal pattern (from natal range) for 
wolverine populations. Vangen et al. (2001, p. 1,647) indicated that dispersal patterns of females 
were likely determined by competition for resources (that is, high quality territories) while male 
dispersal patterns were likely determined by competition for mates. 
 
As noted above, wolverines readily cross water bodies such as rivers, and can cross rugged 
terrain (COSEWIC 2014, p. 24; Woodford 2014, entire). Dispersing wolverines in Idaho traveled 
over 200 km (124 mi) following routes across isolated subalpine habitat (Copeland 1996, p. 
130). Inman et al. (2012a, p. 784) recorded dispersal-related movements of wolverines in the 
Greater Yellowstone Ecosystem and found that the maximum dispersal distance of subadults 
from the home range of their mothers was 170 km (106 mi) for males and 173 km (108 mi) for 
females, with an average maximum distance per dispersal movement of 102 km (63 mi) for 
males and 57 km (35 mi) for females (Inman et al. 2012a, p. 784). In the Ontario, Canada, region 
a juvenile male reportedly dispersed 100 km (62 mi) (COSEWIC 2014, p. 24, citing unpublished 
data from Dawson et al. 2013). 
 
Two recent examples illustrate the extensive dispersal capability of wolverines. A male 
wolverine apparently dispersed (2008 or earlier) from the western edge of the Rocky Mountain 
region to the Sierra Nevada region of California (Moriarty et al. 2009, p. 160). Another male 
wolverine (M56), whose natal area was the Greater Yellowstone Ecosystem (northwest 
Wyoming), was tracked from this area and moved south to Colorado (about 500 miles), where it 
remained for about 3 years (2009–2012), when its tracking signal was lost. In April 2016, M56 
was legally shot and killed by a rancher in western North Dakota, about 1126.5 km (700 mi) 
from where it was last seen (Wyoming Game and Fish Department (WGFD) 2016, pers. comm).  
 
Additional discussion of population distribution and density estimates is provided below (see 
Biological Status–Current ConditionsPopulation Abundance and Distribution). 
 
Reproduction and Growth 
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Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., a male 
mates with more than one female each year), delayed implantation (up to 6 months), short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care 
(Rausch and Pearson 1972, pp. 255–256; Pasitschniak-Arts and Larivière 1995, p. 5; Magoun 
and Copeland 1998, pp. 1,315–1,316; Hedmark et al. 2007, p. 19; Persson et al. 2017 in prep).  
 
Table 1 2 below presents a summary of wolverine reproductive chronology (extent and peak of 
reproductive events) based on a review of the literature and personal knowledge from field 
studies (Inman et al. 2012b, entire), and studies from Scandinavia (Aronsson 2017; Persson et al. 
2017 in prep). 
 
Table 12. Chronology of wolverine reproductive events (adapted from Inman et al. 2012b). 

Reproductive Biology Event Time Interval 
Mating Season May – August; peak in June 
Nidation (implantation of embryo) November – March; peak in late December–early February 
Gestation (45 days) November – April; peak in January–mid-March 
Parturition (birth of young) late January – mid-April; peak in February–mid-March 

(Sweden: peak in mid-February, range from end of January to 
early March)a 

Reproductive Den Use late January – end of June; most commonly, early February–mid-
May 

Lactation About 10 weeks; generally February–June 
Weaning April – June; most commonly, late April–May 
Rendezvous Sites April – June; peak in early May 
Independence August – January; peak in September–December 
Dispersal  Peak period at 10–15 months of age; February–mid-April 
Lactation About 10 weeks; generally February–June 

aPersson et al. (2017, in prep). 
 
Wolverine mating is generally assumed to occur in May, June, and July (Pulliainen 1968, p. 341; 
Rausch and Pearson 1972, p. 249). AInman et al.’s 2012b (p. 636) review of both the literature 
and personal observations by Inman et al. (2012, p. 636) indicated that June represented the peak 
in a wolverine mating season, but began in at least May and extended into early August. Female 
wolverines have been reported as not breeding in their first summer (under 1 year of age) based 
on examination of reproductive tracts from wolverine carcasses obtained from trappers (Yukon) 
(Banci and Harestad 1988, p. 268) and ages of pregnant female wolverines were estimated at 1 to 
11-plus years of age (Banci and Harestad 1988, p. 266). In another study of wolverine carcasses 
(also in Yukon), some female wolverines were said to be mature at about 1 year (about 15 
months), but first litters were not produced until 2 years of age (Rausch and Pearson 1972, p. 
253). In Scandinavia, the mean age of first reproduction for female wolverines was 3.4 years, 
based on monitoring of telemetered animals (Persson et al. 2006, p. 76). Breeding ages were 
reported at 2 to 13 years of age for wolverines in Sweden (mean age of first birth was 3.4, range 
of 2 to 5 years), based on monitoring/observations of female wolverines (Rauset et al. 2015, p. 
3,157).  
 
A gGenetic-based wolverine studystudies in Scandinavia have found that “females often 
reproduced with the same male in subsequent breeding years” (Hedmark et al. 2007, p. 18). 
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However, this study also found (with some assumptions regarding sampling and paternity) that 8 
of 13 female wolverines bred with different males, and, based on telemetry results, 2 females 
bred with a new male even though their previous breeding partner was still alive (Hedmark et al. 
2007, p. 18). This shift in partners may have resulted from a change in the resident male 
wolverine in the area (Hedmark et al. 2007, p. 19). 
 
The reproductive rate of wolverines is relatively low. An early study of 31 wolverine dens in 
Finland, as reported by hunters, found an average of 2 young per den (range 1–4) (Pulliainen 
1968, pp. 338–341). Average litter size for northern Europe (161 litters) was 2.5 (range 1–4) 
(Pulliainen 1968, p. 343). In Alaska, average litter size was reported as 1.75 young, with a 
reproductive rate of 0.69 young per adult female per year (Magoun 1985, p. 28). A summary of 
average litter size for earlier studies of New World and Old World wolverines, based on method 
of determination, was presented in Magoun (1985, p. 29), indicating a range of 2.2 to 3.5. 
Anderson and Aune (2008, entire) evaluated pregnancy rates based on presence of corpora lutea 
(CL) and fetuses in trapper-harvested wolverines from western Montana. That study found 
median CL counts for pregnant adults ranging from 1.6 to 3.0, depending on the subpopulation 
(Anderson and Aune 2008, p. 22), with a mean litter size based on number of fetuses for 
pregnant adult females of 2.6 (Anderson and Aune 2008, p. 23). Studies of telemetered female 
wolverine in Scandinavia, from 1993 to 2002, reported a mean litter size of 1.88, with a range of 
1 to 4 young, with a mean annual birth rate of 0.74 young per female (Persson et al. 2006, pp. 
76–77). More recently, the average number of young per female per year reported for wolverines 
in Sweden was 0.84 (range 0–3); however, for those animals with recorded denning behavior, 
this value increased to 1.38 (range 0–3) (Rauset et al. 2015, p. 3,157).  
 
Results from studies of telemetered female wolverines indicate that studies of wolverine 
reproductive tracts are likely to overestimate wolverine productivity (Persson et al. 2006, p. 77). 
Their findings suggest that young are either lost during pregnancy and/or shortly after birth, and 
are not likely to occur before implantation due, in part, to presumed delayed implantation 
(Persson 2006, p. 77). Delayed implantation (or reabsorption) of fetuses has been observed in 
other mustelids, including mink (Hansson 1947, p. 62; and references cited therein, pp. 65–66). 
However, the factors that contribute to the observations that female wolverines do not give birth 
during some years are not well understood, and could be due to failure to breed, pseudo-
pregnancy (as demonstrated by Mead et al. 1993, entire), failure of a fetus to implant, absorption 
of implanted fetus, stillbirth, or mortality before emerging from den (e.g. infanticide, etc.) 
(Magoun 2013, pers. comm.).  
 
Carnivorous mammals generally have altricial young (poorly developed and dependent young 
(Derrickson 1992, p. 58), and prepare shelter in dens where the mother can feed their young and 
keep them warm (Irving 1972, p. 174). Young wolverines (kits or cubs) weigh about 0.1 kg (3.5 
ounces (oz)) at birth and are blind until about 4 weeks of age (Krott 1960, p. 23). Newborns are 
covered with whitish to yellow hair (Krott 1958, p. 87; Mehrer 1976, p. 570), 4.5 millimeters 
(mm) (0.18 in) in length (Shilo and Tamarovskaya 1981, p. 147), with unerupted teeth (Mehrer 
1976, p. 570; Pasitschniak-Arts and Larivière 1995, p. 5) and closed ear canals (Shilo and 
Tamarovskaya 1981, p. 147). They are generally not left alone atin the den during the first 3-4 
weeks (Krott 1958, pp. 88, 108). Myhr’s (2017, no page number) study of telemetered 
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wolverines in Scandinavia found that, on average, a female wolverine spends most of her time 
within 1,000 m (3,281 ft) of the reproductive den during the denning period.   
 
Mustelids, in general, have a short period of growth (Iversen 1972b, p. 317). As noted above, the 
metabolism of young wolverines is highest during the first 2½ months, and individuals are 
almost two-thirds grown by the fall (at about 6 months) (Krott 1960, p. 25). As decribed by Shilo 
and Tamarovskaya (1981, p. 146),  described 45-50 day old cubs (Norway) haveas having 
woolly coats, are muddy grey in color, with teeth beginning to erupt at this age. At about 150 
days, all permanent teeth have been established (Shilo and Tamaovskaya 1981, p. 147). After 2.5 
months, young wolverines replace their juvenile coat with the adult summer coat (Shilo and 
Tamarovskaya 1981, p. 147). With growth ending at about 8 months (Iversen 1972b, p. 320; 
Magoun 1985, p. 23), cubs are generally full grown by October or November.  
 
Use of Dens and Denning Behavior 
 
Dens and breeding burrows of animals are, in general, carefully constructed, well-camouflaged, 
and located in areas not easily accessible (Novikov 1962, p. 25). Wolverines use both natal dens 
(used for birthing) and maternal dens (used subsequent to natal den and before weaning) for 
rearing young (Magoun and Copeland 1998, p. 1,314). The average relocation distance to 
maternal den sites for active wolverine den sites studied in Norway was 268 m (879 ft) (95% 
confidence interval: 40–497 m (131–1,631 ft)) (May et al. 2012, p. 199). The young remain at 
the natal den site for 6 to 8 weeks (Krott 1960, p. 24), and are weaned at 9 to 10 weeks 
(Copeland 1996, p. iv (Central Idaho); Koskela et al. 2013a, p. 101 (Finland)) (cf. 7 to 8 weeks 
reported by Myhre and Myrberget, 1975, p. 754 (Norway)). After weaning, the young are 
dependent on the mother and begin to travel with her by late April (Koskela et al. 2013a, p. 101 
(Finland)). Observations of wolverines in central Idaho reported that females traveled up to 17.9 
km (11 mi) from maternal dens to forage (Copeland 1996, p. 97). 
 
The exact timing of when females abandon natal dens and begin using maternal dens is difficult 
to establish (Inman et al. 2012b, p. 638). In general, studies have found that den abandonment 
(natal) occurs before May (Magoun and Copeland 1998, p. 1,315; Table 1; Inman et al. 2012b, p. 
637; Figure 2). A study by Aubry et al. (2016, p. 24) reported that a female wolverine moved her 
single young (estimated to be at least 9 weeks old) from a natal den in late April in the North 
Cascades region of Washington. More recently, a comprehensive Aronsson’s (2017, p. 46) study 
of wolverines in Scandinavia found that females begin to shift den locations more frequently 
beginning in late April as young are more mobile and are more reliant on solid food brought to 
them by the mother (Aronsson 2017, p. 46). Magoun and Copeland (1998, p. 1,316) reported that 
Nnatal den abandonment in Alaska and Idaho reportedly “coincided with a period when 
maximum daily temperatures rose above freezing for a number of days for the first time since 
denning commenced.” (Magoun and Copeland 1998, p. 1,316). Factors other than temperature 
can influence shifts in the locations of these den, including intraspecific predation, parasites, or 
other disturbances (Inman et al. 2012b, p. 638). Copeland (1996, p. iv) noted that In central 
Idaho, Copeland (1996, p. iv) concluded that human disturbance at maternal den sites resulted in 
den abandonment, but not abandonment of young. 
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Rendezvous sites are locations in which the female leaves young while she hunts for food, and 
from which they will not leave without her (Magoun 1985, pp. 16, 77). These areas provide 
security to young (Copeland 1996, p. 94) and serve as locations at which females bring food to 
the young, or from which she will guide them to a food source (Inman et al. 2012b, p. 638). 
Rendezvous sites of wolverines studied in cCentral Idaho consisted of large boulder talus or 
riparian areas associated with mature overstory and dense timber deadfall (Copeland 1996, p. iv). 
Magoun (1985, p. 76) reported that rock caves and hilltops containing boulders without large 
snowdrifts were used as rendezvous sites in Alaska. Females may move their young to new 
rendezvous sites several times over a two month period (Magoun 1985, p. 73), and distances 
between consecutives sites have been reported as far away as 8.5 km (5.3 mi) (Magoun 1985, p. 
76). 
 
Studies of adult female wolverines in Scandinavia (northern Sweden) have provided additional 
details regarding the temporal patterns of reproductive behavior and den site use. Aronsson 
(2017, p. 45) (see also Persson et al. 2017, in prep) found that, in general, most births occurred in 
mid-February. Females spend very little time outside the natal den for the first 2 weeks 
(Aronsson 2017, p. 45). During the first period of den site use, or approximately 2 to 2.5 months 
from mid-February (when females generally give birth and are lactating), females will move 
short distances and do not need to bring food to young (Aronsson 2017, p. 46). This time period 
generally coincides with snow cover and favorable conditions for food caching, and dens offer 
protection from predators and the environment (Aronsson, 2017, p. 46). In addition, during the 
first 1.5 months of the denning period, females rarely changed den sites, but begin to move 
outside the den in early March (Aronsson 2017, p. 45). In the later denning period (after April 
15), females begin to move more frequently and at greater distances between den sites (Aronsson 
2017, p. 45). By late April, the young are more active and also begin to rely more on solid food 
that is brought back to them by their mother (Aronsson 2017, p. 46). This also corresponds to a 
time periods when prey are more available (reindeer migration and calving period in Sweden) 
and expected less longershorter distancet movements by the mother back to denning or 
rendezvous sites (Aronsson 2017, p. 46). These observations are consistent with Inman et al.’s 
(2012b, entire) proposed cold, low productivity niche for wolverines based on studies of 
wolverines in the Greater Yellowstone Ecosystem. That is, reproductive chronology in 
wolverines is considered to be adapted to take advantage of the availability of food resources, 
limited interspecific competition, and snow cover in the winter (Inman et al. 2012b, p. 635).  
 
In summary, as described by Inman et al. (2012b, entire) and Persson et al. (2017, in prep), 
reproductive behavior of wolverines reflect seasonal shifts in resource abundance within the 
wolverine’s range; that is, adaptation that matches the time of birth and development of young to 
changes in the availability of resources and foraging strategies (Persson et al. 2017, in prep). We 
present in Figure 4 a visual summary of wolverine feeding strategies relative to resource 
availability from time of birth to post-weaning. 
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Figure 4. Wolverine feeding strategies relative to resource availability. Adapted from Persson et al. 2017, in 
prep.  

 
Denning Habitat  
 
Given the wolverine’s observed association with snow, we provide in Box 1 a summary of the 
importance of snow for ecological systems. This summary provides a detailed perspective of 
how various physical properties of snow can influence ecological systems occupied by snow-
adapted wildlife, including insulating properties, differences in snow cover in mountainous vs. 
forested habitat, and changes in snow cover due to wind and slope/aspect. However, we also 
emphasize here that there have been limited comprehensive studies of wolverine behavior, or its 
physical and ecological requirements outside of the winter months in North America (cf. Banci 
1987 (Yukon); Hornocker and Hash 1981 (Montana); Gardner 1985 (Alaska); Magoun 1985 
(Alaska); Copeland 1996 (Idaho); Krebs et al. 2007 (Canada); Inman et al. 2013 (Greater 
Yellowstone Ecosystem)) due, in part, to the difficulty in tracking animals when snow cover is 
absent and their ability to move great distances across rugged terrain. In addition, den site 
locations for North America reported in the past haves been biased to tundra regions where dens 
are more readily observed and located (Banci 1994, p. 110). In Scandinavia, snow cover has also 
been found to be a poor technique for tracking female wolverines during the time when they give 
birth and initiate denning (Aronsson and Persson 2016, p. 266). 
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Box 1. Snow Cover in an Ecological Context 

Formozov (1961; 1963) prepared comprehensive reviews of the unique properties of snow in the 
context of its role in the ecology of animals and plants in Russia. In his 1963 review (translated 
from the 1946 original), he identified two important factors attributed to snow cover — 
nastization (the thickness of the crust on the surface of mature snow cover) and firnization 
(process of snow compaction) — relative to its ecological influence (Formozov 1963, p. 8). Snow 
cover provides not only a substrate that allows some animals to move across the landscape, it also 
provides a matrix within which other animals can create tunnels and build nests (Formozov 1963, 
p. 8). Additional fundamental concepts described in this study are provided below: 
 

• Snow has very low thermal conductivity which promotes cooling at the surface while at 
the same time protects the deeper layers from chilling; but this property varies by region, 
by depth, by season, and by year (e.g., the more continuous the snow cover during winter, 
the greater the warming effect); as snow changes to ice (through compaction and melting), 
the thermal conductivity decreases (Formozov 1963, pp. 7, 8, 108) 

• Snow therefore creates a thermo-insulating layer, which allows for a unique temperature 
regime on the surface and underneath; as an example, soil temperatures measured in 
January (near Saint Petersburg, Russia) averaged 15°C higher with snow cover than 
without snow cover, with up to a 32°C difference, depending on the day and depth 
measured (Formozov 1963, p. 109) 

• Snow cover in mountains: 
o Depth of snow cover and its duration increases with elevation; even minor 

elevation differences are noticeable (Formozov 1963, p. 123) 
o This spotty distribution is also affected by unequal distribution of snow 

precipitation on slopes with different exposures, transport of snow by wind, 
melting of snow on sun-exposed slopes, avalanche or rolling down of snow from 
steeper areas, and vegetation (Formozov 1963, p. 123)  

o Snow cover areas near Arctic limits and at treeline in mountain regions is more 
strongly influenced by wind (which compacts and re-works snow cover) 
(Formozov 1963, p. 29) 

• Snow cover in forests: 
o The maximum depth, density, duration and date of melting, thickness of snow 

surface crust are all much different in forested areas as compared to open 
treeless areas (Formozov 1963, p. 19) 

o Snow accumulates slowly under trees and is generally thicker the further away 
from the forest than within the forest; thus, the compaction and settling of snow 
under a forest canopy is less than tundra or open fields (with a less icy crust), so 
for some vertebrates, forested areas can provide a more preferable place to 
winter or migrate (Formozov 1963, pp. 24, 26) 

o Snow cover in forested areas also melts slower than open fields and clearings 
(Formozov 1963, p. 28) 

• Snow cover also plays an important role in the overwintering conditions for insect eggs, 
caterpillars, pupae, and adult insects in litter and soil, and some plants (Formozov 1963, p. 
121) 
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Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, including persistent spring snow cover, the key elements or combination of elements 
that define this relationship have not been empirically analyzed. As noted above, adult 
wolverines have a wide range of thermoneutrality. However, newborns, who are born with 
lighter, less dense fur are likely to have a more limited ability to control their internal 
temperature, though huddling (a thermotactic behavior) of small mammals in dens can conserve 
heat (Barnett and Mount 1967, p. 439). Den locations are also assumed to be located in areas that 
provide protection for a nursing female and her young. But it is unclear if the relationship to 
snow cover is based on selecting dens in remote, high elevation areas in order to avoid predators. 
Relatedly, basal metabolic production of heat is the source of heat that maintains bodily warmth, 
and is not easily modifiable unlike the flexibility of insulation (Irving 1972, p. 121). However, 
metabolic heat above an animal’s basal rate for preservation of warmth is restricted by its limited 
capacity for metabolic production of heat, but also by food availability and the time and 
opportunity for nourishment (Irving 1972, p. 121). In general, metabolic production of heat is 
costly to animals, but variable insulation represents a conservative strategy (Irving 1972, p. 121).  
 
Another key element related to den location is the protection that dens provide to a nursing 
female and her young. Because wolverines are known to den in a variety of structures, it is 
unclear if the apparent relationship to snow cover is based on selecting den locations in remote, 
high elevation areas to avoid predators. Bare rock and boulders at den sites can offer dry and 
secure cavities and enhance the ruggedness of the landscape (May et al. 2012, p. 198).  
“Ruggedness,” a measure derived from elevational changes and irregularity of land surface 
(density of contour lines) traversing a given area (Beasom et al. 1983, p. 1,163) has been found 
to be an important variable (i.e., secure habitat from predation risk) for female wolverines in 
winter (British Columbia, Canada) (Krebs et al. 2007, p. 2,188) and for den site selection at site-
specific, home range, and landscape scales (southcentral Norway) (May et al. 2012, pp. 200–
201).   
 
Wolverine denning habitat varies across its Holarctic range. For example, in southcentral 
Norway, wolverine dens were snow tunnels dug into deep snow at the tree line (elevation 1,100 
m (3,609 ft)), but most of the tunnel systems extended down to boulder fields, talus slopes, or 
rock crevices such that young could crawl around within these structures (May et al. 2012, p. 
201). Snow tunnels are also reported for wolverine natal dens in Alaska (Magoun 1985, pp. 84, 
185, 190). However, reproductive dens are not always excavated in deep snow. In Canada, 
female wolverines are said to give birth in dens where snow cover persists at least until April, 
and can den under snow-covered rocks, logs, or within snow tunnels (COSEWIC 2014, p. v). As 
an example, in northwestern Ontario, den site habitat for a female in lower Boreal Forest habitat 
(elevation 250 to 500 m (820 to 1,640 ft), 51°N) included large boulders and downed trees, 
similar to dens described for wolverines in montane ecosystems (Dawson et al. 2010, p. 139). In 
Finland, Pulliainen (1968, p. 340) reported a den site (January) at the base of a tree and not 
covered in snow, and also described other structural features such as rocks, fallen trees, and deep 
ravines as denning habitat (likely both natal and maternal dens) (Pullianinen 1968, pp. 338–341). 
In Russia, where wolverine habitat has been described as located far from human-inhabited areas 
within boreal forests and, to some extent, tundra, and taiga (Novikov 1962, pp. 199, 200), den 
locations were described as “clefts in rocks, among stones, and under roots of upturned trees” 
(Novikov 1962, p. 200). Dawson et al.’s (2010, p. 142) A study from northwestern Ontario noted 
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that, because lowland boreal forest habitat in this region does not support deep, wind-hardened 
snowdrifts, other structural elements within snow layers such as trees and boulders can be 
important components of wolverine denning habitat (Dawson et al. 2010, p. 142).  
 
Limited studies to date have evaluated the importance of denning habitat to reproductive success, 
or the key physiological and ecological characteristics, including avoidance and/or protection 
from predators, prey availability, availability of caching habitat, that define denning behavior 
and den site selection. Population density, trapping pressure, population genetics, and other 
measures of habitat quality may also influence wolverine fecundity (Anderson and Aune 2008, p. 
28). In addition, studies of wolverine denning activity have not reported the condition of the 
natal or maternal den location following abandonment; that is, wWhat is the persistence and/or 
depth of snow at the natal den at the end of the denning season and how does this affect survival 
of young?  
 
Copeland et al. (2010, p. 234) used aA bioclimatic model was used by Copeland et al. (2010, p. 
234) to test the following hypothesis: “…wolverine distribution at the broadest spatial scale is 
constrained within a climatic envelope defined by an obligate association with persistent spring 
snow cover and by an upper limit of thermoneutrality.”  However, this hypothesis was based on 
the premise “If persistence of wolverine populations is linked to the availability of suitable 
reproductive den sites ([citing] Banci 1994), snow cover that persists throughout the denning 
period may be a critical habitat component that limits the wolverine’s geographic 
distribution” (Copeland et al. 2010, p. 234). The authors tested this hypothesis by “comparing 
and correlating the locations of wolverine reproductive dens from throughout their circumboreal 
range, and telemetry locations from 10 recent wolverine studies in western North America and 
Scandinavia, with spatial models representing the distribution of spring snow cover and average 
maximum August temperatures” (Copeland et al. 2010, p. 234) (emphasis added). 
 
Bioclimatic models “use associations between aspects of climate and known occurrences of 
species across landscapes of interest to define sets of conditions under which species are likely to 
maintain viable populations” (Araújo and Peterson 2012, p. 1,527). They are correlational by 
nature and are often applied to study a variety of conservation issues, including forecasting 
potential climate change effects on species’ distributions (Araújo and Peterson 2012, p. 1,527). 
However, these types of correlational models have received some criticisms and require careful 
framing to avoid misapplication (Sieck et al. 2011, p. 6; review by Araújo and Peterson 2012, 
entire). They generally represent a first step for evaluating current and future species 
distributions, and, when coupled with climate change scenarios, results are presented at a coarse 
scale that may not accurately project shifts in species distribution at a smaller scale (Sieck et al. 
2011, p. 6). In particular, when used to estimate extinction risk, these types of models provide 
only an estimate of the empirical relationships between a species’ current distribution and 
climate variables and then use inferred relationships to identify potential areas where the species 
is distributed under future climate scenarios (Araújo and Peterson 2012, p. 1,553). Extinction 
risk is not represented in the model’s input data and therefore is not the targeted parameter of the 
model; thus, a bioclimatic model’s usefulness may be limited in these types of applications given 
that it only offers partial explanatory evidence for reasons for potential extinction related to the 
shifts in climate suitability within the time frame being modeled (Araújo and Peterson 2012, p. 
1,533 and citations therein). In addition, climate niche projections generally do not incorporate 
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factors such as competition, dispersal, and evolutionary capacity, which also influence range 
boundaries (Michalak et al. 2017, p. 370). Thus, these types of models are more applicable at 
broad scales in which the effects of fine-scaled topography and biological interactions play a 
more limited role (Michalak et al. 2017, p. 370); however, both of those factors are important for 
wolverine, particularly at the den-site scale.  
 
Finally, Post (2013, p. 50) suggested that the niche conservatism approach may not be 
appropriate in predicting changes to species’ distributions under future climate change scenarios. 
He concluded that, based on redistribution patterns of flora and fauna throughout the Pleistocene 
epoch, but particularly the Late Pleistocene period of rapid warming, species movement is not 
always predictable in directions or rates based simply on their association with the more 
predictably changing environmental/abiotic measures.  
 
As noted above, Copeland et al. (2010, entire), used a bioclimatic model to evaluate an assumed 
association not at the den site scale, but at a broad scale. The results presented in Copeland et al. 
(2010, entire) were based not on the condition of snow cover at a particular den site at the time of 
denning, but rather their evaluation of snow persistence (April 24 to May 15) was based on 
satellite images summed over a 7-year period (2000 to 2006) for the den locations. The spatial 
resolution of the snow measurement used to detect daily snow cover was 500 m (1,640 ft), using 
Moderate-Resolution Imaging Spectroradiometer (MODIS). If persistent snow cover was 
observed in any one year, it was included in the bioclimatic model regardless of whether denning 
occurred during that particular year.  
 
In addition, although the study found that 69 percent of dens for North American wolverines 
were located within satellite images (pixels) in areas that had snow cover for 6–7 years, just over 
one-third (31 percent) of the identified den locations were located in areas that were identified as 
having spring snow cover 5 years or less out of 7 years. Also, the den location attributes (e.g., 
den structure, how long it was used) were not recorded relative to the observed persistent snow 
cover and some of the 560 dens (e.g., Norway) were identified by snow tracking rather than 
direct observation. In essence, the results presented by Copeland et al. (2010, entire) provided a 
fairly accurate, though preliminary, assessment of where wolverine populations are expected to 
be observed, but did not evaluate (model) snow persistence at the den site scale based on location 
and denning period (emphasis added).  
 
We also note here that results from group scoring exercises using modified (no consensus) 
Delphi techniques (i.e., group discussions followed by group scoring exercises with points 
allocated for beliefs on wolverine habitat needs and behavior, as well as uncertainty in allocation 
of points) of a panel of scientists convened by the Service in April 2014 (Wolverine Science 
Panel Workshop), indicated that most panelists allocated points to an obligate relationship of 
wolverines with deep snow at the den-site scale, but there was a wide range of scores from the 
panel as to whether contiguous snow was limiting at the home-range or species-range scales 
(Wolverine Science Panel Workshop Report 2014, pp. 9–11).  
 
Since the 2013 (78 FR 7864; February 4, 2013) and 2014 (79 FR 47522; August 13, 2014) 
proposed rules for the wolverine, several publications have presented additional study results 
related to wolverine distribution and snow cover. In Alberta, Canada, Webb et al. (2016, entire) 
found that, based on wolverine harvest data, wolverine occurrence relative to spring snow cover 



North American Wolverine Species Status Assessment Report  DATE 

32 
 

(percent of area covered, with greater than 75 percent snow coverage, on April 1 and 15) varied 
based on the different regions of Alberta. Although the study found an overall positive trend of 
more frequent wolverine harvests in those areas expected to have spring snow cover, the study 
did not find consistent large differences between these areas, and did not typically detect 
significant relationships with frequent spring snow cover (4–7 years) in all regions (Webb et al. 
2016, p. 6). The Rocky Mountains region was the only region in which wolverines were reported 
in areas with more frequent spring snow cover (4–7 years) (Webb et al. 2016, p. 5). This region, 
which is located along the western border of Alberta, contains montane, subalpine and alpine 
habitat, with elevations from 1,000 m (3,281 ft) to 3,700 m (12,139 ft) (Webb et al. 2016, p. 9). 
Conversely, the study found that in the Boreal Forest region of Alberta (i.e., wetland habitat 
interspersed with coniferous, mixed wood, and deciduous forests, with elevations between 1,500 
m (4,921 ft) to 1,100 m (3,609 ft)), a female wolverine denned under large boulders and downed 
trees (Webb et al. 2016, p. 8). The authors noted that wolverine den locations within low 
elevation, forest habitats have not been well-described (Webb et al. 2016, p. 8). As noted above 
(Novikov 1962, p. 200), in boreal forested habitat, wolverines den in rock areas and in tree root 
structures. A similar finding was reported in Sweden, where a majority of dens (n=49) were in 
boulder areas located within mature, mixed coniferous forests (i.e., not alpine or tundra habitat) 
(Makkonen 2015, p. 14); all den sites provided cover for young without snow (Makkonen 2015, 
p. 17). A recently published study reported wolverine natal dens in logged areas (cutblocks) in 
northern Alberta, Canada; specifically, within a slash pile and log deck (Scrafford et al. 2017, p. 
35). 
 
Aronsson and Persson’s (2016, p. 266) A study of wolverine populations and distribution in 
Sweden observed that wolverine populations were found outside areas with persistent spring 
snow cover (mean snow depth and proportion of years with snow cover on March 15; 1961–
1990) and expanding into boreal forest habitat located to the east and south of alpine areas 
(Aronsson and Persson 2016, p. 266). This southern and eastern expansion (from 1996 to 2014) 
indicates recolonization of their historical distribution in Sweden, and is thought to be the result 
of an increase in population, with more dispersers colonizing forest habitat, and an increase in 
year-round scavenging opportunities due to an increase in Scandinavian wolf packs (Aronsson 
and Persson 2016, p. 266; Aronsson 2017, pp. 43–44). As of the spring of 2017, over 80 
reproductive dens have been observed outside the boundary of the snow model presented in 
Copeland et al. (2010) (Persson 2017, pers. comm.). Similarly, in Finland, Koskela (2013, p. 38) 
found that 10 observed wolverine dens observed in Finland were determined to be “snow dens,” 
but 8 of the 10 dens were located in areas outside the Copeland et al. (2010) modeled, satellite-
based spring snow cover area.  
 
Snow depth can be affected at a local level by terrain, ruggedness, slope and aspect; slope and 
aspect together will affect the exposure to snow accumulation (May et al. 2012, p. 198). In an 
effort to document and compare snow persistence at the wolverine den-site scale, Magoun et al. 
(2017, entire) evaluated the use of low-altitude aerial photography during late May 2016 in areas 
within the Rocky Mountains (Idaho and Montana) and northwestern Alaska. In Idaho and 
Montana, flight lines were established along transects through the long axis of previously 
documented home ranges of denning female wolverines and, in Alaska, known den sites (from 
2016) were visited by helicopter and remaining snow was photographed (Magoun et al. 2017, p. 
383). Transect segments in the Rocky Mountain study areas documented snow on May 31 in all 
but one segment, with 82 percent classified in low to heavy snow retention categories, and 58 
percent considered as moderate to heavy (Magoun et al. 2017, p. 383). In the Alaska study area, 
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photographs documented widely scattered patches of snow on May 29, with remnant snowdrifts 
observed at all four wolverine den sites (Magoun et al. 2017, p. 383). The documentation of the 
existence of scattered patches of snow in the Rocky Mountains persisting into late May in areas 
previously detected to be bare of snow on May 29 (MODIS persistent spring snow cover, 
McKelvey et al. 2011, p. 2,889, Figure 4D; Magoun et al. 2017, p. 384, Figures 2b and 2d) 
suggests that persistent spring cover may not always be detectable at the den-site scale using 
remote sensing methods (Magoun et al. 2017, p. 384), and is affected by terrain, ruggedness, 
slope, and aspect.  
 
To evaluate snow cover at previously recorded den site locations in the western United States, 
we reviewed natal, maternal, and known den sites relative to derived ‘melt-out’ dates using 
MODIS/Terra Snow Cover, 8-day series (Hall and Riggs 2016). Melt-out dates represent the first 
day of the 8-day composite series when the cell in which the den was located switches from 
“snow” to “no snow.” The spatial resolution for these data is 500 m by 500 m (1,640 ft by 1,640 
ft). Because MODIS data was only available from the years 2000 to present, we were only able 
to evaluate 21 of the 34 den sites documented in our records. As shown in Table 23, the earliest 
melt-out date was May 14 (2006) and the latest was July 12 (2002). For natal den sites only, the 
range for melt-out dates was May 25 to July 12. All of these sites indicate a melt-out date that is 
past the May 15 date used for the persistent spring snow cover model presented in Copeland et 
al. (2010).  
 
Table 23. Wolverine Den Site Melt-Out Dates, 2002–2008. 

Den # Den Type Melt-out Date Elevation, meters (feet) Structure State 
1 Unknown 7/12/2002 1,814 m (5,951 ft) None Listed WA 
2 Natal 5/25/2003 1,928 m (6,326 ft) Log Complex MT 
3 Maternal 5/25/2003 1,995 m (6,545 ft) Log Complex MT 
4 Natal 6/4/2004 1,807 m (5,923 ft) Log Complex MT 
5 Natal 6/9/2004 2,399 m (7,871 ft) None Listed WY 
6 Natal 6/17/2004 2,487 m (8,160 ft) None Listed MT 
7 Maternal 6/29/2004 1,823 m (5,981 ft) Downed Log MT 
8 Maternal 6/29/2004 1,893 m (6,211 ft) Log/Boulder MT 
9 Maternal 6/11/2005 1,912 m (6,273 ft) Spider Tree MT 

10 Maternal 6/11/2005 1,973 m (6,473 ft) Spider Tree MT 
11 Natal 6/11/2005 1,977 m (6,486 ft) Spider Tree MT 
12 Natal 7/12/2005 2,693 m (8,835 ft) None Listed MT 
13 Unknown 5/14/2006 1,514 m (4,967 ft) Log Complex MT 
14 Unknown 5/25/2006 2,093 m (6,867 ft) None Listed MT 
15 Maternal 5/31/2006 1,851 m (6,073 ft) Log Complex MT 
16 Natal 5/31/2006 1,843 m (6,047 ft) Log Complex MT 
17 Unknown 6/7/2006 2,252 m (7,389 ft) None Listed MT 
18 Natal 6/18/2006 2,695 m (8,842 ft) None Listed MT 
19 Natal 5/25/2007 2,820 m (9,252 ft) None Listed MT 
20 Natal 6/4/2007 1,922 m (6,306 ft) Log/Boulder MT 
21 Unknown 7/3/2008 2,505 m (8,219 ft) None Listed ID 
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Additional studies are needed to further document wolverine den structure, snow conditions at 
dens, and how long dens are used, particularly for those locations outside of areas expected to 
have spring snow cover, to better understand the relationship of wolverines and snow cover 
(Webb et al. 2016, p. 8; Magoun et al. 2017, pp. 6–7). 
 
Other physical or biotic variables are also likely to be important for wolverine den site locations. 
Elevation affects snow depth and persistence at the landscape scale (May et al. 2012, p. 198). 
Inman et al. (2012a, p. 782) found that wolverines (12 females and 6 males) monitored in the 
Greater Yellowstone Ecosystem selected, on an annual basis, areas above 2,600 m (8,530 ft) 
latitude-adjusted elevation. In central Idaho, natal dens were also found in secluded, high 
elevation (above 2,500 m (8,202 ft)) cirque basins (Copeland 1996, p. 94).  
 
We evaluated 34 den sites in the lower United States using a linear regression model to evaluate 
whether the elevation of wolverine den sites is related to latitude. We note here that not all of 
these dens were characterized as to whether they were natal or maternal dens and a few records 
were not verified through tracking of females or direct observations. Given these caveats, our 
examination of these records indicated that, in general, wolverine dens at lower latitudes (36 to 
38°N) occur at higher elevations (range: 2,688 to 3,562 m) (8,819 to 11,686 ft) while the 
converse is seen for those dens at higher latitudes, or approximately 44 to 49°N (range: 1,514 to 
2,820 m) (4,967 to 9,252 ft). Given our assumptions (small sample size, test of normality (i.e., 
Shapiro test for elevation is just met)) we used linear regression (R Software; R Development 
Core Team, 2014) to test this association. We found a significant association with elevation and 
latitude [adjusted R2 = 0.76, F = 108.1, df=32; p-value = 8.24 x10-12], such that dens found at 
lower elevation were associated with higher latitudes. However, the results of this simple model 
indicate that 76 percent of the elevation for this sample is explained by latitude; thus, other 
potential explanatory variables or interactions between variables should be considered using 
multiple regression techniques. 
 
The steep slopes found at higher elevations also provide conditions conducive to avalanches, 
which result in debris and talus/boulder piles that provide structure for dens (Inman 2013, pers. 
comm.). Steep slopes and the availability of rocks were found to be important to wolverine den 
site selection for wolverines studied in Norway (May et al. 2012, p. 200). These areas also offer 
either exclusive or higher frequencies of maternal food sources during the high energy demands 
for reproducing females, such as marmot emerging from hibernation and neonatal ungulates 
(Inman 2013, pers. comm.) (see Diet and Feeding discussion below). 
 
In summary, wolverines select den sites for different characteristics depending on location. Dens 
located under snow cover may be related to wolverine distribution based on other life history 
traits, including morphological, demographic, and behavioral adaptations that allow them to 
successfully compete for food resources (Inman 2013, pers. comm.). Structure (e.g., uprooted 
trees, boulders and talus fields) appears to be essential for natal den sites. Sensitivity to human 
disturbance and predator avoidance are also likely important factors in selecting both natal and 
maternal den sites. However, reproductive success of wolverines has not been evaluated relative 
to the depth and persistence of snow cover, or in combination with these or other important 
characteristics, including prey availability and predator avoidance.  
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Demography 
 
The lifespan of the wolverine is variable. Jackson (1961, p. 361) reported an upper range of 8–10 
years in the wild and potentially up to 18 years in captivity. Based on trapper-submitted 
carcasses from the Yukon, Jung and Kukka (2013, pp. 8, 12) reported an upper age of 11.9 years 
for a male wolverine and 12.9 years for (pregnant) female. Inman et al. (2012a, p. 781) classified 
wolverines less than 1 year old as juveniles (or cub), those 1 to 2 years old as subadults, and 
those at least 3 years old as adults. Wolverine gGeneration time for wolverines has been 
estimated at 7.5 years (COSEWIC 2014, p. 23). 
 
Survival of adult female wolverines is considered to be an important demographic parameter in 
the wolverine’s life history (Sæther et al. 2005, entire). As noted by Aronsson (2017, p. 13), 
because most polygamous species display a dispersal pattern that is sex-based, their population 
distribution is generally limited by the dispersal behavior of the sex that is more philopatric (the 
tendency of a species to remain within or return to its birth area). Thus, the distribution of 
wolverine populations and colonization is generally limited by dispersal of female wolverines 
(Aronsson et al. 2017, p. 2).  
 
Stochastic factors (both demographic and environmental) also strongly influence the population 
dynamics of the wolverine (Sæther et al. 2005, p. 1,011–1,012). Given the rapid maturity of 
young wolverines, survival of female wolverines with young is likely dependent on the 
availability and distribution of food sources during the “snow-free season” (late spring and 
summer) (Banci 1994, p. 114). For example, a study of wolverines in Norway found that survival 
of young was primarily influenced by the abundance of small rodents (Landa et al. 1997, p. 
1,293).  
 
Evaluating how variations in demographic rates are influenced by the interactions between costs 
of reproduction, individual quality (e.g., breeding status), and environmental factors can provide 
a better understanding of the dynamics and viability of animal populations (Robert et al. 2012; p. 
entire; Rauset et al. 2015, entire). The interactions between individual age, environmental 
resources, and reproductive costs of wolverines in Sweden were recently examined by Rauset et 
al. (2015, entire). The results of this study provide important details regarding the influences on 
wolverine reproduction productivity. The study found that age-related variation in reproductive 
output for female wolverines is driven by the interactions between age, reproductive costs, and 
availability of resources (Rauset et al. 2015, p. 3,160). As an example, female wolverines were 
found to be more likely to give birth and nurse young in home ranges with greater food resource 
abundance at the time of fetal development (Rauset et al. 2015, p. 3,158). The study also 
concluded that a favorable reproductive strategy for female wolverines is a conservative one, 
wherein older female wolverines do not “trade” current reproduction against their own survival 
(Rauset et al. 2015, p. 3,161). 
 
Intraspecific predation of wolverines is another important influence on wolverine population 
dynamics (Persson et al. 2003, p. 26). The altricial life history stage (early May to end of July) is 
likely a period of high juvenile mortality in solitary carnivores, such as the wolverine, since 
females are balancing the energetic demands of lactation (Sadleir 1984, pp. 179–180) and 
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providing protection to young (Persson et al. 2003, p. 22). Young (juveniles) wolverines are 
vulnerable to predation during the time period when left unattended in the natal den (generally 
March-April) and when they first exit the natal den and are left at rendezvous sites, or around 
May-June (Magoun 1985, pp. 49, 73, 77). An additional vulnerability occurs when juvenile 
wolverines are required to become nutritionally independent and begin exploratory movements 
away from their mother’s protection, generally August-September (Vangen et al. 2001, p. 1,644).  
 
Mortality 
 
There are a few natural predators of wolverines, but interactions with wolves can lead to severe 
injury and death (Burkholder 1962, p. 264; Banci 1987, pp. 81, 91; White et al. 2002, p. 132). 
Mountain lions are suspected of killing wolverines (Copeland 1996, p. 46; Krebs et al. 2004, p. 
497; Aubry et al. 2016, pp. 27, 32). Starvation has also been identified as a cause of mortality in 
wolverines (Hornocker and Hash 1981, p. 1,296; Banci 1987, pp. 91, 110; Krebs et al. 2004, p. 
497). Intraspecific predation also contributes to wolverine deaths. Persson et al. (2003, p. 25) 
found that juvenile survival rate tended to be lower during the altricial period (May–July), and 
intraspecific predation was the most common cause of mortality, occurring either as infanticide 
or after independence. Avalanches have also been documented as a cause of wolverine deaths 
(Inman et al. 2007, p. 89). 
 
In North America, anthropogenic causes of mortality for wolverine populations include hunting, 
trapping, and road kill. Discussion of the effects of hunting, trapping, and human development is 
provided below (see Biological Status–Current Condition section). There is currently no 
allowable trapping or harvesting of wolverines in the contiguous United States, though incidental 
trapping mortalities have been reported as we reported in our proposed rule (78 FR 7881; 
February 4, 2013). This is discussed in more detail in the Biological Status–Current Condition 
section below. Two mortality events from shootings of wolverines were documented in Idaho 
(2001, 2007) (Idaho Department of Fish and Game (IDFG) 2014, p. 26). In Alaska, wolverine 
trapping and hunting is controlled by seasons and bag limits, with about 550 animals harvested 
each year (Alaska Department of Fish and Game (ADF&G) 2017a). Trapping and harvesting of 
wolverines occurs over much of the range in Canada, as summarized in the 2014 COSEWIC 
wolverine status review (COSEWIC 2014, pp. 10, 29–35). Harvest levels in western provinces 
have remained relatively stable since 1992 (COSEWIC 2014, p. 38; Table 1). Trapping is closed 
in Ontario (except through treaty rights), though incidental trapping results in 1 to 4 mortalities 
per year (Bowman et al. 2010, p. 465). 
 
In their review of 12 radio-telemetry studies (1972 to 2001) of wolverines in North America, 
Krebs et al. (2004, p. 497) reported 3 mortalities of wolverines from road-rail kills. More 
recently, road mortalities have been recorded in Idaho (1 confirmed in 2014) (IDFG 2017a) and 
2 in Montana (2004) (Kociolek et al. 2016, p. 68); one in Utah (2016) (Hersey 2017, pers. 
comm.); and two other wolverine road-rail fatalities were reported in 2015 (Inman 2017a, pers. 
comm.). In Canada, anthropogenic causes of mortality for wolverine populations also include 
road kill (COSEWSIC 2014, p. v). Dawson et al. (2010, p. 142) reported a road mortality for a 
male in a lowland boreal forest region of Ontario, Canada. More recently, Scrafford et al. (2017, 
p. 34) described a report in which 9 wolverines were struck and killed by vehicles in the Hay-
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Zama region of northwestern Alberta, Canada (2013–2015), and 1 road mortality within the town 
of Rainbow Lake in Alberta. 
 
Additional discussion of the effects of hunting, trapping, and human development is included 
below (see Biological Status–Current Condition section below).   
 
Diet and Feeding 
 
Wolverines have been described as opportunistic foragers (Inman et al. 2012b, p. 639) and as a 
“seasonal scavenger on the fringe of the food web” (Larsen 1980, p. 399). They are both 
scavengers and predators, with a diet that varies between seasons and years, and switching 
between food sources depending on availability (Magoun 1987, p. 396; Cardinal 2004, pp. 19–
22; Mattisson et al. 2016, p. 9). Landa et al. (1997, p. 1,292) used tThe term “polyphagous” was 
used by Landa et al. (1997, p. 1,292) to describe the switching of food sources depending on 
prey availability by wolverines. Regional variations in diet have also been observed for 
wolverine populations (Nunavut, Canada) (Awan and Szor 2012, p. 9). The availability of 
ungulate carrion is believed to be more important than a particular habitat type for wolverines 
(Cardinal 2004, p. 20). 
 
Early studies from northwestern Montana using scat analysis found that carrion (deer or elk) was 
an important component of wolverine diet (Hornocker and Hash 1981, p. 1,297). However, 
during winter, hoary marmots (Marmota caligata) were also important food items consumed 
and, in the spring, Columbian ground squirrels (Urocitellus columbianus) were heavily preyed 
upon (Hornocker and Hash 1981, p. 1,298). As reported by Cardinal (2004, pp. 20–21), 
described a large and varying diet for wolverines in Canada have a large and varying diet based 
on reports from aboriginal traditional knowledge holders; in addition to large animals as prey or 
carrion, wolverine diet includes rabbits and ptarmigans (Lagopus sp.), porcupine (Erethizon 
dorsatum), mice, beaver (Castor canadensis), fish, ducks, seals, gulls and gull eggs, and 
lemmings, as well as antlers, bones, and skulls. Native mountain goats (Oreamnos americanus) 
and bighorn sheep (Ovis canadensis), that who occupy high elevation winter ranges in portions 
of North America, have also been suggested as important components of wolverine winter diet, 
particularly during the reproductive denning period (Buell Environmenal 2016, pers. comm.). 
Snowshoe hares may also be an important food item for wolverines in parts of Canada (Jung and 
Kukka 2013, p. 20). 
 
In northwestern Alaska, analyses of wolverine winter diet using carcasses collected from hunters 
(1996–2002) within the migratory range of the Western Arctic Caribou Herd found that caribou 
represented the most common food item, likely through scavenging behavior, followed by moose 
(Alces alces), and to a lesser degree, microtine rodents, Arctic ground squirrels (Spermophilus 
parryii), porcupines, wolverines, red fox (Vulpes vulpes), sheep and ptarmigan (Dalerum et al. 
2009, p. 249). One study year found stomach contents contained a large portion of muskoxen 
(Ovibos moschatus) and Dall’s sheep (Ovis dalli) (Dalerum et al. 2009, p. 249). Gustine et al. 
(2006, pp. 13–14) found that Wwolverines were found to be the main predator of caribou calves 
(less than 14 days of age) in northern British Columbia, Canada (Gustine et al. (2006, pp. 13–
14). Magoun (1987, entire) evaluated wWolverine diets in winter (scat analysis) and summer 
(primarily direct observation) were evaluated by Magoun (1987, entire) in northwestern Alaska. 
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Results from that study indicate a large number of Arctic ground squirrels were eaten in summer, 
while the winter diet consisted primarily of caribou and Arctic ground squirrels (Magoun 1987, 
p. 393). Scavenging was found to be an important feeding strategy in winter, including remnants 
of buried caribou carcasses or bone/hide in the tundra (Magoun 1987, p. 396). 
 
Yates and Copeland (in prep) documented fFood habits of wolverines from 2002 to 2007 in 
Glacier National Park were evaluated by Yates and Copeland (in prep) by reviewing prey 
remains and scat samples, or direct observations of feeding behavior. Their scat analysis found 
that 72 percent of samples contained more than one prey species, and 89 percent contained plant 
material, primarily conifer needles (Yates and Copeland, in prep). The latter may be related to 
scent-marking behavior of territories, either by defecation after chewing on twigs/shrubs or 
terpenes released during urination, or the result of stomach contents found within their consumed 
herbivorous prey (Yates and Copeland, in prep). Overall, deer and elk represented the most 
frequent prey item (37 percent), but hibernating rodents were also common in scats (36 percent).  
Other prey items included mice, voles, lemmings, bovids (e.g., bighorn sheep, mountain goat), 
birds, and hares (Yates and Copeland, in prep). Temporal differences in the occurrence of prey 
were also observed. 
 
Snow tracking in Montana found that wolverines hunted in brush piles, log jams, and heavy 
cover, and routinely entered "tree wells," areas immediately under dense, low growing conifers 
where snow does not accumulate, that provide easy access to small, ground-dwelling mammals 
(Hornocker and Hash 1981, p. 1298). Wolverines have been described as moving and lifting 
large stones in order to access human-cached meat (Freuchen 1935, p. 98). 
 
Several foraging strategies have been described for wolverines. Predation behavior on reindeer 
(Sweden) was detailed by Haglund (1966, p. 275). A study of elk in Siberia, Russia, noted that, 
in most instances, wolverines will attack young, pregnant females, young of the year, and 
wounded or sick animals (Knorre 1959, p. 27). Elk were chased, sometimes by two wolverines 
during periods of heavy snow (Knorre 1959, pp. 10, 27) and wolverines have been observed 
feeding in groups on large animal carcasses (Cardinal 2004, p.21). However, wolverines have 
been described as neither an effective predator of large game animals, nor a serious competitor 
with other predators (Cardinal 2004, p. 21).  
 
Based on studies in Alaska, Dalerum et al. (2009, p. 251) suggested that wolverines occupying 
this region are large ungulate specialists, but use a generalist feeding strategy by switching 
between ungulate food sources (e.g., caribou and moose) depending on their availability. Thus, 
during periods of low caribou abundance, wolverines can switch from caribou (migratory) to 
moose (non-migratory) while still maintaining their ecological role as a scavenger on ungulate 
carcasses (Dalerum et al. 2009, p. 251).  
 
A study of wolverine diet using scat samples in Finland found that breeding female wolverines 
opportunistically used carrion and hunted less on small prey as compared to males and non-
breeding females (Koskela 2013, p. 35). In addition, in areas with low densities of mid-size 
ungulates, smaller prey and carcasses may be important in the wolverine diet (Koskela 2013, p. 
35). These results supported an optimal foraging theory; that is, wolverines will opportunistically 
use foods that are the most energy-efficiently available (Koskela 2013, p. 41). In other words, 
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hunting ungulates or smaller prey (rabbits, birds) may incur greater energetic costs than 
scavenging for food, but searching for wolf- or human-killed carcasses will take more time 
(Koskela 2013, p. 41).  
 
Finally, Mattisson et al. (2016, entire) evaluated diet and feeding strategies of wolverines were 
evaluated by Mattisson et al. (2016, entire) in Scandinavia. They found that wolverine feeding 
strategies were flexible and temporarily shifted from scavenging to predation and heavily 
influenced by seasonal dependent responses to availability of prey and the supply of carrion 
(Mattisson et al. 2016, p. 9). Predictable anthropogenic food sources (i.e., remains from hunted 
ungulates) also influenced wolverine feeding strategies in their study area by increasing 
scavenging behavior relative to predation (Mattisson et al. 2016, p. 10). 
 
Aboriginal traditional knowledge holders in Canada have reported wolverines as being largely 
dependent on wolves or another large predator to obtain large mammal carrion such as caribou, 
but also scavenge off polar bear (Ursus maritimus) and grizzly bear (summer) kills (Cardinal 
2004, p. 20). Wolverines were observed following the tracks of Eurasian lynx (Lynx lynx) and 
then scavenging on prey left behind from lynx kills (Haglund 1966, pp. 272–273). Myhre and 
Myrberget (1975, p. 756) noted that the hunting abilities of wolverine and Eurasian lynx are not 
the same and that the two animals use the meat of their prey differently, which, together, may 
allow the two carnivores to coexist in the same environment.  
  
In Sweden, Mattisson et al.’s (2011b, p. 1,326) study of Global Positioning System (GPS)-
collared wolverines found that they spent three times longer scavenging ungulate carrion as 
compared to feeding on wolverine-killed prey, and more than half of the reindeer carcasses 
scavenged by wolverines were killed by Eurasian lynx. That study concluded that lynx can 
increase the availability of food for wolverines and other scavengers and that lynx behavior 
around kill sites minimizes potential encounter conflicts (Mattisson et al. 2011b, p. 1,328). In 
their study area, Eurasian lynx do not appear to pose a significant threat to wolverines, neither by 
exclusion in space or time (Mattisson et al. 2011a, p. 79) nor from mortality (Persson et al. 2009, 
p. 327). We are not aware of similar evaluations for North American populations of wolverines 
and Canada lynx. . Fisher et al. (2013, p. 712) remarked that Tthis lack of study on interspecific 
processes in the more predator-diverse North American landscape is an important gap in our 
understanding of wolverine distribution (Fisher et al. 2013, p. 712). 
 
Large carnivores can act as “sympatric ungulate predators” (Dalerum et al. 2009, p. 251), 
generating carrion at kill sites, particularly during winter months, but also as competitors and 
potential sources of mortality (White et al. 2002, p. 132; Krebs et al. 2004, p. 497; Koskela et al. 
2013b, p. 221). Scrafford et al. (2017, p. 32) concluded that wolverines Wolverines apparently 
balanced their exposure to the risk of predation with foraging opportunities (Scrafford et al. 
(2017, p. 32). Thus, even though wolverines may not be dependent on lynx or other sympatric 
predators for their survival or reproduction, an increase in the availability of carrion likely has a 
positive influence on the reproductive rate (e.g., number of offspring) in wolverine populations 
(Mattisson et al. 2011b, p. 1,328). 
 
Caching of food is an important behavior of wolverines and is a key component of wolverine 
population dynamics (Hornocker and Hash 1981, p. 1,297; Inman et al. 2012b, p. 640). Food is 
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cached in both summer and winter, by both sexes, and allows for food to be available past the 
peak periods of mortality and predation (Inman et al. 2012b, p. 639). Wolverines will typically 
move between carcasses and cache sites and are able to remove large parts of a carcass in a short 
time (Mattisson et al. 2011b, p. 1,327). Haglund (1966, p. 274) (Sweden) reported cCaching 
behavior in Sweden was reported most commonly in snow, as well as crevices in rock piles, and 
found that wolverines carried food to cache sites over long distances (8 and 10 km (5 and 6 mi)) 
(Haglund 1966, p. 274). As an example, Bjӓrvall (1982, p. 319) reported a female wolverine 
carried a reindeer head (with antlers) about 22 km (13.67 mi) back to a den site in Sweden. In 
northwestern Alaska, wolverines fed on cached ground squirrels during winter (Magoun 1987, p. 
395).  
 
A study of wolverine caching behavior in boreal forest habitat in Canada reported that cache 
sites varied from simple caches, a single feeding site or excavation, to cache complexes, which 
included feeding stations, latrines, resting sites, and climbing trees dispersed over varying spatial 
landscapes (Wright and Ernst 2004b, pp. 61–62). All cache sites included bones and hides of 
moose, which were likely scavenged from wolf kills (Wright and Ernst 2004b, p. 62). Cache 
sites were often excavated in snow, but also in the ground under boughs of large spruce (Picea 
spp.) trees (Wright and Ernst, 2004b, p. 62). Wolverines also appeared to select cache sites and 
resting areas that offered good visibility of approaching competitors or predators (Wright and 
Ernst 2004b, pp. 63–64). 
 
Wolverine energetic demands and food requirements are related to their foraging strategies. 
Caching provides important energy for female wolverines during the lactation period and helps 
ensure survival of newborns (Inman et al. 2012b, p. 640). Young et al. (2012, p. 2,252) reported 
that wWolverines were found to have high energetic needs compared to other mammalian 
carnivores (Young et al. (2012, p. 2,252) , which is similar to results previously presented by 
Iversen (1972a, p. 343), who concluded the basal metabolism of mustelids weighing over 1 kg 
(2.2 lbs) is approximately 20 percent higher than for other mammals. A study by Andrén et al. 
(2011, p. 36) estimated a 1.2 kg/day (2.65 lbs/day) (range: 1.0–1.4 kg/day (2.2–3 lbs/day)) food 
requirement for wolverines, while Young et al. (2012, p. 223) estimated a male wolverine would 
require an average of 0.85 kg (1.87 lb) of prey/day in winter and 0.95 kg/day (2.1 lbs/day) in 
“snow-free” periods.” Based on energy equivalent value of various prey sources, Young et al. 
(2012, pp. 223, 225) estimated that a winter diet for a male wolverine would include the 
equivalent of 1.8 ungulates, 70.7 sciurids (squirrels), 20.6 lagomorphs (rabbits), and 832.7 small 
mammals, while in snow free season this would include the equivalent of 0.9 ungulates, 122.9 
sciurids, and 3362.1 small mammals. 
 
The study by Young et al. (2012, p. 225) concluded that wolverines consume 0.1 kg (0.22 lb) of 
prey per day more outside winter season, but that prey expected to be consumed in winter had a 
higher caloric content than other season; thus, the mass requirement is lower. As an example, 
they cite the higher proportion of ungulates consumed in winter, which provide about 1.3 times 
more energy (kilojoules per kilogram) than squirrels (Young et al. 2012, p. 225). Other 
reserachers have Inman et al. (2012b, pp. 640–642) also noted that food during the summer is 
just as important as the availability of cached ungulate food in the winter (e.g., during the energy 
demanding lactation period) (Inman et al. 2012b, pp. 640–642). Inman et al. (2012b, p. 640) 
identified tThe post-weaning growth period (May–August) for wolverineswas identified as a 
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high energetic demand for food by a wolverine family group (Inman et al. 2012b, p. 640). Taken 
together with the lactation period, the calories available to wolverines therefore likely reaches a 
maximum from March to April (Inman et al. 2012b, p. 640).  
 
Population Structure 
 
As discussed above, wolverines recolonized much of North America after periods of glaciation 
and then experienced heavy human persecution in much of their range. As shown in our current 
range map (Figure 3) and described below in our Population Abundance and Distribution section 
wolverines occur across a broad expanse of North America, where the contiguous United States 
represents the southern extent of the species’ range. A number of biological factors can affect 
wolverine populations, including the species’ low intrinsic rate of population increase, naturally 
low densities, and need for large, intra-sexual home ranges (Banci and Proulx 1999, p. 180). 
Their extensive dispersal abilities make possible the recolonization of individuals into vacant 
habitats (Vangen et al. 2001, p; 1,647; Aronsson 2017, p. 43). As noted above (Diet and 
Feeding), interactions with sympatric predators and the availability of prey and carrion can also 
directly and indirectly affect wolverine populations.  
 
Wolverines in the contiguous United States are considered to represent a metapopulation (set of 
local or subpopulations within a larger area and where migration is possible between patches 
(Hanski and Simberloff 1997, p. 11)) (Inman et al. 2013, p. 277) and occupy habitat in high 
alpine patches at low densities, dispersing into suitable areas (Inman et al. 2012a, pp. 782–784). 
Wolverines in Canada are considered to occur as a single large group as they are easily able to 
move between areas of good habitat and because wolverine habitat is relatively contiguous 
(Harrower 2017, pers. comm.).Wolverine populations in Alaska are considered to be continuous 
with populations in the Yukon and British Columbia provinces of Canada based on genetic 
studies (COSEWIC 2014, p. 37).  
 
Studies of wolverines in the North Cascades region have documented movement of wolverines 
from Washington into British Columbia (Aubry et al. 2016, pp. 16, 20). The 2014 COSEWIC 
Report indicated that rescue (immigration from another population) of Canadian wolverine 
populations along the Canada-Alaska international boundary was likely (based on nuclear DNA 
evidence), but was negligible from the contiguous United States (COSEWIC 2014, p. 37). Based 
on mitochondrial DNA studies, Tomasik and Cook (2005, p. 390) concluded the gene flow in 
wolverines in northwestern North America is likely male-mediated, and is primarily due to long 
distance dispersal between low-density populations. Genetic studies of North American 
wolverines conducted by Kyle and Strobeck (2002, entire) found high levels of gene flow across 
northern populations (Canada and Alaska).  
 
Genetics 
 
Evaluation of genetic material can provide an understanding of population dynamics (Cegelski et 
al. 2006, p. 209). The geographical genetic structure of wolverines is believed to be largely 
structured around the strong female philopatry characteristic of this species (Rico et al. 2015, p. 
2), and, given the species polygamous behavior, wolverine population distributions (at least in 
Scandinavia) are considered to be primarily limited by dispersal of the more philopatric sex 
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(females) (Aronsson 2017, p. 13). However, the extensive and often asymmetrical movement of 
male wolverines from core populations to the periphery of their range can result in the addition 
of nuclear genetic material to these edges (Zigouris et al. 2012, p. 1,553). Thus, the dispersal 
pattern for male wolverines may help explain why allelic richness (i.e., nuclear DNA) can be 
similar across regions, but haplotype richness (mitochondria DNA) is lower at the periphery of 
the species’ range (Zigouris et al. 2012, p. 1,553). Additionally, the extensive dispersal 
movements of both male and female wolverines can produce gene flow among diverged 
populations, making it difficult to distinguish, without additional sampling and analysis, between 
long-distance dispersal and fragmentation based on the patchy distribution of some haplotypes 
(Zigouris et al. 2013, p.10).  
 
Studies evaluating the genetic structure of wolverines, primarily within its core range in North 
America, were presented in Chappell et al. (2004) and Kyle and Strobeck (2001, 2002). Using 
microsatellite markers, Kyle and Strobeck (2002) and Zigouris et al. (2012) found a greater 
genetic structure of wolverines toward their eastern and southern peripheries of their North 
American distribution, likely due to a west-to-east recolonization during the Holocene (Zigouris 
et al. 2013, p. 9). Similarly, based on mitochondria DNA, McKelvey et al. (2014, p. 330) 
concluded that modern wolverine populations in the contiguous United States are the result of 
recolonization (following persecution from hunting and trapping) from the north.   
 
Cegelski et al. (2006, entire) examined gGenetic diversity and population genetic structure of a 
larger sample size of wolverines were examined by Cegelski et al. (2006, entire) for in the 
southern extent of their North American range using both microsatellite markers and 
mitochondrial DNA. They concluded that the wolverine populations in the contiguous United 
States were not sources for dispersing individuals into Canada (Cegelski et al. 2006, p. 208). 
They found that there was significant differentiation between most of the populations in Canada 
and the United States (Cegelski et al. 2006, p. 208). However, they cautioned that their statistical 
analysis may not have been able to detect “effective migrants” and that sample size can affect the 
detection of dispersers (Cegelski et al. 2006, p. 208). They concluded that some migration of 
wolverines was occurring between the Rocky Mountain Front region (northwestern Montana) 
and Canada as well as among wolverine populations in the United States, with the exception of 
Idaho (Cegelski et al. 2006, p. 208). In addition, results from testing of allelic differences among 
the populations were interpreted by the authors as likely inadequate to counter the effects of 
genetic drift due to low numbers of migrants (Cegelski et al. 2006, p. 208). They estimated that, 
based on genetic diversity observed at that time, two effective migrants from either Canada or 
Wyoming into the Rocky Mountain Front population would be needed to maintain the levels of 
genetic diversity in that population, and one effective migrant was needed to maintain levels of 
diversity in the Gallatin, Crazybelt, or Idaho populations (Cegelski et al. 2006, p. 209). The 
authors concluded that migration is essential for maintaining diversity in wolverine populations 
in the contiguous United States since effective population size may never be reached due to the 
naturally low population densities of wolverines (Cegelski et al. 2006, p. 209). 
 
Effective population size (Ne) (see Box 2) is defined as “the size of an idealized population that 
would experience the same amount of genetic drift and inbreeding as the population of interest. 
In popular terms, Ne is the number of individuals in a population that contribute offspring to the 
next generation” (Hoffman et al. 2017, p. 507). It represents a metric for quantifying rates of 
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inbreeding and genetic drift and is often used in conservation management to set genetic viability 
targets (Olsson et al. 2017, p. 1). It is not the same as the more commonly used metric, census 
population size (N), but is often assumed to represent the genetically effective population size.  
 
An effective population size analysis for wolverines in the contiguous United States was 
presented in Schwartz et al. (2009, p. 3,225) using wolverine samples from the main part of the 
Rocky Mountains populations (e.g., central and eastern Idaho, Montana, northeasternWyoming). 
Excluded in this analysis, were subpopulations from Crazy and Belt Mountains in Montana 
(based on suggestion by Cegelski et al. (2003) that they represented separate groups) (Schwartz 
et al. 2009, p. 3,225). Samples were divided into three time frames and the computer program 
ONeSAMP was used to estimate effective population size in each time frame [sample size 
appears to be between 142 and 210]. The summed effective population size was estimated at 35, 
with credible limits from 28–52, and the summed values for the three time frames was reported 
as follows: Ne 1989–1994 = 33, credible limits 27–43; Ne 1995–2000 = 35, credible limits 28–57; Ne 2001–

2006 = 38, credible limits 33–59 (Schwartz et al. 2009, p. 3,226).  
 
However, Cegelski et al.’s (2006, p. 203) evaluation of nuclear DNA population structure in 
wolverines in Canada (sample size of 101) and the contiguous United States (sample size of 
116), as depicted by a principle component analysis plot and dendrogram, found that all of the 
Canadian wolverine populations clustered together. In the contiguous United States, the Rocky 
Mountain Front subpopulation clustered with the Wyoming subpopulation, the Crazybelts area 
subpopulation clustered with the Gallatin (Montana) population, and the Idaho population was 
highly differentiated (Cegelski et al. 2006, p. 203). That study concluded that some exchange of 
migrants is occurring between the Gallatin and Crazybelt wolverine populations (Cegelski et al. 
2006, p. 207), but noted that this grouping is more genetically differentiated and isolated from 
the other populations they sampled when compared to the Rocky Mountain Front population 
(Cegelski et al. 2003).  
 
In addition, the map presented in Schwartz et al. (2009, p. 3,223) depicting the locations of the 
wolverine samples used in preparing their effective population size estimate shows significant 
gaps within the wolverine’s range in Idaho and parts of Montana (e.g., interior of the Bob 
Marshall Wilderness area). Thus, other wolverine subpopulations and/or individuals were likely 
missed for this analysis. Studies within the Southwestern Crown of the Continent (SWCC) in 
northwestern Montana have detected cross-valley movements of wolverines, which researchers 
believe is an indication of good connectivity in this region (SWCC Wildlife Working Group 
2016, pers. comm.). Current efforts to collect additional wolverine hair samples for genetic 
analyses are underway through a multi-state occupancy survey project (see Population 
Abundance and Distribution section below). 
 
Francis’ (2008, p. 12) Another evaluation of mitochondria DNA was conducted by Francis 
(2008), who found an overall lack of regional (geographic) genetic structure for North American 
wolverines, but noted that a few populations  (Crazybelts (Montana), Southeast Alaska, Nunavut  
(Canada), and Kenai Peninsula) appeared to be isolated from the others (Francis 2008, p. 12). 
However, statistical testing did not identify any genetically defined sampling localities (Francis 
2008, p. 13). Minimal differences were found between core and peripheral wolverine 
populations, as grouped in that analysis (Francis 2008, p. 21; Table 4). Conversely, the study by 



North American Wolverine Species Status Assessment Report  DATE 

44 
 

Zigouris et al. (2012, p. 1,554; Table 5) did find support for genetic clusters for wolverine 
populations in Canada, and Zigouris et al. (2013, p. 5; Table 3) identified several worldwide 
regional genetic groups. In addition, an analysis of estimated population growth found signals of 
population expansion in several wolverine populations (Francis 2008, p. 13; Table 5) including 
Rocky Mountain Front, Wyoming, Central, South, and Northwestern Alaska, British Columbia, 
Northwest Territories, and Nunavut. 
 
 

 
 
It can be difficult to make inferences about the relationship between population size and point 
estimates of genetic diversity without continued genetic monitoring and an understanding of the 
demographic history of a species’ population (Hoffman et al. 2017, p. 507), including factors 
that have influenced movement patterns and connectivity. It’s also important to note that genetic 
diversity can be a reflection of favorable adaptations (natural selection) and is necessary for 
species to locally adapt to environmental stressors or to facilitate range shifts (Zigouris et al. 
2012, p. 1,544). Genetic distinctiveness in peripheral populations may play a role in both 
maintaining and generating biological diversity for a species (Zigouris et al. 2012, p. 1,544; 
citing results presented in Channell and Lomolino 2000, p. 84). Genetic variation that is adaptive 
is a better predictor of the long-term success of populations as compared to overall genetic 
variation (Hoffman et al. 2017, p. 510).The challenge is to be able to determine whether genetic 
variation is adaptive and is a reflection of remnants of high genetic diversity from ancestral 
populations, or whether that variation is a reflection of accumulated deleterious, nonadaptive 
genes due to genetic drift in small populations (Hoffman et al. 2017, p. 509).  
 

Box 2. Effective Population Size and Genetic Variation 

The concept of effective population size (Ne) (see review by Wang et al. 2016) and, relatedly, minimum 
viable population, has been a topic of debate, particularly the 50/500 rule, which was developed over 30 
years ago. As noted by Laikre et al. (2016, p. 280), the concept and guidelines for genetically effective 
population size were developed for single, isolated populations, but it’s unclear which of the various Ne 
metrics was referenced in the original concept proposed by Franklin (1980) (i.e., inbreeding effective size, 
realized effective size, total inbreeding effective size of a metapopulation, or eigenvalue effective size 
(Laikre et al. 2016, p. 288)). 
 
There are differing interpretations of the values proposed for effective population size. For example, 
should the minimum viable effective population size be derived genetically to set a threshold for a 
minimum viable population? Here, the rule is interpreted as 50 being the short-term number (for 
inbreeding depression) and 500 as the long-term number (for retention of genetic variation). Or should the 
Ne value of 500 be interpreted as a long-term goal for maintaining a healthy, genetically robust population, 
and not a threshold trigger that predicts extinction risk? In addition, some view the 500 value to be a 
global reference value rather than a local value, and that it may not be necessary to maintain a local Ne of 
500 as long as there is some gene flow into a population (Jamieson and Allendorf 2012, p. 580).  
 
Finally, others have recommended changes to the 50/500 rule. Laikre et al. (2016, entire) presented an 
analysis of the metapopulation effective size for the Fennoscandian wolf population and recommended 
that long-term conservation genetic target for metapopulations (NeMeta) ≥ 500, but also a realized effective 
size of each subpopulation (NeRx) ≥ 500. Frankham et al. (2014, p. 59) have recommended modifying the 
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In summary, the currently known spatial distribution of genetic variability in wolverines in North 
America appears to be a reflection of a complex history where population abundance has 
fluctuated since the time of the last glaciation, and insufficient time has passed since human 
persecution for a full recovery of wolverine densities (Cardinal 2004, pp. 23–24; Zigouris et al. 
2012, p. 1,554). Zigouris et al. (2012, p.1,545) noted that the genetic diversity reported in 
Cegelski et al. (2006) and Kyle and Strobeck (2001, 2002) for the southwestern edge of the 
North American range represented only part of the diversity in the northern populations of 
wolverines. Zigouris et al. (2012, p. 1,545) posit that the irregular distribution of wolverines in 
the southwestern periphery and the genetic diversity observed in those analyses is a result of 
population bottlenecks that were caused by range contractions from a panmictic (random mating) 
northern core population approximately 150 years ago coinciding with human persecution. 
Demographic studies as well as additional genetic analyses from contemporaneous wolverines 
currently occupying the contiguous United States are needed to evaluate the current status of 
wolverine populations in North America. In addition, ecological, phenotypical, and 
environmental information should be used to complement genomic data when interpreting the 
strength of conclusions or inferences of spatial patterns of adaptation or for adaptively divergent 
populations (Jamieson and Allendorf 2012, p. 492). 
 
Summary 
 
In the SSA Report, we have incorporated information from several new studies related to the 
wolverine published since our 2013 proposed rule and previous studies that were not considered 
(e.g., Magoun et al. 2017). We have also reviewed new publications and publications in 
preparation from wolverine researchers in Scandinavia (e.g., Aronsson 2017; Bischof et al. 2016; 
Makkonen 2015; Mattisson et al. 2016; Myhr 2015; Persson et al. 2017, in prep). This 
information informs our assessment of the most current information regarding the description of 
the wolverine and its life history and ecology across its North American range. We have included 
in this SSA Report detailed discussions of wolverine physiology, and spatial and temporal 
patterns and trends related to reproduction and diet/feeding. We also prepared a revised current 
range map (see Figure 3) based on information we received from Federal, State, and others, 
including Canada. 
 
Overall, the best available information indicates that within the contiguous United States the 
wolverine’s physical and ecological needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet)) within the contiguous United States  
(2) access to a variety of food resources, that varies with seasons; and 
(3) physical/structural features (e.g., talus slopes, rugged terrain) linked to reproductive 
behavioral patterns. 

 
Biological Status – Current Condition 
 
This section provides an overview of the wolverine’s current condition, including those stressors 
that may be impacting the species or its habitat. In this SSA Report, we have identified stressors 
based on impacts that may negatively affect the ecological needs of the species, including 
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temporary or permanent impacts to habitat features that the species relies on for survival and 
reproduction.   
 
Population Abundance and Distribution 
 
Since our 2013 proposed rule, we have received additional reports of wolverine observations 
including Utah, Colorado, and Oregon, and an updated Canadian status review for the wolverine 
has been prepared (COSEWIC 2014, entire). Additional studies have also been published related 
to wolverine populations in British Columbia and Alberta (e.g., Regehr and Lacroix 2016; 
Stewart et al. 2016; Webb et al. 2016). As noted above, we developed a Current Range map for 
the North American wolverine (see Figure 3). For the conterminous United States, this map was 
based on several resources, including the primary habitat model developed by Inman et al. 
(2013), EPA Ecoregion mapping (2010), Forest Service NRIS data, and information received 
from State agencies. We used the 2014 COSEWIC Assessment and Status Report’s current range 
map for Canada and Alaska. For Canada , the range of occurrence includes the Yukon, 
Northwest Territories, Nunavut, British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, 
Québec, Newfoundland, and Labrador (COSEWIC 2014, p. vii).  
 
Contiguous United States 
 
Inman et al. (2013, entire) identified aAreas in the western contiguous United States were 
identified by Inman et al. (2013, entire) as suitable for wolverine survival (long-term survival; 
used by resident adults), or primary habitat (Inman et al. 2013, p. 279), reproduction (used by 
reproductive females), and dispersal (female and male) of wolverines using RSF habitat 
modeling based on telemetry data collected in the Greater Yellowstone region (see methodology 
in Inman et al. 2013, pp. 279–280; Figure 2). From these results, the researchers estimated 
potential and current distribution and abundance of wolverines in the western contiguous United 
States (Inman et al. 2013, p. 282). They estimated current population size of wolverines to be 
318 (range 249–626) located within the Northern Continental Divide (Montana) and areas within 
the following ecoregions: Salmon-Selway (Idaho, portion of eastern Oregon), Central Linkage 
(primarily Idaho, Montana), Greater Yellowstone (Montana, Idaho, Wyoming), and Northern 
Cascades (Washington) (Inman et al. 2013, p. 282). Potential wolverine population capacity 
based on their RSF habitat modeling was estimated to be 644 (range: 506–1881) (Inman et al. 
2013, p. 282). However, these estimates did not consider spatial characteristics related to 
behavior, such as territoriality, of wolverine populations. The discussion below provides a 
summary of recent studies of wolverine detections and observations in the western United States; 
however, no comprehensive surveys have been conducted across the species’ entire range. 
 
In the northern Cascades region of Washington and Canada, researchers tracked activity areas for 
14 wolverines via satellite telemetry from 2007 through 2015 (Aubry et al. 2016, entire). This 
study demonstrated that the region supports a resident population, with 9 of 11 study animals 
documented primarily within Washington (Aubry et al. 2016, p. 40). 
 
The Oregon Department of Fish and Wildlife (ODFW) reports that wolverines have been found 
in the Oregon Cascades on Three-fingered Jack (glaciated volcano) in Linn County, on the 
Steens Mountain in Harney County, and Broken Top Mountain in Deschutes County, in the 
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Eagle Cap Wilderness Area in the Wallowa Mountains of northeastern Oregon, and, more 
recently (2012), in Wallowa County, northeast Oregon (ODFW 2017). 
 
In California, camera trap data indicate the continued presence of a single male wolverine in the 
Truckee area, as of March 2017 (Howard 2017). The California Department of Fish and Wildlife 
(CDFW) has received reports of wolverine detections from the public over past several years, 
particularly the region near Carson Pass, as well as near Meeks Bay, Lake Tahoe (Stermer 2017, 
pers. comm.). CDFW researchers are conducting multi-species predator surveys, targeting the 
potential occurrence of Sierra Nevada red fox and wolverine using camera trapping with hair 
snares in an effort to determine occupancy, detection probability, distribution, and habitat 
associations (Stermer 2017, pers. comm.). 
 
A pilot study to evaluate wolverine occupancy was conducted in Wyoming from February 
through June in 2015 (Inman et al. 2015, entire). Results from that survey (hair snares and 
camera traps in 18 stations across 5 mountain ranges) indicated at least three individual 
wolverines (at five stations) with at least one individual in the Gros Ventre and Wind River 
mountain ranges, and at least two individuals in the Southern Absaroka mountain range (Inman 
et al. 2015, p. 9). Occupancy modeling estimated a probability of occupancy for sampled sites of 
62.9 percent (Inman et al. 2015, p. 8). 
 
In an effort to assess wolverine occupancy in the western United States, the Western Association 
of Fish and Wildlife Agencies (WAFWA), in coordination with Tribal partners, have formed a 
multi-state, multi-agency working group (Western States Wolverine Working Group) to design 
and implement the Western States Wolverine Conservation Project (WSWCP)–Coordinated 
Occupancy Survey (see Bjornlie et al. 2017 for details of protocol). The primary objectives of 
the WSWCP include: 1) implement a monitoring program to define a baseline wolverine 
distribution and genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, 
and Washington, 2) model and maintain the connectivity of the wolverine metapopulation in 
western United States, and 3) develop policies to address socio-political needs to assist wolverine 
population expansion as a conservation tool, including translocation of wolverines (IDFG 2016, 
pers. comm.; Montana Fish, Wildlife, & Parks (FWP) 2016, pers. comm.; WGFD 2016, pers. 
comm.).  
 
The WGFD began implementation of the survey in Wyoming in the Greater Yellowstone 
Ecosystem region and the Bighorn Mountains (25 grid cells) in the winter of 2015–2016 (WGFD 
2016, pers. comm.). That initial survey detected, based on unique fur markings, at least two 
unique wolverines in the Wind River and southern Absaroka Mountain Ranges (WGFD 2016, 
pers. comm.). The WGFD reported 26 independent wolverine visits, and detections at least once 
within their study area during each of the four sampling periods (December 2015 through March 
2016) (Bjornlie et al. 2017, pp. 4–5). Genetic analyses of collected hair samples, including sex 
and individual identification, are underway. 
 
The monitoring effort was expanded in the winter of 2016–2017 to 187 cells (cell area of 225 
km2 (87 mi2)) across four states (Washington, Idaho, Montana, and Wyoming). Preliminary 
results for the 2016–2017 winter detected wolverines in 85 survey cells (WAFWA 2017). 
Photographic detections of wolverine include 18 from Idaho, 48 in Montana (including detection 
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of wolverines in all 10 cells surveyed in the SWCC region (Davis 2017, pers. comm.)), 10 in 
Washington, including detections south of Interstate 90 (Davis 2017, pers. comm.), and 9 in 
Wyoming; genetic analyses, to date, have reported a total of 157 wolverine samples (WAFWA 
2017). It has not yet been determined from the camera-trap images and hair samples how many 
of these detections are the same individual. Appendix B contains a map illustrating these 
preliminary detections (as of July 2017).  
 
Heinemeyer (2016, pers. comm.) suggested that, bBased on a 6-year study of resident wolverines 
in central Idaho and the western Yellowstone region Heinemeyer (2016, pers. comm.) suggested 
that , subpopulations of the species at the southern periphery of their North American range are 
still unstable with low rates of recruitment. In addition, and based on their monitoring efforts 
(live trapping and camera stations), the researchers suggested that there was some instability in 
subpopulations in their study areas (Heinemeyer 2016, pers. comm.). 
 
We therefore requested additional information from State and Federal agencies regarding the 
most recent wolverine detections in the Winter Recreation Project study areas of Idaho and 
Wyoming. In the Teton Mountains region, two wolverines were detected in March 2017, in two 
different areas (Dewey 2017, pers. comm.). In addition, at least one wolverine was detected on 
the east side of the Teton Mountains during the winter of 2016-2017, as part of the Western 
States Wolverine Conservation Project–Coordinated Occupancy Survey monitoring and 
occupancy study, and a member of the public reported wolverine tracks within Grand Teton 
National Park in March 2017, while skiing (Walker 2017, pers. comm.). In Idaho, IDFG 
reporteds 5 wolverine detections in the Salmon Mountains in Central Idaho in the winter of 2016 
(Mack 2017a and 2017b, pers. comm.). These recent detections are displayed in Appendix C 
relative to the study areas of the Winter Recreation Project study areas for the McCall, Idaho, 
and Teton Mountains. A wolverine was also detected in the winter of 2016-2017 in the Gravelly 
Range in southwestern Montana about 25 km (15.5 mi) north of the Centennial Mountains area 
surveyed during the winter recreation project (Inman 2017b, pers. comm.).  
 
Alaska 
 
The 2016 ADF&G Trapper Questionnaire Annual Report includes the estimates of relative 
abundance and trends of wolverines and other furbearers as reported by trappers (Parr 2016, p. 
38). Table 3 4 below provides a one year abundance and trend summary of those reports by 
region. 
 
Table 34.  Relative Abundance and Trend of Wolverine Populations, Alaska (as reported 
by trappers), 2015–2016.  Source: Parr, 2016. 

Region Relative Abundance One Year Trend 
Region I – Southeast Alaska Scarce Decrease 
Region II – Southcentral Alaska Scarce Decrease 
Region III – Interior Alaska Scarce Decrease 
Region IV – Central and Southwest Alaska Scarce Decrease 
Region V - Northwest Scarce Decrease 

 
However, relying exclusively on trapping reports is likely to present an incomplete assessment of 
wolverine populations. The accuracy of information provided in the most recent report is 
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dependent on how many trappers reply to the annual survey; for 2016 the response rate was only 
11.7 percent (Parr 2016, p. 3). Trapping effort was reported to have increased by some trappers 
(45 percent of those reporting) during the 2015–2016 season, and 80 percent of those who 
increased their efforts reported an increased in their overall catch (Parr 2016, p. 15). However, 
this assessment does not consider how this increased trapper effort relates to harvest levels for 
wolverine, nor does it account for an unknown and unreported number of wolverines taken for 
subsistence purposes (Gardner et al. 2010, p. 1,894). Estimates of density, described below, 
provide a better depiction of wolverine population status in Alaska. 
 
Canada 
 
Similar to Alaska, determining wolverine population abundance and trends in Canada is difficult 
as numbers are developed from harvest activity (COSEWIC 2014, p. 25). Wolverine harvest 
trends are also difficult to estimate given the temporal and spatial variability in trapping effort 
and reporting of harvest, and not all regions use mandatory pelt sealing, compulsory reporting, or 
fur export permits/fur dealer records (COSEWIC 2014, p. 26). Aboriginal traditional knowledge 
indicate that wolverine is widespread and stable across northern Canada, and is now found in 
areas where they occurred in past; however, they are still considered naturally uncommon 
(Cardinal 2004, pp. iii– iv, 10).  
 
According to the most recent COSEWIC Assessment and Status Report on the Wolverine, Gulo 
gulo in Canada (COSEWIC 2014, entire), the population size of wolverines in Canada is 
unknown, but is estimated to be over 10,000 adults (COSEWIC 2014, p. 36). Canada’s western 
subpopulation has been estimated at 15,688 to 23,830 adults, though this value is based on 
several assumptions (consistent trapping effort and uniform densities across the species’ range); 
the eastern population is estimated at less than 100 individuals or may be extirpated (COSEWIC 
2014, p. 36). Population trends across all of Canada are not known, but wolverine populations 
have been stable over areas within the country’s northern range for the last three generations 
(22.5 years) (COSEWIC 2014, p. v). 
 
In northern Manitoba and Ontario, wolverines may be increasing in number as aerial surveys in 
northern Ontario have indicated an eastward reoccupation of its former range (towards James 
Bay and Québec) (COSEWIC 2014, p. v). However, although observations of wolverines 
continue to be reported within Québec and Labrador (the eastern sub-population), there have 
been no verifiable observations since 1978, and wolverines are likely extirpated from much of 
southern and eastern Canada (COSEWIC 2014, p. v). In addition, declines in the southern 
regions (within parts of British Columbia and Alberta) may be occurring (COSEWIC 2014, p. 
36). Table 4 5 presents a more detailed summary of wolverine populations in Canada. 
 
Table 45. Wolverine Population Estimates for Canadian Territories. Source: COSEWIC, 
2014. 

Territory Number of wolverines 
Yukon Territory 3,500–4,500 
Northwest Territories 3,430–7,325 (with an additional 220–470 juveniles) 
Nunavut Estimated at 2,000–2,500 
British Columbia 2,700–4,760 
Alberta  Estimated at 1,500–2,000 
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Saskatchewan Less than 1,000 
Manitoba 1,100–1,600 
Ontario 458–645 
Québec Very rare, at non-detectable level, or extirpated 
Labrador (including mainland Newfoundland) Very rare or extirpated 
 
In addition to the 2014 COSEWIC summary, Cardinal 2004 (entire) prepared a complimentary 
summary report of wolverine trends in Canada based on Aboriginal traditional knowledge. 
Trends reported indicate: (1) high, relatively stable levels of wolverines in the Yukon; (2) high 
levels of wolverines in the North Slave region of the Northwest Territories, though  population 
levels are estimated to be stable to decreasing; (3) high levels of wolverine along forested areas 
in the northern portions of the mainland within the Inuvialuit Settlement Region (ISR) (located in 
the northwest corner of the Northwest Territories) and Kitikmeot region of Nunavut; (4) an 
increase in wolverines in the Kivalliq region of Nunavut, but at lower levels than populations in 
the Boreal and North Mountain ecological areas; and (5) least abundant in the northeastern 
corner of Nunavut and the Arctic Islands (Cardinal 2004, pp. 22–29). In sum, the majority of 
traditional knowledge holders in Nunavut, Northwest Territory, and Yukon Territory described 
wolverine populations as either stable or increasing in northern Canada and is now found in areas 
where they occurred in past; however, they are still considered naturally uncommon; only in 
Yellowknife did people report that wolverines might be decreasing (Cardinal 2004, pp. iii– iv, 
10, p. 23).  
 
Other inventory and occupancy studies include an inventory of wolverines conducted by Regehr 
and Lacroix (2016, entire) in the winter of 2012 on the east side of the Coast Mountains in 
British Columbia using a multi-method approach. They identified six individuals using genetic 
analysis, and one additional individual by photography, which was higher than expected as 
compared to model predictions of density and habitat quality (Regehr and Lacroix 2016, pp. 
248–249). Estimates of wolverine occupancy were also evaluated for the Canadian Crown of the 
Continent ecosystem (central and southern Canadian Rockies) (Clevenger et al. 2016, entire). 
Occupancy estimates were found to vary from year-to-year and exhibited a north-south gradient, 
likely due to the differences in habitat quality among areas that were sampled by year (Clevenger 
et al. 2016, p. 4). For 2016, estimated wolverine occupancy was 0.40 for their British Columbia 
Rockies study area, with a declining pattern from north to south (Clevenger et al. 2016, p. 4). In 
general, their research has found that wolverines are more abundant in rugged, remote areas that 
have minimal human activity and landscape disturbance (Clevenger et al. 2016, p. 5). This study 
Clevenger et al. (2017, p. 6) projected an expected number of wolverines in their study area of 
about 28 (Clevenger et al. (2017, p. 6). To the south, in the Southwestern Crown of the Continent 
(SWCC) region (northwestern Montana, approximately 1.5 million acres), wolverine surveys 
(snow tracking, bait stations/hair snares) have been conducted since 2012 (SWCC Wildlife 
Working Group 2016, pers. comm.). These survey efforts have detected 22 unique wolverines 
(11 males, 11 females) across three U.S. Forest Service districts, and they reported an increase in 
the frequency of detections from 2012 to 2015 (SWCC Wildlife Working Group 2016, pers. 
comm.). 
 
The 2014 COSEWIC report concluded that a climate-driven decline in wolverine populations in 
North America is not evident at this time in much of its range (COSEWIC 2014, p. 22). The 
2014 COSEWIC report indicates that trends in wolverine populations in the northern range, 
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while uncertain, appear to be stable or increasing, but also notes that there is some concern for 
populations in the southern areas of British Columbia and parts of the northern United States 
(COSEWIC 2014, p. 22, and references cited therein). In British Columbia, researchers are 
currently conducting a multi-phase project using landscape genetic analyses to identify and 
delineate functional populations of wolverines and provide an estimate of size and sustainable 
harvest within each functional population (Weir 2017, pers. comm.). 
 
Estimates of Density 
 
Wolverine densities vary across North America, and have been described as “naturally low” (van 
Zyll de Jong 1975, p. 434) and “naturally uncommon” (Cardinal 2004, p. iii) given the species’ 
large home range, wide-ranging movements, and solitary characteristics. Inman et al. (2012a, p. 
789; Table 5) presented tThe most recent estimates (at that time) of density (number of 
wolverines per 1,000 km2 (386 mi2)) for North America were prepared by Inman et al. (2012a, p. 
789; Table 5). In the contiguous United States, density estimates ranged from 3.5 for the Greater 
Yellowstone region (2001–2008) (areas above 2,150 m (7,054 ft) (latitude-adjusted elevation), 
4.5 for central Idaho (1992–1995), to 15.4 for northwestern Montana (1972–1977).  
 
In Alaska and Yukon, density estimates presented by Inman et al. (2012a, p. 789) range from 3 
to about 14 wolverines per 1000 km2 (386 mi2), using a number of methods. For example, Royle 
et al. (2011, p. 609) estimated wolverine densities for southeastern Alaska (Tongass National 
Forest; 2008) from 8.2 to 9.7 per 1000 km2 (386 mi2) (using mark-recapture), where the higher 
estimate incorporates a positive, trap-specific behavioral response. Density of wolverines were 
recently reported as an estimated 5–10 wolverines per 1000 km2 (386 mi2) (based on snow 
tracking) for southcentral Alaska, and approximately 10 per 1000 km2 (386 mi2) (based on DNA 
mark-recapture methods) for southeast Alaska (Golden 2017, pers. comm.). A wolverine 
occupancy study in 2015 within an area of central Alaska reported a density estimate of 9.48 
wolverines per 1,000 km2 (386 mi2) (ADF&G 2015a, p. 7).  
 
Wolverine density estimates for Canada varies across regions, from 5 to 10 per 1000 km2 (386 
mi2) in northern mountain and boreal regions to 1 to 4 per 1000 km2 (386 mi2) in southern boreal 
areas (COSEWIC 2014, p. 27). More recently, Clevenger et al. (2017, entire) presented a density 
estimate (using spatial capture/recapture models) for the Kootenay region of British Columbia of 
0.78 wolverines per 1000 km2 (386 mi2), for 3 study years (2014–2016), which they reported as 
lower than expected (Clevenger et al. 2017, p. 6).  
 
Stressors – Causes and Effects 
 
We reviewed the best available information to identify current conditions and potential stressors 
that may be affecting wolverine populations or its habitat. These include roads and other 
infrastructure, recreational activity and other human disturbances, wildland fire, disease or 
predation, and overutilization for commercial, recreational, scientific, or educational purposes. 
Because wolverines in North America move between both borders of Canada, we included in our 
evaluation stressors identified for wolverines in the contiguous United States that are also 
relevant for wolverine populations in Canada and Alaska. 
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As an initial step, we reviewed the land ownership of the area defined as primary habitat by 
Inman et al. (2013, entire) in the contiguous United States, and determined that 96 percent of that 
modeled habitat is located on Federal land (see Appendix D). Lands managed by the Forest 
Service represent the largest portion of Federal lands (89 percent) within this modeled primary 
habitat. 
 
Effects from Roads 
 
As noted above (see Demography section), rRoads and rail lines can be a cause of mortality to 
wolverines and habitat models have identified road density as an important association 
(avoidance) for selection of habitat (e.g., Rowland et al. 2003; Bowman et al. 2010; Inman et al. 
2013). Road density has been listed as a threat to wolverines occupying the boreal/western 
mountain regions of Canada (Canadian Boreal Forest Agreement 2014, p. 2). An evaluation of 
road density by Dawson et al. (2010, p.142) in lowland boreal forest habitat in Ontario, Canada, 
suggested that road densities may have an effect on the selection of home range by wolverines. 
In the wolverine’s southern Canadian range, roads may be facilitating direct mortality by 
improving motorized access of hunters, trappers, and recreational users into remote areas 
(COSEWIC 2014, p. 21).  
 
In their review of 12 radio-telemetry studies (1972 to 2001) of wolverines in North America, 
Krebs et al. (2004, p. 497) reported 3 mortalities of wolverines from road-rail kills. More 
recently, road mortalities have been recorded in Idaho (1 confirmed in 2014) (IDFG 2017a) and 
2 in Montana (2004) (Kociolek et al. 2016, p. 68); one in Utah (2016) (Hersey 2017, pers. 
comm.); and two other wolverine road-rail fatalities were reported in 2015 (Inman 2017a, pers. 
comm.). In Canada, anthropogenic causes of mortality for wolverine populations also include 
road kill (COSEWSIC 2014, p. v). One road mortality of a male wolverine was reported in a 
lowland boreal forest region of Ontario, Canada (Dawson et al. (2010, p. 142). More recently, 
Scrafford et al. (2017, p. 34) described a report in which 9 wolverines were struck and killed by 
vehicles in the Hay-Zama region of northwestern Alberta, Canada (2013–2015), and 1 road 
mortality within the town of Rainbow Lake in Alberta. 
 
 
 
Roads may also affect den site selection (May et al. 2012, p. 202), particularly areas within their 
range where they cannot select for high elevation habitat (e.g., central lowland forests of Canada) 
(Dawson et al. 2010, p. 143). In Norway, May et al. (2012, p 202) found that wolverine dens 
were generally located far from infrastructure (public roads and private roads and/or recreational 
cabins). However, despite this observation of a minimum threshold, Tthe authors also reported 
that wolverines had a wide tolerance rangea minimum threshold in den site selection relative to 
infrastructure of 1.4 km (0.87 mi) from private roads and 7.5 km (4.7 mi) from public roads 
(May et al. 2012, p. 202). However, they found that wolverines in their study area had a wide 
tolerance range at the home-range scale (1.0–2.75 km (0.62–1.7 mi) for private roads and 6.0–
11.0 (3.7–6.8 mi) for public roads) (May et al. 2012, p. 201; Figure 4), supporting conclusions 
from other studies that have found that, once a general area is used, it appears to be re-used in 
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subsequent years including by successive individuals wolverines that colonizinge the sites (May 
et al. 2012, p. 202). 
 
Wolverine road crossings were evaluated in the western Greater Yellowstone region through 
telemetered animals and visual observations of snow tracks, direct observations of crossings, and 
road-kill mortality (Packila et al. 2007, entire). That study documented 43 crossings of U.S. and 
State highways by 12 wolverines (Packila et al. 2007, p. 105). Within the Big Sky, Montana, 
area, they documented 67 crossings of MT64/Jack Creek Road by 4 wolverines (Packila et al. 
2007, p. 105). Most (76%) road crossings were made by subadult wolverines, dispersing or 
otherwise exploring new areas (Packila et al. 2007, p. 105). One road-caused mortality was 
observed and the authors report two others from additional sources during their study period 
(Inman et al. 2007, p. 89). The study results indicate that roads do not act as absolute barriers to 
movement by wolverines, but they can directly affect individuals (road kill) and may have 
secondary aeffects at the population level (Packila et al. 2007, p. 105). 
 
In an effort to evaluate the potential impact of major roads to wolverine (individuals and 
populations), we conducted a spatial analysis of roads2 found within Inman et al.’s (2013, p. 
281) primary wolverine habitat and female wolverine dispersal habitat in the western United 
States, as measured by number of kilometers (miles). In our analysis, we identified four road 
classes: Interstate Highway, U.S. Highway, State Highway, and secondary roads. Secondary 
roads encompassed all roads not included in any of the first three categories and include paved 
and unpaved roads, including Forest Service roads, and generally likely to have less traffic 
volume than major highways in the regions evaluated. Our analysis found that secondary roads 
represented 97 percent (29,892 km (18,574 mi)) of all roads (30,805 km (19,141 mi)) within 
modeled primary habitat, and 97.5 percent (144,279 km (89,650 mi)) of all roads (148,029 km 
(91,980 mi)) within modeled female dispersal habitat.  
 
We then evaluated the type of roads at high elevation within our estimated Current Range 
(shown in Figure 3). Using the 2,300 m (7,546 ft) elevation as a benchmark (based on its use as a 
predictor variable for wolverine occurrence in Inman et al. 2013, and results from predictive 
models presented in Copeland et al. 2007, p. 2,205), we evaluated the length of roads above and 
below this elevation, and also the type of roads at or above 2,300 m (7,546 ft). The results are 
illustrated in Appendix E. Overall, we found that approximately 85 percent of all roads were 
below 2,300 m (7,546 ft). Of the roads located at or above 2,300 m (7,546 ft), 95 percent are 
secondary roads (see charts in Appendix E). 
 
Using the same dataset, we evaluated road density (km/km2) based on regional blocks of primary 
wolverine habitat in the western United States delineated by Inman et al. (2013; Figure 3). Those 
results are shown in Table 56. With the exception of the Southern Rockies (at 0.47 km/km2), the 
mean road densities at elevations equal to or greater than 2,300 m (7,546 ft) are very low. 
 
Table 56. Mean Road Density in Wolverine Primary Habitat, by Region. 

Geographic Region‡ Mean density (km/km2), Mean density (km/km2),  
                                                 
2 Using U.S. Geological Survey National Transportation Dataset Downloadable Data Collection based on 
TIGER/Line data provided through U.S. Census Bureau and supplemented with ‘HERE’ road data to create tile 
cache base maps. 
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all roads all roads ≥ 2,300 m (7,546 ft) 
Northern Cascade 0.54 0.00 
North Continental Divide 0.54 0.00 
Salmon-Selway 0.70 0.03 
Central Linkage 0.84 0.06 
Greater Yellowstone 0.24 0.06 
Southern Rockies 0.55 0.47 
Sierra Nevada 0.09 0.03 
Uinta 0.15 0.12 
Bighorn 0.00 0.00 
Great Basin 0.06 0.03 
Oregon Cascade 0.72 0.00 
‡Regions defined in Inman et al. (2013; Figure 3). 
 
We also reviewed den site locations (natal, maternal, or unknown dens) within our database 
relative to roads (see map in Appendix E). Our results indicate that wolverine dens are located 
in areas with minimal roads, including secondary roads; however, we caution that this analysis is 
based on a limited den site dataset and should be viewed in the context of other abiotic and biotic 
variables including landscape features at the den site scale and availability of food. Additionally, 
most den locations in much of the wolverine’s range in the contiguous United States are at high 
elevations and roads in these areas would likely be impassable or closed entirely to vehicles 
during the time of denning (January–March). 
 
In summary, wolverines are associated with habitat found in high elevation areas, but are known 
to disperse across great distances. Major highways can present mortality risks to dispersing 
individuals and affect immigration to open territories, but roads do not represent absolute barriers 
to wolverine movements. Wolverines den during winter months in remote locations that are often 
inaccessible or restricted to motorized vehicles, though, secondary roads and trails are used for 
winter recreational activity. Although we recognize there are likely additional events that have 
not been reported, we estimated the total number of wolverine mortalities due to roads-rails from 
1972 to 2016 (44 years) in North America was 20, at least 11 of which are from Canada (see 
citations in Mortality section above). As discussed above, we calculated a low proportion of 
major highways in both modeled primary habitat and female dispersal habitat, and a low mean 
density of roads at high elevations where wolverines have been observed, with the exception of 
the southern Rocky Mountains. Roads present a low stressor to wolverines at the individual and 
population level in most of its current contiguous United States range. 
 
Disturbance due to Winter Recreational Activity 
 
Wolverine behavior patterns, such as denning, rearing of young, movement and dispersal, and 
foraging/scavenging, may be affected by recreational activities (COSEWIC 2014, p. 42). As 
noted above, in Norway, May et al. (2012, p. 201) found, at the home range scale, a minimal 
threshold distance of approximately 1.5 km (0.93 mi) for wolverine den sites from private roads 
and/or recreational cabins. Krebs et al. (2007, entire) evaluated habitat use associations for 
wolverines in two multiple use areas in British Columbia, Canada. Using logistic regression 
models, the authors found that in an area of active recreation (Columbia Mountains), female 
wolverines were negatively associated with helicopter and backcountry skiing in their winter 
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models (Krebs et al. 2007, pp. 2,187–2,188). However, in summer months, Copeland et al. 
(2007, p. 2,210) reported that wolverines in their study area of central Idaho were not 
uncommonly found near maintained trails and active campgrounds.  
 
The Wolverine–Winter Recreation Study represents an on-going project to evaluate the potential 
effects of backcountry winter recreation (e.g., backcountry skiers, heli-skiers, cat-skiers, 
snowmobilers) on wolverines (Heinemeyer 2016, pers. comm.). The multiyear study areas 
include central Idaho and areas in the western Yellowstone region (‘Island Park’ and Teton 
Mountains) (Heinemeyer and Squires 2015, p. 3). The study has been monitoringed 19 
wolverines using GPS collars using movement rates and percent of time active (vs. resting) as 
indicators of potential responses of wolverines to winter recreation activities (Heinemeyer 2013, 
pers. comm.). Backcountry winter recreation activities arewere monitored through GPS units 
voluntarily carried by recreationists (Heinemeyer 2016, pers. comm.). Early analysis of the data 
suggest that wolverines demonstrate a behavioral response to recreation activities, such as 
increased movement rates and a reduction in resting periods in areas of high recreation activity, 
especially high recreation days (Saturday and Sunday) (Heinemeyer and Squires 2013, pp. 5, 7–
8). 
 
However, this research has also found that wolverines maintained their home ranges within areas 
with relatively high winter recreation activity over several years of monitoring, including some 
areas found to contain the highest recreational activities (Heimemeyer 2016, pers. comm.). The 
study has not been able to determine whether these resident wolverines are reproductively 
successful (Heinemeyer 2016, pers. comm.).  
 
Conservation measures currently being implemented that address the effects of roads currently 
being implemented in the Teton Mountains include winter closures in certain areas (generally 
from November 1 through May 1), including road closures in the Bridger-Teton and Caribou-
Targhee National Forests and in Grand Teton National Park as shown in Appendix F (additional 
details for Grand Teton National Park are described in Superintendent’s Compendium (National 
Park Service (NPS) 2017; pp. 8–9); see also maps at https://jhalliance.org/campaigns/dont-
poach-the-powder/ Jackson Hole Conservation Alliance 2017). These closures are being 
implemented to help minimize disturbance to wildlife (e.g., migration pathways).  
 
State Wildlife Action Plans prepared for individual western States identify recreation 
management strategies within wolverine habitats. For example, in the State of Oregon, the 
ODFW Conservation Strategy identifies management of winter recreation use in order to avoid 
impacts to wolverines (ODFW 2016). In Montana’s State Wildlife Action Plan, conservation 
actions are identified for addressing potential impacts from recreation, such as consideration of 
seasonal closures during breeding season (Montana FWP 2015, p. 63). The IDFG Management 
Plan for the Conservation of Wolverines in Idaho also includes conservation strategies related to 
winter recreation (e.g., characterizing wolverine response to recreational activities (IDFG 2014, 
p. 35)), and the State continues to support the Wolverine-Winter Recreation Study. Appendix F 
provides additional details on individual State conservation strategies. 
 
In summary, wolverine behavior (movement) can be affected by winter recreational activity. 
Results from one long-term study in parts of the wolverine’s range in the contiguous United 
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States have found that wolverines can maintain residency in high winter recreational use areas. 
Wolverines have recently been detected in areas that experience winter recreational activity. 
Conservation strategies and actions have been identified in several western States’ Wildlife 
Action Plan to address potential impacts of this stressor to wolverines. Based on the best 
available scientific and commercial information, the effect of winter recreational activityroads 
represents a low stressor to wolverines in the contiguous United States at the individual and 
population level. 
 
Other Human Disturbance 
 
Infrastructure, such as pipelines, active logging or clearcuts, seismic lines, and activities 
associated with mining (e.g., producing mines, mines under development, mineral exploration 
areas), may also affect individual wolverine behavior (e.g., avoidance) or loss or modification of 
wolverine habitat. As discussed above (see Habitat Use section), Johnson et al. (2005, entire) 
evaluated habitat relationships for the wolverine and other arctic wildlife, including the 
cumulative effects of human activities and associated infrastructure on the distribution of 
wolverines in the Canadian central Arctic using RSF modeling. However, because human 
disturbance factors (i.e., major developments, mineral explorations, seasonal outfitter camps) 
were mostly absent from the range of monitored wolverines, the researchers were not able to 
reliably model their effects (Johnson et al. 2005, p. 23). 
 
The 2014 COSEWIC status review identified several potential stressors to wolverines and their 
habitat in Canadian territories. They indicated potential permanent, temporary, and functional 
losses to wolverine habitat from forestry; oil, gas and mineral exploration and development; and 
large hydroelectric reservoirs (COSEWIC 2014, p. 21). As discussed above, Scrafford et al. 
(2017, entire) evaluated habitat selection of wolverines in response to human disturbance in the 
western Canadian boreal forest in both winter and summer months. Their analysis found that 
wolverines were attracted to some industrial infrastructure (older seismic lines exhibiting latter 
stages of regeneration) and disturbance (areas of active logging), likely related to foraging 
opportunities (e.g., small prey), but avoided interior areas of intermediate-aged cutblocks (areas 
authorized for logging) (Scrafford et al. 2017, pp. 32–34). Their results found evidence of road 
avoidance, but wolverines were attracted to all-season road sections with borrow pits, which they 
suggest was related to foraging opportunities at these pits (e.g., presence of beavers in water-
filled pits) and less predation risk, since wolves avoid these roads (Scrafford et al. 2017, p. 34). 
In sum, these authors concluded that wolverine selection patterns relative to industrial activity 
and infrastructure in their study area represent a balance between exposure to predators and 
foraging opportunities (Scrafford et al. 2017, p. 32).  
 
Additional studies of wolverine behaviors related to the effects of disturbance due to 
infrastructure and other human activities are needed. Based on the best available scientific and 
commercial information, these effects are small or narrow in scope and scale and appear to 
represent a trade-off between foraging opportunities in areas that provide minimal risk of 
predation and avoidance of open areas and/or higher predation risk (Scrafford et al. 2017, pp. 
33–34). 
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Effects from Wildland Fire 
 
Wildland fire can produce both direct and indirect effects to wildlife. Direct effects include 
injury and mortality as well as escape or emigration movement away from fires (Lyon et al. 
2000, pp. 17–21). Small mammals will generally find refuge underground or within sheltered 
places within the burning area, while larger mammals will move to safe areas in unburned 
patches or outside the burn (Lyon et al. 2000, p. 18). For animals that emigrate during fire 
events, the length of time before they return is dependent on the degree to which fire has altered 
habitat structure and food supply (Lyon et al. 2000, p. 20). 
 
We are unaware of any studies evaluating direct effects of wildland fire to wolverines. Wildland 
fire is likely to temporarily displace wolverines, which could affect home range dynamics.  
Given that wolverines can travel long distances in a short period of time, individuals would be 
expected to move away from fire and smoke (Luensmann 2008, p. 14). In addition, because 
young are born during winter months, fire risk at that critical life stage is very low (Luensmann 
2008, p. 14). 
 
Indirect effects of wildland fire can include habitat-related effects or effects to prey and 
competitors/predators; however, we are unaware of empirical studies evaluating these potential 
effects as they relate to wolverines. In a study area within the Yukon (Canada), wolverines were 
reported occupying regenerating forested habitat that contained remnants of mature timber which 
had burned 30 years prior (Slough and Mowat 1996, p. 948). Additionally, fire suppression in 
conjunction with logging activities in boreal forests (northwestern Ontario) can increase the 
prevalence of deciduous tree habitats, at least at a regional level, which is negatively associated 
with wolverine occurrence (Bowman et al. 2010, p. 464).  
 
A study in northern Idaho of the effects of multiple wildland fires over several years, including 
very large fires, to forest habitat occupied by another mustelid, the American marten (Martes 
americana) found that fire events had created a mosaic of vegetation that supported a diverse 
assemblage of cover and food resources that was favorable to this species (Koehler and 
Hornocker 1977, p. 503). Similar to wolverines, the summer and fall diet of the American marten 
is represented by diverse prey, and wildland fire events can create and maintain forest openings 
for ground squirrels and voles (Koehler and Hornocker 1977, p. 504). The development of these 
types of mosaic forest communities following certain wildland fire events also provides 
discontinuous fuel loads, which in turn should result in smaller and cooler wildland fires, with 
less replacement of marten habitat (Koehler and Hornocker 1977, p. 504). However, large, 
uniform burns would be expected to result in more severe impacts to American marten habitat 
(Lyon et al. 2000, p. 21).  
 
Studies of the effects of wildland fire to a key prey species for the wolverine in parts of its North 
American range, the caribou, was reviewed by Klein (1982, entire). This review highlighted the 
importance of separating short-term effects of wildland fire in boreal forests to caribou ecology 
from long-term effects (Klein 1982, p. 393). Given that long-term benefits to the species’ 
ecology can be disproportionate to the short-term detrimental effects on populations and herds, 
(including the species’ lack of reproductive plasticity), caribou may be more appropriately 
considered as fire-influenced, rather than fire-adapted (Klein 1982, p. 393). Other ungulate prey 
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species respond more positively to fire. An increase in spring and summer grasses following fall 
burns can provide forage for elk and deer, and sprouting of deciduous trees, such as aspen, birch 
and willow, following burns provides forage for moose (Luensmann 2008, p. 18). 
 
Management measures to address this potential stressor are identified in USDA Forest Service 
National Forest Land Management Plans. Examples of these goals and objectives are described 
in Appendix G. In addition, the Idaho State Wildlife Action Plan includes measures to address 
fire threats to the wolverine and its habitat, including removal of perceived barriers to allow 
more prescribed natural fire on State and private forest lands and promoting/facilitating the use 
of prescribed fire as a habitat restoration tool, on both public and private lands where 
appropriate, and leaving fire-killed trees standing as wildlife habitat if they pose no safety 
hazard, all in an effort to restore a more natural fire interval that allows for return to historical 
forest conditions (IDFG 2017b, pp. 91, 134, 180).  
 
Given the diversity of habitats occupied by wolverines, their occupancy of high elevations, and 
extensive mobility, wildland fire represents a limited stressor, in scope and scale, to wolverine 
habitat and its prey.  
 
Disease or Predation 
 
Disease 
 
We are unaware of comprehensive surveys evaluating the prevalence of diseases in wolverines in 
the contiguous United States. Early accounts of endoparasites species and their prevalence in 
wolverines include a review by Erickson (1946, p. 503), and a report by Rausch (1959, entire), 
who documented 7 species of helminth parasites in 86 percent of wolverines examined from 
trapper-supplied carcasses in Alaska. In 1994, Copeland (1996, p. 26) collected a single 
specimen of the parasite Toxascaris sp. from wolverine scat in Idaho. In Alaska, carcasses 
sampled (during necropsy or predator control activities) in 2012–2014 to determine the 
prevalence of Trichinella and its genotypes reported one wolverine with Trichinella T6 genotype 
in that single sample (ADF&G 2015b, p. 8). Results from Alaska trapper questionnaires for the 
prevalence of ectoparasites on wolverines were either scarce or not present across all reporting 
regions in 2015–2016 (Parr 2016, p. 21). 
 
Rabies is endemic to Alaska in Arctic and red fox along north and west coasts of Alaska 
(ADF&G 2013). Under the ADF&G enhanced rabies surveillance program, the agency 
confirmed rabies in one wolverine (out of 49 sampled) in 2012, a female found dead in the North 
Slope region (Woodford and Beckman 2012). This was the first confirmed case of rabies in 
wolverines in North America (Woodford and Beckham 2012).  
 
The 2014 COSEWIC Assessment and Status Report for the wolverine presented a summary of 
reported parasitic species observed in wolverines in Canada (COSEWIC 2014, p. 25). These 
observations included: parasitic nematode roundworms (Trichinella spp.) in 88 percent of 
wolverine samples tested from Nunavut and 26 percent from the lower MacKenzie region; 
helminth parasites (trematodes, cestodes and nematodes) in wolverine digestive tracts from the 
lower Mackenzie River valley; and, from the Nunavut region, protozoan parasites infections 
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including Sacrosystis spp. (80 percent) and Toxoplasma gondii (41 percent) (citations omitted). 
Banci (1987, pp. 81, 110) reported parasitic pneumonia as a cause of mortality in southwest 
Yukon Territory, a female thought be nutritionally-stressed following the raising of young.  
 
An evaluation of trapper-submitted wolverine carcasses harvested was conducted for the Yukon 
Territory in the fur trapping seasons 2005–2006 through 2011–2012 (Jung and Kukka 2013, 
entire). No samples tested positive for rabies (Jung and Kukka 2013, p. 17). Another study of 
intestinal parasites of wolverine carcasses from both the Yukon and Northwest Territories 
reported Trichinella spp. in 74 percent of carcasses and several intestinal parasites, including 
cestodes (parasitic flatworms) such as Taenia spp. (Luck et al. 2016, no page number). 
 
In summary, other than a parasitic pneumonia mortality event and the single rabies case, we are 
not aware of any other studies documenting impacts of disease to wolverines in North America. 
At this time, based on the best available scientific and commercial information, we do not find 
that disease is not a population or species level stressor to the wolverine in the contiguous United 
States or within its range in North America. 
 
Predation 
 
As discussed above (Diet and Feeding section), a number of potential natural predators have 
been identified for wolverines across its North American range, including intraspecific predation. 
However, we have no information that suggests this predation represents a significant stressor to 
the wolverine at either an individual or population level.  
 
In summary, the best scientific and commercial information available indicates that disease or 
predation is not a stressor the wolverine. We are unaware of any management or conservation 
measures currently in place to reduce potential impacts associated with disease or predation. 
 
Overutilization for Commercial, Recreational, Scientific, or Educational Purposes 
 
There is currently no allowable trapping or harvesting of wolverines in the contiguous United 
States, though incidental trapping mortalities have been documented as we reported in our 
proposed rule (78 FR 7881; February 4, 2013). Two mortality events from shootings of 
wolverines were documented in Idaho (2001, 2007) (Idaho Department of Fish and Game 
(IDFG) 2014, p. 26).  
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
In Montana, wolverines were a legally harvested furbearer in Montana up until 2012; however, 
the trapping season is currently suspended with a zero statewide quota (Montana Natural 
Heritage Program and Montana FWP 2017). Unlike populations in Eurasia, wolverines rarely 
prey on livestock in North America (cf. domestic sheep predation in Wyoming reported (Mead 
2013, pers. comm.)) and therefore they are not directly targeted for predator control (COSEWIC 
2014, p. 41). However, incidental trapping can result in the capture of non-target species such as 
wolverine. In Idaho, the IDFG has a mandatory furtaker harvest report that requests all live 
incidental catches be reported by species and any wolverine catch that results in mortality is 
required to be reported (IDFG 2013, pers. comm.). Since 1965, 16 incidentally-trapped 
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wolverines were reported during the State’s furbearing seasons, with 6 animals known to be 
released alive and 6 mortalities (IDFG 2013, pers. comm.; IDFG 2016, pers. comm.). This total 
includes four wolverines caught during the 2013-2014 furbearer season, with three released alive 
and one mortality (IDFG 2014, p. 26). Within the State of Wyoming, there are two confirmed 
reports of incidental take, one of Wyoming in 1996 (Mead 2013, pers. comm.) one in and 2006. 
T; the 2006 animal was released unharmed (Inman 2012, pers. comm.). In Montana, since the 
closing of the trapping season for wolverine in 2013, three animals have been incidentally 
trapped (Montana FWP 2016, pers. comm.). 
 
Krebs et al. (2004, p. 499) modeled several population growth rate scenarios for North American 
wolverines, including trapped and untrapped populations. Estimated (logistic) rates of population 
growth (λ) were found to be lower for trapped populations (λ = 0.878) as compared to untrapped 
populations (λ = 1.064) (Krebs et al. 2004, p. 499). Harvesting is considered to be an additive 
mortality in the populations studied and is likely sustained by dispersal from untrapped areas that 
provide refugia (Krebs et al. 2004, pp. 499–500). Of note, at the time of this study, wolverines 
were considered furbearer or game animals and trapped or hunted in 8 of their 12 study areas in 
North America, including Montana (Krebs et al. 2004, p. 495; Table 1). 
 
Predator control programs targeting wolves, including poison and incidental trapping, can result 
in incidental losses of wolverines (COSEWIC 2014, p. 41). Specific to wolf control for livestock 
protection in Idaho, three wolverines have been trapped incidental to authorized wolf control 
activities since 1995, with two released alive and one animal euthanized (IDFG 2014, p. 26). 
Additional pPreventive measures have been adopted to reduce these incidental captures, 
including (IDFG 2014, p. 26). The IDFG has also implementation of ed educational programs to 
minimize incidental capture of wolverines during trapping seasons (IDFG 2014, p. 27).  and 
Llicensed wolf trappers are required to complete a Wolf Trapper Education course with specific 
instruction for reducing incidental trapping of wolverine, Canada lynx, and other non-target 
species (IDFG 2014, p. 27). In addition, the U.S. Department of Agriculture Wildlife Services 
(Wildlife Services) agency has also temporarily stopped (as of April 2017) using cyanide 
predator control devices in the State of Idaho (Moeller 2017). 
 
In Alaska, wolverine trapping and hunting is controlled by seasons and bag limits, with about 
550 animals harvested each year (Alaska Department of Fish and Game (ADF&G) 
2017a).Wolverine hunting and trapping is permitted in the State of Alaska. For the 2015–2016 
reporting period, wolverine harvest, based on furbearer sealing records,3 totaled 527 animals 
(Parr 2016, p. 42). This level of harvest has been fairly consistent since 2010, as shown in table 
below: 
 

                                                 
3 Wolverines taken in Alaska are required to be sealed by an authorized department representative 
before pelts are shipped to an out-of-state buyer or auction house (Parr 2016, p. 44). For those 
species that require sealing, the number of animals sealed represents the best information regarding 
the statewide harvest (Parr 2016, p. 41). 
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Table 67. Number of wolverines harvested in Alaska, as reported from regulatory year 
sealing records, 2010–2015. Adapted from Parr (2016, p. 42; Table 10). 

Alaska 
Region 2010 2011 2012 2013 2014 2015 

I 25 20 25 31 14 15 
II  25 29 50 31 16 37 
III  233 235 261 358 268 214 
IV  180 160 170 158 99 150 
V  140 110 135 133 109 111 
Total 603 554 641 711 506 527 

 
Trapping and harvesting of wolverines occurs over much of the range in Canada, as summarized 
in the 2014 COSEWIC wolverine status review (COSEWIC 2014, pp. 10, 29–35). Specificially, 
In Canada, wolverines are harvested in the northern and western territories–Manitoba, 
Saskatchewan, Alberta, British Columbia, Yukon, Northwest Territories, and Nunavut 
(COSEWIC 2014, p. 43). Non-aboriginal harvest of wolverines has not been permitted since 
2001–2002 in Québec and, Labrador (COSEWIC 2014, p. 43). Trapping is closed in Ontario 
(except through treaty rights), though incidental trapping results in 1 to 4 mortalities per year 
(Bowman et al. 2010, p. 465). Harvest levels in western provinces have remained relatively 
stable since 1992 (COSEWIC 2014, p. 38; Table 1). 
 
, or Ontario, though incidental harvest has been reported in Ontario (COSEWIC 2014, p. 43). 
The management of wolverine harvest in Canada incorporates spatial and temporal elements 
such as season length, quotas, limited entry, and trapline management by trappers (reviewed by 
Slough et al. 1987). Wolverine harvest levels in Canada are monitored using mandatory pelt 
sealing, annual harvest reporting, or through monitoring of fur exports (COSEWIC 2014, p. 43). 
In some northern communities, wolverine pelts are used locally and harvests are monitored 
through carcass collection programs (COSEWIC 2014, p. 43).  
 
The COSEWIC Assessment and Status Report for the wolverine also noted that range 
contraction and habitat trends of wolverines in Canada are not solely the result of habitat or 
trapping pressure (COSEWIC 2014, p. 20). Reductions in ungulate (e.g., caribou) populations, 
which provide an important winter food resource, were also likely an important factor in range 
contractions of wolverines in its northern range (COSEWIC 2014, p. 20), and likely continue to 
influence populations today. Snowmobiles have allowed for better access for hunters and 
trappers and may be increasing the number of wolverine harvested in its northern North America 
range; however, the areas of exploitation are still relatively small concentrated areas, and large 
areas of refugia continue to be found (Cardinal 2004, p. 31).  
 
Population growth rate scenarios for North American wolverines were modeled by Krebs et al. 
(2004, p. 499), including trapped and untrapped populations. Of note, at the time of this study, 
wolverines were considered furbearer or game animals and trapped or hunted in 8 of their 12 
study areas in North America, including Montana (Krebs et al. 2004, p. 495; Table 1). Estimated 
(logistic) rates of population growth (λ) were found to be lower for trapped populations (λ = 
0.878) as compared to untrapped populations (λ = 1.064) (Krebs et al. 2004, p. 499). Based on 
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their analysis, harvesting was considered to be an “additive mortality” in the populations studied 
and is likely sustained by dispersal from untrapped areas that provide refugia (Krebs et al. 2004, 
pp. 499–500). However, as described in the 2014 COSEWIC report, trends in wolverine 
populations in the northern range, while uncertain, appear to be stable or increasing, with some 
concern for populations in the southern areas of British Columbia and parts of the northern 
United States (COSEWIC 2014, p. 22, and references cited therein). Similarly, in Alaska, over 
the past 6 years, on average, 590 wolverines are taken each year (see Table 7). The consistent 
harvest levels in these regions suggest relatively stable wolverine populations.  
 
 
We evaluated trapping of wolverines in British Columbia and Alberta regions of Canada in an 
effort to document potential impacts to dispersing wolverines along the U.S.–Canada border. As 
described above (Population Abundance and Distribution), the population of wolverines in British 
Columbia is estimated to be 2,700–4,760 and 1,500–2,000 animals in Alberta (COSEWIC 2014, p 
36). We obtained 9 years (2007-2015) of harvest data for southern BC wildlife management units 
from the British Columbia Ministry of Environment, Ecosystems Branch for our analysis. Twenty 
seven years (1989–2015) of harvest data was obtained for Alberta in addition to locations of 
wolverines from a 2012–2015 study and other sources (Webb et al. 2016, p. 1,465; Webb 2017, 
pers. comm.). 
 
Figure 5 presents the results from our spatial analysis and indicates a total of 77 wolverines were 
trapped in British Columbia wildlife management units within 110 km (68.35 mi) of the U.S.–
Canada border from 2007–2015 (average of 8.5 animals per year). We used this distance since it’s 
similar to both the average maximum distance per dispersal movement of 102 km (63 mi) for 
male wolverines reported by Inman et al. (2012a, p. 784) for the Greater Yellowstone region of 
Montana, and a reported 100 km (62 mi) dispersal distance for a juvenile male for Ontario, 
Canada (COSEWIC 2014, p. 24, citing unpublished data from Dawson et al. 2013). As shown 
below, one management area contains nearly one-third (23 individuals) of this total number. The 
other management units along the international border indicate very few animals harvested over 
this 8-year period (i.e., areas on map identified as zero). There is no open trapping season or 
hunting season on wolverines in the management units in the Okanagan (Region 8) (north of 
Washington State) or South Coast (Region 2) (southwest corner of British Columbia) with a 
trapping season for wolverines only in the Kootenay (Region 4, the eastern half of the southern 
part of the province) (Weir 2017b, pers. comm.). In addition, there has not been an open trapping 
season in Region 2 since at least 1985 and since 1993 in the Okanagan region (Weir 2017c, pers. 
comm.). For Alberta, we identified a total of 15 wolverines harvested by trappers and data 
presented in other studies within 110 km (68.35 mi) of the U.S.–Canada border from 1989–2014 
(average of less than 1.0 animal per year). Researchers in Canada are currently conducting a 
landcape level analysis to estimate the size and sustainable harvest for wolverine populations 
within British Columbia (Weir 2017a, pers. comm.). 
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Figure 5. Numbers of wolverines harvested in British Columbia and Alberta, Canada. Sources: British 
Columbia Ministry of Environment; Webb et al. 2016; Webb 2017, pers. comm. 

 
Based on this analysis, trapping effort along the U.S.–Canada border does not represent a 
significant barrier to wolverine movement and dispersal along the international border. As noted 
above, Regehr and Lacroix’s (2016, entire) multi-method inventory of wolverines within an area 
located in the eastern side of the Coast Mountains of British Columbia (see black star in Figure 5 
above) found unexpectedly high numbers of wolverines, which may have been the result of the 
rugged landscape features in this mountainous area and abundant food resources (both winter 
and summer) (Regehr and Lacroix, pp. 249–250). 
 
Legal Status/Protection 
 
In the western United States, the wolverine status is as follows: a state-threatened species in 
Oregon (ODFW 2016) and California (CDFW 2017a); state-endangered species in Colorado 
(Colorado Parks and Wildlife 2015a) ; a candidate species in Washington (Washington 
Department of Fish and Wildlife (WDFW) 2013); a protected nongame species and species of 
greatest conservation need in Idaho (IDFG 2014); a protected animal and species of greatest 
conservation need in Wyoming (WGFD 2017); a species of greatest conservation need in Utah 
(Utah Wildlife Action Plan Joint Team 2015); a furbearer and species of concern in Montana 
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(Montana Natural Heritage Program and Montana FWP 2017); and, in Nevada, the Nevada 
Administrative Code lists wolverines as a protected mammal (NAC 503.030), which provides 
full legal protection. There is no protected status for wolverines in the State of Alaska. The State 
of New Mexico Department of Game and Fish does not recognize the wolverine as a native 
mammal. Additional discussion regarding State regulatory mechanisms that provide protections 
for wolverines is provided in Appendix G. 
 
The Idaho Department of Fish and Game issues permits allowing live capture, handling, and 
release of wolverines for scientific studies, which usually involved log box-traps that do not 
cause physical injury to the captured animals (IDFG 2014, p. 27). The agency also issues 
scientific collection permits to various agencies and organizations and to IDFG biologists that 
can include the capture, chemical immobilization, and placement of radio-collars/radio-markers 
on wolverines (IDFG 2014, p. 27). These permittees (and IDFG staff) are required to comply 
with animal trapping and handling protocols approved by IDFG’s Wildlife Health/Forensic 
Laboratory and other animal welfare and research institutions. Over the past 20 years, there have 
been two documented wolverine deaths due to live capture activities in Idaho (IDFG 2014, p. 
27). 
 
In Wyoming, the Wyoming Game and Fish Commission (Commission) Regulation Chapter 52, 
Nongame Wildlife, authorizes take of wolverine only for scientific or educational purposes as 
regulated by Commission Regulation Chapter 33 (Regulation Governing Issuance of Scientific, 
Research, Educational, or Special Purpose Permits). We received information from the State of 
Wyoming indicating that a search of electronic records of Chapter 33 permits (issued since 1997) 
found (as of May 2013) three permits have been issued for scientific purposes to further 
understanding of wolverine ecology in Wyoming (Mead 2013, pers. comm.). 
 
In California, research permits for State-listed, State-candidate, and fully protected species in 
California are issued as a Memorandum of Understanding (MOU). Currently, there are no active 
MOUs for research on wolverine in California (Burkett 2017, pers. comm.). 
 
In Canada, provincial designations for the wolverine include Endangered in Labrador, and 
Threatened in Ontario and Québec (‘Threatened’ is equivalent to Endangered in Québec), with 
the remaining provincial designations ranging from no ranking to Sensitive or Special Concern 
and the Vancouver Island population designated as Imperilled (COSEWIC 2014, p. 44).  
Recovery planning for the wolverine is focused on the eastern population (Canadian Boreal 
Forest Agreement Secretariat 2015, p. 3). 
 
In summary, overutilization does not represent a stressorthreat to the wolverine the contiguous 
United States. Wolverine populations in the contiguous United States are currently protected 
under several State laws and regulations. Hunting and trapping activities for wolverines are 
currently suspended or closed entirely for animals within the contiguous United States, though 
occasional incidental trapping can occur. Trapping in Alaska and Canada has been and appears 
to be sustainable given large areas of available refugia in these regions. Trapping or harvesting of 
wolverines along the contiguous U.S.–Canada border does not represent a stressor to wolverines 
migrating into the contiguous United States at the individual or population level. In addition, 
wolverine populations along the Alaska–Canada border are continuous with the Yukon region of 
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Canada, which suggests a rescue effect for Canadian populations along this international 
boundary (COSEWIC 2014, p. 37). 
 
Summary of Current Conditions 
 
Wolverine populations in much of North America are still recovering from large losses of 
individuals from intensively hunting and persecution pressures in the late 1880s into the mid-20th 
century. Although there is limited rangewide survey information, based on the best available 
information, wolverines continue to be detected across suitable habitat within the contiguous 
United States. Studies are currently underway to estimate the species’ current distribution and 
genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, and Washington. 
In Canada, the total wolverine population is estimated at over 10,000 adults (COSEWIC 2014, p. 
47). In Alaska, estimates of populations are best evaluated based on density, which are naturally 
low for this species. Recent density estimates are generally about 10 wolverines per 1000 km2 
(386 mi2) for Alaska. 
 
Based on our collection of observations and detections of wolverines in the contiguous United 
States and the 2014 status review for Canada, we prepared a Current Range map to illustrate the 
species’ North American range (Figure 3). We estimated that the proportion of the current North 
American range of the wolverine encompassed within the contiguous United States is 
approximately 6 percent.  
 
We determined that 96 percent of the previously modeled primary habitat (Inman et al. 2013) in 
the lower United States is considered to be lands owned or managed by the Federal government 
(see Appendix D). We also estimated that this 41 percent of this modeled primary habitat is 
located in designated wilderness areas. Appendix G, Regulatory Mechanisms and Conservation 
Measures, provides a more detailed summary of management actions. 
 
We evaluated several potential stressors that may be affecting wolverine populations or its 
habitat, including effects from roads, disturbance due to winter recreation and other activities, 
effects from wildland fire, disease and predation, and overutilization for (primarily) commercial 
purposes. We determined that the effects of roads (evaluated by number of miles, density, and 
location) and disturbance represent low level stressors to the wolverine in the contiguous United 
States. Wildland fire was determined to be a short-term stressor to wolverine habitat and its prey. 
Disease and predation are not considered stressors to the wolverine. 
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
Incidental trapping of wolverines is infrequent in the contiguous United States, and, in Idaho, 
education programs are being implemented to reduce this stressor. In Alaska, the level of harvest 
of wolverines has been fairly consistent since 2010, and, as noted above, density estimates 
indicate no declining trend in wolverine populations.  
 
Wolverines are harvested in several Canadian provinces with management and monitoring 
oversight based on spatial and temporal elements. We reviewed trapping information from 
Canada (within 110 km (68.35 mi) of the contiguous U.S.–Canada border) to assess potential 
impacts to dispersing wolverines into the United States. We found that, in Alberta, 15 wolverines 
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were harvest over a 25 year period (average of less than 1.0 animal per year), and, for British 
Columbia, we found an average of 8.5 animals per year, though one management area contained 
nearly one-third (23 individuals) of this total. Researchers in Canada are currently conducting a 
landcape level analysis to estimate the size and sustainable harvest for wolverine populations 
within British Columbia (Weir 2017, pers. comm.). Based on the best available commercial and 
scientific information, overutilization does not represent a stressor to the wolverine in the 
contiguous United States. 
 
Status – Future Conditions  
 
The future timeframe evaluated in our analysis is approximately 40 to 50 years, which captures 
the range of time periods for proposed projects within the species’ range, as well as our best 
professional judgment of the projected future conditions related to trapping/harvesting, climate 
change, or other potential cumulative impacts. 
 
After considering the current conditions for the wolverine and its habitat, we describe here the 
most likely future scenario to potentially have an effect on wolverine at the population level in 
the contiguous United States:    

• Climate change effects (i.e., significantly elevated temperatures resulting in decline in 
snowpack) may modify suitable habitat, which could also change the scope of the 
wildland fire stressor. 
 

Based on our review of the best available information, we determined that there were no other 
scenarios that were likely to occur for this species. We expect that the effects of trapping and 
roads, human disturbance, effects of wildland fire to continue to be at low levels in the future. 
We have no information that indicates that mortality from roads or disease would increase within 
the range of wolverine in the contiguous United States in the future. 
 
Climate Change Effects 
 
In this section, we consider climate changes that may affect environmental conditions that the 
wolverine relies on. As defined by the Intergovernmental Panel on Climate Change (IPCC), the 
term “climate” refers to the mean and variability of different types of weather conditions over 
time, with 30 years being a typical period for such measurements, although shorter or longer 
periods also may be used (IPCC 2013a, p. 1450). The term “climate change” thus refers to a 
change in the mean or the variability of relevant properties, which persists for an extended 
period, typically decades or longer, due to natural conditions (e.g., solar cycles) or human-caused 
changes in the composition of atmosphere or in land use (IPCC 2013a, p. 1,450).  
 
Scientific measurements spanning several decades demonstrate that changes in climate are 
occurring. In particular, warming of the climate system is unequivocal and many of the observed 
changes in the last 60 years are unprecedented over decades to millennia (IPCC 2013b, p. 4). The 
change in temperature reported in the Northern Hemisphere in recent history (past 150 years) at 
+0.6°C (1.08°F) is twice the change reported for the Southern Hemisphere (+0.3°C (0.54°F)) and 
there is much year-to-year variation (Post 2013, p. 4). With regard to precipitation over land, 
there has been a decline in global total annual precipitation, but the variability between years in 
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total precipitation has increased since about the 1970s (Post 2013, p. 9). The Palmer Drought 
Severity Index (PDSI) compares the actual amount of precipitation received in an area during a 
certain time period with the normal or average amount expected during that same period 
(National Weather Service (NWS) 2015) and is generally used as a measure of water stress. 
Time series analysis of the PDSI indicates worsening persistent drought-like or drought-potential 
conditions across the globe since 1980, a reflection of the influence of temperature on 
atmospheric dynamics (Post 2013, pp. 10–11).  
 
Comprehensive assessments of other observed and projected changes in climate and associated 
effects and risks, and the bases for them, are provided for global and regional scales in recent 
reports issued by the IPCC (2013c, 2014), and similar types of information for the United States 
and regions within it can be found in the National Climate Assessment (Melillo et al. 2014, 
entire). Results of scientific analyses presented by the IPCC show that most of the observed 
increase in global average temperature since the mid-20th century cannot be explained by natural 
variability in climate and is “extremely likely” (defined by the IPCC as 95 to 100 percent 
likelihood) due to the observed increase in greenhouse gas (GHG) concentrations in the 
atmosphere as a result of human activities, particularly carbon dioxide emissions from fossil fuel 
use (IPCC 2013b, p. 17 and related citations).   
 
Scientists use a variety of climate models, which include consideration of natural processes and 
variability, as well as various scenarios of potential levels and timing of GHG emissions, to 
evaluate the causes of changes already observed and to project future changes in temperature and 
other climate conditions. Model results yield very similar projections of average global warming 
until about 2030, and thereafter the magnitude and rate of warming vary through the end of the 
cCentury depending on the assumptions about population levels, emissions of GHGs, and other 
factors that influence climate change. Thus, absent extremely rapid stabilization of GHGs at a 
global level, there is strong scientific support for projections that warming will continue through 
the 21st century, and that the magnitude and rate of change will be influenced substantially by 
human actions regarding GHG emissions (IPCC 2013b, 2014; entire).  
 
Global climate projections are informative, and, in some cases, the only or the best scientific 
information available. However, projected changes in climate and related impacts can vary 
substantially across and, as noted above, within different regions and hemispheres (e.g., IPCC 
2013c, 2014; entire) and within the United States (Melillo et al. 2014, entire). Therefore, we use 
“downscaled” projections when they are available and have been developed through appropriate 
scientific procedures, because such projections provide higher resolution information that is 
more relevant to spatial scales used for analyses of a given species (see Glick et al. 2011, pp. 58–
61, for a discussion of downscaling). We note here that multiple lines of evidence, not just 
projections derived from quantitative models, should be examined when conducting climate 
vulnerability assessments (Michalak et al. 2017, entire). Thus, we provide below projected 
effects from climate change in the western United States relative to both abiotic (e.g., 
temperature, precipitation, snow cover) and biotic (e.g., phenology, behavior) factors.  
 
Abiotic Factors 
 
California 
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Regional temperature and precipitation observations for assessing climate change are often used 
as an indicator of how climate is changing. For evaluating climate trends in California, the 
Western Regional Climate Center (WRCC) has defined 11 climate regions (Abatzoglou et al. 
2009, p. 1,535). The relevant region for our assessment is the north/north-central Sierra Nevada 
region (Tahoe National Forest), currently occupied by a male wolverine, or the northeast region 
as defined in Abatzoglou et al. (2009, p. 1,535) . 
 
Two indicators of temperature, the increase in mean temperature and the increase in maximum 
temperature, are important for evaluating trends in climate change in California. For the climate 
region that encompasses the Tahoe National Forest region, the 100-year linear trends provided 
by the WRCC indicate an increase in mean temperatures (Jan–Dec) of approximately 0.92°C/100 
yr (± 0.29°C/100 yr) (1.66°F ± 0.53°F/100 yr) since 1895 from present day; 1.55°C/100 yr (± 
0.67°C/100 yr ) (2.79°F ± 1.21°F/100 yr) since 1949 to present day; and 2.41°C/100 yr 
(±1.54°C/100 yr ) (4.33°F ± 2.78°F/100 yr) since 1975 to present day (WRCC 2017). Thus, the 
increase in mean temperature has not been constant—the rate of increase over the past 42 years 
in this region has been 2.6 times higher than the past 122 years. We assume the rate of 
temperature increase for this region is higher for the second and third time periods (since 1949 
and 1975, respectively) than for the first time period (since 1895) due to the increased use of 
fossil fuels in the later part of the 20th and early 21st century. 
 
Although these observed trends provide information as to how climate has changed in the past, 
climate models can be used to simulate and develop future climate projections. Pierce et al. 
(2013, entire) presented both state-wide and regional probabilistic estimates of temperature and 
precipitation changes for California (by the 2060s) using downscaled data from 16 global 
circulation models and 3 nested regional climate models. The study looked at a historical (1985–
1994) and a future (2060–2069) time period using the IPCC Special Report on Emission 
Scenarios A2 (Pierce et al. 2013, p. 841), which is an IPCC-defined scenario used for the IPCCs 
Third and Fourth Assessment reports, and is based on a global population growth scenario and 
economic conditions that result in a relatively high level of atmospheric GHGs by 2100 (IPCC 
2000, pp. 4–5; see Stocker et al. 2013, pp. 60–68, and Walsh et al. 2014, pp. 25–28, for 
discussions and comparisons of the prior and current IPCC approaches and outcomes). 
Importantly, the projections by Pierce et al. (2013, pp. 852–853) include daily distributions and 
natural internal climate variability.  
 
Simulations using these downscaling methods project an increase in yearly temperature for the 
area that encompasses the Tahoe National Forest (Sierra Nevada) ranging from 2.1°C (3.78°F) to 
3.2°C (5.76°F) by the 2060s time period (Pierce et al. 2013, p. 844), compared to 1985–1994. 
The simulations indicated a yearly upper temperature increase of 2.5°C (4.5°F) from 1985–1994 
to 2060–2069 (averaged across models) for this area, and an increase of 1.9°C (3.42°F ) for the 
December–February period (Pierce et al. 2013, p. 842).  
 
In California (Griffin and Anchukaitis 2014, p. 9,020), bBeginning in 2012 and continuing into 
2016, California experienced a severe drought throughout most of the state (Griffin and 
Anchukaitis 2014, p. 9,020). Although three- year droughts in California are not unusual when 
evaluated over the past 1000 years, the severity of these drought conditions during this period 
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was demonstrated in the 2014 summer PDSI, which was estimated to be the lowest on record 
(1901–2014) (Williams et al. 2015, p. 6,823). Griffin and Anchukaitis (2014, entire) An 
evaluation of investigated how unusual this drought event was in the context of the last 
millennium using blue oak (Quercus douglasii) tree ring data from four sampling sites (with 
additional tree sampling following the 2014 growth season) was conducted by Griffin and 
Anchukaitis (2014, entire). Their paleoclimate drought and precipitation reconstructions for 
Central and Southern California show that, although the precipitation during this drought has not 
been anomalously low, it was not outside the range of variability (Griffin and Anchukaitis 2014, 
p. 9,017). However, the 2014 drought was the worst single drought year of at least the last 1,200 
years in California and the 2012–2014 drought was the most severe of three consecutive drought 
years, based on three events found in the record for the last 1,200 years (Griffin and Anchukaitis 
2014, pp. 9,020–9,021). The study concluded that low precipitation combined with high 
temperatures was responsible for creating this worst short-term drought episode (Griffin and 
Anchukaitis 2014, pp. 9,021–9,022). 
  
A study by Williams et al. (2015, entire) recently estimated the anthropogenic contribution to 
California’s drought during 2012–2014. They found that the intensifying effect of high 
potential evapotranspiration on this drought event (measured by summer PDSI) was almost 
entirely the result of high temperatures (18–27 percent in 2012–2014; 20–26 percent in 2014) 
(Williams et al. 2015, p. 6,825). Another study evaluating the influence of temperature on the 
drought in water year 2014 in California found that, although the low level of precipitation 
was the primary driver for the drought conditions, temperature was an important factor in 
exacerbating the drought, noting that the water year 2014 was the third year of the multiyear 
drought event and therefore conditions were drier than normal at the beginning of the water year 
(Shukla et al. 2015, p. 4,392).  
 
In sum, these projections indicate that increased temperatures are likely to occur in the Tahoe 
National Forest region by the 2060s due to the effects of climate change. 
 
Precipitation patterns can also be used as an indicator of potential climate change. We obtained 
yearly snowfall data for the Tahoe City station located in the northern Sierra Nevada region from 
the WRCC (https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758) since that dataset was the most 
complete for the area. We then conducted a nonparametric correlation test, the Mann-Kendall 
statistical test (Hipel and McLeod 1994, pp. 63–64, 856–858), which is commonly used for 
analyzing climatic time series (e.g., Ahmad et al. 2015, entire), to evaluate trends in snowfall 
over time. This analysis was conducted using the R and R Studio software programs (Version 
3.1.2; R Development Core Team, 2014) with the “Kendall” package (Version 2.2) (McLeod 
2011). We found that annual snowfall amounts showed no statistically significant trend 
(increasing or decreasing) from 1909–2017 (tau = –0.0289, two-sided p-value of 0.6705) for 
the Tahoe City station.  
 
State-wide and regional probabilistic estimates of precipitation changes for California were also 
evaluated by Pierce et al. (2013, entire). When averaged across all models and downscaling 
methods, a small annual mean decreases in precipitation were found for the Sierra Nevada region 
of California, but that study also found an increase in precipitation for the December through 
February period (wetter winters)  (Pierce et al. 2013, pp. 849, 855). However, there was 

https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758
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significant disagreement across the models, with percent changes ranging from a12 percent 
decrease to a 9 percent increase (Pierce et al. 2013, p. 851).   
 
Columbia River Basin Region  
 
This region covers a large area within Washington, Oregon, and Idaho, and parts of British 
Columbia, Canada, and includes portions of the current range of the wolverine. Rupp et al. 
(2017, entire) used simulations from 35 Global Climate Models (GCMs) to provide projections 
of climate in the Columbia River Basin into the 2080s under two emissions scenarios, 
Representative Concentration Pathways (RCP) (RCP 4.5, which represents moderate reduction in 
GHG emissions (“intermediate emissions”), and RCP 8.5, which represents a continued increase 
in GHG emission “high emission”). The results of their multi-model ensemble for the RCP 4.5 
scenario indicate mean annual temperature increases (above Bonneville Dam), above the 1970–
1999 baseline average, of 1.3°C (2.34°F) for the 2010–2039 period, 2.3°C (4.14°F) for the 2040–
2069 period, and 2.8°C (5.04°F), for the 2070–2099 future period (Rupp et al. 2017, p. 1,788). 
By season, the winter period (December–February) mean change result indicates an increase of 
1.1°C (2.52°F) for 2010–2039, 2.2°C (3.96°F) for 2040-2069, and 2.7°C (4.86°F) for 2070–
2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788).  
 
For the RCP 8.5 scenario, the multi-model ensemble projections indicate mean annual 
temperature increases, above the 1970–1999 baseline average, of 1.4°C (2.34°F) for the 2010–
2039 period, 3.1°C (5.58°F) for the 2040–2069 period, and 5.0°C (9.0°F), for the 2070–2099 
period (Rupp et al. 2017, p. 1,788). For the winter season (December–February) mean change 
increase of 1.4°C (2.34 °F) for 2010–2039, 2.9°C (5.22°F) for 2040-2069, and 4.7°C (8.46°F) for 
2070–2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788). The 
anthropogenic-forced change for these projections is higher than the annual variability; thus, by 
the year 2050, it is very unlikely that the temperature for this year or any year following during 
this century would be as low as the historical average (Rupp et al. 2017, p. 1,788). 
 
Precipitation projections were much less robust; the multi-model ensemble mean precipitation 
projections indicate an increase above baseline of up to 8 percent by 2099 for RCP 8.5 and 
slightly less for RCP 4.5 (Rupp et al. 2017, p. 1,788). When viewed seasonally, for the winter 
season, the ensemble projections indicate increases for all three future time periods for both the 
RCP 4.5 and RCP 8.5 scenarios (ranging from 3 to 14 percent) as compared to the baseline 
period (1970–1999) (Rupp et al. 2017, p. 1,788). The anthropogenic-forced change for these 
projections is lower than the annual variability; however, the authors indicate that years of 
anomalously low precipitation relative to baseline would be expected with high frequency 
throughout the 21st century (Rupp et al. 2017, p. 1,788). 
 
Within three subregions of the Pacific Northwest within the current range of the wolverine, 
Sheehan et al. (2015, p. 20; Table 4) also found that, when compared to a historical baseline 
(1971–2000), all future climate projections (RCP scenarios 4.5 and 8.5; 2036–2066, 2071–2100) 
indicate a rise in both minimum and maximum monthly temperatures, and a generally positive 
change in mean annual precipitation, though the latter results varied across projections.  
 
Upper Snake River Basin 
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The Upper Snake River Tribe Foundation and its Tribal members prepared a climate change 
vulnerability assessment for the Upper Snake River Watershed (Petersen et al. 2017, entire). The 
assessment covers large areas of southern Idaho and eastern Oregon, and small areas of northern 
Nevada, northern Utah, and western Wyoming (Petersen et al. 2017, p. 15). Within three 
geographic/model domains of this larger region, downscaled climate projections were created 
from 20 GCMs run with two emissions scenarios (RCPs 4.5 and 8.5) and these outputs were then 
used to calculate potential future changes in temperature and precipitation (Petersen et al. 2017, 
pp. 15–16). The projections were analyzed in reference to a baseline period (1950-2005) for 
three future time periods—the 2030s (2020–2049), the 2050s (2040–2069), and the 2080s 
(2070–2099) (Petersen et al. 2017, p. 16). 
 
For temperature, their projections indicated an increase in average annual temperatures in both 
future emission scenarios and across all time periods. Under RCP 8.5 (high emissions scenario), 
the ensemble mean temperature increase was about 6.11°C (11ºF), and 2.78°C (5ºF) under the 
RCP 4.5 intermediate emissions scenario across all three geographic/model domains (Petersen et 
al. 2017, Appendix A, p. 2). For the North and East domains (areas with greater topographical 
variability), there was some indication of a small increase in total annual precipitation by the end 
of the century, though there was less agreement among the models (Petersen et al. 2017, 
Appendix A, p. 2). 
 
For all geographic/model domains, the average temperature is projected to increase under both 
emissions scenarios for all seasons (Petersen et al. 2017, Appendix A, p. 2). For the winter 
months (December, January, February), for RCP 4.5, the average seasonal temperature is 
projected to increase by 3.89 to 5°C (7 to 9ºF) by the end of the century, and an increase of 
approximately 2.22 to 3.33°C (4 to 6ºF) for the other seasons (Petersen et al. 2017, Appendix A, 
pp. 2, 6). The winter season projections for RCP 8.5 add an additional 1.67 to 2.22°C (3 to 4ºF) 
by the end of the century (Petersen et al. 2017, Appendix A, pp. 2, 6).  
 
Rocky Mountain Region (Colorado) 
 
A report by Lukas et al. (2014, entire) presented an assessment of observed and future 
projections of climate change effects for Colorado. They reported that, statewide, annual average 
temperatures have increased by 1.1°C (2.0°F) over the past 30 years, and 1.4°C (2.5°F) over the 
past 50 years (Lukas et al. 2014, p. 11). These warming trends have been observed in much of 
the State (Lukas et al. 2014, p. 11). They report no significant long-term trends in annual 
precipitation (30-, 50-, and 100-year trends) through 2012, but they indicate an observed trend 
towards more severe soil-moisture drought conditions in Colorado, based on the PDSI, over the 
past 30 years (Lukas et al. 2014, pp. 12, 21).  
 
This report also presents results from climate change modeling using an ensemble of CMIP5 
model projections, run with RCP 4.5 and 8.5 scenarios (Lukas et al. 2014; Section 5). The results 
indicate future warming in Colorado for all of the climate model projections (Lukas et al. 2014, 
p. 59). By 2050, for the RCP 4.5 (intermediate) emissions scenario, the statewide average annual 
temperatures are projected to increase by 1.4 to 2.8°C (2.5 to 5°F) (relative to a 1971–2000 
baseline), and increase by 1.9 to 3.6°C (3.5 to 6.5°F) under the RCP 8.5 (high) emissions 
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scenario (Lukas et al. 2014, p. 59). For precipitation, they report that climate model projections 
show less agreement regarding future precipitation change for Colorado, but most projections 
indicate increasing winter precipitation by 2050 (Lukas et al. 2014, p. 59). 
 
Summary 
 
Observed trends and future climate model projections indicate warming temperatures for much 
of the western United States, including areas within the current range of the wolverine. The 
degree of future warming varies by region and is dependent upon the future emission scenario 
used during the modeling process. Future precipitation trends are less certain for many regions, 
in part, due to naturally high, inter-annual variability; some regions are projected to experience 
greater winter precipitation. Wolverines have been found to wide range critical temperature 
depending on season, and undergo seasonal changes in fur insulation to adapt to warmer 
temperatures in summer. Wolverines also exhibit changes in behavior, such as moving to water 
bodies or higher elevations in summer months. These physiological and behavioral adaptations 
allow wolverines to adapt to warming tempeartures. 
 
Biotic Factors 
 
In addition to evaluating changes in these abiotic factors, biotic interactions should be considered 
in evaluating species’ response to climate change (reviewed by Post 2013). Although abiotic 
changes drive ecological processes, the alterations in biotic interactions (e.g., competition among 
conspecifics, interactions with competitors, resources, and predators) represent the ecological 
responses that result from those changes (Post 2013, p 1). Changes in certain abiotic factors, such 
as snow and ice cover, should also be considered in an ecological context since they represent 
habitat for many species (Post 2013, p. 11). 
 
Ecological studies evaluating the effects of climate change often evaluate phenology, the timing 
of life history events and how they vary in space and time, generally at the population or site-
specific level, though phenological variation at the individual level may also be important (Post 
2013, p. 54). Previous meta-analyses of the rate of phenological advancement have suggested 
advances of between 2–5 days per decade, across taxa, and between low-mid to mid-high 
latitudes (Post 2013, p. 59). A more recent meta-analysis from Cohen et al. (2017, p. 4) found, 
on average, significant advancement in the phenology of animals since 1950, advancing by about 
2.88 days per decade and 3.08 days per degree Celsius.  
 
Within the Pacific Northwest region, Ford et al. 2016 (entire) modeled the timing of growth 
initiation in coast Douglas-fir trees (Pseudotsuga menziezii var. menziezii) within the species’ 
range in Washington and Oregon to evaluate its ability to track changes in climate with changes 
in phenology. This study found that, for high latitudes and elevations, growth initiation was 
predicted to occur earlier in the year, which allows trees to track the beginning of favorable 
growing conditions, without exposure to frost risk (i.e., adaptive phenological response) (Ford et 
al. 2016, pp. 3718, 3,721). Conversely, their model predicted that at lower latitudes and 
elevations, growth initiation will lag behind climate change shifts due to reduced chilling with 
lower productivity, which suggested that coast Douglas-fir has an obligate chilling requirement 
for height (but not diameter growth initiation) (Ford et al. 2016, pp. 3,717–3,719). 
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Another study reported on the effects of encroachment of woody plants (willows (Salix sp.)) in 
alpine environments to alpine wildflowers and their pollinators due to temporal overlap in 
flowering phenology, which may result in establishment of plant species with broader 
environmental tolerance in high alpine ecosystems (Kettenbach et al. 2017, p. 6,969). Similarly, 
in Sweden, Wilson and Nilsson (2009, entire) reported on encroachment of woody vegetation in 
arctic-mountain habitat, though primarily at lower elevations in response to observed 
temperature increase of 2.0°C (3.6°F) over 20 years, though this increase in cover was observed 
primarily at lower elevations (Wilson and Nilsson 2009, p. 1,682). 
 
A high-latitude, North American study evaluated the effect of weather and broad-scale climate 
variables and vegetation productivity on the timing of spring and fall migrations of migratory 
caribou herds in northern Québec and Labrador, Canada (Le Corre et al. 2017, entire). That 
study found that, since 2000, except for the spring arrival, migrations occurred earlier, and were 
affected by resource availability, likely through intraspecific competition factors (Le Corre et al. 
2017, p. 266).  
 
In addition to phenological changes related to habitat variables or reproduction patterns, the 
effects of climate change may affect food resources important to wolverine, either directly (e.g., 
survival) or indirectly (e.g., effects to their habitat). An early study by Wang et al. (2002, p. 217) 
projected a potential increase in ungulate populations in Rocky Mountain National Park 
(Colorado) under future climate scenarios due to enhanced survival and recruitment of juvenile 
animals in response to less severe winters. The authors note that their results should be 
interpreted qualitatively given the uncertainties in applying climate change scenarios based on 
global models to ecological systems at the local scale (Wang et al. 2002, p. 217). In addition, 
they report that vegetation response (e.g., succession) in response to climate change effects may 
result in changes to ungulate habitat (Wang et al. 2002, p. 219). Overall, the study concluded that 
their results were consistent with those reported in other studies that have evaluated the 
relationships between the effect of weather and density dependence and ungulate population 
dynamics (Wang et al. 2002, p. 219). 
 
Summary 
 
The results presented above indicate biotic effects resulting from climate change, varying from 
phenological changes to shifts in vegetation and vegetation succession. We are unaware of 
studies that have directly evaluated these types of effects to the North American wolverine or its 
habitat. Given the extensive range and varied habitats occupied by wolverines in the contiguous 
United States, the shifts in vegetation are likely to be relatively narrow in scope and scale, and 
may be advantageous for wolverine prey.  
 
Climate Change and Potential for Cumulative Effects  
 
Threats can work in concert with one another to cumulatively create conditions that may impact 
the wolverine or its habitat beyond the scope of each individual threat. Given an expected 
increase in temperature in the western United States, the best available information indicates 
that, if there are any cumulative impacts in the future, the most likely could be 1) changes in 
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snowpack from the combination of increased temperature and changes in precipitation patterns, 
or 2) changes in snowpack and increase in wildland fire potential. 
 
Snowpack/Snow Cover 
 
Upper Snake River Watershed (Pacific Northwest region) 
 
The Upper Snake River Tribal Foundation assessment (discussed above) included projected 
changes in snowpack for three locations in the Upper Snake River watershed, including areas 
locatedion within our estimated Current Range of the wolverine (from Climate Impacts Group 
Pacific Northwest (PNW) Hydroclimate Scenarios Project (2860); 
http://warm.atmos.washington.edu/2860/products/sites/). Model results, based on snow water 
equivalent (SWE) (the water content of snowpack, expressed as depth), indicate a projected loss 
in April 1st snowpack of 36 percent for the 2030–2059 period and 64 percent for the 2070–2099 
period for the Salmon River at White Bird location (average of percent change across all models 
relative to the long-term average for 1916–2006 (“historical period”)). For the Snake River at 
Brownlee Dam location, the projected loss is 37 percent for the 2030–2059 period and 64 percent 
for the 2070–2099 period (summary presented in Petersen et al. 2017, p. 20). These projected 
changes were found to be consistent with overall changes projected for the Columbia River 
Basin snowpack in an earlier study. Hamlet et al. (2013, p. 404; Figure 7) found that, relative to 
the long-term average for 1916 to 2006, the April 1st snowpack in the Columbia River Basin is 
projected to decline by 29% for the 30-year period spanning 2030-2059 and decline by 52% for 
the period spanning 2070-2099 for the A1B emissions scenario. [Note: the A1B emission 
scenario represents a more balanced energy portfolio than RCP 8.5, with GHG emissions 
leveling off by the middle of the 21st century]. 
 
Sierra Nevada 
 
Walton et al. (2017, entire) developed snow cover projections for the Sierra Nevada region in 
California, incorporating snow albedo feedback using a hybrid downscaling approach to develop 
future climate projections. This feedback loop is known to be important for regional climate 
change (Thackeray and Fletcher 2016, p. 395) and occurs when warming causes snow pack to 
shrink at margins and the exposed ground absorbs more sunlight than snow, which enhances the 
warming, and resulting in more melting of snow (Walton et al. 2017, p. 1,417). This study (using 
3 km (1.86 mi) resolution) found that, by the end of the 21st century (2081–2100), warming and 
loss of snow cover is expected to occur, though the degree varies depending on the GHG 
scenario (Walton et al. 2017, p. 1,430). Under the RCP 8.5 (high emissions) scenario, the study 
found that the total area covered by snow during the typical month of April decreases by 48 
percent, as compared to historical average (1981–2000) (using ensemble mean) (Walton et al. 
2017, p. 1,432). Under the RCP 4.5 (moderate emissions) scenario, snow cover losses were 
projected at about half of those for RCP 8.5 (Walton et al. 2017, p. 1,434; Figure 13).Warming 
was more pronounced with elevation, and was most severe in May and June (Walton et al. 2017, 
p. 1,431; Figure 12). For the months of March and April, the highest elevations were found to 
have nearly complete snow cover (measured as snow covered fraction) for all GCM simulations 
(Walton et al. 2017, p. 1,431; Figure 12).  
 

http://warm.atmos.washington.edu/2860/products/sites/
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Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks 
 
The effects of climate change on snow persistence has been suggested as an important negative 
impact on wolverine habitat and populations by the mid-21st century (McKelvey et al., 2011, 
entire). The Service therefore pursued a refined methodology to provide insights into the 
potential impacts of climate change on snow persistence. 
 
The Service engaged the National Oceanic and Atmospheric Administration (NOAA) 
laboratories and University of Colorado in Boulder, Colorado (CU) regarding their ability to 
evaluate and model fine scale persistence of snow in occupied and potential wolverine habitat in 
the contiguous United States. Those discussions revealed significant progress in fine scale 
modeling approaches since the early 2000s and the Service provided funding for an assessment 
of snow extent and depth to assess the effects of climate change on snow persistence in two areas 
of the western United States, Rocky Mountain and Glacier National Parks (Ray et al. 2017, 
entire). The primary objective of this study was to refine the spatial and temporal scale of snow 
modeling efforts and improve the scientific understanding of the extent of spring snow retention 
currently and into the future under a changing climate (Ray et al. 2017, p. 9). The objectives of 
the study included (Ray et al. 2017, p. 10): 
 

• Use of fine-scale models to analyze the topographic effects of snow, including slope and 
aspect (compass direction that slope faces)  

• Use of a range of plausible future climate change scenarios to assess snow persistence 
• Analysis of extremes and year-to-year variability by selecting representative wet, dry, 

and near normal years (using observed conditions) and then modeling changes for those 
base years under several future climate scenarios 

• Assessment of changes in snow persistence by elevation 
 
The study was designed to parallel as much as possible and thereby refine the previous 
assessment of snow cover persistence in the western United States presented in McKelvey et al. 
(2011). However, an exact replication of the McKelvey et al (2011) study was not possible given 
the time, funding, and computational constraints needed to develop a fine-scale assessment. The 
current study was limited to two study areas (approximately 1,500 to 3,000 km2 (579 to 1,158 
mi2) each) in the northern and southern Rocky Mountains (see Appendix H for maps). The two 
study areas were selected because they encompass the latitude and elevational range of 
wolverines within the contiguous United States. Glacier National Park (GLAC) is representative 
of a high latitude and relatively low elevation area currently occupied by wolverines. The Rocky 
Mountain National Park region (ROMO) is a lower latitude and higher elevation area within the 
wolverine’s historical range, which was recently occupied by a wolverine from 2009 to at least 
2012. 
 
Methods: We provide here a brief summary of the methods used in this study. Additional details 
are contained in the full report authored by Ray et al. (2017). The initial step of the analysis was 
a review of the observed climate and variability to provide context for trends and year-to-year 
variability. Next, historical snow cover extent and variability were analyzed using satellite 
remote sensing (MODIS) data from 2000 to 2016 to calculate a snow disappearance date for 
each year at each pixel. Summary statistics include total snow covered area (total area covered 
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by snow), representation of snow pack by aspect (percent of land areas covered by snow for each 
of the 17 years in the historical record by topographic aspect based on compass direction that the 
slope faces), and elevation dependence for wet, near-normal, and dry years (with median of all 
years used as reference). Future snow pack projections were then generated using the Distributed 
Hydrology Soil Vegetation Model (DHSVM), for the historic period 1998-2013, and then 
validated against SNOTEL observing stations and MODIS satellite data.  

Both Ray et al. (2017) and McKelvey et al. (2011) used the delta method to estimate future snow 
persistence. The NOAA-DHSVM delta method uses historical observed weather (1998–2013) as 
the baseline and applies future changes in temperature and precipitation from the chosen GCMs 
(approximately Year 2055) to estimate future snow persistence on the landscape. Five future 
scenarios (GCMs) were selected from CMIP5 global climate model projections to capture 
variability in temperature and precipitation, using the RCP 4.5 (moderate) and RCP 8.5 (high) 
emissions scenarios. Representative wet, near normal, and dry years were analyzed for the 
historical simulations and evaluated for the five future scenarios. The number of years (out of 16) 
with snow depth greater than 0.5 m (20 in) was also analyzed as was the change in Snowcovered 
Area (SCA) (area with depth greater than 0.5 m (20 in)). This snow depth was selected based on 
an analysis of the depth of snow at documented wolverine den sites in Glacier National Park 
(Ray et al. 2017; Table 5-2). Results were reported for “light snow cover” (snow depth greater 
than 1.25 cm (0.5 in)) and “significant” snow (snow depth > 0.5 m (20 in)) for April 15, May 1, 
and May 15 for previously defined representative years. These dates were selected based on 
studies indicating den site abandonment generally occurs before May 1 (see Use of Dens and 
Denning Behavior discussion above in Reproduction and Growth section). The term “light snow 
cover” was incorporated as the most directly comparable parameter to McKelvey et al.’s “light” 
snow cover. The average change in SCA and SWE was analyzed as a function for both study 
areas of elevation and was overlaid with the elevations of documented wolverine den sites 
(2003–2007) in GLAC.  

Comparison with McKelvey et al. (2011): Although the methods used in this study have 
similarities with those presented in McKelvey et al. (2011), there are several key differences. 
Ray et al. (2017) used a finer spatial resolution model (DHSVM) than McKelvey et al. (2011) 
(0.0625 km2 vs. 35 km2) that incorporated slope and aspect. The grid cells represented in 
McKelvey et al. (2011) were assumed to be flat (i.e., north-facing slopes treated as identical to 
south-facing slopes). McKelvey et al. (2011) focused on May 1st snow depth as a proxy for May 
15th snow disappearance, while Ray et al. (2017) focused directly on May 15th snow 
disappearance and produced results for the presence or absence of deeper snow (nominally 
greater than or equal to 0.5 m (20 in) depth) on May 1st and April 15th.4 Because of the increased 
resolution of this study, Ray et al. (2017) were able to consider whether any areas of snow with 
depth greater than 0.5 m (20 in) will persist in these areas. Additional comparisons are outlined 
below in Table 7 8 and in Ray et al. (2017, p. 6). 
 

                                                 
4 Ray et al. (2017) originally focused on May 15th to compare to the McKelvey et al. (2011) study, and June 1st to 
bracket the snowmelt season. However, April 15 and April 30 dates were added to the evaluation of snowcovered 
areas to align with temporal reproductive patterns of the wolverine (see Use of Dens and Denning Behavior 
discussion in Reproduction and Growth section above).   
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Table 81. Comparison of Methods, Ray et al. (2017) vs. Copeland et al. (2010) and 
McKelvey et al. (2011) 
 Ray et al. (2017) Copeland et al. (2010)  

and McKelvey et al. (2011) 
Spatial Resolution 250 m x 250 m = 62,500 m2 or 0.0625 km2  

(0.24 mi2) 
0.125 degrees (~5 km x 7 km; 37 km2  

(14.29 mi2)) 
Geographic Area Glacier and Rocky Mountain National Parks, 

300 m below treeline and above 
Western United States, except 
California and Great Basin 

Topography Slope, aspect, and shading were used Slope and aspect were not used 
Validation SNOTEL (in-situ observations) and MODIS 

(satellite remote sensing) 
None specific to the snow dataset used 

Future Scenario 
Method 

Delta Method, used to project 2000-2013 
conditions out to Year 2055 (average of 2041–
2070) 

Delta Method (Years: 2045 (2030–
2059), 2085 (2070-2099) 

Future Scenarios 
(GCMs) 

miroc, giss, fio, cnrm (both study areas); 
canesm (Glacier National Park only) 
hadgem2 (Rocky Mountain National Park only) 

Ensemble mean of 10 GCMs, pcm1, 
and miroc 3.2 

Time-related Results Long-term means and year-to-year variability 
(i.e., wet, near normal, and dry years)  

Changes in long-term mean snowpack 
only 

Snow Detection and 
Measurements 

Snow presence: 1.25 cm (0.5 in) snow depth 
threshold on May 15.   
“Significant snow”: snow depth (0.5 meter (20 
in) threshold. Snow depth determined by 
conversion from Snow Water Equivalent using 
bulk snow density.  

Snow presence (13 cm (5.12 in) snow 
depth threshold on May 1). Snow depth 
determined by VIC model. 

Number of Years of 
MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 
Snow Cover Dates 
Analyzed 

April 15, May 1, and May 15 May 15 (derived from May 1), May 29 
(derived from May 1) 

 
Results: While there are challenges in comparing the results from McKelvey et al. (2011) 
directly to the Ray et al. (2017) study due to differences in methodology and focus, the 
qualitative picture can be summarized as follows: projected warming has a larger effect at lower 
elevations whereas projected precipitation changes may dominate the springtime snowpack in 
the high country. We present below a summary of the main results from Ray et al. (2017). 
 
MODIS Observed Historic Snowpack Variability Analysis:   
 

● In GLAC, SCA varies considerably by year, including wet years such as 2011 with very 
persistent snow, years with strong melt in early May, such as 2012, or in late May (2009, 
2001), and dry years (2004, 2005) (Ray et al. 2017, Section 4.3).  

● Even in dry years, northeast-facing slopes in GLAC tend to hold more snow and melt 
later in the season.  

● More than 80 percent of the GLAC study area above approximately 2,000 m (6,562 ft) 
elevation on May 1 has snow cover during dry years, and more than 95 percent has snow 
cover above approximately 1,200 m (3,937 ft) during wet years.  

● In ROMO, the SCA also varies considerably by year. 
● The northwest-facing slopes in ROMO tend to hold more snow even during dry years. In 

very dry years, snow cover peaks at intermediate elevations, suggesting that the high-
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altitude snowpack may be particularly vulnerable in this region under warm/dry 
conditions. 

 
Future Snowpack Projections: The area-wide SCA results include snow cover changes in both 
forested and above-treeline (alpine) terrain, which may have different implications for wolverine 
biology. 
 
Glacier National Park (GLAC): 
 

• Projections for April 15th, May 1st, and May 15th SCA and area with snow depth greater 
than 0.5 m (20 in) show declines on average in all scenarios, compared to the 2000–2013 
historic average, except for small increases in the Warm/Wet scenario and for almost all 
years.  

o For April 15th, light SCA area is reduced by 3–23 percent and significant snow 
cover (greater than 0.5 m (20 in)) declines by 7–44 percent.  

o For May 15th, light SCA is reduced by 10–36 percent, and the area with 
significant snow cover declines by 13–50 percent. 

• All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 m (20 in)), which varies by scenario (e.g., Figure 5-14 in Ray et al. 
2017). Areas with frequent availability (at least 14 out of 16 years) of significant snow 
become concentrated in smaller high elevation areas. Lower elevation areas had the 
largest decreases in the number of years with significant snow cover.  

• Most of the known den sites are located between 1,800 m (5,906 ft) and 2,000 m (6,562 
ft) in GLAC. Below that elevation band, large snow losses are predicted (40 to 70 percent 
decrease for two of the scenarios, 16–20 percent for the other three). Above that elevation 
band, there is little change in SCA for four of the five scenarios (2–8 percent) except in 
maximum warming scenario (decline of 40 percent (Ray et al. 2017; Figure 5-22). In the 
1,800–2,000 m (5,906–6,562 ft) band, the snowpack change is sensitive to elevation and 
to the future climate scenario used. 

• For representative wet years, for May 15th, the higher elevations of the study areas 
experience only 2–7 percent loss of snowpack under the scenarios with “least” change 
and the “moderate” change, although for the dry years, losses range from 18–57 percent. 

o The implication is that the wet, cold climate of the GLAC study area could act as 
a “buffer” to change in areas with of 0.5 m (20 in) of deep snow on May 1st, at 
least for elevations above 1,800 m (5,906 ft). 

 
Rocky Mountain National Park (ROMO):  
 

• Projections of May 15th SCA in ROMO decline on average in all scenarios, except for 
small increases in the Warm/Wet scenario, and for almost all years. 

o For April 15th, light SCA (depth ≥ 5 mm (0.2 in)) declines by 3–18 percent and 
significant SCA (depth > 0.5 m (20 in)) changes from −1– +16 percent for the 
five scenarios considered (compared to the 2000-2013 historical average).  

o For May 15th, the area with light snow cover declines 8–35 percent and the area 
with significant snow cover declines 6–38 percent. 
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• All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 (20 in), which varies by scenario (e.g., Figure 5-21in Ray et al. 2017). 
The areas with frequent availability (at least 14 out of 16 years) of significant snow 
become concentrated in smaller high elevation areas. In contrast, lower elevation areas 
had the largest decreases in the number of years with significant snow cover.  

• Although no dens have been documented in ROMO, the elevation band for denning, 
modeled by regression analysis, is estimated at 2,700 to 3,600 m (8,858 to 11,811 ft). On 
May 1st, modest declines in SWE of about 15 percent and less for areas at 3,400 m 
(11,155 ft) or above result in losses of only about 10 percent snow cover.  

o The implication is that the wet, cold climate of the higher parts of the ROMO 
study area could also act as a “buffer” to change in the area of 0.5 m (20 in) deep 
snow on May 1st.  

 
Elevation Dependence of Change: In general, and supported by the literature, the snowpack in 
the higher elevations of both areas is more responsive to precipitation change, while lower 
elevations are more responsive to temperature change. For GLAC, most of the observed den sites 
are located within the zone where temperature dominates the future effects of change. For the 
elevation of den sites in GLAC (i.e., above 1800 m (5,906 ft)), loss of SCA on May 1st spans the 
range of 5–40 percent, with a 70 percent decrease for the Hot/Wet (miroc GCM) scenario. Above 
2,200 m (7,218 ft), the losses are less than 5 percent for all but the Hot/Wet scenario.  
 
Current results may be a reasonable estimate for the high mountain ranges within the Rockies 
that lie between GLAC and ROMO. However, without further study, we cannot reasonably 
extend these results to say whether or not snow refugia will persist in the Central Rockies below 
our study elevations (approximately 1,000 m (3,281 ft)). These lower elevations are where 
McKelvey et al. (2011) predicted the greatest losses in snowpack. The NOAA/CU results also 
cannot be extrapolated to mountain ranges outside of the Rockies (i.e. the Cascade Range) that 
have different climates (temperature and precipitation). We note here that we have no 
documented wolverine den sites in the contiguous United States below 1,500 m (4,921 ft) 
elevation; that is, no documented den locations in the areas where McKelvey et al. (2011) 
predicted the greatest loss in snowpack. 

 
Interpretation and additional analysis relative to wolverine den site scale: The Service was 
interested in exploring the question, “If snow cover is required for wolverine denning, will there 
be a sufficient amount of significant snow cover in the future in areas wolverines have 
historically used for denning in the contiguous United States?” The Service integrated future 
DHSVM projections (2000–2013 averages) of snow covered area (greater than 0.5 m (20 in) 
depth) on May 1st for GLAC and ROMO with new information obtained from a spatial analysis 
of documented den sites in the contiguous United States. This spatial analysis indicated 31 of 34 
documented den sites in the contiguous United States were located in areas with slope less than 
25 degrees. Avalanche risk increases significantly in areas with slope greater than 25 degrees 
(Scott 2017, pers. comm.) and wolverines may avoid these areas for denning due to this risk.  
 
Using the projections prepared by Ray et al. (2017), we present in Figures 6–13 the spatial 
distribution of significant snow covered area with slopes less than 25 degrees and within the 
elevation bands indicated above for three future scenarios in each study area. The three scenarios 
for GLAC (miroc, cnrm, and giss) and for ROMO (hadgem2, fio, and giss) were chosen to span 
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the range of GCM uncertainty regarding temperature and precipitation, and by extension 
significant SCA (see Figure 6 and Figure 7). We found that large portions of the study areas meet 
all three criteria—greater than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m 
(4,967–7,389 ft) for GLAC or 2,700 to 3,600 m (8,858 to 11,811 ft) for ROMO, and with a slope 
less than 25 degrees—across both study sites in the future.   
 
The GLAC miroc simulation shows the greatest decrease in future snow covered area in the 
elevation band historically used for denning (orange line in Figure 6). Figure 8 shows the spatial 
distribution of significant SCA with slope less than 25 degrees and elevation of 1,514–2,252 m 
(4,967–7,389 ft) for the miroc simulation on May 1st (approximately Year 2055). Approximately 
494 km2 (191 mi2) of area meet the three criteria with an additional 803 km2 (310 mi2) of area 
retaining significant snow covered area, primarily at higher elevations. Moreover, we determined 
that large tracts of significant SCA are projected in close proximity to documented historical den 
sites across all three scenarios (Figures 8–10). As shown in Table 89, wolverines would not have 
to travel far, or at all, relative to either distance or elevation to reach areas with significant snow 
covered area in the future.  
 
Table 92. Distance of historical GLAC dens (Years 2003–2007) from projected significant 
snow covered area in the future (approximately Year 2055) (using 2000–2013 average).  
A 0 (zero) value indicates the den site location meets all three criteria in the future (greater 
than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m (4,967–7,389 ft), and 
with a slope less than 25 degrees). 

Den Site Elevation, m 
(ft) 

Distance from den site to nearest model cell, m (ft) 
GCM scenario 

miroc cnrm giss 
1 2,252 (7,389 ft) 0 0 0 
2 2,093 (6,867 ft) 0 0 0 
3 1,995 (6,545 ft) 0 0 0 
4 1,977 (6,486 ft) 210 (689 ft) 0 0 
5 1,973 (6,473 ft) 208 (682 ft) 0 0 
6 1,928 (6,326 ft) 0 0 0 
7 1,922 (6,306 ft) 9 (29.5 ft) 8 (26 ft) 8 (26 ft) 
8 1,912 (6,273 ft) 170 (558 ft) 0 0 
9 1,893 (6,211 ft) 110 (361 ft) 0 0 
10 1,851 (6,073 ft) 87 (285 ft) 0 0 
11 1,843 (6,047 ft) 74 (243 ft) 0 0 
12 1,823 (5,981 ft) 56 (184 ft) 0 0 
13 1,807 (5,929 ft) 0 0 0 
14 1,514 (4,967 ft) 574 (1,883 ft) 571(1,873 ft) 296 (971 ft) 
 
A similar analysis was performed for the ROMO study area and the results indicate that large 
portions of the study area meet all three criteria identified above. The hadgem2 (Figure 11) and 
cnrm scenarios were found to have the greatest decrease in significant snow covered area of the 
five scenarios analyzed. Figure 11 (hadgem2 simulation) shows the spatial distribution of 
significant SCA (greater than 0.5 m (20 in) depth), elevation of 2,700–3,600 m (8,858–11,811 
ft), and slopes less than 25 degrees where denning would be expected to occur. Total area 
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meeting these three criteria was 339 km2 (131 mi2) (dark blue in Figure 11), with an additional 
446 km2 (172 mi2) with snow depth greater than 0.5 m (20 in) (light blue in Figure 11), mostly at 
higher elevations. Figures 12 (fio scenario) and Figure 13 (giss scenario) show a similar 
distribution, albeit larger areas of significant snow retention in the future (see map legends in 
Figures 12 and 13 for area estimates).  
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Figure 6. Average Snow Covered Area (depth ≥ 0.5 m (20 in)) percent change at elevation bands for GLAC 
for five future scenarios on May 1.  

 
Figure 7. Average Snow Covered Area (depth ≥ 0.5 m (20 in)) percent change at elevation bands for ROMO 
for five future scenarios on May 1. 
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Figure 8. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) for 
May 1 under the miroc (Hot/Wet) scenario in Glacier National Park study area. Map legend shows where 
slopes are less than 25 degrees and elevations of 1,514–2,252 m (4,968–7,389 ft) (where dens have been 
documented). 

 
Figure 9. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in) for 
May 1 under the cnrm (Central) scenario in Glacier National Park study area.  Map legend shows where 
slopes are less than 25 degrees and elevations 1514–2252 m (4,968–7,389 ft) (where dens have been 
documented). 
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Figure 10. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the giss (Warm/Wet) scenario in Glacier National Park study area.  Map legend shows 
where slopes are less than 25 degrees and elevations 1,514–2,252 m (4,968–7,389 ft) (where dens have been 
documented). 
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Figure 11. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the hadgem2 (Hot/Dry) scenario in Rocky Mountain National Park study area.  Map legend 
shows where slopes are less than 25 degrees and elevations 2,700–3,600 m (8,858–11,811 ft) (inferred 
elevations where dens would be expected if occupied). 
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Figure 12. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the fio (Warm/Dry) scenario in Rocky Mountain National Park study area.  Map legend 
shows where slopes are less than 25 degrees and elevations 2,700-3,600 m (8,858–11,811 ft) (inferred 
elevations where dens would be expected if occupied). 
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Figure 13. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m) for May 
1 under the giss (Warm/Wet) scenario in Rocky Mountain National Park study area.  Map legend shows 
where slopes are less than 25 degrees and elevations 2,700-3,600 m (8,858–11,811 ft) (inferred elevations 
where dens would be expected if occupied). 
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Montana Climate Assessment 
 
Another recent assesssment of snowpack was conducted for the State of Montana (Whitlock et 
al. 2017, entire). The report analyzed recent climate trends in Montana and assessed how climate 
is projected to change in the future (2040–2069). The study found that snowpack that 
accumulates at high elevations tends to be more stable and persists longer than at low elevations, 
due largely to the colder temperatures at high elevations. The largest projected changes in 
snowpack appear to be in areas located west of the Continental Divide, given their exposure to 
relatively warm Pacific air masses. Overall, the assessment found that declines in snowpack 
volume are likely in the future in the basins studied.  
 
Wildland Fire  
 
California 
 
Keeley and Syphard (2016, entire) analyzed fire-climate relationships relative to to predicting 
future fire regimes in California. Their review concluded that: (1) Climate is not a major 
determinant of fire activity across all landscapes; (2) hotter and drier conditions for areas at 
lower elevations and lower latitude were found to have little or no increase in fire activity as 
vegetation types in these regions are ignition limited; (3) increasing annual temperatures by 
themselves are not good predictors of increased fire activity; seasonality, especially spring and 
summer temperatures, are more important; and (4) fire-climate models need to be scaled to 
vegetation types; broad-scale models may produce over-predictions of the total increase in future 
fire regimes (Keeley and Syphard 2016, pp. 1, 10). Additionally, drought is a key factor in 
defining fire regimes and annual precipitation is the primary driver of drought variability 
(Williams et al. 2015, p. 6,819), but, at the present time, it is difficult to separate current 
droughts in California from natural cycles of drought (Keeley and Syphard 2016, p. 6). 
 
Pacific Northwest 
 
Sheehan et al. (2015, entire) used downscaled CMIP5 projections to model vegetation and fire 
changes, with and without fire suppression, within three subregions of the Pacific Northwest. 
RCP 4.5 and 8.5 emission scenarios were used for future climate projections (2011–2100). The 
resulting trends varied by geographic region. In the Western Northwest subregion (from the crest 
of the Cascade Mountains west), the mean fire interval (MFI) averaged over all climate 
projections decreased by up to 48 percent, an increase in annual percent area burned (PAB), and 
the predominant conifer forest is replaced by mixed forest under future climate under both RCP 
scenarios, with and without fire suppression; thus, climate, rather than fire was found to be the 
primary influence in this subregion (Sheehan et al. 2015, pp. 22–26). In the Eastern Northwest 
Mountains (ENWM) subregion (mountainous areas east of the Cascade Mountains), the MFI 
(averaged across all climate projections) decreased by up to 81 percent, there was a projected 
increase in mean annual PAB, and, while subalpine communities are projected to be lost, conifer 
forests were projected to continue to dominate this subregion (Sheehan et al. 2015, pp. 22–24). 
When modeled using a without fire suppression regime, the future projections for ENWM 
indicated a lower MFI and higher mean annual PAB as compared to the with fire suppression 
regime (Sheehan et al. 2015, p. 22; Table 5). However, the eastern portion of the ENWM 
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subregion was found to show a differing response based on elevation; that is, higher elevations 
were found to have a higher MFI and a lower mean annual PAB during the 20th century as 
compared to lower elevations (Sheehan et al. 2015, p. 23). 
 
Gergel et al. (2017, entire) evaluated the effects of climate change on snowpack, and soil 
moisture and fuel moisture (fire potential) in the western United States. This study used a 
statistical downscaling approach, using an ensemble of 10 GCMs across several mountainous 
regions known to be occupied by wolverines, with a 6.25 km (3.88 mi) spatial resolution 
hydrologic model. Simulations were run for three future periods: 2020s (2010–2039), 2050s 
(2040–2069), and 2080s (2070–2099) (Gergel et al. 2017, p. 291). The authors report significant 
declines in snowpack (measured as SWE) in all mountain ranges for all future scenarios (using 
RCPs 4.5 and 8.5) and GCMs (Gergel et al. 2017, p. 295). This study found that spring 
snowpack in mountains along the Pacific Coast is quite sensitive to warmer temperatures, but in 
the continental mountain ranges (Northern and Southern Rocky Mountains) spring snowpack is 
more sensitive to changes in precipitation (Gergel et al. 2017, p. 295). Differences were observed 
based on elevation (Gergel et al. 2017, p. 292). The study reported on future projected declines 
of summer soil moisture in forested areas (e.g., Northern Rockies) and the likelihood of 
increased risk of drought and therefore an increase in wildland fire risk for forested areas (e.g., 
Northern Rocky Mountains), though they recognize there is significant uncertainty in these 
future projections in high-elevation areas (Gergel et al. 2017, pp. 295–296). 
 
In summary, based on these projections, wildland fire risk is likely to increase across the western 
United States, but future patterns and trends of wildland fire are dependent on several factors 
(e.g., degree of warming and drought conditions, fuel and soil moisture, wildland fire 
management practices, elevation) and geographic region. 
 
Other Cumulative Effects 
 
Finally, we note here that the effects of climate change on snowpack are projected to negatively 
affect the season lengths for winter recreational activities, such as skiing and snowmobiling 
(Wobus et al. 2017, entire), thus, potentially reducing this stressor to the wolverine in the future. 
Wobus et al. (2017) modeled potential changes in snowpack at locations across the contiguous 
United States using output from five GCMs, two representative pathways (RCPs) that represent a 
future scenario with continued high emissions growth with limited efforts to reduce GHGs (RCP 
8.5) and a future scenario with global GHG mitigation (RCP 4.5), and two future time periods 
(2050 and 2090) (Wobus et al. 2017, pp. 2, 5). Although there was some inter-annual variability 
in 2050 for some model projections, in general, the Rocky Mountains and Sierra Nevada regions 
had smaller reductions in season length than other locations due to higher elevation, though for 
the RCP 8.5 scenario coupled with the 2090 future time period, the smallest projected reduction 
in season length was 15 percent (Wobus et al. 2017, p. 9). 
 
Summary of Future Conditions  
 
Models represent tools to describe basic physical and biological behaviors using the best 
available science, and, by presenting a range of plausible future outcomes, they can help generate 
hypotheses while also identifying knowledge gaps where greater accuracy is needed (Batchelet et 
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al. 2016, p. 23). Detecting a species’ response to climate change in a single population, and 
sometimes multiple populations, may not always indicate the response throughout its range given 
the variation in annual mean surface temperatures over the past century (Post 2013, p. 5). In 
addition, inter-annual variability in temperature can be as important to a species’ ecological 
needs as the actual temperature itself (Post 2013, p. 7). 
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Precipitation patterns into the future are less clear as the climate models show 
significant disagreement in their many regional projections. Although drought conditions in the 
western United States are not unusual, drought duration and intensity have the potential to be 
exacerbated by projected temperature increases. Projected temperature and precipitation changes 
will affect future snow cover and the persistence of snow on the landscape. 
 
Snow cover is projected to decline in response to warming temperatures and changing 
precipitation patterns, but this varies by elevation, topography, and by geographic region. 
Simulations of natural snow accumulation at winter recreation locations have found that, overall, 
higher elevation areas (e.g., Rocky Mountains, Sierra Nevada Mountains) are more resilient to 
projected changes in temperature and precipitation as compared to lower elevations (Wobus et 
al. 2017, p. 12). In general, models indicate higher elevations will retain more snow cover than 
lower elevations, particularly in early spring (April 30/May1).We present above results from 
several recent climate models projecting snowpack declines in the western United States. More 
specifically, we reviewed a new analysis from NOAA/CU that modeled future snow persistence 
for Glacier and Rocky Mountain National Parks (areas that encompass the latitudinal and 
elevational range of the wolverine in the contiguous United States) at high spatial resolution 
(Ray et al. 2017, entire). Their results indicate significant areas (several hundred square 
kilometers (miles) for each site) of future snow (greater than 0.5 m (20 in) in depth) will persist 
on May 1st at elevations currently used by wolverines for denning. This is true, on average, 
across the range of climate models used out to approximately Year 2055. 
 
Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, the key variables or combination of variables, that defined this relationship have not 
been empirically analyzed. As discussed above (Box 1), depth of snow cover and its duration 
increases with elevation; even minor elevation differences are noticeable (Formozov 1963, p. 
123). The spotty distribution of snow cover is also affected by unequal distribution of snow 
precipitation on slopes with different exposures, transport of snow by wind, melting of snow on 
sun-exposed slopes, avalanche or rolling down of snow from steeper areas, and vegetation 
(Formozov 1963, p. 123). As discussed above (Denning Habitat), wolverines select den sites for 
differing characteristics depending on location, and wolverine (natal) dens have been observed 
outside of the boundary of the snow model presented in Copeland et al. (2010). In addition, very 
few studies to date have evaluated the importance of denning habitat to reproductive success, or 
the key physiological and ecological characteristics, including avoidance and/or protection from 
predators, prey availability, availability of food caching habitat, that define denning behavior and 
den site selection.   
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We also considered temperature and precipitation projections from climate change models in 
conjunction with wildland fire risk. This risk is likely to increase across the western United 
States, but patterns and trends are dependent on several factors (e.g., degree of warming and 
drought conditions, fuel and soil moisture) and geographic region. 
 
As described above (see Life History and Ecology section), across their North American range, 
wolverines are found in a number of habitats, and exhibit wide-ranging movements. In 
conjunction with behavioral responses (e.g., dispersal over great distances, prey switching), 
physiological adaptations, including observed seasonal changes in the insulative capacity of fur, 
allow wolverines to occupy a variety of habitats throughout the year. Physiological adaptations at 
the cellular and biochemical level are also important in adapting to projected increases in 
temperature due to climate changes, though we are unaware of studies evaluating these types of 
responses in wolverines. 
 
Risk Assessment  
 
In order to characterize a species’ viability and demographic risks, we consider the concepts of 
resilience, representation, and redundancy. We also consider known and potential stressors that 
may negatively impact the physical and biological features that the species needs for survival and 
reproduction. Stressors are expressed as risks to its demographic features such as abundance, 
population and spatial structure, and genetic or ecological diversity. We consider the level of 
impact a stressor may have on a species along with the consideration of demographic factors 
(e.g., whether a species has stable, increasing, or decreasing trends in abundance, population 
growth rates, diversity of populations, and loss or degradation of habitat). 
 
Wolverine populations in much of North America are still recovering from large losses of 
individuals from intensively hunting and persecution pressures in the late 1880s into the mid-20th 
century. Surveys conducted in the winter of 2015, and 2016–2017 continue to document its 
presence across its range in the contiguous United States (resiliency and redundancy). These 
surveys have recorded 85 observations, including in locations where they have not been recently 
detected (e.g., south of Interstate 90 in Washington, Teton Mountain Range/Grand Teton 
National Park). Thus, based on the best available information, wolverines continue to be detected 
across suitable habitat within the contiguous United States.  
 
The geographical range limits of species result from complex interactions including species-
specific physiological, phenological, and ecological characteristics, dispersal ability, and biotic 
interactions, as well as phylogenetic history (Bozinovic et al. 2011, p. 156). Wolverine 
populations in Canada and Alaska are considered stable. Density estimates indicate no declining 
trend in wolverine populations in Alaska. We recognize that there is limited information on 
population sizes for the wolverine in the contiguous United States, and no comprehensive studies 
to indicate what a viable (or minimal) wolverine population size should be across its North 
American range. However, the best available information does not indicate either increasing or 
declining numbers of the wolverine in North America, including the contiguous United States. 
Further, at this time, the best available information does not indicate that the species’ abundance 
is significantly impacted by human-caused stressors and this is unlikely to change in the future 
(resiliency and redundancy).  
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As discussed above (Status–Future Conditions), both direct and cumulative effects of climate 
change (e.g., higher temperatures, loss of snow cover, wildland fire) may affect the resilience of 
the wolverine by creating an environment that is less favorable to its physiological and 
ecological needs. We are unaware of studies of the wolverine that have formally evaluated the 
species’ responses (e.g., reproductive success) in response to warming temperatures or other 
climate change effects. However, a recent evaluation of behavioral plasticity, as an adaptive 
response to climate change effects, was presented for another mammal considered to be sensitive 
to climate change effects—the American pika (Ochotona princeps; pika) (Beever et al. 2017, 
entire). As with the wolverine, this species is known to use several behavioral responses to 
variability in climate including changes in foraging strategies, use of habitat, and 
thermoregulation (Beever et al. 2017, p. 302). The pika was recently detected in heavily shaded 
rainforest habitat adjacent to talus patches at lower elevation (Columbia River Gorge) not typical 
of the talus-type habitats commonly used in many alpine areas of the western United States 
(Beever et al. 2017, p. 302). The authors suggest that, in the Columbia River Gorge region, this 
species is selecting microclimates in nearby shaded forests that provide insulation from warm 
summer temperatures (Beever et al. 2017, p. 302).This study also included results from a review 
of available literature related to behavior as a response to changing environmental conditions for 
several taxonomic groups. They found that behavioral responses to climate change effects were 
most commonly observed in longer-lived species, and the most common response, across all 
taxa, was a change in reproductive behavior, followed by dispersal or migration (Beever et al. 
2017, p. 300). Most of the studies they evaluated identified temperature as the climate metric that 
was responsible for, or correlated with, changes in behavior; however, about 14 percent of the 
examined literature included responses to indirect (biotic) factors, such as changes in food 
resources (Beever et al. 2017, p. 300).  
 
The authors also note that there are tradeoffs (e.g., reduction in time for foraging due to 
sheltering) that may impact long-term persistence and population viability (Beever et al. 2017, 
pp. 301–302), and the pika’s flexibility in habitat selection has not been observed in populations 
in the Great Basin (Beever et al. 2017, p. 302), where some populations have been extirpated 
(Beever et al. 2016, p. 1,498; Table 1). A recent study concluded that the pika has been 
extirpated from an interior portion of its geographic distribution in the Sierra Nevada region 
(California) due to climate effects (i.e., increase in temperature, decline in snowpack), and 
although sites surrounding this core area still harbor the species, the net effect has been 
fragmentation of habitat and species distribution (Stewart et al., 2017, entire).  
 
However, the pika continues to be found at sites that are outside of areas contained within 
bioclimatic envelop models (Jeffress et al. p. 253). Jeffress et al. (2017, entire) found previously 
undocumented extant populations of the American pika in a region of the Great Basin 
(northwestern Nevada) that has been described as extirpated. Relative to wolverine, the authors 
note that these results highlight the need for monitoring programs, particularly at remote and 
isolated locations, and the importance of evaluating occupancy at multiple scales (Jeffress et al. 
2017, p. 266). In addition, the study noted the inconsistency of modeled climate factors in 
explaining occupied/unoccupied sites, and the likely importance of the pika’s talus (micro) 
habitat as well as the scale in which environmental variables are examined (Jeffress et al. 2017, 
p, 264). Resilience of pika populations is therefore likely related to these types of landforms, 
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which act to decouple surface temperatures, with the talus rock habitat providing cool refugia 
(Jeffress et al. 2017, pp. 253, 264–265), but additional microsite data is needed as well as 
analyses of physiological variables are needed to develop predictions of persistence (Jeffress et 
al. 2017, pp. 265–266). In sum, these studies indicate that small mammals exhibit adaptive 
responses to changing climate provided that refugia are available to support life history 
requirements. But they also highlight the importance of continued monitoring and surveillance 
for difficult to study animals such as the wolverine, who are found in remote areas in naturally 
low densities, as well as the potential for geographical variation and habitat structure in 
adaptation to climate change effects. 
 
As described in this SSA Report, the best available information indicates confirmed observations 
of wolverines denning in areas with patchy snow cover in Alaska, Canada, and Scandinavia. 
Given their high rate of movement, large dispersal, and other observed life history traits (e.g., 
behavioral plasticity), we do not predict a significant loss of resiliency to the species in the future 
within its North America range, including the contiguous United States. 
 
As indicated above, population size, growth rate, and current population trends are unknown for 
the wolverine due to the lack of abundance information. The range of the wolverine occurs 
within a large area of northern North America (see Figure 3). The most recent estimate for 
Canada indicates over 10,000 adult wolverines, as well as expansion of wolverines into 
historically occupied areas in both Canada and the contiguous United States with movement 
across both international borders (redundancy). The 2014 COSEWIC report concluded that a 
climate-driven decline in wolverine populations in North America is not evident at this time in 
much of its range (COSEWIC 2014, p. 22).    
 
Currently, we are unaware of any documented specific risks for the wolverine related to a 
substantial change or loss of diversity in life history traits, population demographics, 
morphology, behavior, or genetic characteristics. Rates of dispersal or gene flow are not known 
to have changed. Additionally, there is no currently available information to indicate that the 
current abundance of the wolverine across its current range is at a level that is causing inbreeding 
depression or loss of genetic variation (representation). Nor is there any information to indicate 
that this species is unable to adapt or adjust to changing conditions (e.g., reduction in snow 
cover). 
 
Overall Assessment 
 
The wolverine’s current range extends across the west-northwestern United States, large areas of 
Canada, and Alaska. In the contiguous United States, potentially suitable habitat (i.e., primary 
habitat), as determined by the physical and ecological features and the ecological needs of the 
wolverine, has been estimated at 164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). The 
species is found in a variety of habitats, but generally occurs in remote locations.  
 
In the contiguous United States, the structure of the wolverine population is represented as a 
metapopulation, although its genetic structure relative to its entire North American range has not 
been comprehensively evaluated. Wolverine populations in Alaska are considered to be 
continuous with populations in the Yukon and British Columbia provinces of Canada based on 
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genetic studies (COSEWIC 2014, p. 37). Similarly, studies of wolverines in the North Cascades 
region have documented movement of wolverines from Washington into British Columbia 
(Aubry et al. 2016, pp. 16, 20). 
 
Based on our review of available relevant literature for similar species, we identified the physical 
and ecological needs of the species as follows: large territories in remote landscapes; at high 
elevation (1,800 to 3,500 meters (5,906 to 11,483 feet)) within the contiguous United States; 
access to a variety of food resources, that varies with seasons; and reproductive behavior linked 
to both temporal and physical features. These needs are currently met for the wolverines and are 
expected to be met in the future. 
 
Based on the best available information, wWolverines select den sites for different 
characteristics depending on location. Dens located under snow cover may be related to 
wolverine distribution based on other life history traits, including morphological, demographic, 
and behavioral adaptations that allow them to successfully compete for food resources (Inman 
2013, pers. comm.). Structure (e.g., uprooted trees, boulders and talus fields) appears to be 
essential for natal den sites. However, reproductive success of wolverines has not been evaluated 
relative to the depth and persistence of snow cover, or in combination with these or other 
important characteristics, including prey availability and predator avoidance. Recent studies of 
wolverine populations and distribution in Sweden have observed wolverine populations and 
reproductive den sites outside areas with persistent spring snow cover (Aronsson and Persson 
2016; Persson 2017, pers. comm.). 
 
We identified several potential stressors that may be affecting the species’ and its habitat 
currently or in the future, including impacts associated with climate change effects. We 
recognize there is limited information available for the wolverine, including population estimates 
and abundance trends. Based on the best available information, demographic risks to the species 
from either known or most likely potential stressors (i.e., effects from roads, disturbance due to 
winter recreational activities, effects of wildland fire, and overutilization) are low based on our 
evaluation of the best available information as it applies to current and potential future conditions 
for the wolverine and in the context of the attributes that affect the needs of the species.  
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). Although the persistence of spring snow has not yet been evaluated as critical to 
wolverine survival in North America, our review of projected snow persistence (to 
approximately Year 2055) within the Northern and Southern Rocky Mountains, indicates that 
several hundred kilometers (miles) of deep snow will persist on May 1st at elevations used by the 
wolverine for denning. 
 
Legal protections include State listing in California and Oregon (as threatened), endangered in 
Colorado, as a candidate species in Washington, and protection as a non-game species in Idaho 
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and Wyoming. In Canada, provincial designations range from endangered to threatened in 
eastern provinces, and sensitive/special concern to no ranking in other provinces. Legal trapping 
or hunting of wolverines is currently prohibited in the contiguous United States. Trapping effort 
along the U.S.–Canada border does not represent a significant barrier to wolverine movement 
and dispersal along the international border.   
 
Approximately 96 percent of modeled wolverine primary habitat in the contiguous United States 
is located on Federal lands, with 41 percent located in designated wilderness areas. Management 
actions for conservation of the wolverine and its habitat are included within State Wildlife 
Action Plans, the Idaho Wolverine Conservation Plan, and USDA Forest Service Land and 
Resource Management Plans (see Appendix G), and other Federal and Tribal partner. Various 
provisionss of these plans include, but are not limited to, and include winter road closures, fire 
management, and land acquisition or conservation easements. These management measures, 
currently and in the future, will alleviate effects associated with impacts related to potential 
stressors discussed in this report.    
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Appendix A – Ecoregions of North American within Estimated Current Range of North 
American Wolverine 
(Adapted from EPA 2010)  
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Appendix B – Wolverine Detections, Winter 2016–2017 (as of July 2017)   
Source: Inman 2017b, pers. comm. 
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Appendix C – Recent Wolverine Detections, Idaho and Wyoming  
Sources: Dewey 2017, pers. comm.; Evans Mack 2017a and 2017b, pers. comm.;Walker 2017, pers. comm. 
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Appendix D – Land Ownership of Modeled Wolverine Primary Habitat in Contiguous United 
States 
(based on model from Inman et al. 2013) 

 
Ownership  
(% of total) 

Agency or other Entity Total  
(acres) 

Total 
(hectares) 

Federal Lands Bureau of Indian Affairs 453,866 183,673  
 Bureau of Land Management 498,977 201,929  
 Bureau of Reclamation 1,868 756  
 Forest Service 34,331,515 13,893,471  
 U.S. Fish and Wildlife Service 5,528 2,237  
 National Park Service 3,791,491 1,534,362  
 Other U.S. Department of Agriculture 13,312 5,387  
 Other Federal 0.05 0.02  
Total Federal  
 (96.4%) 

 39,096,557 15,821,815 

State Lands  
(0.68%) 

Arizona, California, Colorado, Idaho, 
Montana, Nevada, New Mexico, Oregon, 
Utah, Washington, Wyoming 

277,181 112,171 

Local 
Government 
(0.12%) 

 49,464 20,017 

Private Lands 
(2.63%) 

 1,064,858 430,933 

No Code (“99”) 
(0.15%) 

 60,380 24,435 

Undetermined 
(0.02%) 

 7,598 3,075 

Total (100%)  40,556,038 16,412,446 
 
Note: Numbers may not total to 100 percent due to rounding. 
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Appendix E – Results from Spatial Analysis of Roads within Current Range of Wolverine 
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Appendix F – Road Closure Map, Grand Teton National Park 
Retrieved from:  https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-
content/uploads/2015/11/GTNP-closure-map.pdf  

 
  

https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-content/uploads/2015/11/GTNP-closure-map.pdf
https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-content/uploads/2015/11/GTNP-closure-map.pdf


North American Wolverine Species Status Assessment Report DATE 

137 
 

Appendix G – Existing Regulatory Mechanisms and Voluntary Conservation Measures 
 
Federal Mechanisms 
 
Organic Administration Act of 1897 and the Multiple–Use, Sustained–Yield Act of 1960 
 
The USFS Organic Act of 1897 (16 U.S.C. § 475–482) established general guidelines for 
administration of timber on USFS lands, which was followed by the Multiple–Use, Sustained–
Yield Act (MUSY) of 1960 (16 U.S.C. § 528–531), which broadened the management of USFS 
lands to include outdoor recreation, range, watershed, and wildlife and fish purposes. 
 
National Forest Management Act 
 
The National Forest Management Act (NFMA) (16 U.S.C. § 1600 et seq.) requires the Forest 
Service to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. § 528–
531). The NFMA outlines the process for the development and revision of the land management 
plans and their guidelines and standards (16 U.S.C. § 1604(g)). 
 
A new National Forest System (NFS) land management planning rule (Planning Rule) was 
adopted by the U.S. Department of Agriculture Forest Service (Forest Service) in 2012 (77 FR 
21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision 
of land management plans for all units of the NFS to maintain and restore NFS land and water 
ecosystems while providing for ecosystem services and multiple uses. Land management plans 
(also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and 
resources; (2) meet the need for forest restoration and conservation, watershed protection, and 
species diversity and conservation; and (3) assist the Forest Service in providing a sustainable 
flow of benefits, services, and uses of NFS lands that provide jobs and contribute to the 
economic and social sustainability of communities (77 FR 21261, April 9, 2012). A land 
management plan does not authorize projects or activities, but projects and activities must be 
consistent with the plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of 
plant and animal communities including species-specific plan components in which a 
determination is made as to whether the plan provides the “ecological conditions necessary 
to…contribute to the recovery of federally listed threatened and endangered species…” (77 FR 
21265; April 9, 2012). 
 
The Record of Decision for the final Planning Rule was based on the analyses presented in the 
Final Programmatic Environmental Impact Statement, National Forest System Land 
Management Planning (77 FR 21162–21276; April 9, 2012), which was prepared in accordance 
with the requirements of the National Environmental Policy Act (NEPA) (discussed below). In 
addition, the NFMA requires land management plans to be developed in accordance with the 
procedural requirements of NEPA, with a similar effect as zoning requirements or regulations as 
these plans control activities on the national forests and are judicially enforceable until properly 
revised (Coggins et al. 2001, p. 720). 
 
A Species of Conservation Concern (SCC) is defined in the 2012 Planning Rule and in 
regulation (36 CFR 219.9(c)), as “a species, other than federally recognized threatened, 
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endangered, proposed, or candidate species, that is known to occur in the plan area and for which 
the regional forester has determined that the best available scientific information indicates 
substantial concern about the species' capability to persist over the long-term in the plan area.” 
The 2012 Planning Rule requires Regional Foresters to identify SCC for plan revision, and, when 
identified for a National Forest, monitoring plans are changed as needed (77 FR 21250, 21267; 
April 9, 2012). Wolverine is considered a SCC in the Rocky Mountain Region (Region 2). It is a 
considered a Sensitive Species in the Intermountain Region (Region 4) and Northern Region 
(Region 1). 
 
Within our estimated Current Range of the wolverine (see Figure 3), we identified 49 National 
Forests or Scenic Recreation Areas in the contiguous United States, and 2 within the State of 
Alaska. These areas are contained within 6 Forest Service Regions across the western United 
States and Alaska.  
 
National Forest Land Management Plans (Forest Plans) 
 
We reviewed several Forest Plans or related planning documents in an effort to describe how 
these plans provide conservation management for the wolverine and its habitat, including 
wildland fire management practices. The sections below are, in most cases, taken directly from 
relevant documents. However, this discussion is not intended to be inclusive of all NFS 
management strategies and activities across the entire Current Range of the wolverine in the 
contiguous United States. 
 
Sierra Nevada Forest Plan Implementation 
 
The 2004 Sierra Nevada Forest Plan Amendment (referred to as the Sierra Nevada Framework) 
amended the Land and Resource Management Plans (LRMP) for the eleven National Forests in 
the Sierra Nevada range to improve protection of old forests, wildlife habitats, watersheds and 
communities in the Sierra Nevada Mountains and Modoc Plateau. This amendment applies to the 
Tahoe National Forest, which has been occupied by a single male wolverine since at least 2008 
(Moriarty et al. 2009, p. 150). The emphasis of the 2004 Sierra Nevada Framework is to adopt an 
integrated strategy for vegetation management that is aggressive enough to reduce the risk of 
wildfire to communities in the wildland urban interface, while modifying fire behavior over the 
broader landscape. Direction is provided as management goals and strategies, desired conditions, 
management intents and objectives, and management standards and guidelines. The 2004 
Framework addressed five problem areas: old forest ecosystems and associated species; aquatic, 
riparian and meadow ecosystems and associated species; fire and fuels management; noxious 
weeds; and lower west side hardwood ecosystems (Forest Service 2013, p. 2–3).  
 
Kootenai National Forest 
 
The Kootenai National Forest is located in the northwest corner of Montana along the Canadian 
border and includes about 2.2 million acres of public land (Forest Service 2015, p. 7). The Forest 
Service published a Revised Land Management Plan for the Kootenai National Forest in 2015 
that identifies forestwide direction includes goals, desired conditions, objectives, standards, and 
guidelines for physical and biological elements including wildlife such as management activities 
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that promote connectivity and avoiding or minimizing disturbance at known active denning sites 
for sensitive, threatened, or endangered species not covered under other forestwide guidelines. It 
also outlines objectives and guidelines related to the use of fire to maintain or improve habitat 
and maintaining unlogged conditions in some portions of areas burned by wildfires for 5 years 
post-fire (Forest Service 2015, pp. 28–32).  
 
The Kootenai National Forest Land Management Plan also identifies proposed or possible 
actions for wildlife management that includes establishing and maintaining the vegetation 
diversity necessary to provide food, cover, and security for wildlife species native to the 
Kootenai National Forest in cooperation with federal, state, and other organizations. For 
wolverine, those management activities might include maintaining, managing, and protecting 
lands known or suspected to contribute to landscape linkages for wolverine (and other 
carnivores) in order to promote genetic dispersal and healthy populations (Forest Service 2015, 
p. 128). 
 
Beaverhead-Deerlodge National Forest 
 
The Beaverhead-Deerlodge National Forest covers 3.38 million acres in southwest Montana 
(Forest Service 2009, p. 2). The Beaverhead-Deerlodge National Forest Land and Resource 
Management Plan identifies goals, objectives, and standards for wildlife management (Forest 
Service 2009, pp. 45–49). Of relevance to the wolverine, wildlife security management goals 
include securing areas and connectivity for ungulates and large carnivores and managing the 
density of open motorized roads and trails by landscape region (Forest Service 2009, p. 45). 
Objectives include management of habitat conditions for elk security and winter habitat integrity 
for wolverine and mountain goat relative to changes in abundance of these Management 
Indicator Species (Forest Service 2009, p. 47). Monitoring elements are defined in the Land and 
Resource Management Plan that link goals and objectives to elements of the National 
Monitoring and Evaluation Framework (Forest Service 2009, pp. 273–280). For wildlife 
security, three performance measures relative to determine whether management activities are 
effectively protecting high elevation winter habitats for wolverines and mountain goats are 
defined: (1) presence or absence of wolverines in high elevation habitats, (2) populations of 
mountain goats (from Montana Fish Wildlife & Parks), and (3) number of snowmobile entries 
into non-motorized high elevation units protected for wolverines and mountain goats (Forest 
Service 2009, p. 277). In addition, in order to evaluate objectives related to road and trail 
densities, a performance measure related to changes in open motorized road and trail density for 
both seasons by landscape is included (Forest Service 2009, p. 277). 
 
The Forest Service is monitoring the Mount Jefferson Recommended Wilderness boundary for 
illegal snowmobile intrusions into the wolverine habitat closure; that is, illegal use will be 
monitored and recorded (number and distance of intrusions) during the period open to 
snowmobiles December 2 to May 15 and any other time of the year snow conditions make 
snowmobiling possible (Forest Service 2009, p. 277). A reassessment of the decision to allow 
snowmobile use will be triggered if: (1) illegal intrusions are documented throughout the closure 
period; (2) illegal intrusions into the closed area, or (3) illegal intrusions that extend as far as the 
Bureau of Land Management (BLM) Wilderness Study Area (Forest Service 2009, p. 277). 
 



North American Wolverine Species Status Assessment Report DATE 

140 
 

Flathead National Forest 
 
The Flathead National Forest is located in the northern Rocky Mountains in western Montana 
and includes approximately 2.4 million acres of public land (Forest Service 2016a, p. 3). This 
National Forest is surrounded by the Kootenai, Lewis and Clark, and Lolo National Forests, 
Glacier National Park, and Canada and includes large areas of designated wilderness (e.g., Bob 
Marshall Wilderness Complex, Mission Mountains Wilderness), Crown of the Continent 
Ecosystem, and wild and scenic river systems (Forest Service 2016a, pp. 3–4).  
 
A Draft Revised Forest Plan was prepared for the Flathead National Forest in 2016 (Forest 
Service 2016b, entire). The Draft Revised Forest Plan identifies components to guide future 
projects and activities and the plan monitoring program, though these components are not 
commitments or final decisions approving projects or activities (Forest Service 2016b, p. 3). 
These components include desired conditions, objectives, standards, guidelines, suitability, and 
monitoring questions and monitoring indicators (Forest Service 2016b, p. 3). [A desired 
condition is a description of specific social, economic, and/or ecological characteristics of the 
plan area, or a portion of the plan area, toward which management of the land and resources 
should be directed, while an objective a concise, measurable, and time-specific statement of a 
desired rate of progress toward a desired condition or conditions (Forest Service 2016b, p. 4). A 
standard is a mandatory constraint on project and activity decision making, established to help 
achieve or maintain the desired condition or conditions, and a guideline is a constraint on project 
and activity decision-making that allows for departure from its terms, and are established to help 
achieve or maintain a desired condition or conditions, to avoid or mitigate undesirable effects, or 
to meet applicable legal requirements (Forest Service 2016b, pp. 4–5).] 
 
Relative to wolverine, plan components for the revised forest plan include two guidelines that are 
protective of wolverine habitat; one that would protect modeled wolverine maternal denning 
habitat with respect to new projects or activity authorizations involving helicopter use and one 
that stipulates no net increase in the percentage of modeled wolverine maternal denning habitat 
where motorized over-snow vehicle use would be suitable on National Forest System lands. 
Additionally, as described in the Final EIS, management area allocations for Alternatives A, B 
modified and C include recommended wilderness areas that would add to existing wilderness. 
Desired conditions related to maintaining connectivity for wolverine and other wildlife are also 
identified within several geographic areas (Kuennen 2017, pers. comm.). 
 
Federal Land Policy and Management Act (FLPMA) of 1976 
 
FLMPA (43 U.S.C. 1711-1712) represents the BLM’s “organic act” for public lands 
management under the principles of multiple use and sustained yield. Its implementing 
regulations give BLM regulatory authority over activities for protection of the environment, 
including mining claims. Under FLPMA and BLM policy, public lands must be managed so as 
to protect the quality of scientific, scenic, historical, ecological, environmental, air and 
atmospheric, water resource, and archaeological values (BLM 2005, p. 1). 
 
Land Use and Resource Management Plans  
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BLM land use planning requirements are established by Sections 201 and 202 of FLMPA and 
regulations at 43 CFR 1600 (BLM 2005, p. 1). A Land Use Planning Handbook (BLM 2005, 
entire) provides guidance for implementing land use planning requirements established under 
FLMPA and implementing regulations. Land use plans prepared by BLM include resource 
management plans (RMPs) and management framework plans (BLM 2005, p. 1). The RMPs 
establish the basis for actions and approved uses on the public lands and are prepared for areas of 
public lands, called planning areas (BLM 2005, pp. 1, 14). These plans are periodically evaluated 
and revised in response to changed conditions and resource demands (BLM 2005, pp. 33–34).  
 
National Environmental Policy Act (NEPA) 
 
All Federal agencies are required to adhere to the NEPA of 1970 (42 U.S.C. 4321 et seq.) for 
projects they fund, authorize, or carry out. Prior to implementation of such projects with a 
Federal nexus, NEPA requires the agency to analyze the project for potential impacts to the 
human environment, including natural resources. The Council on Environmental Quality’s 
regulations for implementing NEPA state that agencies shall include a discussion on the 
environmental impacts of the various project alternatives (including the proposed action), any 
adverse environmental effects that cannot be avoided, and any irreversible or irretrievable 
commitments of resources involved (40 CFR part 1502). The public notice provisions of NEPA 
provide an opportunity for the Service and other interested parties to review proposed actions 
and provide recommendations to the implementing agency. NEPA does not impose substantive 
environmental obligations on Federal agencies—it merely prohibits an uninformed agency 
action. However, if an Environmental Impact Statement is prepared for an agency action, the 
agency must take a “hard look” at the consequences of this action and must consider all 
potentially significant environmental impacts. Federal agencies may include mitigation measures 
in the final Environmental Impact Statement as a result of the NEPA process that may help to 
conserve the wolverine and its habitat.   
 
Although NEPA requires full evaluation and disclosure of information regarding the effects of 
contemplated Federal actions on sensitive species and their habitats, it does not by itself regulate 
activities that might affect the wolverine; that is, effects to the subspecies and its habitat would 
receive the same scrutiny as other plant and wildlife resources during the NEPA process and 
associated analyses of a project’s potential impacts to the human environment. The Service 
receives notification letters for Draft and Final Environmental Impact Statements prepared by the 
Forest Service, BLM and other Federal agencies pursuant to NEPA for specific proposed 
projects including those within National Forests or National Parks, and preparation of Forest 
Service Land and Resource Management Plans, as discussed above.   
 
Wilderness Act 
 
The Wilderness Act of 1964 (16 U.S.C. 1131–1136) provides protection of habitat from most 
forms of development, though no single agency is responsible for administration of lands 
provided this designation, which are designated (or modified) by Congress. The Wilderness Act 
prohibits commercial enterprises and permanent roads within wilderness area and restricts 
temporary roads, motorized and mechanical transport, and structures, but does not prohibit all 
commercial uses (e.g., grazing). Within the portion of our estimated Current Range of the 
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wolverine in the contiguous United States and Alaska, approximately 15 percent is designated as 
wilderness areas under the Wilderness Act. We also evaluated wilderness contained within 
modeled wolverine primary habitat from Inman et al. (2013). We found 41 percent of this 
suitable habitat was designated as wilderness areas. 
 
State Mechanisms 
 
California  
 
As noted above, the wolverine is a threatened species under the California Endangered Species 
Act or CESA, which prohibits the take of any species of wildlife designated by the California 
Fish and Game Commission as endangered, threatened, or candidate species (CDFW 2017b). 
CDFW may authorize the take of any such species if certain conditions are met through the 
issuance of permits (e.g., Incidental Take Permits) (CDFW 2017b). The wolverine is also a 
Species of Greatest Conservation Need (SGCN) in the State’s Wildlife Action Plan5 and is a 
focal species of conservation strategies for conservation targets in the Southern Cascades and 
Sierra Nevada Ecoregions, and in the Mono Ecoregion of the Deserts Province section (Big 
Sagebrush Scrub (CDFW 2015, pp. 5.2-16, 5.4-23, 5.6-19). 
 
In 2011, the CDFW (formerly California Department of Fish and Game) prepared an 
assessment/briefing document, California Wolverine Population Augmentation Considerations, 
in response to a Feasibility Assessment and Implementation Plan for Population Augmentation of 
Wolverines in California (November 2010) submitted to the Department by the Institute for 
Wildlife Studies (California Department of Fish and Game (CDFG) 2011). As of August 2017, 
no action has been taken by CDFW toward implementation of augmentation of wolverines in 
California. 
 
Oregon 
 
The wolverine has been listed as threatened species in Oregon since 1975, under the Oregon 
Endangered Species Act, and is fully protected under management authority of the ODFW 
(Anglin 2013, pers. comm.).  
 
A Conservation Strategy for conserving the State’s fish and wildlife has been prepared by the 
ODFW. The Conservation Strategy identifies 294 Strategy Species, which are Oregon’s SGCN, 
(including wolverine) and are defined as those species having small or declining populations, are 
at-risk, and/or are of management concern (ODFW 2016). For each of the Strategy Species, the 
Conservation Strategy identifies information on the special needs, limiting factors, data gaps, and 
conservation actions. For wolverine, conservation actions include management of recreational 
use to avoid impacts to the species (ODFW 2016). Other Strategy Species identified in the 
                                                 
5 The U.S. Congress created the State Wildlife Grant (SWG) funding program in 2000 (Title IX, Public Law 106-
553 and Title 1, Public Law 107-63). SWG funds are to be used "…for the planning and implementation of [States 
and territories] wildlife conservation and restoration program and wildlife conservation strategy, including wildlife 
conservation, wildlife conservation education, and wildlife-associated recreation projects.” Congress stipulated that 
each State or territory applying for this funding program must develop a wildlife conservation strategy (State 
Wildlife Action Plan (SWAP)) by October 1, 2005. All 56 states and territories submitted SWAPs by 2005 and 
made commitments to review and/or revise their SWAP at least every 10 years. 
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State’s Conservation Strategy are prey species important to wolverine, including the Rocky 
Mountain bighorn sheep and Columbian white-tailed deer (ODFW 2016). 
 
Washington 
 
The wolverine is a candidate species for listing in the State of Washington and, since 2006, the 
Washington Department of Fish and Wildlife (WDFW) has been collaborating with wolverine 
researchers in the Cascades of northern Washington and southern British Columbia to better 
understand the status, distribution, and general ecology of wolverines in this region (WDFW 
2013). It is also considered a SGCN, and is identified as a species whose population is in critical 
condition (WDFW 2013, pp. 3-7). 
 
Washington’s State Wildlife Action Plan (updated in 2015) identifies several major conservation 
strategies to address the conservation of fish and wildlife habitat and biodiversity in Washington, 
on both public and private lands (WDFW 2015, pp. 2-12–2-28). The wolverine is included in 
several identified ecological systems of concern such as alpine scrub, forb meadow, and 
grassland vegetation, cliff, scree and rock vegetation, and temperate forests (WDFW 2015, pp. 4-
19, 4-27, 4-98). The State’s Wildlife Action Plan identifies major stressors and key actions 
needed to maintain habitat quality for each of these ecological systems. 
 
Of relevance to wolverine, the WDFW and its partners have been targeting land acquisition and 
conservation easements with high habitat or biodiversity values such as mixed-conifer forests as 
well as areas that support winter range and connectivity for wolverine and other carnivores (e.g., 
Methow River and Okanogan River Watersheds projects) (WDFW 2015, pp. 2-15–2-17). Other 
landscape conservation efforts highlighted in the State’s Wildlife Action Plan include a Federal-
State partnership with Washington’s Department of Transportation to implement the Interstate-
90 Snoqualmie Pass East Project to enhance wildlife connectivity that includes wildlife 
underpasses under the highway along creeks and rivers and two 150-foot wide wildlife bridges 
over the highway (WDFW 2015, p. 2-26). 
 
Idaho 
 
In Idaho, the wolverine is a protected nongame species and SGCN in Idaho (IDFG 2014). The 
Idaho State Wildlife Action Plan, 2015 is a statewide plan for conserving and managing Idaho’s 
fish and wildlife and their habitats, and provides a framework for conserving Idaho’s 205 SGCN 
and their habitats, which includes the wolverine (IDFG 2017b, pp. xv–xviii). The wolverine is 
identified as a Tier 1 SGCN, which indicates it represents a species of most critical conservation 
need (IDFG 2017b, p. xvi). The statewide plan presents a species assessment for each SGCN and 
ecological section plans. Each of the ecological section plans presents a conservation target (e.g., 
habitat, species assemblage) that summarizes its viability as well as prioritized threats and 
strategies (IDFG 2017b, p. xv). A section outlining species designation, planning, and 
monitoring is also provided. The wolverine is included in three of the defined conservation 
targets—forested lowlands, subalpine-high montane conifer forest, and low density forest 
carnivores (IDFG 2017b, p. 76). Along with objectives and strategies, these summaries identify 
actions for the SGCNs included in the defined conservation targets. Examples include: develop 
and implement a long-term multi-taxa monitoring program; determine high risk areas for wildlife 
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crossings; construct highway over- and underpasses; promote and/or facilitate the use of 
prescribed fire as a habitat restoration tool, on both public and private lands where appropriate; 
determine best management practices to maintain cool microsites and benefit cool air associated 
species; and implement strategies to minimize disturbance from winter recreation activities as 
outlined in the Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 
(IDFG 2017b, pp. 79, 80, 91, 94, 110). 
 
The Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 (Management 
Plan) (IDFG 2014, entire) represents a framework for proactive efforts to ensure the long-term 
persistence and viability of wolverine populations in Idaho (IDFG 2016, pers. comm.). The 
Management Plan is described as a voluntary guidance document to lead conservation efforts at 
the State and local level, as well as to facilitate communication and collaboration efforts among 
wildlife and land managers (IDFG 2014, p. v). 
 
Conservation issues and management actions are described in the Management Plan and the 
appropriate section plans of the Idaho State Wildlife Action Plan. The recommended strategies 
include development of finer-scale climate projections, research regarding wolverine-snow 
relationships, characterizing wolverine response to recreational activities, developing predictions 
of the potential overlap of wolverine and high levels of snow-sports recreation, and educating 
trappers to minimize incidental trapping of nontarget species, including the wolverine (IDFG 
2014, pp. 32–39; IDFG 2017b, p. 1058). Seven conservation and management objectives are 
outlined in the Management Plan (IDFG 2014, pp. 32–39) and, as outlined in a November 2016 
response letter, there has been progress on all of these objectives (IDFG 2016, pers. comm.). As 
an example, the agency (under the Multi-species Baseline Initiative) has developed and 
implemented a baseline micro-climate monitoring protocol for collecting environmental 
parameters in an effort to identify areas that serve as cool-air refugia (IDFG 2016, pers. comm.). 
As described above (Overutilization for Commercial, Recreational, Scientific, or Educational 
Purposes), the IDFG has prepared educational materials to promote best management practices 
for minimizing non-target wolverine captures and continues to educate trappers under legislative 
mandate passed in 2016 (State of Idaho House Bill 378) (IDFG 2016, pers. comm.).  
 
In addition, management of prey species important to the wolverine diet is outlined in the Idaho 
Elk Management Plan 2014-2024 (IDFG 2014a), the Mule Deer Management Plan 2008-2017 
(2008) and the Bighorn Sheep Management Plan (2010). 
 
Montana 
 
In the State of Montana, the wolverine is classified as a furbearer and species of concern. Since 
2013, there has been a zero quota for trapping or harvest of wolverine and trappers that capture a 
wolverine must notify a designated Montana FWP employee within the relevant trapping district 
within 24 hours for collection if the animal cannot be released uninjured (Montana FWP 2016, 
pers. comm.).  
 
There are two broad-scale wildlife conservation efforts that provide conservation benefits to the 
wolverine. Montana’s State Wildlife Action Plan (updated and revised in 2015) identifies the 
wolverine as one of 128 SGCN (Montana FWP 2015, Appendix N). The State’s Wildlife Action 
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Plan identifies priority community types, focal Areas, and species to help informing Montana 
FWP’s priorities and decisions and to assist other agencies and organizations in making 
decisions as to where to focus their conservation efforts (Montana FWP 2015, p. 2). Community 
types and focal areas are designed to identify and direct attention to specific geographical areas 
in the State that have the greatest conservation need (Montana FWP 2015, p. 5). For the 
wolverine, Montana’s State Wildlife Action Plan identifies wolverine habitats in seven 
community types, all designate Tier I (or those with greatest conservation need), and in all focal 
areas (also Tier I) within those community types (Montana FWP 2016, pers. comm.). For each 
community type, impacts, threats, and corresponding conservation actions are identified, as well 
as specific impacts and threats such as habitat fragmentation (e.g., prioritize land acquisition, 
provide wildlife under- and overpasses), land management (e.g., management to address altered 
fire regimes), recreation (e.g., consider seasonal closures during breeding season), and climate 
change (e.g., collection of baseline data to document shifting range limits of SGCN and 
Community Types of Greatest Conservation Need) (Montana FWP 2015, pp. 59–63). 
 
The second conservation effort in the State of Montana is a Crucial Area Assessment to identify 
crucial areas and fish and wildlife corridors, and development of a Crucial Areas Planning 
System (URL: http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html). This 
is a Montana FWP mapping application and planning tool designed to assist in future planning of 
development and conservation (Montana FWP 2016, pers. comm.). 
 
The State of Montana is also conserving wildlife habitat through land acquisition and 
conservation easements (Montana FWP 2016, pers. comm.). In western Montana, including areas 
known to be occupied by the wolverine, 425 properties for a total 310,523 ha (767,320 ac) have 
been either acquired (e.g., State Parks, Wildlife Management Areas) or protected by conservation 
easements, as of November 2016, as shown in figure below (Montana FWP 2016, pers. comm.). 

 

http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html
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Wyoming 
 
The wolverine is a protected animal and SGCN in Wyoming (WGFD 2017). The Wyoming 
Game and Fish Department State Wildlife Action Plan directs the activities of the WGFD and 
serves as guide in conserving Wyoming’s SGCN through the combined efforts of government 
agencies, conservation organizations, academia, tribes, and others (WGFD 2017, p. I–1-1). As 
noted above, the wolverine is identified as a SGCN, a designation intended to identify species 
whose conservation status warrants increased management attention and funding, and 
consideration in conservation, land use, and development planning in the State (WGFD 2017, p. 
IV– i-1). The State Wildlife Action Plan incorporates the wolverine as a SGCN in several 
terrestrial habitat types or ecological systems, including cliffs, canyons, and rock outcrops, 
montane and subalpine forests, and mountain grasslands and alpine tundra (WGFD 2017, pp. III–
2-5, III–5-7, III–6-5).  
 
In 2015, Wyoming funded a pilot project (through The Wolverine Initiative) to evaluate 
wolverine detection and monitoring of the species in the State and is a contributing collaborator 
in the Multistate Wolverine Working Group implementing a monitoring strategy (the WSWCP) 
in the winter of 2016–2017 across four western states (WGFD 2017, p. IV–5-357). Results of 
those studies (e.g., Inman et al. 2015) are summarized above (Population Abundance and 
Distribution). The WSWCP is also updating and refining connectivity models for the wolverine 
in an effort to focus and prioritize habitat conservation and management (WGFD 2016, pers. 
comm.). 
 
Colorado 
 
The wolverine is a state-endangered species in Colorado (Colorado Parks and Wildlife 2015a); 
however, there is no known current resident or reproducing wolverine population.  
 
The Colorado State Action Plan (Colorado Parks and Wildlife 2015b) provides a blueprint for a 
collaborative effort to conserve Colorado’s at-risk wildlife and their habitats, with a primary goal 
for securing wildlife populations in order to avoid protections implemented via from so that they 
do not require protection via federal or state listing regulations (Colorado Parks and Wildlife 
2015b, p. 1). The wolverine is designated as a Tier 1 (highest conservation priority; up from Tier 
2) SGCN (Colorado Parks and Wildlife 2015b, p. 19). The primary conservation action for 
wolverine described in the 2015 State Action Plan is to continue discussions among wildlife 
managers, conservation partners and stakeholders of the social and political aspects regarding 
reintroduction of wolverine populations into the southern Rocky Mountains (Colorado Parks and 
Wildlife 2015b, p. 186). The State has not yet prepared a potential restoration program for the 
species (Broscheid 2016, pers. comm.). 
 
Other Conservation Mechanisms 
 
Tribes 
 
Nez Perce Tribe 
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Wolverines are found with the aboriginal territory of the Nez Perce Tribe in north-central Idaho, 
and conservation and restoration of the species within the Nez Perce homeland is important to 
the Nez Perce Tribe (Miles 2017, pers. comm.). The Nez Perce Tribe is currently preparing an 
Integrated Resource Management Plan (IRMP), a Plant and Wildlife Conservation Strategy, and 
a Forest Management plan with the wolverine defined as a species of conservation concern in all 
three draft plans (Miles 2017, pers. comm.). The planning area for the IRMP, which is being 
prepared in partnership with the Bureau of Indian Affairs, incorporates the approximately 
311,608 ha (770,000 ac) Nez Perce Reservation, located within portions of Nez Perce, Lewis, 
Clearwater, Latah, and Idaho Counties in north-central Idaho (http://www.nezperce.org/irmp/; 
accessed August 24, 2017). The preparation of the IRMP is currently at the scoping stage in the 
NEPA process for development of a Programmatic Environmental Impact Statement 
(http://www.nezperce.org/irmp/; accessed August 24, 2017). 
 
The Shoshone-Bannock Tribes 
 
The Shoshone-Bannock Tribes are currently conducting climate change modeling for the 
Northern Rocky Mountains as part of its preparation of a Climate Change Adaptation Plan 
(Edmo 2016, pers. comm.). The Upper Snake River Tribes Foundation (USRT), which is 
comprised of four member tribes—the Burns Paiute Tribe, Fort McDermitt Paiute-Shoshone 
Tribe, Shoshone-Bannock Tribes of the Fort Hall Reservation, and Shoshone-Paiute Tribes of the 
Duck Valley Reservation—within the Upper Snake River Watershed region, prepared a Climate 
Change Vulnerability Assessment in February 2017 (Petersen et al. 2017, entire). The assessment 
is the first of three steps the USRT and its member tribes plan activities over the next several 
years as part of a comprehensive climate change effort, and will include an Adaptation Plan 
(expected to be completed in 2017–2018), and, depending on future funding, a process for 
development of Implementing Adaptation Actions and Monitoring (Petersen et al. 2017, p. 7). 
 
 
 
  

http://www.nezperce.org/irmp/
http://www.nezperce.org/irmp/
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Appendix H–NOAA/CU Study Areas Used to Evaluate Future Snow Persistence  
(from Ray et al., 2017)   
 
Glacier National Park Study Area 
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Rocky Mountain National Park Study Area 
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Executive Summary 
 
The North American wolverine (Gulo gulo luscus; wolverine) is a medium-sized carnivore found 
across the west-northwestern contiguous United States, Alaska, and Canada. The most recent 
estimate of wolverine populations in the contiguous United States based on resource function 
modeling is 318 individuals, with a range from 249 to 949; however, systematic monitoring 
across the wolverine’s North American range has not been conducted given the difficulty in 
surveying this highly mobile species, and its occupation across large and remote areas. A multi-
state effort to determine wolverine occupancy in Montana, Idaho, and Washington was 
conducted in winter of 2016–2017 and in Wyoming for the winters of 2015 and 2016–2017. 
Results from this study are still being analyzed, but photographic detections of wolverines were 
found across all States, including areas where wolverines have not recently been observed. In 
Canada, the population is estimated to exceed 10,000 mature individuals and has been stable 
over the last two decades. Recent density estimates indicate no declining trend for wolverines in 
Alaska. Wolverine populations in Alaska are considered to be continuous with populations in the 
Yukon and British Columbia provinces of Canada. Wolverines that occupy the North Cascades 
region are known to move from Washington into British Columbia.  
 
Wolverines are highly mobile, capable of moving and dispersing over great distances over short 
periods of time. Wolverine populations are also characterized by naturally low densities in North 
America. The species is highly territorial, with very little overlap between same-sex adults. 
Wolverines occupy a variety of habitats, but are generally found in remote locations, away from 
human settlements. Wolverines consume a variety of food resources and seasonal switching of 
prey likely allows for adjustment for nutritional needs throughout their life history. As observed 
in other arctic mammals, wolverines have the ability to dissipate body heat to balance the heat 
loss from 30°C to −40°C (86°F to −40°F), due in large part to vasodilatation and rise of skin 
temperature, and rapid and seasonal adjustments in fur insulation. Wolverines can also adapt to 
both cold and warm temperatures by movement and, relatedly, micro- and macro-habitat 
selection. Further, wolverines are not infrequently observed near and in lakes and other water 
bodies. 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., male 
mates with more than one female each year), delayed implantation (up to 6 months), a short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care (3.5 
months). The reproductive behavior in wolverines is temporally adapted to take advantage of the 
availability of food resources, limited interspecific competition, and snow cover in the winter. 
 
Since the publication of the Service’s 2013 proposed rule to list the distinct population segment 
of the North American wolverine in the contiguous United States (78 FR 7864; February 4, 
2013), several new wolverine studies have been published, which has added to our understanding 
of wolverine biology while also highlighting new insights into identifying key species’ needs and 
their interactions with both abiotic and biotic factors. In particular, wolverine populations and 
wolverine dens have been observed outside previously modeled projections of spring snow 
cover. Our evaluation of snow cover at previously recorded natal den site locations in the 
western United States indicated that ‘melt-out’ dates at these locations extend well past the May 
15 date used in persistent spring snow cover models. 
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Overall, the best available information indicates that within the contiguous United States the 
wolverine’s physical and ecological needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet));  
(2) access to a variety of food resources, that varies with seasons; and 
(3) physical/structural features (e.g., talus slopes, rugged terrain) linked to reproductive 
behavioral patterns. 

 
In this Species Status Assessment (SSA) Report, we provide a discussion of the ecological needs 
of the wolverine, its current conditions, and projected future conditions. We evaluate potential 
stressors to the species, with a particular focus on the impacts associated with projected effects of 
climate change.  
 
In our analysis, we applied the conservation biology principles of redundancy, resiliency, and 
representation (collectively known as the “3Rs”) to evaluate the current and projected future 
condition of the wolverine and its ability to sustain itself (as one or more populations) in the wild 
over time (Carroll et al. 1996, entire; Wolf et al. 2015, entire). This evaluation considers the 
unique demographic, distribution, and diversity characteristics unique to the species. After 
applying the framework of the 3Rs, we determined the following: 
 

(1) Redundancy: The wolverine occurs across the contiguous United States within a 
metapopulation structure. The best available information indicates that the species 
continues to expand into historical, previously occupied areas in the contiguous 
United States following decades of persecution. 

(2) Representation: The wolverine is currently found across the west-northwestern 
United States, as well as much of Canada, and Alaska. The best available information 
indicates that the species is found across a wide range of habitats. Modeled primary 
habitat for the wolverine in the contiguous United States has been estimated at 
164,125 square kilometers (km2) (63,369 square miles (mi2). 

(3) Resiliency: The wolverine appears resilient within its contiguous United States range. 
The species exhibits physiological (e.g., seasonal changes in fur) and behavioral 
plasticity in its life history (e.g., reproduction, feeding, movement and use of habitat). 
Estimated population size and growth rates across its North American range are 
uncertain, but the best available information does not suggest that abundance is 
declining in the contiguous United States, or in North America. The most significant 
stressor currently and in the future appears to be the effects of climate change, such as 
warming temperatures and loss of snowpack. However, based on the best available 
information, we have no indication that this species is unable to adapt or adjust to 
changing conditions. 

 
Demographic risks to the species from either known or most likely potential stressors (i.e., 
effects from roads, disturbance due to winter recreational activities, effects of wildland fire, and 
overutilization) are low based on our evaluation of the best available information as it applies to 
current and potential future conditions for the wolverine and in the context of the attributes that 
affect its viability. We analyzed the potential effects of climate change to wolverine habitat, 
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including snow persistence in the Northern and Southern Rocky Mountains. The future 
timeframe evaluated in this analysis is approximately 40 to 50 years, which captures the range of 
time periods for proposed projects within the species range, as well as our best professional 
judgment of the projected future conditions related to climate change, wildland fire conditions, 
or other potential cumulative impacts. While population information is lacking for this 
subspecies in some parts of its range, the best available information does not indicate that, winter 
recreational activities, infrastructure features, mortality from road crossings or trapping 
(authorized and incidental), currently or in the future will result in a decline in the subspecies 
across its range. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). Further, significant snow persistence (greater than 0.5 meters (20 inches)) is projected 
at high elevations. 
 
Legal protections include State listing in California and Oregon (as threatened), as endangered in 
Colorado, as a candidate species in Washington, and protection as a non-game species in Idaho 
and Wyoming. In Canada, provincial designations range from endangered to threatened in 
eastern provinces, and sensitive/special concern to no ranking in other provinces. Legal trapping 
or hunting of wolverines is currently prohibited in the contiguous United States. Trapping effort 
along the U.S.–Canada border does not represent a significant barrier to wolverine movement 
and dispersal along the international border.   
 
Within the contiguous United States, approximately 96 percent of modeled wolverine primary 
habitat is located on Federal lands, with 41 percent located in designated wilderness areas. 
Management actions, including State Wildlife Action Plans, the Idaho Wolverine Conservation 
Plan, and USDA Forest Service Land and Resource Management Plans, and other Federal and 
Tribal partners, include winter road closures, fire management, land acquisition or conservation 
easements. 
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Abbreviations and Acronyms Used 
 
ADF&G = Alaska Department of Fish and Game 
BLM = Bureau of Land Management 
°C = degrees Celsius 
CDFW = California Department of Fish and Wildlife 
CNDDB = California Natural Diversity Database 
COSEWIC = Committee on the Status of Endangered Wildlife in Canada  
cm = centimeter 
DNA = deoxyribonucleic acid 
EIS = Environmental Impact Statement 
EPA = U.S. Environmental Protection Agency 
°F = degrees Fahrenheit 
ft = feet 
GCMs = Global Climate Models 
GHG = Greenhouse gas 
GPS = Global Positioning System 
IDFG = Idaho Department of Fish and Game 
in = inch 
IPCC = Intergovernmental Panel on Climate Change 
IUCN = International Union for Conservation of Nature and Natural Resources 
kg = kilogram 
km = kilometer 
lb = pound 
m = meter 
mi = mile 
MODIS = Moderate-Resolution Imaging Spectroradiometer 
Montana FWP = Montana Fish, Wildlife, & Parks 
NRC = National Research Council  
NRIS = Natural Resource Information System 
ODFW = Oregon Department of Fish and Wildlife 
RCPs = Representative Concentration Pathways 
Service = U.S. Fish and Wildlife Service 
SSA = Species Status Assessment 
SCA = Snow Covered Area 
SGCN = Species of Greatest Conservation Need 
SWCC = Southwestern Crown of the Continent  
SWE = Snow Water Equivalent 
WAFWA = Western Association of Fish and Wildlife Agencies 
WDFW = Washington Department of Fish and Wildlife 
WGFD = Wyoming Game and Fish Department 
WRCC = Western Regional Climate Center 
WSWCP = Western States Wolverine Conservation Project 
YBP = Years Before Present
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Introduction 
 
The wolverine (Gulo gulo) is the largest member of the Mustelidae family (weasels, mink, 
marten, and others) and resembles a small bear with a bushy tail (Hash 1987, p. 575). Wolverines 
have a Holarctic distribution that includes the northern portions of Europe, Asia, and North 
America. In North America, they are found in Alaska, much of Canada, and the western-
northwestern United States. The wolverine is important to the culture of Native Americans and 
Aboriginal Peoples in North America, as is its conservation status in aboriginal territory 
(Cardinal 2004, p. iv; Edmo 2016; pers. comm.; Miles 2017, pers. comm.). 
   
Wolverines possess a number of morphological and physiological adaptations that allow them to 
travel long distances and they maintain large territories in remote areas (Pasitschniak-Arts and 
Larivière 1995, p. 6). They have been described as curious, intelligent, and playful, but cautious 
animals (e.g., Krott 1958, p. 241; Krott 1960, pp. 25–26; Magoun 1985, p. 94; Cardinal 2004, p. 
7–8; Woodford 2014; entire), though their social behavior and social organization has not been 
well-studied. 
 
During the late 1800s and early 1900s, the wolverine population declined or was extirpated in 
much of the conterminous United States (lower 48 States), which has been attributed to over-
trapping and habitat degradation (Hash 1987, p. 583). Similar range reductions and extirpations 
of some wolverine populations were observed in parts of Canada during this time period (van 
Zyll de Jong 1975, entire; Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC) 2014, p. iv), attributed largely to human exploitation and availability of food (e.g., 
decline in caribou (Rangifer tarandus)), not climate or habitat changes (van Zyll de Jong 1975, 
pp. 434, 436). Habitat loss (historic vs. current range) for the North American wolverine (i.e., 
Canada and United States) has been estimated at 37 percent (Laliberte and Ripple 2004, p. 126). 
Wolverine numbers have recovered to some extent from this decline; in the United States, 
wolverines are currently found in parts of Washington, Oregon, Idaho, Montana, Wyoming, and 
California, and, as recently as 2012 in Colorado and 2016 in Utah, though not all of these areas 
contain resident, reproductive populations.  
 
Species Status Assessment Methodology 
 
In preparing the Species Status Assessment (SSA) Report for the wolverine, we reviewed 
available reports and peer-reviewed literature, incorporated survey information, and contacted 
species experts to collect additional unpublished information for the North American subspecies 
(Gulo gulo luscus), including Canada and Alaska. We identified uncertainties and data gaps in 
our assessment of the current and future status of the species. We also evaluated the appropriate 
analytical tools to address these gaps and conducted discussions with species experts and 
prepared updated maps of the known species’ range and denning areas across North America. In 
some instances, we used publications and other reports (primarily from Fenno-Scandinavia) of 
the Eurasian subspecies (Gulo gulo gulo) in completing this assessment.  
 
Importantly, we note here that, since the publication of the 2013 proposed listing rule (78 FR 
7864; February 4, 2013), many new wolverine studies have been published, which has added to 
our understanding of wolverine biology while also highlighting new insights into identifying key 
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species’ needs and their interactions with both abiotic and biotic factors. This is particularly 
relevant for a difficult to study animal like the wolverine. 
 
Using the species, individual, and population needs identified for the wolverine and location 
results from surveys and studies, we conducted a geospatial analysis to estimate the North 
American wolverine’s current range. We then evaluated this range and previous estimates of 
potentially suitable habitat in the west-northwestern United States to assess the species’ current 
conditions within that region. Our future condition analysis includes the potential conditions that 
the species or its habitat may face, that is, the most probable scenario if those conditions are 
realized in the future. This most probable scenario includes consideration of the sources that 
have the potential to most likely impact the species at the population or rangewide scales in the 
future, including potential cumulative impacts. Potential future impacts associated with climate 
change (probabilistic estimates for temperature and precipitation) were based on downscaled 
climate model projections, including a detailed study of two regions in the western United States 
(Glacier National Park and Rocky Mountain National Park).   
 
For the purpose of this assessment, we generally define viability as the ability of the species to 
sustain locations in its natural ecosystem beyond a biologically meaningful timeframe, in this 
case, approximately 40 to 50 years. We chose this timeframe because it is within the range of the 
available modeling efforts related to climate change. We believe this is a reasonable timeframe 
to consider as it would include several generations of the species for observing effects to the 
species.   
 
Using the SSA framework (Figure 1), we consider 
what the species needs to maintain viability by 
characterizing the status of the species in terms of 
resiliency, redundancy, and representation (Wolf et 
al. 2015, entire). 
 

• Resiliency is having sufficiently large 
populations for the species to withstand 
stochastic events (arising from random 
factors). We can measure resiliency based on 
metrics of population health; for example, 
birth versus death rates and population size. 
Resilient populations are better able to 
withstand disturbances such as random 
fluctuations in birth rates (demographic 
stochasticity), variations in rainfall 
(environmental stochasticity), or the effects 
of anthropogenic activities. 

• Redundancy is having a sufficient number of populations for the species to withstand 
catastrophic events (such as a rare destructive natural event or episode involving many 
populations). Redundancy is about spreading the risk and can be measured through the 
duplication and distribution of populations across the range of the species. The greater the 

 
 
Figure 1. Species Status Assessment 
Framework. 
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number of populations a species has distributed over a larger landscape, the better it can 
withstand catastrophic events. 

• Representation is having the breadth of genetic makeup of the species to adapt to 
changing environmental conditions. Representation can be measured through the genetic 
diversity within and among populations and the ecological diversity (also called 
environmental variation or diversity) of populations across the species’ range. The more 
representation, or diversity, a species has, the more it is capable of adapting to changes 
(natural or human caused) in its environment. In the absence of species-specific genetic 
and ecological diversity information, we evaluate representation based on the extent and 
variability of habitat characteristics within the geographical range. 
 

Species Description 
 
Taxonomy 
 
The taxonomic relationship between North American and Eurasian wolverines has been a 
debated topic (Pasitschniak-Arts and Larivière 1995, p. 1). Most authorities consider all 
wolverines to belong to a single species, Gulo gulo (Rausch 1953, p. 114; Kurten and Rausch 
1959, p. 19; Wozencraft 2008 [in Wilson and Reeder’s Mammal Species of the World, online 
publication]). Some also further consider the New World and Old World wolverines to be two 
subspecies, Gulo gulo luscus and G. g. gulo, respectively, based on morphological 
measurements. Degerbøl (1935, pp. 35–43) noted slight color differences and very slight, if any, 
cranium differences, based on 10 North American (Hudson Bay) specimens examined, and 
regarded the North American and Old World wolverines as conspecific, but identified two 
subspecies. This reference also cites Coues (1877, p. 43), who, based on observations of a slight 
similar cranium difference, had posited that the wolverines of the Old World and New World 
were the same species (Degerbøl 1935, p. 35).  
 
In their Checklist of Paleoarctic and Indian Mammals (1st and 2nd editions) Ellerman and 
Morrison-Scott (1951, p. 251; 1966, p. 251) identified one species of wolverine, but listed 
several subspecies. Rausch (1953, entire) A comparative analysis of compared various 
measurements from 1 wolverine skull collected from the northern Ural Mountains to 41 Alaskan 
skulls by Rausch (1953, entire)  reported “no appreciable differences,” noting the highly variable 
skull characteristics for the Alaskan specimens. Additionally, Krott (1960, p. 20) found no 
distinct differences between Old World and New World wolverines, and that pelt size and 
quality were not distinguishable. However, using biometric measurements of both newly 
collected and previously published cranial measurements (e.g., Degerbøl 1935; Rausch 1953), 
Kurtén and Rausch (1959, p. 19) reported that the North American and European wolverine were 
significantly different in several quantitative characters related to the size and shape of the skull 
size and teeth size. They concluded that the two wolverine populations represented two distinct 
subspecies, but were the same species, Gulo gulo.  
 
The International Union for Conservation of Nature and Natural Resources (IUCN) states that 
“Most recent accounts [citing Jones et al. 1992, Pasitschniak-Arts and Larivière 1995, 
Wozencraft 2005] treat luscus as a subspecies of Gulo gulo, following Degerbøl (1935) and 
Kurtén and Rausch (1959)” (Abramov 2016, p. 1). A We reviewed of these cited references cited 
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revealed the followingby IUCN. Jones et al. (1992, p. 17) only considers Gulo gulo. 
Pasitschniak-Arts and Larivière (1995, p. 1) state there are differences in the taxonomic 
treatment, and that, while Gulo gulo is now considered by most to be the extant species, others 
(including the above-cited Kurtén and Rausch (1959) and Rausch (1953)) have considered two 
subspecies. The Wozencraft (2005) citation is from Wilson and Reeder’s previous 2005 
publication, which was updated as of 2008. That account lists several “offspring” of Gulo gulo, 
but does not provide citations for the subspecies identified there, and at least two of those listed 
are not considered to be subspecific entities (e.g., G. g. vancouverensis and G. g. luteus (see 
Banci 1982, p. ii; Banci 1994, p. 104)). Finally, the COSEWIC Assessment and Status Report on 
the Wolverine (Gulo gulo) in Canada indicated that taxonomists recognize only a single 
subspecies (Gulo gulo luscus) in North America or consider G. gulo as single Holarctic taxon 
(COSEWIC 2014, p. 4). 
 
Genetic analyses for the North American wolverine populations have primarily focused on 
genetic structure and variation of wolverine populations or subpopulations (see Kyle and 
Strobeck 2001; Kyle and Strobeck 2002; Zigouris et al. 2012, Zigouris et al. 2013). However, 
Frances’ (2008, pp. 20–21) assessment of wolverine spatial genetic structure and demographic 
history (using mitochondrial DNA) indicated incomplete lineage sorting between North 
American and Eurasian populations, though comprehensive sampling has not been conducted for 
some areas (e.g., eastern Asia). A study by Tomasik and Cook (2005, entire) also concluded that 
reciprocal monophyly (i.e., distinct species) had not been attained between Eurasian and North 
American wolverine populations. Until additional studies are published, including robust genetic 
analyses in conjunction with additional sampling, the Service recognizes the North American 
wolverine as G. g. luscus. 
 
Physical Appearance 
 
Detailed descriptions of the wolverine are described in Novikov (1962, pp. 196–202), Hash 
(1987, p. 575), Pasitschniak-Arts and Larivière (1995, pp. 1–2), and Wilson (1982, pp. 644–646), 
among others. Key distinguishing features are summarized here. 
 
Wolverines are a medium-sized (about 1 meter (m) (3.3 feet (ft)) in length) carnivore, with a 
large head, broad forehead, and short neck (Pasitschniak-Arts and Larivière 1995, p. 1). Males 
are larger than females (Hall 1981, p. 1,007; Banci 1987, p. 35). Wolverines have heavy 
musculature and relatively short legs, and large feet with strong, curved claws for digging and 
climbing (Hash 1987, p. 575). Their feet are well-adapted for travel through deep snow and, 
during the winter, dense, stiff, bristle-type hairs are found between the toes and around the foot 
pad (Grinnell et al. 1937, pp. 265–266; Hash 1987, p. 575); this characteristic becomes 
diminished in the summer (Hash 1987, p. 575).  
 
Adult wolverines are sexually dimorphic, with females weighing from 7 to 13 kilogram (kg) 
(15.4 to 29 pounds (lbs)) and males weighing between 10 to 18 kg (22 to 40 lbs) (North 
America) (Rausch and Pearson 1972, p. 264; Magoun 1985, pp. 19–21; Banci 1994, p. 99; 
Copeland 1996, p. 20; Cardinal 2004, p. 8; Lofroth 2001, p. 11; Inman 2013, pers. comm.; 
Magoun 2013, pers. comm.; Aubry et al. 2016, pp. 17–18). The skulls of wolverine are large and 
heavy, and the strong jaw structure allows animals to feed on frozen flesh and crush bone 
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(Haglund 1966, p. 269; Hash 1987, p. 575). Some geographic variation and sexual differences in 
skull morphology have been reported (Pasitschniak-Arts and Larivière 1995, p. 2). Wolverines 
have small, wide-set eyes, and are reported to have excellent hearing (Grinnell et al. 1937, p. 
265; Krott 1960, p. 25; Bevanger 1992, p. 8).  
 
Wolverine fur is short, thick, and uniform in thickness on the head and becomes longer towards 
the rear of the body (Hash 1987, p. 1). The coat consists of dense, woolly underfur (2-3 
centimeters (cm) (0.8-1.2 inches (in) long) and coarse, stiff guard hairs, 6-10 cm (2.4-4 in) in 
length (Hash 1987, p. 1). The rich glossy coat can vary from medium brown to black (Banci 
1994, p. 99; Pasitschniak-Arts and Larivière 1995, p. 1). Seasonal and individual variation in pelt 
color has been described (Degerbøl 1935, pp. 38–42; Grinnell et al. 1937, p. 252). In general, the 
head, tail and legs are darker than the face, with an upper body pale buff stripe (Pasitschniak-
Arts and Larivière 1995, p. 1) that extends from the nape of the neck, along the sides of the body, 
to the base of the bushy tail (Banci 1994, p. 99). White or orange patches are commonly found 
on the throat or chest (Pasitschniak-Arts and Larivière 1995, p. 1; Magoun et al. 2008, p. 24; 
Figure 14). The unique property of wolverine fur to shed frost (Hardy 1948, p. 330; Quick 1952, 
pp. 492–493), along with its rarity, has made wolverine pelts valuable for trade (Hash 1987, p. 
575). 
 
Various accounts state that wolverines have a strong sense of smell (Grinnell et al. 1937, p. 265; 
Bevanger 1992, p. 8) that allows them to locate carrion from great distances (Hornocker and 
Hash 1981, p. 1,297; in litt Bevanger 1992, p. 8, citing Røskaft 1990; Copeland 1996, p. 100; 
Cardinal 2004, p. 8); however, experiments with young wolverines indicated a poor sense of 
smell, and that wolverines may locate food (areas where previously located or cached) based on 
their memory skills (Magoun 2013, pers. comm.) or learning abilities (e.g., Krott 1958, p. 241).  
 
Scent-marking is used by mammalian carnivores for chemical communication (Hutchings and 
White 2000, p. 160). For wolverines, this behavior commonly includes urination (e.g., trees, 
stumps, snow) (Copeland 1996, p. 115; Magoun 1985, p. 105), but also includes scat, and 
scratches and bites on trees (Haglund 1966, pp. 225, 277; Copeland 1996, p. 115). Scent rubbing 
(see review by Rieger 1979) of the ventral (abdomen/stomach) area and anal rubbing have also 
been observed in wolverines (Pulliainen and Oyaskainen 1975, pp. 268–269; Rieger 1979, p. 22, 
in litt Goethe 1964; Magoun 1985, p. 105). Scent marking by wolverines may also be an 
important chemical communication signal for potential wolverine prey. Field experiments 
conducted by Sullivan et al. (1985, pp. 928, 930) and Sullivan (1986, p. 388) found that black-
tailed deer (Odocoileus hemionus columbianus) and snowshoe hares (Lepus americanus) avoided 
feeding on seedlings that were marked with wolverine urine. 
 
Life History and Ecology 
 
In this section we provide a summary of the individual and population needs (collective, species 
needs), including its life history, physiology and behavior, resource functions necessary for each 
life stage (i.e., breeding, feeding, sheltering, dispersal), demographic information (abundance 
and distribution) and ecological setting. 
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Overview 
 
Wolverines are active year-round and have been considered as primarily nocturnal (Iversen 
1972b, p. 319; Pasitschniak-Arts and Larivière 1995, p. 7, and references cited therein). In his 
observational studies, Krott (1958, p. 168; 1960, p. 25) described periods of 3-4 hours of activity 
followed by 3-4 hours of sleep for wolverines in Scandinavia, a pattern also observed in Idaho 
(Copeland 1996, p. 77).  
 
A study of body temperatures of caged wolverines, along with direct observations of animals 
obtained from Alaska and Sweden and previous studied animals (Alaska), suggested that 
wolverines were a day-active species, being very active in the morning, with periods of sleep 
during the night, a pattern that persisted in both winter and summer (Folk et al. 1977, p. 233). 
However, crepuscular activity (period just after dawn and just before sunset) may be a more 
accurate description for wolverine behavior (McCue et al. (2007, pp. 98–99). Others have 
remarked that wolverines exhibit a plasticity in their behavior (i.e., different behavior under 
different conditions) (Krott 1960, p. 26), a result attributed, in part, to their being a scavenging 
carnivore covering large areas (Stewart et al. 2016, pp. 1,495, 1,497). Several aspects of this 
plasticity are described below.  
 
Wolverines are wide-ranging animals and known for traveling great distances in a short period of 
time (Krott 1960, p. 21; Gardner et al. 1986, p. 603; Woodford 2014, entire ) (see Movement 
section below). This is due, in part, to their unique body structure. As described by Krott (1960, 
p. 20), they are “lumbrosacrally overbuilt” with heavy musculature and legs that are acutely 
angled when walking. Wolverine gait is characterized as either a 2X pattern (when patterns of 
two footprints repeat), used primarily in deep snow, and the more common 3X lopes (patterns of 
three footprints), for covering long distances over more compacted snow (Halfpenny et al. 1995, 
p. 104). The latter is described as a bouncing gait where all four feet may leave the ground at the 
same time (Halfpenny et al. 1995, p. 104).  
 
As noted in our Species Description section above, in winter, the dense hairs on the foot pad and 
its body structure supports a low foot load, which has been estimated at 22 gram/cm2 (Knorre 
1959, p. 26) and 27–35 gram/cm2 (Novikov 1962, pp. 22–23 (citing Dulkeit 1953)). This foot 
loading is believed to provide an advantage for wolverines preying on ungulates and other large 
mammals whose movements become restricted in deep snow (Knorre 1959, p. 26; Formozov 
1963, pp. 40–41; van Zyll de Jong 1975, p. 435; Banci 1994, p. 113). However, a study of 
wolverines in boreal forest habitat in Canada present a differing interpretation of the wolverine 
foot adaptation based on tracking wolverines in snow over three winters (Wright and Ernst 
2004a, pp. 58–59), in which they observed wolverines in their study area continuously selected 
for a path of least snow cover, where practicable, and only traveled in upland areas (Wright and 
Ernst 2004a, p. 59). They concluded that the low foot load is advantageous when snow crusts 
form, but, in deep snow, wolverines shift to an inefficient walking gait, which increases energy 
demand (Wright and Ernst 2004a, p. 59). They hypothesized that traveling in deep snow during 
winter in search of food may increase the risk of starvation due to the greater energy expenditure 
(Wright and Ernst 2004a, p. 59). 
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Physiology 
 
The wolverine is a snow-adapted, cold climate animal in its physiology, morphology (Telfer and 
Kelsall 1984, p. 1,830), behavior, and habits. The wolverine was considered by Formozov (1963, 
p. 65) as one of several “chioneuphores,” or those vertebrates who tolerate snow but have no 
special adaptations; however, wolverines could also be considered as a “chionphile” or those 
animals with adaptations for snow? (e.g., increased surface area on feet, pelt characteristics) (see 
definitions in Pruitt 1959, p. 172; Cathcart 2014, p. 22).  
 
In general, mustelids weighing more than 1 kilogram (kg) (2.2 pounds (lbs)) have a basal 
metabolism (defined as the minimum metabolic rate for maintaining a comfortable warm 
temperature; Irving 1972, p. 121) that is about 20 percent higher than other mammals (Iversen 
1972a, p. 343). For the wolverine, Young et al. (2012, p. 222) estimated a basal metabolic rate 
for a 15 kg (33 lbs) adult at 669.4 kcal/day, using Iversen’s derived equation [Metabolic rate 
(M)=84.6*Weight (W, in kg)(0.78) ± 0.15] (Iversen 1972a, p. 343).  
 
Experimental studies by Iversen (1972, pp. 320–321; Figure 4) found that during their first 2½ 
months, the basal metabolic rate for young wolverines was substantially higher than rates 
reported for other mammals (W1.41 vs. W1.0), then declined after 3 months, and declined again 
after 8 months. Because the early period coincides with weaning, Wilson (1982, p. 646) 
suggested that the observed peak may be related to changes in food consumed as well as 
improved thermoregulation since the mother is leaving the young for longer periods of time.  
 
Energy expenditure during pregnancy is relatively low for mustelids (Oftedal and Gittleman 
1989, p. 374); however, energy requirements for lactation in mammals can be over 4 to 7 times 
basal metabolic rates (Allen and Ullrey 2004, p. 478). Thus, estimates of energetic requirements 
(e.g., less than 1 kg prey/day annually) may be too low to support reproductive activity (Young 
et al. 2012, p. 226). Wolverines are known to consume a variety of food resources and seasonal 
switching of prey likely allows for adjustment for nutritional needs throughout their life history 
(Krebs et al. 2007, p. 2,187 (Canada); Koskela et al. 2013a, pp. 103–104 (Finland); Yates and 
Copeland in prep (Montana)). Additional details on diet and feeding behavior for wolverines are 
provided below.  
 
Relatedly, Casey et al. (1979, p. 335) evaluated metabolic and respiratory responses of eight 
terrestrial Arctic mammals to ambient temperature during summer months. For wolverines, they 
found that the frequency of respiration was generally constant (15-20 per minute), but their tidal 
volume (air moved per breath) increased nearly constantly with decreasing ambient temperature, 
unlike Canada lynx (Lynx canadiensis), which is similar in body mass (Casey et al. 1979, p. 
335). The researchers inferred that the increased ventilation of wolverines at low ambient 
temperatures was the result of an increased energy metabolism (Casey et al. 1979, p. 336).  
 
Thermal neutrality (or thermoneutrality) is the temperature range at which resting metabolism 
is at minimum (Barnett and Mount 1967, p. 468) and animals produce heat at a minimum rate in 
a thermal neutral environment (Barnett and Mount 1967, p. 413). For a resting mammal at 
thermal neutrality, body temperature is primarily maintained by “physical thermoregulation,” 
that is, control of circulation in the skin and by sweating (Barnett and Mount 1967, p. 413). The 

Commented [SJ2]: I have no context for if this is high or low 
compared to other mustelids or mammals.  



North American Wolverine Species Status Assessment Report DATE 

8 
 

body temperature of wolverine (measured by an implanted temperature transducer) at 
thermoneutrality has been reported at 38°C (100.4°F) (Folk et al; 1977, p. 231; Casey et al. 
1979, pp. 332–333). The critical temperature is the point at which the metabolic rate starts to 
rise; thus, animals with lower critical temperatures are able to better conserve their energy 
expenditure (Barnett and Mount 1967, p. 413). Studies of arctic mammals defined a zone of 
thermoneutrality in Eskimo dogs (Canis lupus familiaris) and Arctic foxes (Vulpes lagopus) that 
extended to at least −40°C (−40°F), with an estimated critical temperature between −45°C 
(−49°F) and −50°C (−58°F) (Scholander et al. 1950a, p. 254).  
 
Arctic mammals, including wolverine, Arctic fox, and wolf (Canis lupus), have a threshold of 
thermoneutrality of  between −30°C to −40°C (–22°F to –40°F) (Iversen 1972b, p. 322; citing 
studies by Scholander et al. (1950b) and Hart (1956)). Relatedly, Casey et al. (1979, p. 340) 
estimated a critical temperature for wolverine (14 kg (31 lb)) in summer pelage of 5°C (41°F) 
based on an observed increase in oxygen uptake at air temperatures below this temperature. For 
comparison, measurements of metabolic rates for the red fox (Vulpes vulpes alascensis) (Alaska) 
observed critical temperatures of 8°C (46°F) in summer (Irving et al. 1955, p. 184). These Arctic 
mammals therefore have the ability to dissipate heat to balance the heat loss from 30°C to −40°C 
(86°F to −40°F), due in large part to vasodilatation and rise of skin temperature (Scholander et 
al. 1950a, p. 251). 
 
Arctic mammals, particularly small mammals, also adapt behaviorally to cold temperatures by 
creating burrows and building nest sites under the snow. Wolverines are known to dig holes in 
snow for shelter (Pruitt 2005, p. 120), and wolverine reproductive den sites located under deep 
snow may provide a thermoneutrality advantage for newborn cubs (Magoun and Copeland 1998, 
p. 1,313). This topic is discussed in more detail below under Use of Dens and Denning Behavior.  
 
Wolverines can also adapt to both cold and warm temperatures by movement and, relatedly, 
micro- and macro-habitat selection. Wolverines are not infrequently observed near and in lakes 
and other water bodies and are good swimmers, easily crossing lakes and rivers (Seton 1909, p. 
950; Krott 1960, p. 23; Magoun 2017, pers. comm.). They likely use these areas more frequently 
during warmer months both for cooling and hydration, or possibly for hygienic reasons (Krott 
1960, p. 23).  
 
Changes in endocrine (hormone) function can also represent a physiological adaptation to cold 
by acting on organs to generate energy (Barnett and Mount 1967, p. 428). The best available 
information does not indicate that these functions have been evaluated in wolverines. However, 
one veterinarian reported an enlarged thyroid in a wolverine during a necropsy procedure 
(Copeland 2017, pers. comm.), which is suggestive of a high metabolism.  
 
In addition to these physiological processes, rapid and seasonal adjustments of fur insulation 
provide an additional mechanism for mammals to overcome large seasonal changes in 
temperature (Casey et al. 1979, p. 340) and have been described for wolverine and other 
mammals in Alaska by Henshaw (Henshaw 1970, p. 522). The seasonal increase in fur depth for 
captive wolverines was reported to be 65 percent (Henshaw 1970, p. 522). That study identified a 
metric termed seasonal insulative advantage (or SIA) as a measure of the degree to which 
insulative compensation changes seasonally in response to ambient temperature (Henshaw 1970, 



North American Wolverine Species Status Assessment Report DATE 

9 
 

p. 522). For wolverines, this advantage was found to be less than unity; that is, the increase in fur 
did not fully compensate for average winter cold, and therefore other compensating mechanisms 
were needed (Henshaw 1970, p. 522). 
 
Similarly, an evaluation of the seasonal change in the insulation of fur of wolverine (pelts from 
Canada) found a 41.2 percent change in mean insulation values (measured as °C/cal/m2/hr) from 
winter to summer (Hart 1956, p. 56). A single annual molting (between August and December) 
was noted in Grinnell et al. (1937, p. 251) (California), but twice yearly was described by 
Novikov (1962, p. 201) (Russia). The large seasonal change in insulation observed for wolverine 
and other larger mammals is, in large part, due to changes in fur depth, and can be interpreted as 
an adaptation to both high summer temperatures and low winter temperatures (Hart 1956, p. 57). 
The reported seasonal decrease in wolverine fur thickness also correlates with experimental 
results of Casey et al. (1979, p. 337) who indicated that a seasonal shift in oxygen consumption 
below critical temperature was likely due to an increased rate of heat loss in summer. 
 
Range and Habitat Use 
 
Historical Range and Distribution 
 
Phylogeography/Phylogenetics 
 
Results from a molecular study of phylogenetic relationships of the Mustelidae family suggest at 
least six radiation episodes within this family since the Early Eocene Epoch (approximately 50 
million years before present (YBP)) (Marmi et al. 2004, pp. 488, 492). The split of the marten 
(Martes, Gulo) and weasel (Mustela) lineages occurred in the Early Middle Miocene Epoch (14 
to 11 million YBP), with the separation of Old World and New World lineages (Martes, Gulo) 
occurring in the Late Miocene Epoch (8.6 to 5.8 million YBP) (Marmi et al. 2004, p. 488). The 
Gulo genus appears in the fossil record in the mid-Pleistocene in both Europe and North America 
(Bryant 1987, p. 659). 
 
The dispersal of Gulo across Beringia (land mass that extended from Siberia into interior Alaska 
during the Pleistocene) is believed to have produced contemporaneous records for the species in 
Europe and North America (Bryant 1987, p. 659). Genomic data was examined by Malyarchuk 
et al. (2015, entire) using a molecular dating technique to estimate an approximate age of the G. 
gulo ancestor (Malyarchuk et al. 2015, entire). The researchersy estimated a relatively recent 
origin of the species Gulo gulo at about 181,000 to 234,000 YBP (Malyarchuk et al. 2015, pp. 
1,115–1,116). They note that this latter time period corresponds to the Riss glaciation period 
(187,000 to 230,000 YBP), a time of genetic divergence of amphi-Beringian (both sides of 
Beringia) species and speciation events (Hope et al. 2013, p. 426). Their results, along with fossil 
information, also indicate the divergence of the Gulo branch and the other Martes taxa occurred 
during the Late Miocene-Early Pliocene (5.6 million YBP), and lends support for strong 
evolutionary processes in the northern Siberian ecosystems in the Pliocene and Pleistocene 
Epochs (Malyarchuk et al. 2015, pp. 1,116–1,117).  
 
An evolutionary trend was described by Bryant (1987, p. 660) in which Gulo increased in size 
from the mid- to late-Pleistocene, with a subsequent reduction in size post glaciation, as well as 
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small changes in selected teeth, and a possible shift to colder habitats (Bryant 1987, p. 660). The 
Late Pleistocene and the Pleistocene-Holocene transition represent the end of prolonged period 
that was characterized by climate fluctuations followed by rapid warming (Post 2013, p. 28). 
This analysis also indicated that both the mid-Pleistocene European Gulo schlosseri and the early 
North American Gulo appear to be adapted to a warmer climatic environment, but is likely to 
have also occupied colder climates (Bryant 1987, p. 660). Other factors such as competition 
(Guilday 1971, p. 237), predator avoidance, and prey abundance may also have been important 
in creating significant shifts in geographic ranges for certain species during glacial cycles. 
 
Wolverines are believed to have migrated to North America during the late Pleistocene, although 
fossil evidence from the Pleistocene Epoch for wolverine is limited (Anderson 1977, p. 15; 
Bryant 1987, p. 660), and most fossil material is either cranial or dental fragments (Bryant 1987, 
p. 660). A summary of records records for both Pleistocene and extant Gulo (prepared by Bryant 
(1987, p. 659; Table 3) includes findings in the United States from Colorado, Idaho (e.g., White 
et al. 1984, p. 248 (lava tubes)), Alaska, Maryland, and Pennsylvania, and Canada (primarily the 
Yukon region) ranging from the Irvingtonian Age (1.8–2.4 million YBP) to Late Wisconsinan-
Holocene (15,000 YBP to present day).  
 
Genetic studies can provide an understanding of the postglacial recolonization of wolverines 
following the Last Glacial Maximum, a period of rapid cooling, and movement patterns due to 
changed climatic conditions (Frances 2008; Zigouris et al. 2013; McKelvey et al. 2014). 
Following the Last Glacial Maximum, beginning about 21,000 YBP, was a period of rapid 
warming, resulting in a second wave of extinction events, particularly of large mammalian 
megafauna that were cold-adapted (Post 2013, pp. 29, 31). 
 
During the late Wisconsin period (10,000 to 25,000 YBP), approximately 60 percent of North 
America was covered by glacial ice (Rogers et al. 1991, p. 624). However, several ice-free 
refugia existed at that time including the Beringian refugium, which included eastern Siberia, 
most of Alaska, areas of northwestern Canada, and areas of the Bering Sea shelf that were 
exposed by lower sea levels, and this refugium harbored a number of mammalian species 
including wolverine (Rogers et al. 1991, pp. 624, 626). Analyses by Frances (2008, entire) and 
Zigouris et al. (2013, entire) supported a wolverine colonization of North America in which 
individuals “followed retreating glaciers” (Zigouris et al. 2013, pp. 10–11), beginning about 
21,000 YBP, following the Last Glacial Maximum, when a period of rapid warming occurred 
that resulted in additional extinction events, particularly large mammalian megafauna (Post 
2013, p. 29) 
 
A phylogeographic analysis presented by McKelvey et al. (2014, p. 331) proposed that a unique 
haplotype (Cali 1) observed in historical wolverine samples from California was reflective of an 
independent evolutionary history resulting from isolation (i.e., southern ice-free refugium) of 
wolverines during glacial retreat. However, Zigouris et al. (2013, p. 10, Supplemental Table S5) 
found the Cali 1 haplotype described by Schwartz et al. (2007, p. 2,173; Tables 2 and 4) 
(relabeled as Haplotype 21) also occurred in historical wolverine samples from the eastern region 
of Canada (Quebec-Labrador). In addition, as noted by Zigouris (2014, pp. 232–233) the 
historical samples analyzed by McKelvey et al. (2014, p. 327; Table 1) were primarily those 
from locations at the southwestern edge of the wolverine’s North American range (e.g., 
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California, Colorado, Idaho, Montana, Wyoming, Utah, Washington). Without additional 
sampling, it is unclear if this particular haplotype distribution from two of the most peripheral 
North American wolverine populations is a reflection of a skewed dispersal after post-glacial 
colonization, or was a more widely distributed haplotype that declined or was lost due to hunting 
and trapping pressures (beginning in 18th century) or fragmentation (late-20th century) (Zigouris 
et al. 2013, p. 10).  
 
Additional discussion of our current understanding of wolverine genetic structure and diversity is 
provided in the Population Structure section below. 
 
Historical Range  
 
In North America, wolverines were historically distributed in much of the northern portion of the 
continent, extending southward to the northernmost region of the United States (Maine to 
Washington) or approximately north of the 38th parallel (Hash 1987, p. 576; Banci 1994, p. 
102). 
 
An estimate of wolverine observations and distribution in the contiguous United States was 
prepared by Aubry et al. (2007, entire) by compiling 901 verifiable or documented records of 
wolverine occurrence dating from 1801 to 2005 from 24 states in the contiguous United States 
(Aubry et al. 2007, entire). This included a total of 809 verifiable or documented records for the 
Rocky Mountain and Pacific Coast mountains (west-northwestern United States) for this time 
period (Aubry et al. 2007, p. 2,151).  
 
The historical population size of wolverines in Canada is not known (Fortin 2005, p. 4). Its 
historical distribution, as depicted by Seton (1909, p. 947; Map 51) and also later by van Zyll de 
Jong (1975, p. 435; Figure 9) shows a broad range across much of Canada. Examples of early 
descriptive accounts include de Puyjalon (1900, pp. 126–144), who described wolverines as 
inhabiting Labrador, Canada (de Puyjalon, p. 101), and extending in range to the 66th parallel and 
perhaps further (de Puyjalon 1900, p. 144); reports of both trapped and live wolverines in 
Labrador in the late 1700s (Townsend (ed.), 1911, pp. 73, 93, 228, 255); and reports of 
wolverines as “common” in Canada’s Nunavut Territory (Hudson Bay region) during a 1920s 
Danish excursion (the Fifth Thule Expedition) to Arctic North America (Freuchen 1935, p. 101). 
The 2014 COSEWIC report presents a historical range distribution for Canada based on personal 
accounts and interpretation of the fur trade (COSEWIC 2014, pp. 12–13; Figure 3).  
 
Current Range 
 
We created a map depicting wolverine observations for the west-northwestern United States by 
requesting all available wolverine records from State agencies (e.g., wildlife agencies, natural 
heritage programs) and the Forest Service Natural Resource Information System (NRIS) Wildlife 
Database. We found a total of 4,215 records (1800s to 2016) for this portion of the United States 
(cf. 809 records from Aubrey et al. 2007; Table 1). Figure 2 presents a map of these compiled 
observations, overlaid with the habitat suitability model results presented by Inman et al. (2013, 
p. 281). We acknowledge that some of these records may be in error or inaccurately located, and 
although wolverines have been reported from the Central Great Plains, Great Lakes region, 
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Upper Midwest, or Northeast (Wilson 1982, p. 650), we did not create a historical range for these 
regions given the very low number (92) reported by Aubry et al. (2007, p. 2,151) from the 1880s 
to 2005, and to present day. We also found a few additional historical records that do not appear 
in Aubry et al. (2007, p. 2,151). For example, Nead et al. (1985, entire) identified several 
positive and probable reports of wolverines in Colorado in the late 1970s. A wolverine was 
reported from the Squaw Valley region of California in the summer of 1953 (Ruth 1954, pp. 
594–595). Our intent in creating this map was to present an overall geographical depiction of the 
wolverine’s estimated range only for the west-northwestern United States, and is not intended to 
represent an estimate of population numbers.  
 
Using the best available information, we also created a current North American range based on 
results presented by COSEWIC (2014, p. 12) for Canada and Alaska, Forest Service NRIS data, 
and more recent observations (e.g., telemetry, camera traps, mortality reports) reported from 
California, Washington, Colorado, Wyoming, Utah, and North Dakota. This range is illustrated 
in Figure 3.   
 
We recognize that this depiction does not necessarily represent current areas where reproducing 
populations of wolverines are found, nor does it capture unverified accounts from New Mexico, 
described in Frey (2006, pp. 20–21) for the Sangre de Cristo Range, and visual observations 
reported by two individuals (2005 and 2016) in response to our Federal Register notice (81 
FR71670; October 18, 2016) requesting information for our status review. In addition, we did 
not incorporate the Central Great Plains, Great Lakes region, Upper Midwest, or Northeast. 
However, we note here that a female wolverine was observed over several years (2004–2010) in 
the lower peninsula of Michigan, and genetic testing after her death in 2010 suggested she was 
more closely associated with eastern Canada wolverine populations (i.e., Manitoba and Ontario) 
(in litt Zigouris 2013, pers. comm.). It’s unclear how this individual came to occupy this region, 
but given the long distant movements reported for this species (e.g., male wolverine that traveled 
from Wyoming into Colorado and then back to North Dakota), dispersal from Canada is 
plausible. Wilson (1982, p. 650) reported that wolverines on occasion may enter Minnesota from 
Canada. Jackson (1961, pp. 359–360) also reported several authentic records of wolverine in 
Wisconsin and in areas in Minnesota, along the Wisconsin-Minnesota border. However, the 
wolverine was likely never abundant in Wisconsin, even before trapping and hunting in the late 
19th and early 20th centuries (Jackson 1961, p. 359). 
 
We provide a discussion of wolverine population abundance and distribution in more detail in 
the Biological Status–Current Condition section below. 
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Figure 2. Historical range map for the North America wolverine observations withinfor the west-northwestern United States (1800s to 2016); shown 
with Inman et al. (2013) modeled habitat. 
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Figure 3. Current range of North American wolverine.  Adapted from COSEWIC (2014), EPA (2010), Inman 
et al. (2013), records from CNDDB; Forest Service NRIS; Idaho Department of Fish and Game; Utah 
Division of Wildlife; Wyoming Game and Fish Department, and den records from CNDDB, Inman, and 
Copeland.  



North American Wolverine Species Status Assessment Report  DATE 

15 
 

Habitat Use 
 
Wolverines occupy a variety of habitats within their current range, including Arctic tundra, 
subarctic-alpine tundra, boreal forest, mixed forest, redwood forest, and coniferous forest (Banci 
1994, p. 114). However, these broad, landscape-scale vegetation associations can obscure other 
habitat variables important for wolverines, including features found within peripherally occupied 
areas or areas of high elevation (Banci 1994, p. 114). In Canada, wolverines use a wide variety 
of forested and tundra vegetation, at all elevations (COSEWIC 2014, p. 18).  
 
When viewed by ecoregion (U.S. Environmental Protection Agency (EPA) 2010), in general, 
wolverine observations in the contiguous United States are most commonly found in the 
Northwestern Forested Mountains ecoregion. In Canada, our estimate of current range includes 
Northwestern Forested Mountains, Northern Forests, Marine West Coast Forest, Hudson Plain, 
Taiga (Boreal Forest), Tundra, and parts of the Arctic Cordillera (northeastern fringe of Nunavut 
and northern Labrador); in Alaska, Marine West Coast Forest, Northwestern Forested 
Mountains, Taiga, and Tundra are represented. Appendix A provides an illustration of these 
ecoregions of North America in relationship to our Current Range map presented in Figure 3. 
 
Studies of wolverines in central Idaho found that montane coniferous forests comprised two-
thirds of available habitat (Copeland 1996, p. 120). Wolverines in this region also exhibited a 
seasonal preference, with subalpine rock habitats used in summer and montane coniferous forests 
used most often in winter (Copeland 1996, p. 120). In addition, individuals within this study 
population commonly crossed natural openings and those areas with little cover, including burn 
areas, meadows, or open mountain-top areas (Copeland 1996, p. 124). 
 
Observations of summer movements of wolverines in northwestern Montana indicated that both 
males and females moved to higher, cooler elevations and remained there throughout the summer 
(Hornocker and Hash 1981, p. 1,299). In the Greater Yellowstone Ecosystem, wolverines 
selected areas that contained steep terrain with tree cover, high elevation meadows, boulder or 
talus fields, and avalanche chutes (Inman et al. 2012a, p. 785). In this region, wolverines selected 
elevations at and above the treeline during summer, moved slightly lower during winter, but 
avoided low-elevation winter ranges occupied by potential prey (e.g., elk) or areas with little 
human activity (Inman et al. 2012a, p. 785). The avoidance of these areas may be the result of 
lack of tree or talus field cover at these low elevations, in combination with presence of potential 
predators (e.g., wolf, mountain lion (Puma concolor) or competitors (e.g., coyote (Canis 
latrans), bobcat (Lynx rufus) (Inman et al. 2012a, p. 785). 
 
Several habitat association-type models have been developed for both North American and 
European wolverines. In the northern Rockies (including Canada and the United States), Carroll 
et al. (2001, p. 975) found that elevation and north-facing cirque habitat variables (i.e., alpine 
areas), when incorporated into empirical habitat models, were significantly correlated with 
wolverine occurrence; however, results from multiple regression analyses of these and other 
habitat variables indicated a high degree of unexplained variance for predicting wolverine habitat 
relationships, and underscores the inherent difficulty in identifying appropriate metrics to 
represent difficult to measure underlying factors, or other unrecognized limiting variables 
(Carroll et al. 2001, pp. 971, 973–974). Copeland et al. (2007, entire) also evaluated habitat 
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associations for wolverines in central Idaho. Wolverines were found to be associated with high 
elevations (2,200 to 2,600 m (7,218 to 8,530 ft)) with a slight downward shift in summer 
(Copeland et al. 2007, p. 2,207). These movements correspond with a shift in cover types, from 
high-elevation whitebark pine (Pinus albicaulis) communities in summer to mid-elevation 
Douglas fir (Pseudotsuga menziezii) and lodgepole pine (Pinus contorta) in winter (Copeland et 
al. 2007, pp. 2,207–2,208). Results from a study of wolverines in Scandinavia suggested that 
topography may be important in providing refugia from predators and may therefore facilitate 
the co-existence of wolverines with larger carnivores such as wolves (Khalil et al. 2014, p. 636). 
 
In interior Alaska, wolverines were also found to be positively associated with high elevations 
(Gardner et al. 2010, p. 1,901). This study also reported the wolverines avoided human 
influences, but their sampling design was not able to determine which human activities 
influenced wolverine behaviors.  However, a combination of intensity of development and 
harvest activities was suggested (Gardner et al. 2010, p. 1,901). Current studies are underway in 
the North Slope region of Alaska to evaluate fine-scale habitat selection of wolverines related to 
denning, caching, day bed use, and snow holes (Dorendorf 2016, p. 6). Day beds were also 
described by Haglund (1966, p. 268) for wolverines studied in Sweden. 
 
A study by Krebs et al. (2007, pp. 2,186–2,187) also found that habitat associations, at least for 
females, are more complex, and include combinations of several modeled variables that 
supported hypotheses related to food (prey distribution), predation risk (based on a ruggedness 
index), or human disturbance (winter recreation activity, roads, and forest harvesting) for both 
summer and winter in two study areas located in northcentral and southeast British Columbia (by 
Krebs et al. (2007, pp. 2,186–2,187). Wolverines in the Rocky Mountains of Alberta, Canada, 
were found to more likely occupy areas with increasingly rugged terrain (Fisher et al. (2013, pp. 
710–712). Camera trapping was used to study wolverine behavior in varying habitat in the 
Rocky Mountains of Alberta, Canada (Stewart et al. 2016, entire). That study found that 
wolverine behavior differed in landscapes that had been significantly modified by human 
activities as compared to those with light modifications or in protected areas (Stewart et al. 2016, 
p. 1,499). They concluded that wolverine occurrence in their study areas varied more strongly 
with linear features (seismic lines created from oil and gas exploration, pipelines, transmission 
lines, roads, and rail lines) than with the degree of snowpack, and supports the idea that human 
footprint is a driver of habitat suitability for wolverines (Stewart et al. 2016, p. 1,501).  
 
A negative association with roads and wolverine (and caribou) occurrence in boreal forest habitat 
was reported in northwestern Ontario, Canada, and wolverines in that study area avoided 
deciduous forests (Bowman et al. 2010, p. 464). However, a study of wolverines in upland boreal 
forests of Canada found that wolverines followed open linear corridors that offered compact 
snow conditions, including winter roads, recent seismic lines, snowmobile trails, and all-terrain 
vehicle tire tracks for travel of distances up to 3 kilometers (km) (1.86 miles (mi)) (Wright and 
Ernst 2004b, p. 59). In central Idaho, wolverines Copeland et al. (2007, p. 2,210) also Copeland 
et al. (2007, p. 2,210) were reported wolverines using snowmobile winter access (unmaintained) 
roads for travel (Copeland et al. (2007, p. 2,210).  
 
Aboriginal knowledge holders (the knowledge Aboriginal Peoples have accumulated about 
wildlife species and their environment) in Canada have reported that while wolverines appear to 
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avoid human habitation and developed areas, some wolverine will visit these areas if they are do 
not appear to be threatened or if development activities cease (Cardinal 2004, p. 22). Wolverines 
have also been described as occupying deserted snow huts (Nunavut Territory) during winter 
months (Freuchen 1935, p. 98). 
 
A study of wolverine selection patterns in boreal forests in northwestern Alberta using resource 
selection function (RSF) modeling techniques1 and data from telemetered wolverines found that, 
for the winter season, both male and female wolverines selected for streams, forested areas 
(broadleaf, coniferous, and mixed) and bogs or fens, while avoiding active well sites and low-
traffic winter roads (Scrafford et al. 2017, pp. 31, 32). That study also found that wolverines did 
not avoid older seismic lines, likely due to the intermediate stage of regeneration found in their 
study area as well as availability of small prey in conjunction with minimal risk of human or 
wolf presence (Scrafford et al. 2017, p. 34). 
 
RSF-based modeling was used by (Johnson et al. (2005, entire)  to quantify the relationship 
between the observed distribution of the wolverine and variables representative of habitats and 
human disturbance in the taiga and tundra ecoregions (shown in Appendix A) of the Canadian 
central Arctic (Nunavut and Northwest Territories) (Johnson et al. 2005, p. 10). Using a range 
defined by previous studies of collared wolverines, they researchers identified two seasons for 
wolverines, based on presence or absence of barren-ground caribou (Rangifer tarandus 
groenlandicus) (Johnson et al. 2005, p. 8). They found that, in winter, the occurrence of 
wolverines was correlated with patches of heath rock and rock association, and areas dominated 
by sedge (Johnson et al. 2005, pp. 23–25). Results for models for summer season were less clear, 
but models that included grizzly bear (Ursus arctos), caribou, and wolf were found to be 
positively associated with wolverine, likely due to the scavenging opportunities and hunting of 
caribou provided by these other carnivores (Johnson et al. 2005, p. 24). In Finland, the presence 
of wolves was found to be one of the most important variables influencing habitat selection of 
wolverines (Koskela 2013, p. 35) likely due to the increased scavenging opportunities provide by 
wolf kills (Koskela 2013, p. 36). 
 
A RSF model was also used to develop a predictive map of wolverine habitat for the western 
United States (Inman et al. (2013, p. 281), as shown in the background of our Figure 3. Their 
best fit model found that, in general, wolverine were most likely to be distributed at high 
elevations, with steeper terrain, more snow, fewer roads, and reduced human activity, but also in 
proximity to high elevation talus, tree cover, and areas that had snow cover on April 1 (Inman et 
al. 2013, pp. 280–281). Primary habitat for the wolverine in the western United States was 
estimated at 164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). Additional information 
related to the results of this modeling effort is discussed in the Population Distribution and 
Abundance section below. 
 

                                                 
1 RSF is any mathematical function that is proportional to the probability of use of a resource unit (Manly et al. 
2002, p. 15). A RSF contains several coefficients that quantify the selection for or avoidance of an environmental 
feature, and the sign/strength of those coefficients represents a differential variation in the distribution of each 
environmental feature measured at a sample of locations to a comparable set of random sites. Thus, when an 
animal's observed use of a resource is greater than those random sites, selection of that feature is inferred (Johnson 
et al. 2005, p. 10). 
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Movement 
 
Wolverine movements are related to both territoriality (within home ranges) and dispersal (adults 
and young). Movement within home ranges by adult male and female wolverines is extensive. 
For example, wolverines monitored in the Greater Yellowstone Ecosystem traveled a distance 
that was equivalent to their average home range diameter in less than 2 days, which is also about 
the size of their home range circumference in less than 1 week (Inman et al. 2012a, pp. 782–
783). This study also found that, for a 24-hour period, the average minimum distance traveled 
was 15.5 (km) (9.63 (mi) for males and 7.5 km (4.66 mi) for females (Inman et al. 2012a, p. 
783). Telemetry studies of wolverines in south-central Alaska indicate an average distance 
traveled per day of approximately 12 km (7.46 mi) for females and 8–21 km (4.97–13 mi) for 
males (Woodford 2014, no page number). Observations from snow tracking studies have found 
instances where two individual wolverines traveled together (Wright and Ernst 2004b, p. 63). 
 
A study of female Fennoscandinavian wolverines found that most (86 percent) females remained 
stationary in their established territories, with 8 percent vacating and 6 percent expanding their 
territory (Aronsson 2017, p. 40). In addition, this study of 42 female wolverines in 122 territories 
reported that females with established territories only moved to available territories that were 
higher than average in quality (Aronsson 2017, p. 41). In central Norway, a Bischof et al.’s 
(2016, p. 1,533) study of spatial and temporal patterns in wolverines using noninvasive genetic 
sampling methods also found that individuals tended to stay in the same general area from one 
year to the next (Bischof et al.’s 2016, p. 1,533). 
 
A number of factors can affect wolverine movements within territories, such as availability of 
food, temperature, and breeding activity. Seasonal shifts in elevation have also been observed for 
wolverines in the contiguous United States. An Gardner’s (1985, p. 21) ecological study of 
wolverines in southcentral Alaska found significant movement up in elevation during late winter 
and early spring as well as significant movement down in elevation during the late fall and 
winter (Gardner’s (1985, p. 21). Wolverines were also observed moving to and occupying higher 
and presumably cooler elevations in summer months in northwestern Montana (Hornocker and 
Hash 1981, p. 1,299). In Central Idaho, wolverines exhibited a preference for higher elevation 
areas containing rock and talus cover in summer months, but moved to lower elevations in 
winter; this was likely the result of an increase in availability of carrion related to the fall hunting 
season (Copeland 1996, p. iv). Two aboriginal knowledge holders in the Kivalliq region 
(Nunavut, Canada) reported that wolverines will move closer to communities during caribou 
migration in the fall, likely attracted by the large number of caribou carcasses left by hunters 
(Cardinal 2004, p. 22). 
 
A study of wolverine movement in boreal forest habitat in Canada (northwestern Alberta and 
northeastern British Columbia) during winter months found that wolverines chose the most direct 
travel route with the least snow cover (Wright and Ernst 2004a, pp. 58–59). Woodford’s (2014, 
no page number) account of wolverine observations from studies in Alaska indicated that, when 
pursued, wolverines will run uphill, which may represent a predator-avoidance adaptive 
behavior. 
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As discussed in more detail below (Diet and Feeding), several studies have shown that 
wolverines exhibit a seasonal shift in diet, and Hornocker and Hash (1981, p. 1298) concluded 
that food availability was the primary factor determining both movements and home ranges for 
wolverines studied in northwestern Montana. Movement patterns of adult males during the 
summer months are also likely influenced by breeding activity (Magoun 1985, p. 66).  
 
Males and females maintain large territories with very little overlap between same-sex adults 
(Magoun 1985, p. 38; Banci 1994, p. 118; Inman et al. 2012a, p. 783; Bischof et al. 2016, pp. 
1,532–1,533; Regehr and Lacroix 2016, p. 249), but breeding pairs have overlapping territories 
(Copeland 1996, pp. 55–61; Hedmark et al. 2007, p. 19; Dawson et al. 2010, p. 413; Persson 
2010, p. 52; Inman et al. 2012a, p. 787). However, ranges of young males, who have not yet 
dispersed, can overlap with resident adult male home ranges (Alaska) (Magoun 1985, p. 64). 
Studies of wolverines in the Greater Yellowstone Ecosystem found a mean percent overlap of 
12.7 percent for same sex, adult–sub-adult pairs and about 24 percent for opposite sex, adult–
sub-adult pairs (Inman et al. 2012a, p. 787). In addition, Inman et al. (2012a, p. 783) found that 
when a resident adult wolverine died, same-sex adults (not known to be located within the dead 
wolverine’s home range) would begin using (within 3–7 weeks) areas of the unoccupied home 
range, or same-sex subadults would expand into and then occupy most or all of the dead 
wolverine’s former home range. A study of territoriality of wolverines in central Norway (using 
scat analysis) indicated that within their study population, wolverines were also more likely to 
choose a home range area that was previously used by a neighboring same sex individual after 
that individual’s death (Bischof et al. 2016, p. 1,533). 
 
Table 1 below presents a summary of annual home ranges of resident wolverines. Home range 
use is smaller for female wolverines during the reproductive period. For a parturient (about to 
bear young) female, estimates of home range size in this region were significantly smaller, with a 
minimum of 100–150 km2 (39–58 mi2) (i.e., during year raising young) (Inman et al. 2012a, p. 
782). The average home range size for lactating females rearing young was estimated at 70 km2 
(27 mi2) from March through August (Alaska) (Magoun 1985, p. 36). In northwestern Ontario, 
researchers reported a home range of 262 km2 (101 mi2) for a lactating female (Dawson et al. 
2010, pp. 141–142). In general, the distance traveled by female wolverines depends on the 
location of the reproductive den site within the home range, the areas used for locating 
food/prey, and the territory border (Myhr 2017, no page number).  
 
Table 1. Home Range Size for Adult, Resident Wolverines. 

Region Female, km2 (mi2) Male, km2 (mi2) Reference 

Central Idaho 384 (148) 1,582 (610) Copeland 1996 

Central Idaho / Yellowstone 
Region 

357 (138) 1,138 (439) Heinemeyer and Squires 
2015 

Greater Yellowstone Ecosystem 303 (117) 797 (308) Inman et al. 2012a 

Glacier National Park (MT) 139 (54) 521 (201) Copeland and Yates 
2008 

Alaska (Northwestern) 53-232 (20-89.6) 488-917 (188-354) Magoun 1985 
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Canada 
Northwest Ontario 

50-400 (19-154) 
423 (163) 

230-1,580 (89-610) 
2,563 (990) 

COSEWIC 2014 
Dawson et al. 2010 

Central Norway 331 (128) 757 (292) Bischof et al. 2016 
Southern Norway 274 (106) 663 (256) Landa et al. 1998 

Northern Sweden 170 (66) 669 (258) Persson et al. 2010 
 
     
 
In summary, habitat diversity, food availability, and competition for resources can collectively or 
individually influence home range sizes of wolverines (Magoun 1985, p. 63; Inman et al. 2012a, 
p. 785), which affects wolverine densities and population structure. Home range sizes of male 
wolverines are likely influenced by the density and reproductive condition of female wolverines 
(Magoun 1985, p. 63).  
 
Dispersal relates to the successful establishment of a breeding territory, generally by juveniles, 
at a location removed from the natal denning area, and can be confused with long-range 
movements of wolverines and other carnivores (Ruggiero et al. 1994, pp. 4–5).  
 
Based on telemetry studies, wolverines have been observed to disperse over very long distances.  
Both male and females can move long distances (Flagstad et al. 2004, pp. 684–686), but young 
(yearling) females tend to establish home ranges closer to their natal ranges than do young males 
(COSEWIC 2014, p. 24), which supports a male-biased dispersal pattern (from natal range) for 
wolverine populations. Vangen et al. (2001, p. 1,647) indicated that dispersal patterns of females 
were likely determined by competition for resources (that is, high quality territories) while male 
dispersal patterns were likely determined by competition for mates. 
 
As noted above, wolverines readily cross water bodies such as rivers, and can cross rugged 
terrain (COSEWIC 2014, p. 24; Woodford 2014, entire). Dispersing wolverines in Idaho traveled 
over 200 km (124 mi) following routes across isolated subalpine habitat (Copeland 1996, p. 
130). Inman et al. (2012a, p. 784) recorded dispersal-related movements of wolverines in the 
Greater Yellowstone Ecosystem and found that the maximum dispersal distance of subadults 
from the home range of their mothers was 170 km (106 mi) for males and 173 km (108 mi) for 
females, with an average maximum distance per dispersal movement of 102 km (63 mi) for 
males and 57 km (35 mi) for females (Inman et al. 2012a, p. 784). In the Ontario, Canada, region 
a juvenile male reportedly dispersed 100 km (62 mi) (COSEWIC 2014, p. 24, citing unpublished 
data from Dawson et al. 2013). 
 
Two recent examples illustrate the extensive dispersal capability of wolverines. A male 
wolverine apparently dispersed (2008 or earlier) from the western edge of the Rocky Mountain 
region to the Sierra Nevada region of California (Moriarty et al. 2009, p. 160). Another male 
wolverine (named M56), whose natal area was the Greater Yellowstone Ecosystem (northwest 
Wyoming), moved south to Colorado (about 500 miles), where it remained for about 3 years 
(2009–2012), when its tracking signal was lost. In April 2016, M56 was legally shot and killed 
by a rancher in western North Dakota, about 1126.5 km (700 mi) from where it was last seen 
(Wyoming Game and Fish Department (WGFD) 2016, pers. comm).  
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Additional discussion of population distribution and density estimates is provided below (see 
Biological Status–Current Conditions). 
 
Reproduction and Growth 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., a male 
mates with more than one female each year), delayed implantation (up to 6 months), short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care 
(Rausch and Pearson 1972, pp. 255–256; Pasitschniak-Arts and Larivière 1995, p. 5; Magoun 
and Copeland 1998, pp. 1,315–1,316; Hedmark et al. 2007, p. 19; Persson et al. 2017 in prep).  
 
Table 2 below presents a summary of wolverine reproductive chronology (extent and peak of 
reproductive events) based on a review of the literature and personal knowledge from field 
studies (Inman et al. 2012b, entire), and studies from Scandinavia (Aronsson 2017; Persson et al. 
2017 in prep). 
 
Table 2. Chronology of wolverine reproductive events (adapted from Inman et al. 2012b). 

Reproductive Biology Event Time Interval 
Mating Season May – August; peak in June 
Nidation (implantation of embryo) November – March; peak in late December–early February 
Gestation (45 days) November – April; peak in January–mid-March 
Parturition (birth of young) late January – mid-April; peak in February–mid-March 

(Sweden: peak in mid-February, range from end of January to 
early March)a 

Reproductive Den Use late January – end of June; most commonly, early February–mid-
May 

Lactation About 10 weeks; generally February–June 
Weaning April – June; most commonly, late April–May 
Rendezvous Sites April – June; peak in early May 
Independence August – January; peak in September–December 
Dispersal  Peak period at 10–15 months of age; February–mid-April 

aPersson et al. (2017, in prep). 
 
Wolverine mating is generally assumed to occur in May, June, and July (Pulliainen 1968, p. 341; 
Rausch and Pearson 1972, p. 249). A review of both the literature and personal observations by 
Inman et al. (2012, p. 636) indicated that June represented the peak in a wolverine mating 
season, but began in at least May and extended into early August. Female wolverines have been 
reported as not breeding in their first summer (under 1 year of age) based on examination of 
reproductive tracts from wolverine carcasses obtained from trappers (Yukon) (Banci and 
Harestad 1988, p. 268) and ages of pregnant female wolverines were estimated at 1 to 11-plus 
years of age (Banci and Harestad 1988, p. 266). In another study of wolverine carcasses (also in 
Yukon), some female wolverines were said to be mature at about 1 year (about 15 months), but 
first litters were not produced until 2 years of age (Rausch and Pearson 1972, p. 253). In 
Scandinavia, the mean age of first reproduction for female wolverines was 3.4 years, based on 
monitoring of telemetered animals (Persson et al. 2006, p. 76). Breeding ages were reported at 2 
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to 13 years of age for wolverines in Sweden (mean age of first birth was 3.4, range of 2 to 5 
years), based on monitoring/observations of female wolverines (Rauset et al. 2015, p. 3,157).  
 
A genetic-based wolverine study in Scandinavia found that “females often reproduced with the 
same male in subsequent breeding years” (Hedmark et al. 2007, p. 18). However, this study also 
found (with some assumptions regarding sampling and paternity) that 8 of 13 female wolverines 
bred with different males, and, based on telemetry results, 2 females bred with a new male even 
though their previous breeding partner was still alive (Hedmark et al. 2007, p. 18). This shift in 
partners may have resulted from a change in the resident male wolverine in the area (Hedmark et 
al. 2007, p. 19). 
 
The reproductive rate of wolverines is relatively low. An early study of 31 wolverine dens in 
Finland, as reported by hunters, found an average of 2 young per den (range 1–4) (Pulliainen 
1968, pp. 338–341). Average litter size for northern Europe (161 litters) was 2.5 (range 1–4) 
(Pulliainen 1968, p. 343). In Alaska, average litter size was reported as 1.75 young, with a 
reproductive rate of 0.69 young per adult female per year (Magoun 1985, p. 28). A summary of 
average litter size for earlier studies of New World and Old World wolverines, based on method 
of determination, was presented in Magoun (1985, p. 29), indicating a range of 2.2 to 3.5. 
Anderson and Aune (2008, entire) evaluated pregnancy rates based on presence of corpora lutea 
(CL) and fetuses in trapper-harvested wolverines from western Montana. That study found 
median CL counts for pregnant adults ranging from 1.6 to 3.0, depending on the subpopulation 
(Anderson and Aune 2008, p. 22), with a mean litter size based on number of fetuses for 
pregnant adult females of 2.6 (Anderson and Aune 2008, p. 23). Studies of telemetered female 
wolverine in Scandinavia, from 1993 to 2002, reported a mean litter size of 1.88, with a range of 
1 to 4 young, with a mean annual birth rate of 0.74 young per female (Persson et al. 2006, pp. 
76–77). More recently, the average number of young per female per year reported for wolverines 
in Sweden was 0.84 (range 0–3); however, for those animals with recorded denning behavior, 
this value increased to 1.38 (range 0–3) (Rauset et al. 2015, p. 3,157).  
 
Results from studies of telemetered female wolverines indicate that studies of wolverine 
reproductive tracts are likely to overestimate wolverine productivity (Persson et al. 2006, p. 77). 
Their findings suggest that young are either lost during pregnancy and/or shortly after birth, and 
are not likely to occur before implantation due, in part, to presumed delayed implantation 
(Persson 2006, p. 77). Delayed implantation (or reabsorption) of fetuses has been observed in 
other mustelids, including mink (Hansson 1947, p. 62; and references cited therein, pp. 65–66). 
However, the factors that contribute to the observations that female wolverines do not give birth 
during some years are not well understood, and could be due to failure to breed, pseudo-
pregnancy (as demonstrated by Mead et al. 1993, entire), failure of a fetus to implant, absorption 
of implanted fetus, stillbirth, or mortality before emerging from den (e.g. infanticide, etc.) 
(Magoun 2013, pers. comm.).  
 
Carnivorous mammals generally have altricial young (poorly developed and dependent young 
(Derrickson 1992, p. 58), and prepare shelter in dens where the mother can feed their young and 
keep them warm (Irving 1972, p. 174). Young wolverines (kits or cubs) weigh about 0.1 kg (3.5 
ounces (oz)) at birth and are blind until about 4 weeks of age (Krott 1960, p. 23). Newborns are 
covered with whitish to yellow hair (Krott 1958, p. 87; Mehrer 1976, p. 570), 4.5 millimeters 
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(mm) (0.18 in) in length (Shilo and Tamarovskaya 1981, p. 147), with unerupted teeth (Mehrer 
1976, p. 570; Pasitschniak-Arts and Larivière 1995, p. 5) and closed ear canals (Shilo and 
Tamarovskaya 1981, p. 147). They are generally not left alone at the den during the first 3-4 
weeks (Krott 1958, pp. 88, 108). A Myhr’s (2017, no page number) study of telemetered 
wolverines in Scandinavia found that, on average, a female wolverine spends most of her time 
within 1,000 m (3,281 ft) of the reproductive den during the denning period (Myhr 2017, no page 
number).   
 
Mustelids, in general, have a short period of growth (Iversen 1972b, p. 317). As noted above, the 
metabolism of young wolverines is highest during the first 2½ .5 months, and individuals are 
almost two-thirds grown by the fall (at about 6 months) (Krott 1960, p. 25). As decribed by Shilo 
and Tamarovskaya (1981, p. 146), 45-50 day old cubs (Norway) have woolly coats, are muddy 
grey in color, with teeth beginning to erupt at this age. At about 150 days, all permanent teeth 
have been established (Shilo and Tamaovskaya 1981, p. 147). After 2.5 months, young 
wolverines replace their juvenile coat with the adult summer coat (Shilo and Tamarovskaya 
1981, p. 147). With growth ending at about 8 months (Iversen 1972b, p. 320; Magoun 1985, p. 
23), cubs are generally full grown by October or November.  
 
Use of Dens and Denning Behavior 
 
Dens and breeding burrows of animals are, in general, carefully constructed, well-camouflaged, 
and located in areas not easily accessible (Novikov 1962, p. 25). Wolverines use both natal dens 
(used for birthing) and maternal dens (used subsequent to natal den and before weaning) for 
rearing young (Magoun and Copeland 1998, p. 1,314). The average relocation distance to 
maternal den sites for active wolverine den sites studied in Norway was 268 m (879 ft) (95% 
confidence interval: 40–497 m (131–1,631 ft)) (May et al. 2012, p. 199). The young remain at 
the natal den site for 6 to 8 weeks (Krott 1960, p. 24), and are weaned at 9 to 10 weeks 
(Copeland 1996, p. iv (Central Idaho); Koskela et al. 2013a, p. 101 (Finland)) (cf. 7 to 8 weeks 
reported by Myhre and Myrberget, 1975, p. 754 (Norway)). After weaning, the young are 
dependent on the mother and begin to travel with her by late April (Koskela et al. 2013a, p. 101 
(Finland)). Observations of wolverines in central Idaho reported that females traveled up to 17.9 
km (11 mi) from maternal dens to forage (Copeland 1996, p. 97). 
 
The exact timing of when females abandon natal dens and begin using maternal dens is difficult 
to establish (Inman et al. 2012b, p. 638). In general, studies have found that den abandonment 
(natal) occurs before May (Magoun and Copeland 1998, p. 1,315; Table 1; Inman et al. 2012b, p. 
637; Figure 2). A study by Aubry et al. (2016, p. 24) reported that a female wolverine moved her 
single young (estimated to be at least 9 weeks old) from a natal den in late April in the North 
Cascades region of Washington. More recently, a comprehensive study of wolverines in 
Scandinavia found that females begin to shift den locations more frequently beginning in late 
April as young are more mobile and are more reliant on solid food brought to them by the mother 
(Aronsson 2017, p. 46). Natal den abandonment in Alaska and Idaho reportedly “coincided with 
a period when maximum daily temperatures rose above freezing for a number of days for the 
first time since denning commenced” (Magoun and Copeland 1998, p. 1,316). Factors other than 
temperature can influence shifts in the locations of these den, including intraspecific predation, 
parasites, or other disturbances (Inman et al. 2012b, p. 638). In central Idaho, Copeland (1996, p. 
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iv) concluded that human disturbance at maternal den sites resulted in den abandonment, but not 
abandonment of young. 
 
Rendezvous sites are locations in which the female leaves young while she hunts for food, and 
from which they will not leave without her (Magoun 1985, pp. 16, 77). These areas provide 
security to young (Copeland 1996, p. 94) and serve as locations at which females bring food to 
the young, or from which she will guide them to a food source (Inman et al. 2012b, p. 638). 
Rendezvous sites of wolverines studied in central Idaho consisted of large boulder talus or 
riparian areas associated with mature overstory and dense timber deadfall (Copeland 1996, p. iv). 
Magoun (1985, p. 76) reported that rock caves and hilltops containing boulders without large 
snowdrifts were used as rendezvous sites in Alaska. Females may move their young to new 
rendezvous sites several times over a two month period (Magoun 1985, p. 73), and distances 
between consecutives sites have been reported as far away as 8.5 km (5.3 mi) (Magoun 1985, p. 
76). 
 
Studies of adult female wolverines in Scandinavia (northern Sweden) have provided additional 
details regarding the temporal patterns of reproductive behavior and den site use. Aronsson 
(2017, p. 45) (see also Persson et al. 2017, in prep) found that, in general, most births occurred in 
mid-February. Females spend very little time outside the natal den for the first 2 weeks 
(Aronsson 2017, p. 45). During the first period of den site use, or approximately 2 to 2.5 months 
from mid-February (when females generally give birth and are lactating), females will move 
short distances and do not need to bring food to young (Aronsson 2017, p. 46). This time period 
generally coincides with snow cover and favorable conditions for food caching, and dens offer 
protection from predators and the environment (Aronsson 2017, p. 46). In addition, during the 
first 1.5 months of the denning period, females rarely changed den sites, but begin to move 
outside the den in early March (Aronsson 2017, p. 45). In the later denning period (after April 
15), females begin to move more frequently and at greater distances between den sites (Aronsson 
2017, p. 45). By late April, the young are more active and also begin to rely more on solid food 
that is brought back to them by their mother (Aronsson 2017, p. 46). This also corresponds to a 
time period when prey are more available (reindeer migration and calving period in Sweden) and 
expected shorter distance movements by the mother back to denning or rendezvous sites 
(Aronsson 2017, p. 46). These observations are consistent with Inman et al.’s (2012b, entire) 
proposed cold, low productivity niche for wolverines based on studies of wolverines in the 
Greater Yellowstone Ecosystem. That is, reproductive chronology in wolverines is considered to 
be adapted to take advantage of the availability of food resources, limited interspecific 
competition, and snow cover in the winter (Inman et al. 2012b, p. 635).  
 
In summary, as described by Inman et al. (2012b, entire) and Persson et al. (2017, in prep), 
reproductive behavior of wolverines reflect seasonal shifts in resource abundance within the 
wolverine’s range; that is, adaptation that matches the time of birth and development of young to 
changes in the availability of resources and foraging strategies (Persson et al. 2017, in prep). We 
present in Figure 4 a visual summary of wolverine feeding strategies relative to resource 
availability from time of birth to post-weaning. 
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Figure 4. Wolverine feeding strategies relative to resource availability. Adapted from Persson et al. 2017, in 
prep.  

 
Denning Habitat  
 
Given the wolverine’s observed association with snow, we provide in Box 1 a summary of the 
importance of snow for ecological systems. This summary provides a detailed perspective of 
how various physical properties of snow can influence ecological systems occupied by snow-
adapted wildlife, including insulating properties, differences in snow cover in mountainous vs. 
forested habitat, and changes in snow cover due to wind and slope/aspect. However, we also 
emphasize here that there have been limited comprehensive studies of wolverine behavior, or its 
physical and ecological requirements outside of the winter months in North America (cf. Banci 
1987 (Yukon); Hornocker and Hash 1981 (Montana); Gardner 1985 (Alaska); Magoun 1985 
(Alaska); Copeland 1996 (Idaho); Krebs et al. 2007 (Canada); Inman et al. 2013 (Greater 
Yellowstone Ecosystem)) due, in part, to the difficulty in tracking animals when snow cover is 
absent and their ability to move great distances across rugged terrain. In addition, den site 
locations for North America reported in the past have been biased to tundra regions where dens 
are more readily observed and located (Banci 1994, p. 110). In Scandinavia, snow cover has also 
been found to be a poor technique for tracking female wolverines during the time when they give 
birth and initiate denning (Aronsson and Persson 2016, p. 266). 
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Box 1. Snow Cover in an Ecological Context 

Formozov (1961; 1963) prepared comprehensive reviews of the unique properties of snow in the 
context of its role in the ecology of animals and plants in Russia. In his 1963 review (translated 
from the 1946 original), he identified two important factors attributed to snow cover — 
nastization (the thickness of the crust on the surface of mature snow cover) and firnization 
(process of snow compaction) — relative to its ecological influence (Formozov 1963, p. 8). Snow 
cover provides not only a substrate that allows some animals to move across the landscape, it also 
provides a matrix within which other animals can create tunnels and build nests (Formozov 1963, 
p. 8). Additional fundamental concepts described in this study are provided below: 
 

• Snow has very low thermal conductivity which promotes cooling at the surface while at 
the same time protects the deeper layers from chilling; but this property varies by region, 
by depth, by season, and by year (e.g., the more continuous the snow cover during winter, 
the greater the warming effect); as snow changes to ice (through compaction and melting), 
the thermal conductivity decreases (Formozov 1963, pp. 7, 8, 108) 

• Snow therefore creates a thermo-insulating layer, which allows for a unique temperature 
regime on the surface and underneath; as an example, soil temperatures measured in 
January (near Saint Petersburg, Russia) averaged 15°C higher with snow cover than 
without snow cover, with up to a 32°C difference, depending on the day and depth 
measured (Formozov 1963, p. 109) 

• Snow cover in mountains: 
o Depth of snow cover and its duration increases with elevation; even minor 

elevation differences are noticeable (Formozov 1963, p. 123) 
o This spotty distribution is also affected by unequal distribution of snow 

precipitation on slopes with different exposures, transport of snow by wind, 
melting of snow on sun-exposed slopes, avalanche or rolling down of snow from 
steeper areas, and vegetation (Formozov 1963, p. 123)  

o Snow cover areas near Arctic limits and at treeline in mountain regions is more 
strongly influenced by wind (which compacts and re-works snow cover) 
(Formozov 1963, p. 29) 

• Snow cover in forests: 
o The maximum depth, density, duration and date of melting, thickness of snow 

surface crust are all much different in forested areas as compared to open 
treeless areas (Formozov 1963, p. 19) 

o Snow accumulates slowly under trees and is generally thicker the further away 
from the forest than within the forest; thus, the compaction and settling of snow 
under a forest canopy is less than tundra or open fields (with a less icy crust), so 
for some vertebrates, forested areas can provide a more preferable place to 
winter or migrate (Formozov 1963, pp. 24, 26) 

o Snow cover in forested areas also melts slower than open fields and clearings 
(Formozov 1963, p. 28) 

• Snow cover also plays an important role in the overwintering conditions for insect eggs, 
caterpillars, pupae, and adult insects in litter and soil, and some plants (Formozov 1963, p. 
121) 
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Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, including persistent spring snow cover, the key elements or combination of elements 
that define this relationship have not been empirically analyzed. As noted above, adult 
wolverines have a wide range of thermoneutrality. However, newborns, who are born with 
lighter, less dense fur are likely to have a more limited ability to control their internal 
temperature, though huddling (a thermotactic behavior) of small mammals in dens can conserve 
heat (Barnett and Mount 1967, p. 439). Relatedly, basal metabolic production of heat is the 
source of heat that maintains bodily warmth, and is not easily modifiable unlike the flexibility of 
insulation (Irving 1972, p. 121). However, metabolic heat above an animal’s basal rate for 
preservation of warmth is restricted by its limited capacity for metabolic production of heat, but 
also by food availability and the time and opportunity for nourishment (Irving 1972, p. 121). In 
general, metabolic production of heat is costly to animals, but variable insulation represents a 
conservative strategy (Irving 1972, p. 121).  
 
Another key element related to den location is the protection that dens provide to a nursing 
female and her young. Because wolverines are known to den in a variety of structures, it is 
unclear if the apparent relationship to snow cover is based on selecting den locations in remote, 
high elevation areas to avoid predators. Bare rock and boulders at den sites can offer dry and 
secure cavities and enhance the ruggedness of the landscape (May et al. 2012, p. 198).  
“Ruggedness,” a measure derived from elevational changes and irregularity of land surface 
(density of contour lines) traversing a given area (Beasom et al. 1983, p. 1,163) has been found 
to be an important variable (i.e., secure habitat from predation risk) for female wolverines in 
winter (British Columbia, Canada) (Krebs et al. 2007, p. 2,188) and for den site selection at site-
specific, home range, and landscape scales (southcentral Norway) (May et al. 2012, pp. 200–
201).   
 
Wolverine denning habitat varies across its Holarctic range. For example, in southcentral 
Norway, wolverine dens were snow tunnels dug into deep snow at the tree line (elevation 1,100 
m (3,609 ft)), but most of the tunnel systems extended down to boulder fields, talus slopes, or 
rock crevices such that young could crawl around within these structures (May et al. 2012, p. 
201). Snow tunnels are also reported for wolverine natal dens in Alaska (Magoun 1985, pp. 84, 
185, 190). However, reproductive dens are not always excavated in deep snow. In Canada, 
female wolverines are said to give birth in dens where snow cover persists at least until April, 
and can den under snow-covered rocks, logs, or within snow tunnels (COSEWIC 2014, p. v). As 
an example, in northwestern Ontario, den site habitat for a female in lower Boreal Forest habitat 
(elevation 250 to 500 m (820 to 1,640 ft), 51°N) included large boulders and downed trees, 
similar to dens described for wolverines in montane ecosystems (Dawson et al. 2010, p. 139). In 
Finland, Pulliainen (1968, p. 340) reported a den site (January) at the base of a tree and not 
covered in snow, and also described other structural features such as rocks, fallen trees, and deep 
ravines as denning habitat (likely both natal and maternal dens) (Pullianinen 1968, pp. 338–341). 
In Russia, where wolverine habitat has been described as located far from human-inhabited areas 
within boreal forests and, to some extent, tundra, and taiga (Novikov 1962, pp. 199, 200), den 
locations were described as “clefts in rocks, among stones, and under roots of upturned trees” 
(Novikov 1962, p. 200). A study from northwestern Ontario noted that, because lowland boreal 
forest habitat in this region does not support deep, wind-hardened snowdrifts, other structural 
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elements within snow layers such as trees and boulders can be important components of 
wolverine denning habitat (Dawson et al. 2010, p. 142).  
 
Limited studies to date have evaluated the importance of denning habitat to reproductive success, 
or the key physiological and ecological characteristics, including avoidance and/or protection 
from predators, prey availability, availability of caching habitat, that define denning behavior 
and den site selection. Population density, trapping pressure, population genetics, and other 
measures of habitat quality may also influence wolverine fecundity (Anderson and Aune 2008, p. 
28). In addition, studies of wolverine denning activity have not reported the condition of the 
natal or maternal den location following abandonment; that is, what is the persistence and/or 
depth of snow at the natal den at the end of the denning season and how does this affect survival 
of young?  
 
A bioclimatic model was used by Copeland et al. (2010, p. 234) to test the following hypothesis: 
“…wolverine distribution at the broadest spatial scale is constrained within a climatic envelope 
defined by an obligate association with persistent spring snow cover and by an upper limit of 
thermoneutrality.”  However, this hypothesis was based on the premise “If persistence of 
wolverine populations is linked to the availability of suitable reproductive den sites ([citing] 
Banci 1994), snow cover that persists throughout the denning period may be a critical habitat 
component that limits the wolverine’s geographic distribution” (Copeland et al. 2010, p. 234). 
The authors tested this hypothesis by “comparing and correlating the locations of wolverine 
reproductive dens from throughout their circumboreal range, and telemetry locations from 10 
recent wolverine studies in western North America and Scandinavia, with spatial models 
representing the distribution of spring snow cover and average maximum August temperatures” 
(Copeland et al. 2010, p. 234) (emphasis added). 
 
Bioclimatic models “use associations between aspects of climate and known occurrences of 
species across landscapes of interest to define sets of conditions under which species are likely to 
maintain viable populations” (Araújo and Peterson 2012, p. 1,527). They are correlational by 
nature and are often applied to study a variety of conservation issues, including forecasting 
potential climate change effects on species’ distributions (Araújo and Peterson 2012, p. 1,527). 
However, these types of correlational models have received some criticisms and require careful 
framing to avoid misapplication (Sieck et al. 2011, p. 6; review by Araújo and Peterson 2012, 
entire). They generally represent a first step for evaluating current and future species 
distributions, and, when coupled with climate change scenarios, results are presented at a coarse 
scale that may not accurately project shifts in species distribution at a smaller scale (Sieck et al. 
2011, p. 6). In particular, when used to estimate extinction risk, these types of models provide 
only an estimate of the empirical relationships between a species’ current distribution and 
climate variables and then use inferred relationships to identify potential areas where the species 
is distributed under future climate scenarios (Araújo and Peterson 2012, p. 1,553). Extinction 
risk is not represented in the model’s input data and therefore is not the targeted parameter of the 
model; thus, a bioclimatic model’s usefulness may be limited in these types of applications given 
that it only offers partial explanatory evidence for reasons for potential extinction related to the 
shifts in climate suitability within the time frame being modeled (Araújo and Peterson 2012, p. 
1,533 and citations therein). In addition, climate niche projections generally do not incorporate 
factors such as competition, dispersal, and evolutionary capacity, which also influence range 
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boundaries (Michalak et al. 2017, p. 370). Thus, these types of models are more applicable at 
broad scales in which the effects of fine-scaled topography and biological interactions play a 
more limited role (Michalak et al. 2017, p. 370); however, both of those factors are important for 
wolverine, particularly at the den-site scale.  
 
Finally, Post (2013, p. 50) suggested that the niche conservatism approach may not be 
appropriate in predicting changes to species’ distributions under future climate change scenarios. 
He concluded that, based on redistribution patterns of flora and fauna throughout the Pleistocene 
epoch, but particularly the Late Pleistocene period of rapid warming, species movement is not 
always predictable in directions or rates based simply on their association with the more 
predictably changing environmental/abiotic measures.  
 
As noted above, Copeland et al. (2010, entire), used a bioclimatic model to evaluate an assumed 
association not at the den site scale, but at a broad scale. The results presented in Copeland et al. 
(2010, entire) were based not on the condition of snow cover at a particular den site at the time of 
denning, but rather their evaluation of snow persistence (April 24 to May 15) was based on 
satellite images summed over a 7-year period (2000 to 2006) for the den locations. The spatial 
resolution of the snow measurement used to detect daily snow cover was 500 m (1,640 ft), using 
Moderate-Resolution Imaging Spectroradiometer (MODIS). If persistent snow cover was 
observed in any one year, it was included in the bioclimatic model regardless of whether denning 
occurred during that particular year.  
 
In addition, although the study found that 69 percent of dens for North American wolverines 
were located within satellite images (pixels) in areas that had snow cover for 6–7 years, just over 
one-third (31 percent) of the identified den locations were located in areas that were identified as 
having spring snow cover 5 years or less out of 7 years. Also, the den location attributes (e.g., 
den structure, how long it was used) were not recorded relative to the observed persistent snow 
cover and some of the 560 dens (e.g., Norway) were identified by snow tracking rather than 
direct observation. In essence, the results presented by Copeland et al. (2010, entire) provided a 
fairly accurate, though preliminary, assessment of where wolverine populations are expected to 
be observed, but did not evaluate (model) snow persistence at the den site scale based on location 
and denning period (emphasis added).  
 
We also note here that results from group scoring exercises using modified (no consensus) 
Delphi techniques (i.e., group discussions followed by group scoring exercises with points 
allocated for beliefs on wolverine habitat needs and behavior, as well as uncertainty in allocation 
of points) of a panel of scientists convened by the Service in April 2014 (Wolverine Science 
Panel Workshop), indicated that most panelists allocated points to an obligate relationship of 
wolverines with deep snow at the den-site scale, but there was a wide range of scores from the 
panel as to whether contiguous snow was limiting at the home-range or species-range scales 
(Wolverine Science Panel Workshop Report 2014, pp. 9–11).  
 
Since the 2013 (78 FR 7864; February 4, 2013) and 2014 (79 FR 47522; August 13, 2014) 
proposed rules for the wolverine, several publications have presented additional study results 
related to wolverine distribution and snow cover. In Alberta, Canada, Webb et al. (2016, entire) 
found that, based on wolverine harvest data, wolverine occurrence relative to spring snow cover 
(percent of area covered, with greater than 75 percent snow coverage, on April 1 and 15) varied 
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based on the different regions of Alberta. Although the study found an overall positive trend of 
more frequent wolverine harvests in those areas expected to have spring snow cover, the study 
did not find consistent large differences between these areas, and did not typically detect 
significant relationships with frequent spring snow cover (4–7 years) in all regions (Webb et al. 
2016, p. 6). The Rocky Mountains region was the only region in which wolverines were reported 
in areas with more frequent spring snow cover (4–7 years) (Webb et al. 2016, p. 5). This region, 
which is located along the western border of Alberta, contains montane, subalpine and alpine 
habitat, with elevations from 1,000 m (3,281 ft) to 3,700 m (12,139 ft) (Webb et al. 2016, p. 9). 
Conversely, the study found that in the Boreal Forest region of Alberta (i.e., wetland habitat 
interspersed with coniferous, mixed wood, and deciduous forests, with elevations between 1,500 
m (4,921 ft) to 1,100 m (3,609 ft)), a female wolverine denned under large boulders and downed 
trees (Webb et al. 2016, p. 8). The authors noted that wolverine den locations within low 
elevation, forest habitats have not been well-described (Webb et al. 2016, p. 8). As noted above 
(Novikov 1962, p. 200), in boreal forested habitat, wolverines den in rock areas and in tree root 
structures. A similar finding was reported in Sweden, where a majority of dens (n=49) were in 
boulder areas located within mature, mixed coniferous forests (i.e., not alpine or tundra habitat) 
(Makkonen 2015, p. 14); all den sites provided cover for young without snow (Makkonen 2015, 
p. 17). A recently published study reported wolverine natal dens in logged areas (cutblocks) in 
northern Alberta, Canada; specifically, within a slash pile and log deck (Scrafford et al. 2017, p. 
35). 
 
A study of wolverine populations and distribution in Sweden observed that wolverine 
populations were found outside areas with persistent spring snow cover (mean snow depth and 
proportion of years with snow cover on March 15; 1961–1990) and expanding into boreal forest 
habitat located to the east and south of alpine areas (Aronsson and Persson 2016, p. 266). This 
southern and eastern expansion (from 1996 to 2014) indicates recolonization of their historical 
distribution in Sweden, and is thought to be the result of an increase in population, with more 
dispersers colonizing forest habitat, and an increase in year-round scavenging opportunities due 
to an increase in Scandinavian wolf packs (Aronsson and Persson 2016, p. 266; Aronsson 2017, 
pp. 43–44). As of the spring of 2017, over 80 reproductive dens have been observed outside the 
boundary of the snow model presented in Copeland et al. (2010) (Persson 2017, pers. comm.). 
Similarly, in Finland, Koskela (2013, p. 38) found that 10 observed wolverine dens observed 
were determined to be “snow dens,” but 8 of the 10 dens were located in areas outside the 
Copeland et al. (2010) modeled, satellite-based spring snow cover area.  
 
Snow depth can be affected at a local level by terrain, ruggedness, slope and aspect; slope and 
aspect together will affect the exposure to snow accumulation (May et al. 2012, p. 198). In an 
effort to document and compare snow persistence at the wolverine den-site scale, Magoun et al. 
(2017, entire) evaluated the use of low-altitude aerial photography during late May 2016 in areas 
within the Rocky Mountains (Idaho and Montana) and northwestern Alaska. In Idaho and 
Montana, flight lines were established along transects through the long axis of previously 
documented home ranges of denning female wolverines and, in Alaska, known den sites (from 
2016) were visited by helicopter and remaining snow was photographed (Magoun et al. 2017, p. 
383). Transect segments in the Rocky Mountain study areas documented snow on May 31 in all 
but one segment, with 82 percent classified in low to heavy snow retention categories, and 58 
percent considered as moderate to heavy (Magoun et al. 2017, p. 383). In the Alaska study area, 
photographs documented widely scattered patches of snow on May 29, with remnant snowdrifts 
observed at all four wolverine den sites (Magoun et al. 2017, p. 383). The documentation of the 
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existence of scattered patches of snow in the Rocky Mountains persisting into late May in areas 
previously detected to be bare of snow on May 29 (MODIS persistent spring snow cover, 
McKelvey et al. 2011, p. 2,889, Figure 4D; Magoun et al. 2017, p. 384, Figures 2b and 2d) 
suggests that persistent spring cover may not always be detectable at the den-site scale using 
remote sensing methods (Magoun et al. 2017, p. 384), and is affected by terrain, ruggedness, 
slope, and aspect.  
 
To evaluate snow cover at previously recorded den site locations in the western United States, 
we reviewed natal, maternal, and known den sites relative to derived ‘melt-out’ dates using 
MODIS/Terra Snow Cover, 8-day series (Hall and Riggs 2016). Melt-out dates represent the first 
day of the 8-day composite series when the cell in which the den was located switches from 
“snow” to “no snow.” The spatial resolution for these data is 500 m by 500 m (1,640 ft by 1,640 
ft). Because MODIS data was only available from the years 2000 to present, we were only able 
to evaluate 21 of the 34 den sites documented in our records. As shown in Table 3, the earliest 
melt-out date was May 14 (2006) and the latest was July 12 (2002). For natal den sites only, the 
range for melt-out dates was May 25 to July 12. All of these sites indicate a melt-out date that is 
past the May 15 date used for the persistent spring snow cover model presented in Copeland et 
al. (2010).  
 
Table 3. Wolverine Den Site Melt-Out Dates, 2002–2008. 

Den # Den Type Melt-out Date Elevation, meters (feet) Structure State 
1 Unknown 7/12/2002 1,814 m (5,951 ft) None Listed WA 
2 Natal 5/25/2003 1,928 m (6,326 ft) Log Complex MT 
3 Maternal 5/25/2003 1,995 m (6,545 ft) Log Complex MT 
4 Natal 6/4/2004 1,807 m (5,923 ft) Log Complex MT 
5 Natal 6/9/2004 2,399 m (7,871 ft) None Listed WY 
6 Natal 6/17/2004 2,487 m (8,160 ft) None Listed MT 
7 Maternal 6/29/2004 1,823 m (5,981 ft) Downed Log MT 
8 Maternal 6/29/2004 1,893 m (6,211 ft) Log/Boulder MT 
9 Maternal 6/11/2005 1,912 m (6,273 ft) Spider Tree MT 

10 Maternal 6/11/2005 1,973 m (6,473 ft) Spider Tree MT 
11 Natal 6/11/2005 1,977 m (6,486 ft) Spider Tree MT 
12 Natal 7/12/2005 2,693 m (8,835 ft) None Listed MT 
13 Unknown 5/14/2006 1,514 m (4,967 ft) Log Complex MT 
14 Unknown 5/25/2006 2,093 m (6,867 ft) None Listed MT 
15 Maternal 5/31/2006 1,851 m (6,073 ft) Log Complex MT 
16 Natal 5/31/2006 1,843 m (6,047 ft) Log Complex MT 
17 Unknown 6/7/2006 2,252 m (7,389 ft) None Listed MT 
18 Natal 6/18/2006 2,695 m (8,842 ft) None Listed MT 
19 Natal 5/25/2007 2,820 m (9,252 ft) None Listed MT 
20 Natal 6/4/2007 1,922 m (6,306 ft) Log/Boulder MT 
21 Unknown 7/3/2008 2,505 m (8,219 ft) None Listed ID 
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Additional studies are needed to further document wolverine den structure, snow conditions at 
dens, and how long dens are used, particularly for those locations outside of areas expected to 
have spring snow cover, to better understand the relationship of wolverines and snow cover 
(Webb et al. 2016, p. 8; Magoun et al. 2017, pp. 6–7). 
 
Other physical or biotic variables are also likely to be important for wolverine den site locations. 
Elevation affects snow depth and persistence at the landscape scale (May et al. 2012, p. 198). 
Inman et al. (2012a, p. 782) found that wolverines (12 females and 6 males) monitored in the 
Greater Yellowstone Ecosystem selected, on an annual basis, areas above 2,600 m (8,530 ft) 
latitude-adjusted elevation. In central Idaho, natal dens were also found in secluded, high 
elevation (above 2,500 m (8,202 ft)) cirque basins (Copeland 1996, p. 94).  
 
We evaluated 34 den sites in the lower United States using a linear regression model to evaluate 
whether the elevation of wolverine den sites is related to latitude. We note here that not all of 
these dens were characterized as to whether they were natal or maternal dens and a few records 
were not verified through tracking of females or direct observations. Given these caveats, our 
examination of these records indicated that, in general, wolverine dens at lower latitudes (36 to 
38°N) occur at higher elevations (range: 2,688 to 3,562 m) (8,819 to 11,686 ft) while the 
converse is seen for those dens at higher latitudes, or approximately 44 to 49°N (range: 1,514 to 
2,820 m) (4,967 to 9,252 ft). Given our assumptions (small sample size, test of normality (i.e., 
Shapiro test for elevation is just met)) we used linear regression (R Software; R Development 
Core Team, 2014) to test this association. We found a significant association with elevation and 
latitude [adjusted R2 = 0.76, F = 108.1, df=32; p-value = 8.24 x10-12], such that dens found at 
lower elevation were associated with higher latitudes. However, the results of this simple model 
indicate that 76 percent of the elevation for this sample is explained by latitude; thus, other 
potential explanatory variables or interactions between variables should be considered using 
multiple regression techniques. 
 
The steep slopes found at higher elevations also provide conditions conducive to avalanches, 
which result in debris and talus/boulder piles that provide structure for dens (Inman 2013, pers. 
comm.). Steep slopes and the availability of rocks were found to be important to wolverine den 
site selection for wolverines studied in Norway (May et al. 2012, p. 200). These areas also offer 
either exclusive or higher frequencies of maternal food sources during the high energy demands 
for reproducing females, such as marmot emerging from hibernation and neonatal ungulates 
(Inman 2013, pers. comm.) (see Diet and Feeding discussion below). 
 
In summary, wolverines select den sites for different characteristics depending on location. Dens 
located under snow cover may be related to wolverine distribution based on other life history 
traits, including morphological, demographic, and behavioral adaptations that allow them to 
successfully compete for food resources (Inman 2013, pers. comm.). Structure (e.g., uprooted 
trees, boulders and talus fields) appears to be essential for natal den sites with or without snow 
cover. Sensitivity to human disturbance and predator avoidance are also likely important factors 
in selecting both natal and maternal den sites. However, reproductive success of wolverines has 
not been evaluated relative to the depth and persistence of snow cover, or in combination with 
these or other important characteristics, including prey availability and predator avoidance.  
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Demography 
 
The lifespan of the wolverine is variable. Jackson (1961, p. 361) reported an upper range of 8–10 
years in the wild and potentially up to 18 years in captivity. Based on trapper-submitted 
carcasses from the Yukon, Jung and Kukka (2013, pp. 8, 12) reported an upper age of 11.9 years 
for a male wolverine and 12.9 years for (pregnant) female was reported (Jung and Kukka 2013, 
pp. 8, 12). Inman et al. (2012a, p. 781) classified wolverines less than 1 year old as juveniles (or 
cub), those 1 to 2 years old as subadults, and those at least 3 years old as adults. Generation time 
for wolverines has been estimated at 7.5 years (COSEWIC 2014, p. 23). 
 
Survival of adult female wolverines is considered to be an important demographic parameter in 
the wolverine’s life history (Sæther et al. 2005, entire). As noted by Aronsson (2017, p. 13), 
because most polygamous species display a dispersal pattern that is sex-based, their population 
distribution is generally limited by the dispersal behavior of the sex that is more philopatric (the 
tendency of a species to remain within or return to its birth area). Thus, the distribution of 
wolverine populations and colonization is generally limited by dispersal of female wolverines 
(Aronsson et al. 2017, p. 2).  
 
Stochastic factors (both demographic and environmental) also strongly influence the population 
dynamics of the wolverine (Sæther et al. 2005, p. 1,011–1,012). Given the rapid maturity of 
young wolverines, survival of female wolverines with young is likely dependent on the 
availability and distribution of food sources during the “snow-free season” (late spring and 
summer) (Banci 1994, p. 114). For example, a study of wolverines in Norway found that survival 
of young was primarily influenced by the abundance of small rodents (Landa et al. 1997, p. 
1,293).  
 
Evaluating how variations in demographic rates are influenced by the interactions between costs 
of reproduction, individual quality (e.g., breeding status), and environmental factors can provide 
a better understanding of the dynamics and viability of animal populations (Robert et al. 2012; p. 
entire; Rauset et al. 2015, entire). The interactions between individual age, environmental 
resources, and reproductive costs of wolverines in Sweden were recently examined by (Rauset et 
al. (2015, entire). The results of this study provide important details regarding the influences on 
wolverine reproduction productivity. The study found that age-related variation in reproductive 
output for female wolverines is driven by the interactions between age, reproductive costs, and 
availability of resources (Rauset et al. 2015, p. 3,160). As an example, female wolverines were 
found to be more likely to give birth and nurse young in home ranges with greater food resource 
abundance at the time of fetal development (Rauset et al. 2015, p. 3,158). The study also 
concluded that a favorable reproductive strategy for female wolverines is a conservative one, 
wherein older female wolverines do not “trade” current reproduction against their own survival 
(Rauset et al. 2015, p. 3,161). 
 
Intraspecific predation of wolverines is another important influence on wolverine population 
dynamics (Persson et al. 2003, p. 26). The altricial life history stage (early May to end of July) is 
likely a period of high juvenile mortality in solitary carnivores, such as the wolverine, since 
females are balancing the energetic demands of lactation (Sadleir 1984, pp. 179–180) and 
providing protection to young (Persson et al. 2003, p. 22). Young (juveniles) wolverines are 
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vulnerable to predation during the time period when left unattended in the natal den (generally 
March-April) and when they first exit the natal den and are left at rendezvous sites, or around 
May-June (Magoun 1985, pp. 49, 73, 77). An additional vulnerability occurs when juvenile 
wolverines are required to become nutritionally independent and begin exploratory movements 
away from their mother’s protection, generally August-September (Vangen et al. 2001, p. 1,644).  
 
Mortality 
 
There are a few natural predators of wolverines, but interactions with wolves can lead to severe 
injury and death (Burkholder 1962, p. 264; Banci 1987, pp. 81, 91; White et al. 2002, p. 132). 
Mountain lions are suspected of killing wolverines (Copeland 1996, p. 46; Krebs et al. 2004, p. 
497; Aubry et al. 2016, pp. 27, 32). Starvation has also been identified as a cause of mortality in 
wolverines (Hornocker and Hash 1981, p. 1,296; Banci 1987, pp. 91, 110; Krebs et al. 2004, p. 
497). Intraspecific predation also contributes to wolverine deaths. Persson et al. (2003, p. 25) 
found that juvenile survival rate tended to be lower during the altricial period (May–July), and 
intraspecific predation was the most common cause of mortality, occurring either as infanticide 
or after independence. Avalanches have also been documented as a cause of wolverine deaths 
(Inman et al. 2007, p. 89). 
 
In North America, anthropogenic causes of mortality for wolverine populations include hunting, 
trapping, and road kill. Discussion of the effects of hunting, trapping, and human development is 
provided below (see Biological Status–Current Condition section).  
 
Diet and Feeding 
 
Wolverines have been described as opportunistic foragers (Inman et al. 2012b, p. 639) and as a 
“seasonal scavenger on the fringe of the food web” (Larsen 1980, p. 399). They are both 
scavengers and predators, with a diet that varies between seasons and years, and switching 
between food sources depending on availability (Magoun 1987, p. 396; Cardinal 2004, pp. 19–
22; Mattisson et al. 2016, p. 9). The term “polyphagous” was used by Landa et al. (1997, p. 
1,292) to describe the switching of food sources depending on prey availability by wolverines. 
Regional variations in diet have also been observed for wolverine populations (Nunavut, 
Canada) (Awan and Szor 2012, p. 9). The availability of ungulate carrion is believed to be more 
important than a particular habitat type for wolverines (Cardinal 2004, p. 20). 
 
Early studies from northwestern Montana using scat analysis found that carrion (deer or elk) was 
an important component of wolverine diet (Hornocker and Hash 1981, p. 1,297). However, 
during winter, hoary marmots (Marmota caligata) were also important food items consumed 
and, in the spring, Columbian ground squirrels (Urocitellus columbianus) were heavily preyed 
upon (Hornocker and Hash 1981, p. 1,298). As reported by Cardinal (2004, pp. 20–21), 
wolverines in Canada have a large and varying diet based on reports from aboriginal traditional 
knowledge holders; in addition to large animals as prey or carrion, wolverine diet includes 
rabbits and ptarmigans (Lagopus sp.), porcupine (Erethizon dorsatum), mice, beaver (Castor 
canadensis), fish, ducks, seals, gulls and gull eggs, and lemmings, as well as antlers, bones, and 
skulls. Native mountain goats (Oreamnos americanus) and bighorn sheep (Ovis canadensis), that  
occupy high elevation winter ranges in portions of North America, have also been suggested as 
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important components of wolverine winter diet, particularly during the reproductive denning 
period (Buell Environmenal 2016, pers. comm.). Snowshoe hares may also be an important food 
item for wolverines in parts of Canada (Jung and Kukka 2013, p. 20). 
 
In northwestern Alaska, analyses of wolverine winter diet using carcasses collected from hunters 
(1996–2002) within the migratory range of the Western Arctic Caribou Herd found that caribou 
represented the most common food item, likely through scavenging behavior, followed by moose 
(Alces alces), and to a lesser degree, microtine rodents, Arctic ground squirrels (Spermophilus 
parryii), porcupines, wolverines, red fox (Vulpes vulpes), sheep and ptarmigan (Dalerum et al. 
2009, p. 249). One study year found stomach contents contained a large portion of muskoxen 
(Ovibos moschatus) and Dall’s sheep (Ovis dalli) (Dalerum et al. 2009, p. 249). Wolverines were 
found to be the main predator of caribou calves (less than 14 days of age) in northern British 
Columbia, Canada (Gustine et al. (2006, pp. 13–14). Wolverine diets in winter (scat analysis) 
and summer (primarily direct observation) were evaluated by Magoun (1987, entire) in 
northwestern Alaska. Results from that study indicate a large number of Arctic ground squirrels 
were eaten in summer, while the winter diet consisted primarily of caribou and Arctic ground 
squirrels (Magoun 1987, p. 393). Scavenging was found to be an important feeding strategy in 
winter, including remnants of buried caribou carcasses or bone/hide in the tundra (Magoun 1987, 
p. 396). 
 
Food habits of wolverines from 2002 to 2007 in Glacier National Park were evaluated by Yates 
and Copeland (in prep) by reviewing prey remains and scat samples, or direct observations of 
feeding behavior. Their scat analysis found that 72 percent of samples contained more than one 
prey species, and 89 percent contained plant material, primarily conifer needles (Yates and 
Copeland, in prep). The latter may be related to scent-marking behavior of territories, either by 
defecation after chewing on twigs/shrubs or terpenes released during urination, or the result of 
stomach contents found within their consumed herbivorous prey (Yates and Copeland, in prep). 
Overall, deer and elk represented the most frequent prey item (37 percent), but hibernating 
rodents were also common in scats (36 percent).  Other prey items included mice, voles, 
lemmings, bovids (e.g., bighorn sheep, mountain goat), birds, and hares (Yates and Copeland, in 
prep). Temporal differences in the occurrence of prey were also observed. 
 
Snow tracking in Montana found that wolverines hunted in brush piles, log jams, and heavy 
cover, and routinely entered "tree wells," areas immediately under dense, low growing conifers 
where snow does not accumulate, that provide easy access to small, ground-dwelling mammals 
(Hornocker and Hash 1981, p. 1298). Wolverines have been described as moving and lifting 
large stones in order to access human-cached meat (Freuchen 1935, p. 98). 
 
Several foraging strategies have been described for wolverines. Predation behavior on reindeer 
(Sweden) was detailed by Haglund (1966, p. 275). A study of elk in Siberia, Russia, noted that, 
in most instances, wolverines will attack young, pregnant females, young of the year, and 
wounded or sick animals (Knorre 1959, p. 27). Elk were chased, sometimes by two wolverines 
during periods of heavy snow (Knorre 1959, pp. 10, 27) and wolverines have been observed 
feeding in groups on large animal carcasses (Cardinal 2004, p.21). However, wolverines have 
been described as neither an effective predator of large game animals, nor a serious competitor 
with other predators (Cardinal 2004, p. 21).  

Commented [SJ13]: Is scats the plural of scat? 



North American Wolverine Species Status Assessment Report  DATE 

36 
 

 
Based on studies in Alaska, Dalerum et al. (2009, p. 251) suggested that wolverines occupying 
this region are large ungulate specialists, but use a generalist feeding strategy by switching 
between ungulate food sources (e.g., caribou and moose) depending on their availability. Thus, 
during periods of low caribou abundance, wolverines can switch from caribou (migratory) to 
moose (non-migratory) while still maintaining their ecological role as a scavenger on ungulate 
carcasses (Dalerum et al. 2009, p. 251).  
 
A study of wolverine diet using scat samples in Finland found that breeding female wolverines 
opportunistically used carrion and hunted less on small prey as compared to males and non-
breeding females (Koskela 2013, p. 35). In addition, in areas with low densities of mid-size 
ungulates, smaller prey and carcasses may be important in the wolverine diet (Koskela 2013, p. 
35). These results supported an optimal foraging theory; that is, wolverines will opportunistically 
use foods that are the most energy-efficiently available (Koskela 2013, p. 41). In other words, 
hunting ungulates or smaller prey (rabbits, birds) may incur greater energetic costs than 
scavenging for food, but searching for wolf- or human-killed carcasses will take more time 
(Koskela 2013, p. 41).  
 
Finally, diet and feeding strategies of wolverines were evaluated by Mattisson et al. (2016, 
entire) in Scandinavia (Mattisson et al. 2016, entire). They Researchers found that wolverine 
feeding strategies were flexible and temporarily shifted from scavenging to predation and heavily 
influenced by seasonal dependent responses to availability of prey and the supply of carrion 
(Mattisson et al. 2016, p. 9). Predictable anthropogenic food sources (i.e., remains from hunted 
ungulates) also influenced wolverine feeding strategies in their study area by increasing 
scavenging behavior relative to predation (Mattisson et al. 2016, p. 10). 
 
Aboriginal traditional knowledge holders in Canada have reported wolverines as being largely 
dependent on wolves or another large predator to obtain large mammal carrion such as caribou, 
but also scavenge off polar bear (Ursus maritimus) and grizzly bear (summer) kills (Cardinal 
2004, p. 20). Wolverines were observed following the tracks of Eurasian lynx (Lynx lynx) and 
then scavenging on prey left behind from lynx kills (Haglund 1966, pp. 272–273). Myhre and 
Myrberget (1975, p. 756) noted that the hunting abilities of wolverine and Eurasian lynx are not 
the same and that the two animals use the meat of their prey differently, which, together, may 
allow the two carnivores to coexist in the same environment.  
  
In Sweden, Mattisson et al.’s (2011b, p. 1,326) study of Global Positioning System (GPS)-
collared wolverines found that they spent three times longer scavenging ungulate carrion as 
compared to feeding on wolverine-killed prey, and more than half of the reindeer carcasses 
scavenged by wolverines were killed by Eurasian lynx. That study concluded that lynx can 
increase the availability of food for wolverines and other scavengers and that lynx behavior 
around kill sites minimizes potential encounter conflicts (Mattisson et al. 2011b, p. 1,328). In 
their study area, Eurasian lynx do not appear to pose a significant threat to wolverines, neither by 
exclusion in space or time (Mattisson et al. 2011a, p. 79) nor from mortality (Persson et al. 2009, 
p. 327). We are not aware of similar evaluations for North American populations of wolverines 
and Canada lynx. This lack of study on interspecific processes in the more predator-diverse 
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North American landscape is an important gap in our understanding of wolverine distribution 
(Fisher et al. 2013, p. 712). 
 
Large carnivores can act as “sympatric ungulate predators” (Dalerum et al. 2009, p. 251), 
generating carrion at kill sites, particularly during winter months, but also as competitors and 
potential sources of mortality (White et al. 2002, p. 132; Krebs et al. 2004, p. 497; Koskela et al. 
2013b, p. 221). Wolverines apparently balance their exposure to the risk of predation with 
foraging opportunities (Scrafford et al. (2017, p. 32). Thus, even though wolverines may not be 
dependent on lynx or other sympatric predators for their survival or reproduction, an increase in 
the availability of carrion likely has a positive influence on the reproductive rate (e.g., number of 
offspring) in wolverine populations (Mattisson et al. 2011b, p. 1,328). 
 
Caching of food is an important behavior of wolverines and is a key component of wolverine 
population dynamics (Hornocker and Hash 1981, p. 1,297; Inman et al. 2012b, p. 640). Food is 
cached in both summer and winter, by both sexes, and allows for food to be available past the 
peak periods of mortality and predation (Inman et al. 2012b, p. 639). Wolverines will typically 
move between carcasses and cache sites and are able to remove large parts of a carcass in a short 
time (Mattisson et al. 2011b, p. 1,327). Caching behavior in Sweden was reported most 
commonly in snow, as well as crevices in rock piles, and found that wolverines carried food to 
cache sites over long distances (8 and 10 km (5 and 6 mi)) (Haglund 1966, p. 274). As an 
example, Bjӓrvall (1982, p. 319) reported a female wolverine carried a reindeer head (with 
antlers) about 22 km (13.67 mi) back to a den site in Sweden. In northwestern Alaska, 
wolverines fed on cached ground squirrels during winter (Magoun 1987, p. 395).  
 
A study of wolverine caching behavior in boreal forest habitat in Canada reported that cache 
sites varied from simple caches, a single feeding site or excavation, to cache complexes, which 
included feeding stations, latrines, resting sites, and climbing trees dispersed over varying spatial 
landscapes (Wright and Ernst 2004b, pp. 61–62). All cache sites included bones and hides of 
moose, which were likely scavenged from wolf kills (Wright and Ernst 2004b, p. 62). Cache 
sites were often excavated in snow, but also in the ground under boughs of large spruce (Picea 
spp.) trees (Wright and Ernst, 2004b, p. 62). Wolverines also appeared to select cache sites and 
resting areas that offered good visibility of approaching competitors or predators (Wright and 
Ernst 2004b, pp. 63–64). 
 
Wolverine energetic demands and food requirements are related to their foraging strategies. 
Caching provides important energy for female wolverines during the lactation period and helps 
ensure survival of newborns (Inman et al. 2012b, p. 640). Wolverines were found to have high 
energetic needs compared to other mammalian carnivores (Young et al. (2012, p. 2,252), similar 
to results previously presented by Iversen (1972a, p. 343), who concluded the basal metabolism 
of mustelids weighing over 1 kg (2.2 lbs) is approximately 20 percent higher than for other 
mammals. A study by Andrén et al. (2011, p. 36) estimated a 1.2 kg/day (2.65 lbs/day) (range: 
1.0–1.4 kg/day (2.2–3 lbs/day)) food requirement for wolverines, while Young et al. (2012, p. 
223) estimated a male wolverine would require an average of 0.85 kg (1.87 lb) of prey/day in 
winter and 0.95 kg/day (2.1 lbs/day) in “snow-free” periods.” Based on energy equivalent value 
of various prey sources, Young et al. (2012, pp. 223, 225) estimated that a winter diet for a male 
wolverine would include the equivalent of 1.8 ungulates, 70.7 sciurids (squirrels), 20.6 
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lagomorphs (rabbits), and 832.7 small mammals, while in snow free season this would include 
the equivalent of 0.9 ungulates, 122.9 sciurids, and 3362.1 small mammals. 
 
The study by Young et al. (2012, p. 225) concluded that wolverines consume 0.1 kg (0.22 lb) of 
prey per day more outside winter season, but that prey expected to be consumed in winter had a 
higher caloric content than other seasons; thus, the mass requirement is lower. As an example, 
they cite the higher proportion of ungulates consumed in winter, which provide about 1.3 times 
more energy (kilojoules per kilogram) than squirrels (Young et al. 2012, p. 225). Other 
reserachers have also noted that food during the summer is just as important as the availability of 
cached ungulate food in the winter (e.g., during the energy demanding lactation period) (Inman 
et al. 2012b, pp. 640–642). The post-weaning growth period (May–August) was identified as a 
high energetic demand for food by a wolverine family group (Inman et al. 2012b, p. 640). Taken 
together with the lactation period, the calories available to wolverines therefore likely reaches a 
maximum from March to April (Inman et al. 2012b, p. 640).  
 
Population Structure 
 
As discussed above, wolverines recolonized much of North America after periods of glaciation 
and then experienced heavy human persecution in much of their range. As shown in our current 
range map (Figure 3) and described below in our Population Abundance and Distribution 
section, wolverines occur across a broad expanse of North America, where the contiguous 
United States represents the southern extent of the species’ range. A number of biological factors 
can affect wolverine populations, including the species’ low intrinsic rate of population increase, 
naturally low densities, and need for large, intra-sexual home ranges (Banci and Proulx 1999, p. 
180). Their extensive dispersal abilities make possible the recolonization of individuals into 
vacant habitats (Vangen et al. 2001, p; 1,647; Aronsson 2017, p. 43). As noted above (Diet and 
Feeding), interactions with sympatric predators and the availability of prey and carrion can also 
directly and indirectly affect wolverine populations.  
 
Wolverines in the contiguous United States are considered to represent a metapopulation (set of 
local or subpopulations within a larger area and where migration is possible between patches 
(Hanski and Simberloff 1997, p. 11)) (Inman et al. 2013, p. 277) and occupy habitat in high 
alpine patches at low densities, dispersing into suitable areas (Inman et al. 2012a, pp. 782–784). 
Wolverines in Canada are considered to occur as a single large group as they are easily able to 
move between areas of good habitat and because wolverine habitat is relatively contiguous 
(Harrower 2017, pers. comm.).Wolverine populations in Alaska are considered to be continuous 
with populations in the Yukon and British Columbia provinces of Canada based on genetic 
studies (COSEWIC 2014, p. 37).  
 
Studies of wolverines in the North Cascades region have documented movement of wolverines 
from Washington into British Columbia (Aubry et al. 2016, pp. 16, 20). The 2014 COSEWIC 
Report indicated that rescue (immigration from another population) of Canadian wolverine 
populations along the Canada-Alaska international boundary was likely (based on nuclear DNA 
evidence), but was negligible from the contiguous United States (COSEWIC 2014, p. 37). Based 
on mitochondrial DNA studies, Tomasik and Cook (2005, p. 390) concluded the gene flow in 
wolverines in northwestern North America is likely male-mediated, and is primarily due to long 
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distance dispersal between low-density populations. Genetic studies of North American 
wolverines conducted by Kyle and Strobeck (2002, entire) found high levels of gene flow across 
northern populations (Canada and Alaska).  
 
Genetics 
 
Evaluation of genetic material can provide an understanding of population dynamics (Cegelski et 
al. 2006, p. 209). The geographical genetic structure of wolverines is believed to be largely 
structured around the strong female philopatry characteristic of this species (Rico et al. 2015, p. 
2), and, given the species polygamous behavior, wolverine population distributions (at least in 
Scandinavia) are considered to be primarily limited by dispersal of the more philopatric sex 
(females) (Aronsson 2017, p. 13). However, the extensive and often asymmetrical movement of 
male wolverines from core populations to the periphery of their range can result in the addition 
of nuclear genetic material to these edges (Zigouris et al. 2012, p. 1,553). Thus, the dispersal 
pattern for male wolverines may help explain why allelic richness (i.e., nuclear DNA) can be 
similar across regions, but haplotype richness (mitochondria DNA) is lower at the periphery of 
the species’ range (Zigouris et al. 2012, p. 1,553). Additionally, the extensive dispersal 
movements of both male and female wolverines can produce gene flow among diverged 
populations, making it difficult to distinguish, without additional sampling and analysis, between 
long-distance dispersal and fragmentation based on the patchy distribution of some haplotypes 
(Zigouris et al. 2013, p.10).  
 
Studies evaluating the genetic structure of wolverines, primarily within its core range in North 
America, were presented in Chappell et al. (2004) and Kyle and Strobeck (2001, 2002). Using 
microsatellite markers, Kyle and Strobeck (2002) and Zigouris et al. (2012) found a greater 
genetic structure of wolverines toward their eastern and southern peripheries of their North 
American distribution, likely due to a west-to-east recolonization during the Holocene (Zigouris 
et al. 2013, p. 9). Similarly, based on mitochondria DNA, McKelvey et al. (2014, p. 330) 
concluded that modern wolverine populations in the contiguous United States are the result of 
recolonization (following persecution from hunting and trapping) from the north.   
 
Genetic diversity and population genetic structure of a larger sample size of wolverines were 
examined by Cegelski et al. (2006, entire) for the southern extent of their North American range 
using both microsatellite markers and mitochondrial DNA. They concluded that the wolverine 
populations in the contiguous United States were not sources for dispersing individuals into 
Canada (Cegelski et al. 2006, p. 208). They found that there was significant differentiation 
between most of the populations in Canada and the United States (Cegelski et al. 2006, p. 208). 
However, they cautioned that their statistical analysis may not have been able to detect “effective 
migrants” and that sample size can affect the detection of dispersers (Cegelski et al. 2006, p. 
208). They concluded that some migration of wolverines was occurring between the Rocky 
Mountain Front region (northwestern Montana) and Canada as well as among wolverine 
populations in the United States, with the exception of Idaho (Cegelski et al. 2006, p. 208). In 
addition, results from testing of allelic differences among the populations were interpreted by the 
authors as likely inadequate to counter the effects of genetic drift due to low numbers of migrants 
(Cegelski et al. 2006, p. 208). They estimated that, based on genetic diversity observed at that 
time, two effective migrants from either Canada or Wyoming into the Rocky Mountain Front 
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population would be needed to maintain the levels of genetic diversity in that population, and 
one effective migrant was needed to maintain levels of diversity in the Gallatin, Crazybelt, or 
Idaho populations (Cegelski et al. 2006, p. 209). The authors concluded that migration is 
essential for maintaining diversity in wolverine populations in the contiguous United States since 
effective population size may never be reached due to the naturally low population densities of 
wolverines (Cegelski et al. 2006, p. 209). 
 
Effective population size (Ne) (see Box 2) is defined as “the size of an idealized population that 
would experience the same amount of genetic drift and inbreeding as the population of interest. 
In popular terms, Ne is the number of individuals in a population that contribute offspring to the 
next generation” (Hoffman et al. 2017, p. 507). It represents a metric for quantifying rates of 
inbreeding and genetic drift and is often used in conservation management to set genetic viability 
targets (Olsson et al. 2017, p. 1). It is not the same as the more commonly used metric, census 
population size (N), but is often assumed to represent the genetically effective population size.  
 
An effective population size analysis for wolverines in the contiguous United States was 
presented in Schwartz et al. (2009, p. 3,225) using wolverine samples from the main part of the 
Rocky Mountains populations (e.g., central and eastern Idaho, Montana, northeasternWyoming). 
Excluded in this analysis, were subpopulations from Crazy and Belt Mountains in Montana 
(based on suggestion by Cegelski et al. (2003) that they represented separate groups) (Schwartz 
et al. 2009, p. 3,225). Samples were divided into three time frames and the computer program 
ONeSAMP was used to estimate effective population size in each time frame [sample size 
appears to be between 142 and 210]. The summed effective population size was estimated at 35, 
with credible limits from 28–52, and the summed values for the three time frames was reported 
as follows: Ne 1989–1994 = 33, credible limits 27–43; Ne 1995–2000 = 35, credible limits 28–57; Ne 2001–

2006 = 38, credible limits 33–59 (Schwartz et al. 2009, p. 3,226).  
 
However, Cegelski et al.’s (2006, p. 203) evaluation of nuclear DNA population structure in 
wolverines in Canada (sample size of 101) and the contiguous United States (sample size of 
116), as depicted by a principle component analysis plot and dendrogram, found that all of the 
Canadian wolverine populations clustered together. In the contiguous United States, the Rocky 
Mountain Front subpopulation clustered with the Wyoming subpopulation, the Crazybelts area 
subpopulation clustered with the Gallatin (Montana) population, and the Idaho population was 
highly differentiated (Cegelski et al. 2006, p. 203). That study concluded that some exchange of 
migrants is occurring between the Gallatin and Crazybelt wolverine populations (Cegelski et al. 
2006, p. 207), but noted that this grouping is more genetically differentiated and isolated from 
the other populations they sampled when compared to the Rocky Mountain Front population 
(Cegelski et al. 2003).  
 
In addition, the map presented in Schwartz et al. (2009, p. 3,223) depicting the locations of the 
wolverine samples used in preparing their effective population size estimate shows significant 
gaps within the wolverine’s range in Idaho and parts of Montana (e.g., interior of the Bob 
Marshall Wilderness area). Thus, other wolverine subpopulations and/or individuals were likely 
missed for this analysis. Studies within the Southwestern Crown of the Continent (SWCC) in 
northwestern Montana have detected cross-valley movements of wolverines, which researchers 
believe is an indication of good connectivity in this region (SWCC Wildlife Working Group 

Commented [SJ14]: Should this be northwestern? 



North American Wolverine Species Status Assessment Report  DATE 

41 
 

2016, pers. comm.). Current efforts to collect additional wolverine hair samples for genetic 
analyses are underway through a multi-state occupancy survey project (see Population 
Abundance and Distribution section below). 
 
Francis’ (2008, p. 12) Another evaluation of mitochondria DNA was conducted by Francis 
(2008), who found an overall lack of regional (geographic) genetic structure for North American 
wolverines, but noted that a few populations  (Crazybelts (Montana), Southeast Alaska, Nunavut  
(Canada), and Kenai Peninsula) appeared to be isolated from the others (Francis 2008, p. 12). 
However, statistical testing did not identify any genetically defined sampling localities (Francis 
2008, p. 13). Minimal differences were found between core and peripheral wolverine 
populations, as grouped in that analysis (Francis 2008, p. 21; Table 4). Conversely, the study by 
Zigouris et al. (2012, p. 1,554; Table 5) did find support for genetic clusters for wolverine 
populations in Canada, and Zigouris et al. (2013, p. 5; Table 3) identified several worldwide 
regional genetic groups. In addition, an analysis of estimated population growth found signals of 
population expansion in several wolverine populations (Francis 2008, p. 13; Table 5) including 
Rocky Mountain Front, Wyoming, Central, South, and Northwestern Alaska, British Columbia, 
Northwest Territories, and Nunavut. 
 
 

 
 
It can be difficult to make inferences about the relationship between population size and point 
estimates of genetic diversity without continued genetic monitoring and an understanding of the 
demographic history of a species’ population (Hoffman et al. 2017, p. 507), including factors 
that have influenced movement patterns and connectivity. It’s also important to note that genetic 

Box 2. Effective Population Size and Genetic Variation 

The concept of effective population size (Ne) (see review by Wang et al. 2016) and, relatedly, minimum 
viable population, has been a topic of debate, particularly the 50/500 rule, which was developed over 30 
years ago. As noted by Laikre et al. (2016, p. 280), the concept and guidelines for genetically effective 
population size were developed for single, isolated populations, but it’s unclear which of the various Ne 
metrics was referenced in the original concept proposed by Franklin (1980) (i.e., inbreeding effective size, 
realized effective size, total inbreeding effective size of a metapopulation, or eigenvalue effective size 
(Laikre et al. 2016, p. 288)). 
 
There are differing interpretations of the values proposed for effective population size. For example, 
should the minimum viable effective population size be derived genetically to set a threshold for a 
minimum viable population? Here, the rule is interpreted as 50 being the short-term number (for 
inbreeding depression) and 500 as the long-term number (for retention of genetic variation). Or should the 
Ne value of 500 be interpreted as a long-term goal for maintaining a healthy, genetically robust population, 
and not a threshold trigger that predicts extinction risk? In addition, some view the 500 value to be a 
global reference value rather than a local value, and that it may not be necessary to maintain a local Ne of 
500 as long as there is some gene flow into a population (Jamieson and Allendorf 2012, p. 580).  
 
Finally, others have recommended changes to the 50/500 rule. Laikre et al. (2016, entire) presented an 
analysis of the metapopulation effective size for the Fennoscandian wolf population and recommended 
that long-term conservation genetic target for metapopulations (NeMeta) ≥ 500, but also a realized effective 
size of each subpopulation (NeRx) ≥ 500. Frankham et al. (2014, p. 59) have recommended modifying the 
50/500 rule to 100/1000. 
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diversity can be a reflection of favorable adaptations (natural selection) and is necessary for 
species to locally adapt to environmental stressors or to facilitate range shifts (Zigouris et al. 
2012, p. 1,544). Genetic distinctiveness in peripheral populations may play a role in both 
maintaining and generating biological diversity for a species (Zigouris et al. 2012, p. 1,544; 
citing results presented in Channell and Lomolino 2000, p. 84). Genetic variation that is adaptive 
is a better predictor of the long-term success of populations as compared to overall genetic 
variation (Hoffman et al. 2017, p. 510). The challenge is to be able to determine whether genetic 
variation is adaptive and is a reflection of remnants of high genetic diversity from ancestral 
populations, or whether that variation is a reflection of accumulated deleterious, nonadaptive 
genes due to genetic drift in small populations (Hoffman et al. 2017, p. 509).  
 
In summary, the currently known spatial distribution of genetic variability in wolverines in North 
America appears to be a reflection of a complex history where population abundance has 
fluctuated since the time of the last glaciation, and insufficient time has passed since human 
persecution for a full recovery of wolverine densities (Cardinal 2004, pp. 23–24; Zigouris et al. 
2012, p. 1,554). Zigouris et al. (2012, p.1,545) noted that the genetic diversity reported in 
Cegelski et al. (2006) and Kyle and Strobeck (2001, 2002) for the southwestern edge of the 
North American range represented only part of the diversity in the northern populations of 
wolverines. Zigouris et al. (2012, p. 1,545) posit that the irregular distribution of wolverines in 
the southwestern periphery and the genetic diversity observed in those analyses is a result of 
population bottlenecks that were caused by range contractions from a panmictic (random mating) 
northern core population approximately 150 years ago coinciding with human persecution. 
Demographic studies as well as additional genetic analyses from contemporaneous wolverines 
currently occupying the contiguous United States are needed to evaluate the current status of 
wolverine populations in North America. In addition, ecological, phenotypical, and 
environmental information should be used to complement genomic data when interpreting the 
strength of conclusions or inferences of spatial patterns of adaptation or for adaptively divergent 
populations (Jamieson and Allendorf 2012, p. 492). 
 
Summary 
 
In the SSA Report, we have incorporated information from several new studies related to the 
wolverine published since our 2013 proposed rule and previous studies that were not considered 
(e.g., Magoun et al. 2017). We have also reviewed new publications and publications in 
preparation from wolverine researchers in Scandinavia (e.g., Aronsson 2017; Bischof et al. 2016; 
Makkonen 2015; Mattisson et al. 2016; Myhr 2015; Persson et al. 2017, in prep). This 
information informs our assessment of the most current information regarding the description of 
the wolverine and its life history and ecology across its North American range. We have included 
in this SSA Report detailed discussions of wolverine physiology, and spatial and temporal 
patterns and trends related to reproduction and diet/feeding. We also prepared a revised current 
range map (see Figure 3) based on information we received from Federal, State, and others, 
including Canada. 
 
A species’ current and future conditions and overall viability (in terms of resiliency, redundancy, 
and representation), are largely impacted by the availability of what the species needs at the 
individual, population, and species level. The needs described below are necessary for 
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wolverines to have resources for the basic requirements of life (breeding, feeding, and sheltering) 
at all levels. Overall, the best available information indicates that within the contiguous United 
States the wolverine’s physical and ecological needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet))  
(2) access to a variety of food resources, that varies with seasons; and 
(3) physical/structural features (e.g., talus slopes, rugged terrain) linked to reproductive 
behavioral patterns. 
 

 
Biological Status – Current Condition 
 
This section provides an overview of the wolverine’s current condition, including those stressors 
that may be impacting the species or its habitat. In this SSA Report, we have identified stressors 
based on impacts that may negatively affect the physical and ecological needs of the species, 
including temporary or permanent impacts to habitat features that the species relies on for 
survival and reproduction.   
 
Population Abundance and Distribution 
 
Since our 2013 proposed rule, we have received additional reports of wolverine observations 
including Utah, Colorado, and Oregon, and an updated Canadian status review for the wolverine 
has been prepared (COSEWIC 2014, entire). Additional studies have also been published related 
to wolverine populations in British Columbia and Alberta (e.g., Regehr and Lacroix 2016; 
Stewart et al. 2016; Webb et al. 2016). As noted above, we developed a Current Range map for 
the North American wolverine (see Figure 3). For the conterminous United States, this map was 
based on several resources, including the primary habitat model developed by Inman et al. 
(2013), EPA Ecoregion mapping (2010), Forest Service NRIS data, and information received 
from State agencies. We used the 2014 COSEWIC Assessment and Status Report’s current range 
map for Canada and Alaska. For Canada, the range of occurrence includes the Yukon, Northwest 
Territories, Nunavut, British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Québec, 
Newfoundland, and Labrador (COSEWIC 2014, p. vii).  
 
Contiguous United States 
 
Areas in the western contiguous United States were identified by Inman et al. (2013, entire) as 
suitable for wolverine survival (long-term survival; used by resident adults), or primary habitat 
(Inman et al. 2013, p. 279), reproduction (used by reproductive females), and dispersal (female 
and male) of wolverines (see methodology in Inman et al. 2013, pp. 279–280; Figure 2). From 
these results, the researchers estimated potential and current distribution and abundance of 
wolverines in the western contiguous United States (Inman et al. 2013, p. 282). They estimated 
current population size of wolverines to be 318 (range 249–626) located within the Northern 
Continental Divide (Montana) and areas within the following ecoregions: Salmon-Selway 
(Idaho, portion of eastern Oregon), Central Linkage (primarily Idaho, Montana), Greater 
Yellowstone (Montana, Idaho, Wyoming), and Northern Cascades (Washington) (Inman et al. 
2013, p. 282). Potential wolverine population capacity based on their RSF habitat modeling was 
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estimated to be 644 (range: 506–1881) (Inman et al. 2013, p. 282). However, these estimates did 
not consider spatial characteristics related to behavior, such as territoriality, of wolverine 
populations. The discussion below provides a summary of recent studies of wolverine detections 
and observations in the western United States; however, no comprehensive surveys have been 
conducted across the species’ entire range. 
 
In the northern Cascades region of Washington and Canada, researchers tracked activity areas for 
14 wolverines via satellite telemetry from 2007 through 2015 (Aubry et al. 2016, entire). This 
study demonstrated that the region supports a resident population, with 9 of 11 study animals 
documented primarily within Washington (Aubry et al. 2016, p. 40). 
 
The Oregon Department of Fish and Wildlife (ODFW) reports that wolverines have been found 
in the Oregon Cascades on Three-fingered Jack (glaciated volcano) in Linn County, on the 
Steens Mountain in Harney County, and Broken Top Mountain in Deschutes County, in the 
Eagle Cap Wilderness Area in the Wallowa Mountains of northeastern Oregon, and, more 
recently (2012), in Wallowa County, northeast Oregon (ODFW 2017). 
 
In California, camera trap data indicate the continued presence of a single male wolverine in the 
Truckee area, as of March 2017 (Howard 2017). The California Department of Fish and Wildlife 
(CDFW) has received reports of wolverine detections from the public over past several years, 
particularly the region near Carson Pass, as well as near Meeks Bay, Lake Tahoe (Stermer 2017, 
pers. comm.). CDFW researchers are conducting multi-species predator surveys, targeting the 
potential occurrence of Sierra Nevada red fox and wolverine using camera trapping with hair 
snares in an effort to determine occupancy, detection probability, distribution, and habitat 
associations (Stermer 2017, pers. comm.). 
 
A pilot study to evaluate wolverine occupancy was conducted in Wyoming from February 
through June in 2015 (Inman et al. 2015, entire). Results from that survey (hair snares and 
camera traps in 18 stations across 5 mountain ranges) indicated at least three individual 
wolverines (at five stations) with at least one individual in the Gros Ventre and Wind River 
mountain ranges, and at least two individuals in the Southern Absaroka mountain range (Inman 
et al. 2015, p. 9). Occupancy modeling estimated a probability of occupancy for sampled sites of 
62.9 percent (Inman et al. 2015, p. 8). 
 
In an effort to assess wolverine occupancy in the western United States, the Western Association 
of Fish and Wildlife Agencies (WAFWA), in coordination with Tribal partners, have formed a 
multi-state, multi-agency working group (Western States Wolverine Working Group) to design 
and implement the Western States Wolverine Conservation Project (WSWCP)–Coordinated 
Occupancy Survey (see Bjornlie et al. 2017 for details of protocol). The primary objectives of 
the WSWCP include: 1) implement a monitoring program to define a baseline wolverine 
distribution and genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, 
and Washington, 2) model and maintain the connectivity of the wolverine metapopulation in 
western United States, and 3) develop policies to address socio-political needs to assist wolverine 
population expansion as a conservation tool, including translocation of wolverines (IDFG 2016, 
pers. comm.; Montana Fish, Wildlife, & Parks (FWP) 2016, pers. comm.; WGFD 2016, pers. 
comm.).  
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The WGFD began implementation of the survey in Wyoming in the Greater Yellowstone 
Ecosystem region and the Bighorn Mountains (25 grid cells) in the winter of 2015–2016 (WGFD 
2016, pers. comm.). That initial survey detected, based on unique fur markings, at least two 
unique wolverines in the Wind River and southern Absaroka Mountain Ranges (WGFD 2016, 
pers. comm.). The WGFD reported 26 independent wolverine visits, and detections at least once 
within their study area during each of the four sampling periods (December 2015 through March 
2016) (Bjornlie et al. 2017, pp. 4–5). Genetic analyses of collected hair samples, including sex 
and individual identification, are underway. 
 
The monitoring effort was expanded in the winter of 2016–2017 to 187 cells (cell area of 225 
km2 (87 mi2)) across four states (Washington, Idaho, Montana, and Wyoming). Preliminary 
results for the 2016–2017 winter detected wolverines in 85 survey cells (WAFWA 2017). 
Photographic detections of wolverine include 18 from Idaho, 48 in Montana (including detection 
of wolverines in all 10 cells surveyed in the SWCC region (Davis 2017, pers. comm.)), 10 in 
Washington, including detections south of Interstate 90 (Davis 2017, pers. comm.), and 9 in 
Wyoming; genetic analyses, to date, have reported a total of 157 wolverine samples (WAFWA 
2017). It has not yet been determined from the camera-trap images and hair samples how many 
of these detections are the same individual. Appendix B contains a map illustrating these 
preliminary detections (as of July 2017).  
 
Based on a 6-year study of resident wolverines in central Idaho and the western Yellowstone 
region Heinemeyer (2016, pers. comm.) suggested that subpopulations of the species at the 
southern periphery of their North American range are still unstable with low rates of recruitment. 
In addition, based on their monitoring efforts (live trapping and camera stations), the researchers 
suggested that there was some instability in subpopulations in their study areas (Heinemeyer 
2016, pers. comm.). 
 
We therefore requested additional information from State and Federal agencies regarding the 
most recent wolverine detections in the Winter Recreation Project study areas of Idaho and 
Wyoming. In the Teton Mountains region, two wolverines were detected in March 2017, in two 
different areas (Dewey 2017, pers. comm.). In addition, at least one wolverine was detected on 
the east side of the Teton Mountains during the winter of 2016-2017, as part of the Western 
States Wolverine Conservation Project–Coordinated Occupancy Survey monitoring and 
occupancy study, and a member of the public reported wolverine tracks within Grand Teton 
National Park in March 2017, while skiing (Walker 2017, pers. comm.). In Idaho, IDFG reported 
5 wolverine detections in the Salmon Mountains in Central Idaho in the winter of 2016 (Mack 
2017a and 2017b, pers. comm.). These recent detections are displayed in Appendix C relative to 
the study areas of the Winter Recreation Project study areas for the McCall, Idaho, and Teton 
Mountains. A wolverine was also detected in the winter of 2016-2017 in the Gravelly Range in 
southwestern Montana about 25 km (15.5 mi) north of the Centennial Mountains area surveyed 
during the winter recreation project (Inman 2017b, pers. comm.).  
 
Alaska 
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The 2016 ADF&G Trapper Questionnaire Annual Report includes the estimates of relative 
abundance and trends of wolverines and other furbearers as reported by trappers (Parr 2016, p. 
38). Table 4 below provides a one year abundance and trend summary of those reports by region. 
 
Table 4.  Relative Abundance and Trend of Wolverine Populations, Alaska (as reported by 
trappers), 2015–2016.  Source: Parr, 2016. 

Region Relative Abundance One Year Trend 
Region I – Southeast Alaska Scarce Decrease 
Region II – Southcentral Alaska Scarce Decrease 
Region III – Interior Alaska Scarce Decrease 
Region IV – Central and Southwest Alaska Scarce Decrease 
Region V - Northwest Scarce Decrease 

 
However, relying exclusively on trapping reports is likely to present an incomplete assessment of 
wolverine populations. The accuracy of information provided in the most recent report is 
dependent on how many trappers reply to the annual survey; for 2016 the response rate was only 
11.7 percent (Parr 2016, p. 3). Trapping effort was reported to have increased by some trappers 
(45 percent of those reporting) during the 2015–2016 season, and 80 percent of those who 
increased their efforts reported an increase in their overall catch (Parr 2016, p. 15). However, this 
assessment does not consider how this increased trapper effort relates to harvest levels for 
wolverine, nor does it account for an unknown and unreported number of wolverines taken for 
subsistence purposes (Gardner et al. 2010, p. 1,894). Estimates of density, described below, 
provide a better depiction of wolverine population status in Alaska. 
 
Canada 
 
Similar to Alaska, determining wolverine population abundance and trends in Canada is difficult 
as numbers are developed from harvest activity (COSEWIC 2014, p. 25). Wolverine harvest 
trends are also difficult to estimate given the temporal and spatial variability in trapping effort 
and reporting of harvest, and not all regions use mandatory pelt sealing, compulsory reporting, or 
fur export permits/fur dealer records (COSEWIC 2014, p. 26).  
 
According to the most recent COSEWIC Assessment and Status Report on the Wolverine, Gulo 
gulo in Canada (COSEWIC 2014, entire), Canada’s western subpopulation has been estimated at 
15,688 to 23,830 adults, though this value is based on several assumptions (consistent trapping 
effort and uniform densities across the species’ range); the eastern population is estimated at less 
than 100 individuals or may be extirpated (COSEWIC 2014, p. 36). Population trends across all 
of Canada are not known, but wolverine populations have been stable over areas within the 
country’s northern range for the last three generations (22.5 years) (COSEWIC 2014, p. v). 
 
In northern Manitoba and Ontario, wolverines may be increasing in number as aerial surveys in 
northern Ontario have indicated an eastward reoccupation of its former range (towards James 
Bay and Québec) (COSEWIC 2014, p. v). However, although observations of wolverines 
continue to be reported within Québec and Labrador (the eastern sub-population), there have 
been no verifiable observations since 1978, and wolverines are likely extirpated from much of 
southern and eastern Canada (COSEWIC 2014, p. v). In addition, declines in the southern 
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regions (within parts of British Columbia and Alberta) may be occurring (COSEWIC 2014, p. 
36). Table 5 presents a more detailed summary of wolverine populations in Canada. 
 
Table 5. Wolverine Population Estimates for Canadian Territories. Source: COSEWIC, 
2014. 

Territory Number of wolverines 
Yukon Territory 3,500–4,500 
Northwest Territories 3,430–7,325 (with an additional 220–470 juveniles) 
Nunavut Estimated at 2,000–2,500 
British Columbia 2,700–4,760 
Alberta  Estimated at 1,500–2,000 
Saskatchewan Less than 1,000 
Manitoba 1,100–1,600 
Ontario 458–645 
Québec Very rare, at non-detectable level, or extirpated 
Labrador (including mainland Newfoundland) Very rare or extirpated 
 
In addition to the 2014 COSEWIC summary, Cardinal 2004 (entire) prepared a complimentary 
summary report of wolverine trends in Canada based on Aboriginal traditional knowledge. 
Trends reported indicate: (1) high, relatively stable levels of wolverines in the Yukon; (2) high 
levels of wolverines in the North Slave region of the Northwest Territories, though  population 
levels are estimated to be stable to decreasing; (3) high levels of wolverine along forested areas 
in the northern portions of the mainland within the Inuvialuit Settlement Region (ISR) (located in 
the northwest corner of the Northwest Territories) and Kitikmeot region of Nunavut; (4) an 
increase in wolverines in the Kivalliq region of Nunavut, but at lower levels than populations in 
the Boreal and North Mountain ecological areas; and (5) least abundant in the northeastern 
corner of Nunavut and the Arctic Islands (Cardinal 2004, pp. 22–29). In sum, the majority of 
traditional knowledge holders in Nunavut, Northwest Territory, and Yukon Territory describe 
wolverine populations as either stable or increasing in northern Canada and is now found in areas 
where they occurred in the past; however, they are still considered naturally uncommon; only in 
Yellowknife did people report that wolverines might be decreasing (Cardinal 2004, pp. iii– iv, 
10,  23).  
 
Other inventory and occupancy studies include an inventory of wolverines conducted by Regehr 
and Lacroix (2016, entire) in the winter of 2012 on the east side of the Coast Mountains in 
British Columbia using a multi-method approach. They identified six individuals using genetic 
analysis, and one additional individual by photography, which was higher than expected as 
compared to model predictions of density and habitat quality (Regehr and Lacroix 2016, pp. 
248–249). Estimates of wolverine occupancy were also evaluated for the Canadian Crown of the 
Continent ecosystem (central and southern Canadian Rockies) (Clevenger et al. 2016, entire). 
Occupancy estimates were found to vary from year-to-year and exhibited a north-south gradient, 
likely due to the differences in habitat quality among areas that were sampled by year (Clevenger 
et al. 2016, p. 4). For 2016, estimated wolverine occupancy was 0.40 for their British Columbia 
Rockies study area, with a declining pattern from north to south (Clevenger et al. 2016, p. 4). In 
general, their research has found that wolverines are more abundant in rugged, remote areas that 
have minimal human activity and landscape disturbance (Clevenger et al. 2016, p. 5). This study 
projected an expected number of wolverines in their study area of about 28 (Clevenger et al. 
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(2017, p. 6). To the south, in the Southwestern Crown of the Continent (SWCC) region 
(northwestern Montana, approximately 1.5 million acres), wolverine surveys (snow tracking, bait 
stations/hair snares) have been conducted since 2012 (SWCC Wildlife Working Group 2016, 
pers. comm.). These survey efforts have detected 22 unique wolverines (11 males, 11 females) 
across three U.S. Forest Service districts, and they reported an increase in the frequency of 
detections from 2012 to 2015 (SWCC Wildlife Working Group 2016, pers. comm.). 
 
The 2014 COSEWIC report indicates that trends in wolverine populations in the northern range, 
while uncertain, appear to be stable or increasing, but also notes that there is some concern for 
populations in the southern areas of British Columbia and parts of the northern United States 
(COSEWIC 2014, p. 22, and references cited therein). In British Columbia, researchers are 
currently conducting a multi-phase project using landscape genetic analyses to identify and 
delineate functional populations of wolverines and provide an estimate of size and sustainable 
harvest within each functional population (Weir 2017, pers. comm.). 
 
Estimates of Density 
 
Wolverine densities vary across North America, and have been described as “naturally low” (van 
Zyll de Jong 1975, p. 434) and “naturally uncommon” (Cardinal 2004, p. iii) given the species’ 
large home range, wide-ranging movements, and solitary characteristics. The most recent 
estimates (at that time) of density (number of wolverines per 1,000 km2 (386 mi2)) for North 
America were prepared by Inman et al. (2012a, p. 789; Table 5). In the contiguous United States, 
density estimates ranged from 3.5 for the Greater Yellowstone region (2001–2008) (areas above 
2,150 m (7,054 ft) (latitude-adjusted elevation), 4.5 for central Idaho (1992–1995), to 15.4 for 
northwestern Montana (1972–1977).  
 
In Alaska and Yukon, density estimates presented by Inman et al. (2012a, p. 789) range from 3 
to about 14 wolverines per 1000 km2 (386 mi2), using a number of methods. For example, Royle 
et al. (2011, p. 609) estimated wolverine densities for southeastern Alaska (Tongass National 
Forest; 2008) from 8.2 to 9.7 per 1000 km2 (386 mi2) (using mark-recapture), where the higher 
estimate incorporates a positive, trap-specific behavioral response. Density of wolverines were 
recently reported as an estimated 5–10 wolverines per 1000 km2 (386 mi2) (based on snow 
tracking) for southcentral Alaska, and approximately 10 per 1000 km2 (386 mi2) (based on DNA 
mark-recapture methods) for southeast Alaska (Golden 2017, pers. comm.). A wolverine 
occupancy study in 2015 within an area of central Alaska reported a density estimate of 9.48 
wolverines per 1,000 km2 (386 mi2) (ADF&G 2015a, p. 7).  
 
Wolverine density estimates for Canada varies across regions, from 5 to 10 per 1000 km2 (386 
mi2) in northern mountain and boreal regions to 1 to 4 per 1000 km2 (386 mi2) in southern boreal 
areas (COSEWIC 2014, p. 27). More recently, Clevenger et al. (2017, entire) presented a density 
estimate (using spatial capture/recapture models) for the Kootenay region of British Columbia of 
0.78 wolverines per 1000 km2 (386 mi2), for 3 study years (2014–2016), which they reported as 
lower than expected (Clevenger et al. 2017, p. 6).  
 
Stressors – Causes and Effects 
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We reviewed the best available information to identify current conditions and potential stressors 
that may be affecting wolverine populations or its habitat. These include roads and other 
infrastructure, recreational activity and other human disturbances, wildland fire, disease or 
predation, and overutilization for commercial, recreational, scientific, or educational purposes. 
Because wolverines in North America move between both borders of Canada, we included in our 
evaluation stressors identified for wolverines in the contiguous United States that are also 
relevant for wolverine populations in Canada and Alaska. 
 
As an initial step, we reviewed the land ownership of the area defined as primary habitat by 
Inman et al. (2013, entire) in the contiguous United States, and determined that 96 percent of that 
modeled habitat is located on Federal land (see Appendix D). Lands managed by the Forest 
Service represent the largest portion of Federal lands (89 percent) within this modeled primary 
habitat. 
 
Effects from Roads 
 
Roads and rail lines can be a cause of mortality to wolverines and habitat models have identified 
road density as an important association (avoidance) for selection of habitat (e.g., Rowland et al. 
2003; Bowman et al. 2010; Inman et al. 2013). Road density has been listed as a threat to 
wolverines occupying the boreal/western mountain regions of Canada (Canadian Boreal Forest 
Agreement 2014, p. 2). In the wolverine’s southern Canadian range, roads may be facilitating 
direct mortality by improving motorized access of hunters, trappers, and recreational users into 
remote areas (COSEWIC 2014, p. 21).  
 
In their review of 12 radio-telemetry studies (1972 to 2001) of wolverines in North America, 
Krebs et al. (2004, p. 497) reported 3 mortalities of wolverines from road-rail kills. More 
recently, road mortalities have been recorded in Idaho (1 confirmed in 2014) (IDFG 2017a) and 
2 in Montana (2004) (Kociolek et al. 2016, p. 68); one in Utah (2016) (Hersey 2017, pers. 
comm.); and two other wolverine road-rail fatalities were reported in 2015 (Inman 2017a, pers. 
comm.). In Canada, anthropogenic causes of mortality for wolverine populations also include 
road kill (COSEWSIC 2014, p. v). One road mortality of a male wolverine was reported in a 
lowland boreal forest region of Ontario, Canada (Dawson et al. (2010, p. 142). More recently, 
Scrafford et al. (2017, p. 34) described a report in which 9 wolverines were struck and killed by 
vehicles in the Hay-Zama region of northwestern Alberta, Canada (2013–2015), and 1 road 
mortality within the town of Rainbow Lake in Alberta. 
 
Roads may also affect den site selection (May et al. 2012, p. 202), particularly areas within their 
range where they cannot select for high elevation habitat (e.g., central lowland forests of Canada) 
(Dawson et al. 2010, p. 143). In Norway, May et al. (2012, p 202) found that wolverine dens 
were generally located far from infrastructure (public roads and private roads and/or recreational 
cabins). The authors reported a minimum threshold in den site selection relative to infrastructure 
of 1.4 km (0.87 mi) from private roads and 7.5 km (4.7 mi) from public roads (May et al. 2012, 
p. 202). However, they found that wolverines in their study area had a wide tolerance range at 
the home-range scale (1.0–2.75 km (0.62–1.7 mi) for private roads and 6.0–11.0 (3.7–6.8 mi) for 
public roads) (May et al. 2012, p. 201; Figure 4), supporting conclusions from other studies that 
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have found that, once a general area is used, it appears to be re-used in subsequent years 
including by successive individuals colonizing the sites (May et al. 2012, p. 202). 
 
Wolverine road crossings were evaluated in the western Greater Yellowstone region through 
telemetered animals and visual observations of snow tracks, direct observations of crossings, and 
road-kill mortality (Packila et al. 2007, entire). That study documented 43 crossings of U.S. and 
State highways by 12 wolverines (Packila et al. 2007, p. 105). Within the Big Sky, Montana, 
area, they documented 67 crossings of MT64/Jack Creek Road by 4 wolverines (Packila et al. 
2007, p. 105). Most (76%) road crossings were made by subadult wolverines, dispersing or 
otherwise exploring new areas (Packila et al. 2007, p. 105). One road-caused mortality was 
observed and the authors report two others from additional sources during their study period 
(Inman et al. 2007, p. 89). The study results indicate that roads do not act as absolute barriers to 
movement by wolverines, but they can directly affect individuals (road kill) and may have 
secondary effects at the population level (Packila et al. 2007, p. 105). 
 
In an effort to evaluate the potential impact of major roads to wolverine (individuals and 
populations), we conducted a spatial analysis of roads2 found within Inman et al.’s (2013, p. 
281) primary wolverine habitat and female wolverine dispersal habitat in the western United 
States, as measured by number of kilometers (miles). In our analysis, we identified four road 
classes: Interstate Highway, U.S. Highway, State Highway, and secondary roads. Secondary 
roads encompassed all roads not included in any of the first three categories and include paved 
and unpaved roads, including Forest Service roads, and are generally likely to have less traffic 
volume than major highways in the regions evaluated. Our analysis found that secondary roads 
represented 97 percent (29,892 km (18,574 mi)) of all roads (30,805 km (19,141 mi)) within 
modeled primary habitat, and 97.5 percent (144,279 km (89,650 mi)) of all roads (148,029 km 
(91,980 mi)) within modeled female dispersal habitat.  
 
We then evaluated the type of roads at high elevation within our estimated Current Range 
(shown in Figure 3). Using the 2,300 m (7,546 ft) elevation as a benchmark (based on its use as a 
predictor variable for wolverine occurrence in Inman et al. 2013, and results from predictive 
models presented in Copeland et al. 2007, p. 2,205), we evaluated the length of roads above and 
below this elevation, and also the type of roads at or above 2,300 m (7,546 ft). The results are 
illustrated in Appendix E. Overall, we found that approximately 85 percent of all roads were 
below 2,300 m (7,546 ft). Of the roads located at or above 2,300 m (7,546 ft), 95 percent are 
secondary roads (see charts in Appendix E). 
 
Using the same dataset, we evaluated road density (km/km2) based on regional blocks of primary 
wolverine habitat in the western United States delineated by Inman et al. (2013; Figure 3). Those 
results are shown in Table 6. With the exception of the Southern Rockies (at 0.47 km/km2), the 
mean road densities at elevations equal to or greater than 2,300 m (7,546 ft) are very low. 
 
Table 6. Mean Road Density in Wolverine Primary Habitat. 

Geographic Region‡ Mean density (km/km2), Mean density (km/km2),  
                                                 
2 Using U.S. Geological Survey National Transportation Dataset Downloadable Data Collection based on 
TIGER/Line data provided through U.S. Census Bureau and supplemented with ‘HERE’ road data to create tile 
cache base maps. 
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all roads all roads ≥ 2,300 m (7,546 ft) 
Northern Cascade 0.54 0.00 
North Continental Divide 0.54 0.00 
Salmon-Selway 0.70 0.03 
Central Linkage 0.84 0.06 
Greater Yellowstone 0.24 0.06 
Southern Rockies 0.55 0.47 
Sierra Nevada 0.09 0.03 
Uinta 0.15 0.12 
Bighorn 0.00 0.00 
Great Basin 0.06 0.03 
Oregon Cascade 0.72 0.00 
‡Regions defined in Inman et al. (2013; Figure 3). 
 
We also reviewed den site locations (natal, maternal, or unknown dens) within our database 
relative to roads (see map in Appendix E). Our results indicate that wolverine dens are located 
in areas with minimal roads, including secondary roads; however, we caution that this analysis is 
based on a limited den site dataset and should be viewed in the context of other abiotic and biotic 
variables including landscape features at the den site scale and availability of food. Additionally, 
most den locations in much of the wolverine’s range in the contiguous United States are at high 
elevations and roads in these areas would likely be impassable or closed entirely to vehicles 
during the time of denning (January–March). 
 
In summary, wolverines are associated with habitat found in high elevation areas, but are known 
to disperse across great distances. Major highways can present mortality risks to dispersing 
individuals and affect immigration to open territories, but roads do not represent absolute barriers 
to wolverine movements. Wolverines den during winter months in remote locations that are often 
inaccessible or restricted to motorized vehicles, though, secondary roads and trails are used for 
winter recreational activity. Although we recognize there are likely additional events that have 
not been reported, we estimated the total number of wolverine mortalities due to roads from 1972 
to 2016 (44 years) in North America was 20, at least 11 of which are from Canada (see citations 
above). As discussed above, we calculated a low proportion of major highways in both modeled 
primary habitat and female dispersal habitat, and a low mean density of roads at high elevations 
where wolverines have been observed, with the exception of the southern Rocky Mountains. 
Roads present a low stressor to wolverines at the individual and population level in most of its 
current contiguous United States range. 
 
Disturbance due to Winter Recreational Activity 
 
Wolverine behavior patterns, such as denning, rearing of young, movement and dispersal, and 
foraging/scavenging, may be affected by recreational activities (COSEWIC 2014, p. 42). As 
noted above, in Norway, May et al. (2012, p. 201) found, at the home range scale, a minimal 
threshold distance of approximately 1.5 km (0.93 mi) for wolverine den sites from private roads 
and/or recreational cabins. Krebs et al. (2007, entire) evaluated habitat use associations for 
wolverines in two multiple use areas in British Columbia, Canada. Using logistic regression 
models, the authors found that in an area of active recreation (Columbia Mountains), female 
wolverines were negatively associated with helicopter and backcountry skiing in their winter 
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models (Krebs et al. 2007, pp. 2,187–2,188). However, in summer months, Copeland et al. 
(2007, p. 2,210) reported that wolverines in their study area of central Idaho were not 
uncommonly found near maintained trails and active campgrounds.  
 
The Wolverine–Winter Recreation Study represents an on-going project to evaluate the potential 
effects of backcountry winter recreation (e.g., backcountry skiers, heli-skiers, cat-skiers, 
snowmobilers) on wolverines (Heinemeyer 2016, pers. comm.). The multiyear study areas 
include central Idaho and areas in the western Yellowstone region (‘Island Park’ and Teton 
Mountains) (Heinemeyer and Squires 2015, p. 3). The study has been monitoring wolverines 
using GPS collars using movement rates and percent of time active (vs. resting) as indicators of 
potential responses of wolverines to winter recreation activities (Heinemeyer 2013, pers. 
comm.). Backcountry winter recreation activities are monitored through GPS units voluntarily 
carried by recreationists (Heinemeyer 2016, pers. comm.). Early analysis of the data suggest that 
wolverines demonstrate a behavioral response to recreation activities, such as increased 
movement rates and a reduction in resting periods in areas of high recreation activity, especially 
high recreation days (Saturday and Sunday) (Heinemeyer and Squires 2013, pp. 5, 7–8). 
 
However, this research has also found that wolverines maintained their home ranges within areas 
with relatively high winter recreation activity over several years of monitoring, including some 
areas found to contain the highest recreational activities (Heimemeyer 2016, pers. comm.). The 
study has not been able to determine whether these resident wolverines are reproductively 
successful (Heinemeyer 2016, pers. comm.).  
 
Conservation measures currently being implemented that address the effects of roads in the 
Teton Mountains include winter closures in certain areas (generally from November 1 through 
May 1), including road closures in the Bridger-Teton and Caribou-Targhee National Forests and 
in Grand Teton National Park as shown in Appendix F (additional details for Grand Teton 
National Park are described in Superintendent’s Compendium (National Park Service (NPS) 
2017; pp. 8–9); see also maps at https://jhalliance.org/campaigns/dont-poach-the-powder/ 
Jackson Hole Conservation Alliance 2017). These closures are being implemented to help 
minimize disturbance to wildlife (e.g., migration pathways).  
 
State Wildlife Action Plans prepared for individual western States identify recreation 
management strategies within wolverine habitats. For example, in the State of Oregon, the 
ODFW Conservation Strategy identifies management of winter recreation use in order to avoid 
impacts to wolverines (ODFW 2016). In Montana’s State Wildlife Action Plan, conservation 
actions are identified for addressing potential impacts from recreation, such as consideration of 
seasonal closures during breeding season (Montana FWP 2015, p. 63). The IDFG Management 
Plan for the Conservation of Wolverines in Idaho also includes conservation strategies related to 
winter recreation (e.g., characterizing wolverine response to recreational activities (IDFG 2014, 
p. 35)), and the State continues to support the Wolverine-Winter Recreation Study. Appendix F 
provides additional details on individual State conservation strategies. 
 
In summary, wolverine behavior (movement) can be affected by winter recreational activity. 
Results from one long-term study in parts of the wolverine’s range in the contiguous United 
States have found that wolverines can maintain residency in high winter recreational use areas. 

https://jhalliance.org/campaigns/dont-poach-the-powder/
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Wolverines have recently been detected in areas that experience winter recreational activity. 
Conservation strategies and actions have been identified in several western States’ Wildlife 
Action Plan to address potential impacts of this stressor to wolverines. Based on the best 
available scientific and commercial information, the effect of winter recreational activity 
represents a low stressor to wolverines in the contiguous United States at the individual and 
population level. 
 
Other Human Disturbance 
 
Infrastructure, such as pipelines, active logging or clearcuts, seismic lines, and activities 
associated with mining (e.g., producing mines, mines under development, mineral exploration 
areas), may also affect individual wolverine behavior (e.g., avoidance) or loss or modification of 
wolverine habitat. As discussed above (see Habitat Use section), Johnson et al. (2005, entire) 
evaluated habitat relationships for the wolverine and other arctic wildlife, including the 
cumulative effects of human activities and associated infrastructure on the distribution of 
wolverines in the Canadian central Arctic using RSF modeling. However, because human 
disturbance factors (i.e., major developments, mineral explorations, seasonal outfitter camps) 
were mostly absent from the range of monitored wolverines, the researchers were not able to 
reliably model their effects (Johnson et al. 2005, p. 23). 
 
The 2014 COSEWIC status review identified several potential stressors to wolverines and their 
habitat in Canadian territories. They indicated potential permanent, temporary, and functional 
losses to wolverine habitat from forestry; oil, gas and mineral exploration and development; and 
large hydroelectric reservoirs (COSEWIC 2014, p. 21). As discussed above, Scrafford et al. 
(2017, entire) evaluated habitat selection of wolverines in response to human disturbance in the 
western Canadian boreal forest in both winter and summer months. Their analysis found that 
wolverines were attracted to some industrial infrastructure (older seismic lines exhibiting latter 
stages of regeneration) and disturbance (areas of active logging), likely related to foraging 
opportunities (e.g., small prey), but avoided interior areas of intermediate-aged cutblocks (areas 
authorized for logging) (Scrafford et al. 2017, pp. 32–34). Their results found evidence of road 
avoidance, but wolverines were attracted to all-season road sections with borrow pits, which they 
suggest was related to foraging opportunities at these pits (e.g., presence of beavers in water-
filled pits) and less predation risk, since wolves avoid these roads (Scrafford et al. 2017, p. 34). 
In sum, these authors concluded that wolverine selection patterns relative to industrial activity 
and infrastructure in their study area represent a balance between exposure to predators and 
foraging opportunities (Scrafford et al. 2017, p. 32).  
 
Additional studies of wolverine behaviors related to the effects of disturbance due to 
infrastructure and other human activities are needed. Based on the best available scientific and 
commercial information, these effects are small or narrow in scope and scale and appear to 
represent a trade-off between foraging opportunities in areas that provide minimal risk of 
predation and avoidance of open areas and/or higher predation risk (Scrafford et al. 2017, pp. 
33–34). 
 
Effects from Wildland Fire 
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Wildland fire can produce both direct and indirect effects to wildlife. Direct effects include 
injury and mortality as well as escape or emigration movement away from fires (Lyon et al. 
2000, pp. 17–21). Small mammals will generally find refuge underground or within sheltered 
places within the burning area, while larger mammals will move to safe areas in unburned 
patches or outside the burn (Lyon et al. 2000, p. 18). For animals that emigrate during fire 
events, the length of time before they return is dependent on the degree to which fire has altered 
habitat structure and food supply (Lyon et al. 2000, p. 20). 
 
We are unaware of any studies evaluating direct effects of wildland fire to wolverines. Wildland 
fire is likely to temporarily displace wolverines, which could affect home range dynamics.  
Given that wolverines can travel long distances in a short period of time, individuals would be 
expected to move away from fire and smoke (Luensmann 2008, p. 14). In addition, because 
young are born during winter months, fire risk at that critical life stage is very low (Luensmann 
2008, p. 14). 
 
Indirect effects of wildland fire can include habitat-related effects or effects to prey and 
competitors/predators; however, we are unaware of empirical studies evaluating these potential 
effects as they relate to wolverines. In a study area within the Yukon (Canada), wolverines were 
reported occupying regenerating forested habitat that contained remnants of mature timber which 
had burned 30 years prior (Slough and Mowat 1996, p. 948). Additionally, fire suppression in 
conjunction with logging activities in boreal forests (northwestern Ontario) can increase the 
prevalence of deciduous tree habitats, at least at a regional level, which is negatively associated 
with wolverine occurrence (Bowman et al. 2010, p. 464).  
 
A study in northern Idaho of the effects of multiple wildland fires over several years, including 
very large fires, to forest habitat occupied by another mustelid, the American marten (Martes 
americana) found that fire events had created a mosaic of vegetation that supported a diverse 
assemblage of cover and food resources that was favorable to this species (Koehler and 
Hornocker 1977, p. 503). Similar to wolverines, the summer and fall diet of the American marten 
is represented by diverse prey, and wildland fire events can create and maintain forest openings 
for ground squirrels and voles (Koehler and Hornocker 1977, p. 504). The development of these 
types of mosaic forest communities following certain wildland fire events also provides 
discontinuous fuel loads, which in turn should result in smaller and cooler wildland fires, with 
less replacement of marten habitat (Koehler and Hornocker 1977, p. 504). However, large, 
uniform burns would be expected to result in more severe impacts to American marten habitat 
(Lyon et al. 2000, p. 21).  
 
Studies of the effects of wildland fire to a key prey species for the wolverine in parts of its North 
American range, the caribou, was reviewed by Klein (1982, entire). This review highlighted the 
importance of separating short-term effects of wildland fire in boreal forests to caribou ecology 
from long-term effects (Klein 1982, p. 393). Given that long-term benefits to the species’ 
ecology can be disproportionate to the short-term detrimental effects on populations and herds, 
(including the species’ lack of reproductive plasticity), caribou may be more appropriately 
considered as fire-influenced, rather than fire-adapted (Klein 1982, p. 393). Other ungulate prey 
species respond more positively to fire. An increase in spring and summer grasses following fall 
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burns can provide forage for elk and deer, and sprouting of deciduous trees, such as aspen, birch 
and willow, following burns provides forage for moose (Luensmann 2008, p. 18). 
 
Management measures to address this potential stressor are identified in USDA Forest Service 
National Forest Land Management Plans. Examples of these goals and objectives are described 
in Appendix G. In addition, the Idaho State Wildlife Action Plan includes measures to address 
fire threats to the wolverine and its habitat, including removal of perceived barriers to allow 
more prescribed natural fire on State and private forest lands and promoting/facilitating the use 
of prescribed fire as a habitat restoration tool, on both public and private lands where 
appropriate, and leaving fire-killed trees standing as wildlife habitat if they pose no safety 
hazard, all in an effort to restore a more natural fire interval that allows for return to historical 
forest conditions (IDFG 2017b, pp. 91, 134, 180).  
 
Given the diversity of habitats occupied by wolverines, their occupancy of high elevations, and 
extensive mobility, wildland fire represents a limited stressor, in scope and scale, to wolverine 
habitat and its prey in the contiguous United States range.  
 
Disease or Predation 
 
Disease 
 
We are unaware of comprehensive surveys evaluating the prevalence of diseases in wolverines in 
the contiguous United States. Early accounts of endoparasites species and their prevalence in 
wolverines include a review by Erickson (1946, p. 503), and a report by Rausch (1959, entire), 
who documented 7 species of helminth parasites in 86 percent of wolverines examined from 
trapper-supplied carcasses in Alaska. In 1994, Copeland (1996, p. 26) collected a single 
specimen of the parasite Toxascaris sp. from wolverine scat in Idaho. In Alaska, carcasses 
sampled (during necropsy or predator control activities) in 2012–2014 to determine the 
prevalence of Trichinella and its genotypes reported one wolverine with Trichinella T6 genotype 
in that single sample (ADF&G 2015b, p. 8). Results from Alaska trapper questionnaires for the 
prevalence of ectoparasites on wolverines were either scarce or not present across all reporting 
regions in 2015–2016 (Parr 2016, p. 21). 
 
Rabies is endemic to Alaska in Arctic and red fox along north and west coasts of Alaska 
(ADF&G 2013). Under the ADF&G enhanced rabies surveillance program, the agency 
confirmed rabies in one wolverine (out of 49 sampled) in 2012, a female found dead in the North 
Slope region (Woodford and Beckman 2012). This was the first confirmed case of rabies in 
wolverines in North America (Woodford and Beckham 2012).  
 
The 2014 COSEWIC Assessment and Status Report for the wolverine presented a summary of 
reported parasitic species observed in wolverines in Canada (COSEWIC 2014, p. 25). These 
observations included: parasitic nematode roundworms (Trichinella spp.) in 88 percent of 
wolverine samples tested from Nunavut and 26 percent from the lower MacKenzie region; 
helminth parasites (trematodes, cestodes and nematodes) in wolverine digestive tracts from the 
lower Mackenzie River valley; and, from the Nunavut region, protozoan parasites infections 
including Sacrosystis spp. (80 percent) and Toxoplasma gondii (41 percent) (citations omitted). 
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Banci (1987, pp. 81, 110) reported parasitic pneumonia as a cause of mortality in southwest 
Yukon Territory, a female thought be nutritionally-stressed following the raising of young.  
 
An evaluation of trapper-submitted wolverine carcasses harvested was conducted for the Yukon 
Territory in the fur trapping seasons 2005–2006 through 2011–2012 (Jung and Kukka 2013, 
entire). No samples tested positive for rabies (Jung and Kukka 2013, p. 17). Another study of 
intestinal parasites of wolverine carcasses from both the Yukon and Northwest Territories 
reported Trichinella spp. in 74 percent of carcasses and several intestinal parasites, including 
cestodes (parasitic flatworms) such as Taenia spp. (Luck et al. 2016, no page number). 
 
In summary, other than a parasitic pneumonia mortality event and the single rabies case, we are 
not aware of any other studies documenting impacts of disease to wolverines in North America. 
At this time, based on the best available scientific and commercial information, we do not find 
that disease is a population or species level stressor to the wolverine in the contiguous United 
States. 
 
Predation 
 
As discussed above (Diet and Feeding section), a number of potential natural predators have 
been identified for wolverines across its North American range, including intraspecific predation. 
However, we have no information that suggests this predation represents a significant stressor to 
the wolverine at either an individual or population level.  
 
In summary, the best scientific and commercial information available indicates that disease or 
predation is not a stressor the wolverine. We are unaware of any management or conservation 
measures currently in place to reduce potential impacts associated with disease or predation. 
 
Overutilization for Commercial, Recreational, Scientific, or Educational Purposes 
 
There is currently no allowable trapping or harvesting of wolverines in the contiguous United 
States, though incidental trapping mortalities have been documented as we reported in our 
proposed rule (78 FR 7881; February 4, 2013). Two mortality events from shootings of 
wolverines were documented in Idaho (2001, 2007) (Idaho Department of Fish and Game 
(IDFG) 2014, p. 26).  
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
In Montana, wolverines were a legally harvested furbearer in Montana up until 2012; however, 
the trapping season is currently suspended with a zero statewide quota (Montana Natural 
Heritage Program and Montana FWP 2017). Unlike populations in Eurasia, wolverines rarely 
prey on livestock in North America (cf. domestic sheep predation in Wyoming reported (Mead 
2013, pers. comm.)) and therefore they are not directly targeted for predator control (COSEWIC 
2014, p. 41). However, incidental trapping can result in the capture of non-target species such as 
wolverine. In Idaho, the IDFG has a mandatory furtaker harvest report that requests all live 
incidental catches be reported by species and any wolverine catch that results in mortality is 
required to be reported (IDFG 2013, pers. comm.). Since 1965, 16 incidentally-trapped 
wolverines were reported during the State’s furbearing seasons, with 6 animals known to be 
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released alive and 6 mortalities (IDFG 2013, pers. comm.; IDFG 2016, pers. comm.). This total 
includes four wolverines caught during the 2013-2014 furbearer season, with three released alive 
and one mortality (IDFG 2014, p. 26). Within the State of Wyoming, there are two confirmed 
reports of incidental take, one of Wyoming in 1996 (Mead 2013, pers. comm.) one in and 2006. 
T; the 2006 animal was released unharmed (Inman 2012, pers. comm.). In Montana, since the 
closing of the trapping season for wolverine in 2013, three animals have been incidentally 
trapped (Montana FWP 2016, pers. comm.). 
 
Krebs et al. (2004, p. 499) modeled several population growth rate scenarios for North American 
wolverines, including trapped and untrapped populations. Estimated (logistic) rates of population 
growth (λ) were found to be lower for trapped populations (λ = 0.878) as compared to untrapped 
populations (λ = 1.064) (Krebs et al. 2004, p. 499). Harvesting is considered to be an additive 
mortality in the populations studied and is likely sustained by dispersal from untrapped areas that 
provide refugia (Krebs et al. 2004, pp. 499–500). Of note, at the time of this study, wolverines 
were considered furbearer or game animals and trapped or hunted in 8 of their 12 study areas in 
North America, including Montana (Krebs et al. 2004, p. 495; Table 1). 
 
Predator control programs targeting wolves, including poison and incidental trapping, can result 
in incidental losses of wolverines (COSEWIC 2014, p. 41). Specific to wolf control for livestock 
protection in Idaho, three wolverines have been trapped incidental to authorized wolf control 
activities since 1995, with two released alive and one animal euthanized (IDFG 2014, p. 26). 
Additional pPreventive measures have been adopted to reduce these incidental captures, 
including (IDFG 2014, p. 26). The IDFG has also implementation of ed educational programs to 
minimize incidental capture of wolverines during trapping seasons (IDFG 2014, p. 27).  and 
Llicensed wolf trappers are required to complete a Wolf Trapper Education course with specific 
instruction for reducing incidental trapping of wolverine, Canada lynx, and other non-target 
species (IDFG 2014, p. 27). In addition, the U.S. Department of Agriculture Wildlife Services 
(Wildlife Services) agency has also temporarily stopped (as of April 2017) using cyanide 
predator control devices in the State of Idaho (Moeller 2017). 
 
In Alaska, wolverine trapping and hunting is controlled by seasons and bag limits, with about 
550 animals harvested each year (Alaska Department of Fish and Game (ADF&G) 
2017a).Wolverine hunting and trapping is permitted in the State of Alaska. For the 2015–2016 
reporting period, wolverine harvest, based on furbearer sealing records,3 totaled 527 animals 
(Parr 2016, p. 42). This level of harvest has been fairly consistent since 2010, as shown in table 
below: 
 

                                                 
3 Wolverines taken in Alaska are required to be sealed by an authorized department representative 
before pelts are shipped to an out-of-state buyer or auction house (Parr 2016, p. 44). For those 
species that require sealing, the number of animals sealed represents the best information regarding 
the statewide harvest (Parr 2016, p. 41). 
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Table 67. Number of wolverines harvested in Alaska, as reported from regulatory year 
sealing records, 2010–2015. Adapted from Parr (2016, p. 42; Table 10). 

Alaska 
Region 2010 2011 2012 2013 2014 2015 

I 25 20 25 31 14 15 
II  25 29 50 31 16 37 
III  233 235 261 358 268 214 
IV  180 160 170 158 99 150 
V  140 110 135 133 109 111 
Total 603 554 641 711 506 527 

 
Trapping and harvesting of wolverines occurs over much of the range in Canada, as summarized 
in the 2014 COSEWIC wolverine status review (COSEWIC 2014, pp. 10, 29–35). Specificially, 
In Canada, wolverines are harvested in the northern and western territories–Manitoba, 
Saskatchewan, Alberta, British Columbia, Yukon, Northwest Territories, and Nunavut 
(COSEWIC 2014, p. 43). Non-aboriginal harvest of wolverines has not been permitted since 
2001–2002 in Québec and, Labrador (COSEWIC 2014, p. 43). Trapping is closed in Ontario 
(except through treaty rights), though incidental trapping results in 1 to 4 mortalities per year 
(Bowman et al. 2010, p. 465). Harvest levels in western provinces have remained relatively 
stable since 1992 (COSEWIC 2014, p. 38; Table 1). 
 
, or Ontario, though incidental harvest has been reported in Ontario (COSEWIC 2014, p. 43). 
The management of wolverine harvest in Canada incorporates spatial and temporal elements 
such as season length, quotas, limited entry, and trapline management by trappers (reviewed by 
Slough et al. 1987). Wolverine harvest levels in Canada are monitored using mandatory pelt 
sealing, annual harvest reporting, or through monitoring of fur exports (COSEWIC 2014, p. 43). 
In some northern communities, wolverine pelts are used locally and harvests are monitored 
through carcass collection programs (COSEWIC 2014, p. 43).  
 
The COSEWIC Assessment and Status Report for the wolverine also noted that range 
contraction and habitat trends of wolverines in Canada are not solely the result of habitat or 
trapping pressure (COSEWIC 2014, p. 20). Reductions in ungulate (e.g., caribou) populations, 
which provide an important winter food resource, were also likely an important factor in range 
contractions of wolverines in its northern range (COSEWIC 2014, p. 20), and likely continue to 
influence populations today. Snowmobiles have allowed for better access for hunters and 
trappers and may be increasing the number of wolverine harvested in its northern North America 
range; however, the areas of exploitation are still relatively small concentrated areas, and large 
areas of refugia continue to be found (Cardinal 2004, p. 31).  
 
Population growth rate scenarios for North American wolverines were modeled by Krebs et al. 
(2004, p. 499), including trapped and untrapped populations. Of note, at the time of this study, 
wolverines were considered furbearer or game animals and trapped or hunted in 8 of their 12 
study areas in North America, including Montana (Krebs et al. 2004, p. 495; Table 1). Estimated 
(logistic) rates of population growth (λ) were found to be lower for trapped populations (λ = 
0.878) as compared to untrapped populations (λ = 1.064) (Krebs et al. 2004, p. 499). Based on 
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their analysis, harvesting was considered to be an “additive mortality” in the populations studied 
and is likely sustained by dispersal from untrapped areas that provide refugia (Krebs et al. 2004, 
pp. 499–500). However, as described in the 2014 COSEWIC report, trends in wolverine 
populations in the northern range, while uncertain, appear to be stable or increasing, with some 
concern for populations in the southern areas of British Columbia and parts of the northern 
United States (COSEWIC 2014, p. 22, and references cited therein). Similarly, in Alaska, over 
the past 6 years, on average, 590 wolverines are taken each year (see Table 7). The consistent 
harvest levels in these regions suggest relatively stable wolverine populations.  
 
 
We evaluated trapping of wolverines in British Columbia and Alberta regions of Canada in an 
effort to document potential impacts to dispersing wolverines along the U.S.–Canada border. As 
described above (Population Abundance and Distribution), the population of wolverines in British 
Columbia is estimated to be 2,700–4,760 and 1,500–2,000 animals in Alberta (COSEWIC 2014, p 
36). We obtained 9 years (2007-2015) of harvest data for southern BC wildlife management units 
from the British Columbia Ministry of Environment, Ecosystems Branch for our analysis. Twenty 
seven years (1989–2015) of harvest data was obtained for Alberta in addition to locations of 
wolverines from a 2012–2015 study and other sources (Webb et al. 2016, p. 1,465; Webb 2017, 
pers. comm.). 
 
Figure 5 presents the results from our spatial analysis and indicates a total of 77 wolverines were 
trapped in British Columbia wildlife management units within 110 km (68.35 mi) of the U.S.–
Canada border from 2007–2015 (average of 8.5 animals per year). We used this distance since it’s 
similar to both the average maximum distance per dispersal movement of 102 km (63 mi) for 
male wolverines reported by Inman et al. (2012a, p. 784) for the Greater Yellowstone region of 
Montana, and a reported 100 km (62 mi) dispersal distance for a juvenile male for Ontario, 
Canada (COSEWIC 2014, p. 24, citing unpublished data from Dawson et al. 2013). As shown 
below, one management area contains nearly one-third (23 individuals) of this total number. The 
other management units along the international border indicate very few animals harvested over 
this 8-year period (i.e., areas on map identified as zero). There is no open trapping season or 
hunting season on wolverines in the management units in the Okanagan (Region 8) (north of 
Washington State) or South Coast (Region 2) (southwest corner of British Columbia) with a 
trapping season for wolverines only in the Kootenay (Region 4, the eastern half of the southern 
part of the province) (Weir 2017b, pers. comm.). In addition, there has not been an open trapping 
season in Region 2 since at least 1985 and since 1993 in the Okanagan region (Weir 2017c, pers. 
comm.). For Alberta, we identified a total of 15 wolverines harvested by trappers and data 
presented in other studies within 110 km (68.35 mi) of the U.S.–Canada border from 1989–2014 
(average of less than 1.0 animal per year). Researchers in Canada are currently conducting a 
landcape level analysis to estimate the size and sustainable harvest for wolverine populations 
within British Columbia (Weir 2017a, pers. comm.). 
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Figure 5. Numbers of wolverines harvested in British Columbia and Alberta, Canada. Sources: British 
Columbia Ministry of Environment; Webb et al. 2016; Webb 2017, pers. comm. 

 
Based on this analysis, trapping effort along the U.S.–Canada border does not represent a 
significant barrier to wolverine movement and dispersal along the international border. As noted 
above, Regehr and Lacroix’s (2016, entire) multi-method inventory of wolverines within an area 
located in the eastern side of the Coast Mountains of British Columbia (see black star in Figure 5 
above) found unexpectedly high numbers of wolverines, which may have been the result of the 
rugged landscape features in this mountainous area and abundant food resources (both winter 
and summer) (Regehr and Lacroix, pp. 249–250).   
 
Legal Status/Protection 
 
In the western United States, the wolverine status is as follows: a state-threatened species in 
Oregon (ODFW 2016) and California (CDFW 2017a); state-endangered species in Colorado 
(Colorado Parks and Wildlife 2015a) ; a candidate species in Washington (Washington 
Department of Fish and Wildlife (WDFW) 2013); a protected nongame species and species of 
greatest conservation need in Idaho (IDFG 2014); a protected animal and species of greatest 
conservation need in Wyoming (WGFD 2017); a species of greatest conservation need in Utah 
(Utah Wildlife Action Plan Joint Team 2015); a furbearer and species of concern in Montana 
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(Montana Natural Heritage Program and Montana FWP 2017); and, in Nevada, the Nevada 
Administrative Code lists wolverines as a protected mammal (NAC 503.030), which provides 
full legal protection. There is no protected status for wolverines in the State of Alaska. The State 
of New Mexico Department of Game and Fish does not recognize the wolverine as a native 
mammal. Additional discussion regarding State regulatory mechanisms that provide protections 
for wolverines is provided in Appendix G. 
 
The Idaho Department of Fish and Game issues permits allowing live capture, handling, and 
release of wolverines for scientific studies, which usually involved log box-traps that do not 
cause physical injury to the captured animals (IDFG 2014, p. 27). The agency also issues 
scientific collection permits to various agencies and organizations and to IDFG biologists that 
can include the capture, chemical immobilization, and placement of radio-collars/radio-markers 
on wolverines (IDFG 2014, p. 27). These permittees (and IDFG staff) are required to comply 
with animal trapping and handling protocols approved by IDFG’s Wildlife Health/Forensic 
Laboratory and other animal welfare and research institutions. Over the past 20 years, there have 
been two documented wolverine deaths due to live capture activities in Idaho (IDFG 2014, p. 
27). 
 
In Wyoming, the Wyoming Game and Fish Commission (Commission) Regulation Chapter 52, 
Nongame Wildlife, authorizes take of wolverine only for scientific or educational purposes as 
regulated by Commission Regulation Chapter 33 (Regulation Governing Issuance of Scientific, 
Research, Educational, or Special Purpose Permits). We received information from the State of 
Wyoming indicating that a search of electronic records of Chapter 33 permits (issued since 1997) 
found (as of May 2013) three permits have been issued for scientific purposes to further 
understanding of wolverine ecology in Wyoming (Mead 2013, pers. comm.). 
 
In California, research permits for State-listed, State-candidate, and fully protected species in 
California are issued as a Memorandum of Understanding (MOU). Currently, there are no active 
MOUs for research on wolverine in California (Burkett 2017, pers. comm.). 
 
In Canada, provincial designations for the wolverine include Endangered in Labrador, and 
Threatened in Ontario and Québec (‘Threatened’ is equivalent to Endangered in Québec), with 
the remaining provincial designations ranging from no ranking to Sensitive or Special Concern 
and the Vancouver Island population designated as Imperilled (COSEWIC 2014, p. 44).  
Recovery planning for the wolverine is focused on the eastern population (Canadian Boreal 
Forest Agreement Secretariat 2015, p. 3). 
 
In summary, overutilization does not represent a stressorthreat to the wolverine the contiguous 
United States at the individual, population, or species level. Wolverine populations in the 
contiguous United States are currently protected under several State laws and regulations. 
Hunting and trapping activities for wolverines are currently suspended or closed entirely for 
animals within the contiguous United States, though occasional incidental trapping can occur. 
Trapping in Alaska and Canada has been and appears to be sustainable given large areas of 
available refugia in these regions. Trapping or harvesting of wolverines along the contiguous 
U.S.–Canada border does not represent a stressor to wolverines migrating into the contiguous 
United States at the individual or population level. In addition, wolverine populations along the 
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Alaska–Canada border are continuous with the Yukon region of Canada, which suggests a rescue 
effect for Canadian populations along this international boundary (COSEWIC 2014, p. 37). 
 
Summary of Current Conditions 
 
Wolverine populations in much of North America are still recovering from large losses of 
individuals from intensively hunting and persecution pressures in the late 1880s into the mid-20th 
century. Although there is limited rangewide survey information, based on the best available 
information, wolverines continue to be detected across suitable habitat within the contiguous 
United States. Studies are currently underway to estimate the species’ current distribution and 
genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, and Washington. 
In Canada, the total wolverine population is estimated at over 10,000 adults (COSEWIC 2014, p. 
47). In Alaska, estimates of populations are best evaluated based on density, which are naturally 
low for this species. Recent density estimates are generally about 10 wolverines per 1000 km2 
(386 mi2) for Alaska. 
 
Based on our collection of observations and detections of wolverines in the contiguous United 
States and the 2014 status review for Canada, we prepared a Current Range map to illustrate the 
species’ North American range (Figure 3). We estimated that the proportion of the current North 
American range of the wolverine encompassed within the contiguous United States is 
approximately 6 percent.  
 
We determined that 96 percent of the previously modeled primary habitat (Inman et al. 2013) in 
the lower United States is considered to be lands owned or managed by the Federal government 
(see Appendix D). We also estimated that this 41 percent of this modeled primary habitat is 
located in designated wilderness areas. Appendix G, Regulatory Mechanisms and Conservation 
Measures, provides a more detailed summary of management actions. 
 
We evaluated several potential stressors that may be affecting wolverine populations or its 
habitat, including effects from roads, disturbance due to winter recreation and other activities, 
effects from wildland fire, disease and predation, and overutilization for (primarily) commercial 
purposes. We determined that the effects of roads (evaluated by number of miles, density, and 
location) and disturbance represent low level stressors to the wolverine in the contiguous United 
States. Wildland fire was determined to be a short-term stressor to wolverine habitat and its prey. 
Disease and predation are not considered stressors to the wolverine. 
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
Incidental trapping of wolverines is infrequent in the contiguous United States, and, in Idaho, 
education programs are being implemented to reduce this stressor. In Alaska, the level of harvest 
of wolverines has been fairly consistent since 2010, and, as noted above, density estimates 
indicate no declining trend in wolverine populations.  
 
Wolverines are harvested in several Canadian provinces with management and monitoring 
oversight based on spatial and temporal elements. We reviewed trapping information from 
Canada (within 110 km (68.35 mi) of the contiguous U.S.–Canada border) to assess potential 
impacts to dispersing wolverines into the United States. We found that, in Alberta, 15 wolverines 
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were harvest over a 25 year period (average of less than 1.0 animal per year), and, for British 
Columbia, we found an average of 8.5 animals per year, though one management area contained 
nearly one-third (23 individuals) of this total. Researchers in Canada are currently conducting a 
landcape level analysis to estimate the size and sustainable harvest for wolverine populations 
within British Columbia (Weir 2017, pers. comm.). Based on the best available commercial and 
scientific information, overutilization does not represent a stressor to the wolverine in the 
contiguous United States. 
 
Status – Future Conditions  
 
The future timeframe evaluated in our analysis is approximately 40 to 50 years, which captures 
the range of time periods for proposed projects within the species’ range, as well as our best 
professional judgment of the projected future conditions related to trapping/harvesting, climate 
change, or other potential cumulative impacts. 
 
After considering the current conditions for the wolverine and its habitat, we describe here the 
most likely future scenario to potentially have an effect on wolverine at the population level in 
the contiguous United States:    

• Climate change effects (i.e., significantly elevated temperatures resulting in decline in 
snowpack) may modify suitable habitat, which could also change the scope of the 
wildland fire stressor. 
 

Based on our review of the best available information, we determined that there were no other 
plausible scenarios that were likely to occur for this specieshave population level impacts to 
wolverine in the contiguous United States. We expect that the effects of trapping and roads, 
human disturbance, effects of wildland fire to continue to be at low levels in the future. We have 
no information that indicates that mortality from roads or disease would increase within the 
range of wolverine in the contiguous United States in the future. 
 
Climate Change Effects 
 
In this section, we consider climate changes that may affect environmental conditions that the 
wolverine relies on. As defined by the Intergovernmental Panel on Climate Change (IPCC), the 
term “climate” refers to the mean and variability of different types of weather conditions over 
time, with 30 years being a typical period for such measurements, although shorter or longer 
periods also may be used (IPCC 2013a, p. 1450). The term “climate change” thus refers to a 
change in the mean or the variability of relevant properties, which persists for an extended 
period, typically decades or longer, due to natural conditions (e.g., solar cycles) or human-caused 
changes in the composition of atmosphere or in land use (IPCC 2013a, p. 1,450).  
 
Scientific measurements spanning several decades demonstrate that changes in climate are 
occurring. In particular, warming of the climate system is unequivocal and many of the observed 
changes in the last 60 years are unprecedented over decades to millennia (IPCC 2013b, p. 4). The 
change in temperature reported in the Northern Hemisphere in recent history (past 150 years) at 
+0.6°C (1.08°F) is twice the change reported for the Southern Hemisphere (+0.3°C (0.54°F)) and 
there is much year-to-year variation (Post 2013, p. 4). With regard to precipitation over land, 
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there has been a decline in global total annual precipitation, but the variability between years in 
total precipitation has increased since about the 1970s (Post 2013, p. 9). The Palmer Drought 
Severity Index (PDSI) compares the actual amount of precipitation received in an area during a 
certain time period with the normal or average amount expected during that same period 
(National Weather Service (NWS) 2015) and is generally used as a measure of water stress. 
Time series analysis of the PDSI indicates worsening persistent drought-like or drought-potential 
conditions across the globe since 1980, a reflection of the influence of temperature on 
atmospheric dynamics (Post 2013, pp. 10–11).  
 
Comprehensive assessments of other observed and projected changes in climate and associated 
effects and risks, and the bases for them, are provided for global and regional scales in recent 
reports issued by the IPCC (2013c, 2014), and similar types of information for the United States 
and regions within it can be found in the National Climate Assessment (Melillo et al. 2014, 
entire). Results of scientific analyses presented by the IPCC show that most of the observed 
increase in global average temperature since the mid-20th century cannot be explained by natural 
variability in climate and is “extremely likely” (defined by the IPCC as 95 to 100 percent 
likelihood) due to the observed increase in greenhouse gas (GHG) concentrations in the 
atmosphere as a result of human activities, particularly carbon dioxide emissions from fossil fuel 
use (IPCC 2013b, p. 17 and related citations).   
 
Scientists use a variety of climate models, which include consideration of natural processes and 
variability, as well as various scenarios of potential levels and timing of GHG emissions, to 
evaluate the causes of changes already observed and to project future changes in temperature and 
other climate conditions. Model results yield very similar projections of average global warming 
until about 2030, and thereafter the magnitude and rate of warming vary through the end of the 
century depending on the assumptions about population levels, emissions of GHGs, and other 
factors that influence climate change. Thus, absent extremely rapid stabilization of GHGs at a 
global level, there is strong scientific support for projections that warming will continue through 
the 21st century, and that the magnitude and rate of change will be influenced substantially by 
human actions regarding GHG emissions (IPCC 2013b, 2014; entire).  
 
Global climate projections are informative, and, in some cases, the only or the best scientific 
information available. However, projected changes in climate and related impacts can vary 
substantially across and, as noted above, within different regions and hemispheres (e.g., IPCC 
2013c, 2014; entire) and within the United States (Melillo et al. 2014, entire). Therefore, we use 
“downscaled” projections when they are available and have been developed through appropriate 
scientific procedures, because such projections provide higher resolution information that is 
more relevant to spatial scales used for analyses of a given species (see Glick et al. 2011, pp. 58–
61, for a discussion of downscaling). We note here that multiple lines of evidence, not just 
projections derived from quantitative models, should be examined when conducting climate 
vulnerability assessments (Michalak et al. 2017, entire). Thus, we provide below projected 
effects from climate change in the western United States relative to both abiotic (e.g., 
temperature, precipitation, snow cover) and biotic (e.g., phenology, behavior) factors.  
 
Abiotic Factors 
 



North American Wolverine Species Status Assessment Report  DATE 

65 
 

California 
 
Regional temperature and precipitation observations for assessing climate change are often used 
as an indicator of how climate is changing. For evaluating climate trends in California, the 
Western Regional Climate Center (WRCC) has defined 11 climate regions (Abatzoglou et al. 
2009, p. 1,535). The relevant region for our assessment is the north/north-central Sierra Nevada 
region (Tahoe National Forest), currently occupied by a male wolverine, or the northeast region 
as defined in Abatzoglou et al. (2009, p. 1,535) . 
 
Two indicators of temperature, the increase in mean temperature and the increase in maximum 
temperature, are important for evaluating trends in climate change in California. For the climate 
region that encompasses the Tahoe National Forest region, the 100-year linear trends provided 
by the WRCC indicate an increase in mean temperatures (Jan–Dec) of approximately 0.92°C/100 
yr (± 0.29°C/100 yr) (1.66°F ± 0.53°F/100 yr) since 1895 from present day; 1.55°C/100 yr (± 
0.67°C/100 yr ) (2.79°F ± 1.21°F/100 yr) since 1949 to present day; and 2.41°C/100 yr 
(±1.54°C/100 yr ) (4.33°F ± 2.78°F/100 yr) since 1975 to present day (WRCC 2017). Thus, the 
increase in mean temperature has not been constant—the rate of increase over the past 42 years 
in this region has been 2.6 times higher than the past 122 years. We assume the rate of 
temperature increase for this region is higher for the second and third time periods (since 1949 
and 1975, respectively) than for the first time period (since 1895) due to the increased use of 
fossil fuels in the later part of the 20th and early 21st century. 
 
Although these observed trends provide information as to how climate has changed in the past, 
climate models can be used to simulate and develop future climate projections. Pierce et al. 
(2013, entire) presented both state-wide and regional probabilistic estimates of temperature and 
precipitation changes for California (by the 2060s) using downscaled data from 16 global 
circulation models and 3 nested regional climate models. The study looked at a historical (1985–
1994) and a future (2060–2069) time period using the IPCC Special Report on Emission 
Scenarios A2 (Pierce et al. 2013, p. 841), which is an IPCC-defined scenario used for the IPCCs 
Third and Fourth Assessment reports, and is based on a global population growth scenario and 
economic conditions that result in a relatively high level of atmospheric GHGs by 2100 (IPCC 
2000, pp. 4–5; see Stocker et al. 2013, pp. 60–68, and Walsh et al. 2014, pp. 25–28, for 
discussions and comparisons of the prior and current IPCC approaches and outcomes). 
Importantly, the projections by Pierce et al. (2013, pp. 852–853) include daily distributions and 
natural internal climate variability.  
 
Simulations using these downscaling methods project an increase in yearly temperature for the 
area that encompasses the Tahoe National Forest (Sierra Nevada) ranging from 2.1°C (3.78°F) to 
3.2°C (5.76°F) by the 2060s time period (Pierce et al. 2013, p. 844), compared to 1985–1994. 
The simulations indicated a yearly upper temperature increase of 2.5°C (4.5°F) from 1985–1994 
to 2060–2069 (averaged across models) for this area, and an increase of 1.9°C (3.42°F ) for the 
December–February period (Pierce et al. 2013, p. 842).  
 
Beginning in 2012 and continuing into 2016, California experienced a severe drought throughout 
most of the state (Griffin and Anchukaitis 2014, p. 9,020). Although three-year droughts in 
California are not unusual when evaluated over the past 1000 years, the severity of these 
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drought conditions during this period was demonstrated in the 2014 summer PDSI, which was 
estimated to be the lowest on record (1901–2014) (Williams et al. 2015, p. 6,823). An evaluation 
of how unusual this drought event was in the context of the last millennium using blue oak 
(Quercus douglasii) tree ring data from four sampling sites (with additional tree sampling 
following the 2014 growth season) was conducted by Griffin and Anchukaitis (2014, entire). 
Their paleoclimate drought and precipitation reconstructions for Central and Southern California 
show that, although the precipitation during this drought has not been anomalously low, it was 
not outside the range of variability (Griffin and Anchukaitis 2014, p. 9,017). However, the 2014 
drought was the worst single drought year of at least the last 1,200 years in California and the 
2012–2014 drought was the most severe of three consecutive drought years, based on three 
events found in the record for the last 1,200 years (Griffin and Anchukaitis 2014, pp. 9,020–
9,021). The study concluded that low precipitation combined with high temperatures was 
responsible for creating this worst short-term drought episode (Griffin and Anchukaitis 2014, pp. 
9,021–9,022). 
  
A study by Williams et al. (2015, entire) estimated the anthropogenic contribution to California’s 
drought during 2012–2014. They found that the intensifying effect of high potential 
evapotranspiration on this drought event (measured by summer PDSI) was almost entirely the 
result of high temperatures (18–27 percent in 2012–2014; 20–26 percent in 2014) (Williams et 
al. 2015, p. 6,825). Another study evaluating the influence of temperature on the drought in 
water year 2014 in California found that, although the low level of precipitation was the 
primary driver for the drought conditions, temperature was an important factor in exacerbating 
the drought, noting that the water year 2014 was the third year of the multiyear drought event 
and therefore conditions were drier than normal at the beginning of the water year (Shukla et al. 
2015, p. 4,392).  
 
In sum, these projections indicate that increased temperatures are likely to occur in the Tahoe 
National Forest region by the 2060s due to the effects of climate change. 
 
Precipitation patterns can also be used as an indicator of potential climate change. We obtained 
yearly snowfall data for the Tahoe City station located in the northern Sierra Nevada region from 
the WRCC (https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758) since that dataset was the most 
complete for the area. We then conducted a nonparametric correlation test, the Mann-Kendall 
statistical test (Hipel and McLeod 1994, pp. 63–64, 856–858), which is commonly used for 
analyzing climatic time series (e.g., Ahmad et al. 2015, entire), to evaluate trends in snowfall 
over time. This analysis was conducted using the R and R Studio software programs (Version 
3.1.2; R Development Core Team, 2014) with the “Kendall” package (Version 2.2) (McLeod 
2011). We found that annual snowfall amounts showed no statistically significant trend 
(increasing or decreasing) from 1909–2017 (tau = –0.0289, two-sided p-value of 0.6705) for 
the Tahoe City station.  
 
State-wide and regional probabilistic estimates of precipitation changes for California were also 
evaluated by Pierce et al. (2013, entire). When averaged across all models and downscaling 
methods, a small annual mean decreases in precipitation were found for the Sierra Nevada region 
of California, but that study also found an increase in precipitation for the December through 
February period (wetter winters) (Pierce et al. 2013, pp. 849, 855). However, there was 

https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758
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significant disagreement across the models, with percent changes ranging from a12 percent 
decrease to a 9 percent increase (Pierce et al. 2013, p. 851).   
 
Columbia River Basin Region  
 
This region covers a large area within Washington, Oregon, and Idaho, and parts of British 
Columbia, Canada, and includes portions of the current range of the wolverine. Rupp et al. 
(2017, entire) used simulations from 35 Global Climate Models (GCMs) to provide projections 
of climate in the Columbia River Basin into the 2080s under two emissions scenarios, 
Representative Concentration Pathways (RCP) (RCP 4.5, which represents moderate reduction in 
GHG emissions (“intermediate emissions”), and RCP 8.5, which represents a continued increase 
in GHG emission “high emission”). The results of their multi-model ensemble for the RCP 4.5 
scenario indicate mean annual temperature increases (above Bonneville Dam), above the 1970–
1999 baseline average, of 1.3°C (2.34°F) for the 2010–2039 period, 2.3°C (4.14°F) for the 2040–
2069 period, and 2.8°C (5.04°F), for the 2070–2099 future period (Rupp et al. 2017, p. 1,788). 
By season, the winter period (December–February) mean change result indicates an increase of 
1.1°C (2.52°F) for 2010–2039, 2.2°C (3.96°F) for 2040-2069, and 2.7°C (4.86°F) for 2070–
2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788).  
 
For the RCP 8.5 scenario, the multi-model ensemble projections indicate mean annual 
temperature increases, above the 1970–1999 baseline average, of 1.4°C (2.34°F) for the 2010–
2039 period, 3.1°C (5.58°F) for the 2040–2069 period, and 5.0°C (9.0°F), for the 2070–2099 
period (Rupp et al. 2017, p. 1,788). For the winter season (December–February) mean change 
increase of 1.4°C (2.34 °F) for 2010–2039, 2.9°C (5.22°F) for 2040-2069, and 4.7°C (8.46°F) for 
2070–2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788). The 
anthropogenic-forced change for these projections is higher than the annual variability; thus, by 
the year 2050, it is very unlikely that the temperature for this year or any year following during 
this century would be as low as the historical average (Rupp et al. 2017, p. 1,788). 
 
Precipitation projections were much less robust; the multi-model ensemble mean precipitation 
projections indicate an increase above baseline of up to 8 percent by 2099 for RCP 8.5 and 
slightly less for RCP 4.5 (Rupp et al. 2017, p. 1,788). When viewed seasonally, for the winter 
season, the ensemble projections indicate increases for all three future time periods for both the 
RCP 4.5 and RCP 8.5 scenarios (ranging from 3 to 14 percent) as compared to the baseline 
period (1970–1999) (Rupp et al. 2017, p. 1,788). The anthropogenic-forced change for these 
projections is lower than the annual variability; however, the authors indicate that years of 
anomalously low precipitation relative to baseline would be expected with high frequency 
throughout the 21st century (Rupp et al. 2017, p. 1,788). 
 
Within three subregions of the Pacific Northwest within the current range of the wolverine, 
Sheehan et al. (2015, p. 20; Table 4) also found that, when compared to a historical baseline 
(1971–2000), all future climate projections (RCP scenarios 4.5 and 8.5; 2036–2066, 2071–2100) 
indicate a rise in both minimum and maximum monthly temperatures, and a generally positive 
change in mean annual precipitation, though the latter results varied across projections.  
 
Upper Snake River Basin 
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The Upper Snake River Tribe Foundation and its Tribal members prepared a climate change 
vulnerability assessment for the Upper Snake River Watershed (Petersen et al. 2017, entire). The 
assessment covers large areas of southern Idaho and eastern Oregon, and small areas of northern 
Nevada, northern Utah, and western Wyoming (Petersen et al. 2017, p. 15). Within three 
geographic/model domains of this larger region, downscaled climate projections were created 
from 20 GCMs run with two emissions scenarios (RCPs 4.5 and 8.5) and these outputs were then 
used to calculate potential future changes in temperature and precipitation (Petersen et al. 2017, 
pp. 15–16). The projections were analyzed in reference to a baseline period (1950-2005) for 
three future time periods—the 2030s (2020–2049), the 2050s (2040–2069), and the 2080s 
(2070–2099) (Petersen et al. 2017, p. 16). 
 
For temperature, their projections indicated an increase in average annual temperatures in both 
future emission scenarios and across all time periods. Under RCP 8.5 (high emissions scenario), 
the ensemble mean temperature increase was about 6.11°C (11ºF), and 2.78°C (5ºF) under the 
RCP 4.5 intermediate emissions scenario across all three geographic/model domains (Petersen et 
al. 2017, Appendix A, p. 2). For the North and East domains (areas with greater topographical 
variability), there was some indication of a small increase in total annual precipitation by the end 
of the century, though there was less agreement among the models (Petersen et al. 2017, 
Appendix A, p. 2). 
 
For all geographic/model domains, the average temperature is projected to increase under both 
emissions scenarios for all seasons (Petersen et al. 2017, Appendix A, p. 2). For the winter 
months (December, January, February), for RCP 4.5, the average seasonal temperature is 
projected to increase by 3.89 to 5°C (7 to 9ºF) by the end of the century, and an increase of 
approximately 2.22 to 3.33°C (4 to 6ºF) for the other seasons (Petersen et al. 2017, Appendix A, 
pp. 2, 6). The winter season projections for RCP 8.5 add an additional 1.67 to 2.22°C (3 to 4ºF) 
by the end of the century (Petersen et al. 2017, Appendix A, pp. 2, 6).  
 
Rocky Mountain Region (Colorado) 
 
A report by Lukas et al. (2014, entire) presented an assessment of observed and future 
projections of climate change effects for Colorado. They reported that, statewide, annual average 
temperatures have increased by 1.1°C (2.0°F) over the past 30 years, and 1.4°C (2.5°F) over the 
past 50 years (Lukas et al. 2014, p. 11). These warming trends have been observed in much of 
the State (Lukas et al. 2014, p. 11). They report no significant long-term trends in annual 
precipitation (30-, 50-, and 100-year trends) through 2012, but they indicate an observed trend 
towards more severe soil-moisture drought conditions in Colorado, based on the PDSI, over the 
past 30 years (Lukas et al. 2014, pp. 12, 21).  
 
This report also presents results from climate change modeling using an ensemble of CMIP5 
model projections, run with RCP 4.5 and 8.5 scenarios (Lukas et al. 2014; Section 5). The results 
indicate future warming in Colorado for all of the climate model projections (Lukas et al. 2014, 
p. 59). By 2050, for the RCP 4.5 (intermediate) emissions scenario, the statewide average annual 
temperatures are projected to increase by 1.4 to 2.8°C (2.5 to 5°F) (relative to a 1971–2000 
baseline), and increase by 1.9 to 3.6°C (3.5 to 6.5°F) under the RCP 8.5 (high) emissions 



North American Wolverine Species Status Assessment Report  DATE 

69 
 

scenario (Lukas et al. 2014, p. 59). For precipitation, they report that climate model projections 
show less agreement regarding future precipitation change for Colorado, but most projections 
indicate increasing winter precipitation by 2050 (Lukas et al. 2014, p. 59). 
 
Summary 
 
Observed trends and future climate model projections indicate warming temperatures for much 
of the western United States, including areas within the current range of the wolverine. The 
degree of future warming varies by region and is dependent upon the future emission scenario 
used during the modeling process. Future precipitation trends are less certain for many regions, 
in part, due to naturally high, inter-annual variability; some regions are projected to experience 
greater winter precipitation. Wolverines have been found to have a wide range in critical 
temperature depending on season, and undergo seasonal changes in fur insulation to adapt to 
warmer temperatures in summer. Wolverines also exhibit changes in behavior, such as moving to 
water bodies or higher elevations in summer months. These physiological and behavioral 
adaptations allow wolverines to adapt to warming tempeartures. 
 
Biotic Factors 
 
In addition to evaluating changes in these abiotic factors, biotic interactions should be considered 
in evaluating species’ response to climate change (reviewed by Post 2013). Although abiotic 
changes drive ecological processes, the alterations in biotic interactions (e.g., competition among 
conspecifics, interactions with competitors, resources, and predators) represent the ecological 
responses that result from those changes (Post 2013, p 1). Changes in certain abiotic factors, such 
as snow and ice cover, should also be considered in an ecological context since they represent 
habitat for many species (Post 2013, p. 11). 
 
Ecological studies evaluating the effects of climate change often evaluate phenology, the timing 
of life history events and how they vary in space and time, generally at the population or site-
specific level, though phenological variation at the individual level may also be important (Post 
2013, p. 54). Previous meta-analyses of the rate of phenological advancement have suggested 
advances of between 2–5 days per decade, across taxa, and between low-mid to mid-high 
latitudes (Post 2013, p. 59). A more recent meta-analysis from Cohen et al. (2017, p. 4) found, 
on average, significant advancement in the phenology of animals since 1950, advancing by about 
2.88 days per decade and 3.08 days per degree Celsius.  
 
Within the Pacific Northwest region, Ford et al. 2016 (entire) modeled the timing of growth 
initiation in coast Douglas-fir trees (Pseudotsuga menziezii var. menziezii) within the species’ 
range in Washington and Oregon to evaluate its ability to track changes in climate with changes 
in phenology. This study found that, for high latitudes and elevations, growth initiation was 
predicted to occur earlier in the year, which allows trees to track the beginning of favorable 
growing conditions, without exposure to frost risk (i.e., adaptive phenological response) (Ford et 
al. 2016, pp. 3718, 3,721). Conversely, their model predicted that at lower latitudes and 
elevations, growth initiation will lag behind climate change shifts due to reduced chilling with 
lower productivity, which suggested that coast Douglas-fir has an obligate chilling requirement 
for height (but not diameter growth initiation) (Ford et al. 2016, pp. 3,717–3,719). 
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Another study reported on the effects of encroachment of woody plants (willows (Salix sp.)) in 
alpine environments to alpine wildflowers and their pollinators due to temporal overlap in 
flowering phenology, which may result in establishment of plant species with broader 
environmental tolerance in high alpine ecosystems (Kettenbach et al. 2017, p. 6,969). Similarly, 
in Sweden, Wilson and Nilsson (2009, entire) reported on encroachment of woody vegetation in 
arctic-mountain habitat, though primarily at lower elevations in response to observed 
temperature increase of 2.0°C (3.6°F) over 20 years, though this increase in cover was observed 
primarily at lower elevations (Wilson and Nilsson 2009, p. 1,682). 
 
A high-latitude, North American study evaluated the effect of weather and broad-scale climate 
variables and vegetation productivity on the timing of spring and fall migrations of migratory 
caribou herds in northern Québec and Labrador, Canada (Le Corre et al. 2017, entire). That 
study found that, since 2000, except for the spring arrival, migrations occurred earlier, and were 
affected by resource availability, likely through intraspecific competition factors (Le Corre et al. 
2017, p. 266).  
 
In addition to phenological changes related to habitat variables or reproduction patterns, the 
effects of climate change may affect food resources important to wolverine, either directly (e.g., 
survival) or indirectly (e.g., effects to their habitat). An early study by Wang et al. (2002, p. 217) 
projected a potential increase in ungulate populations in Rocky Mountain National Park 
(Colorado) under future climate scenarios due to enhanced survival and recruitment of juvenile 
animals in response to less severe winters. The authors note that their results should be 
interpreted qualitatively given the uncertainties in applying climate change scenarios based on 
global models to ecological systems at the local scale (Wang et al. 2002, p. 217). In addition, 
they report that vegetation response (e.g., succession) in response to climate change effects may 
result in changes to ungulate habitat (Wang et al. 2002, p. 219). Overall, the study concluded that 
their results were consistent with those reported in other studies that have evaluated the 
relationships between the effect of weather and density dependence and ungulate population 
dynamics (Wang et al. 2002, p. 219). 
 
Summary 
 
The results presented above indicate biotic effects resulting from climate change, varying from 
phenological changes to shifts in vegetation and vegetation succession. We are unaware of 
studies that have directly evaluated these types of effects to the North American wolverine or its 
habitat. Given the extensive range and varied habitats occupied by wolverines in the contiguous 
United States, the shifts in vegetation are likely to be relatively narrow in scope and scale.  
Furthermore, we have no information to suggest that wolverines selectively use any specific 
vegetation type????,, and any changes in vegetation that occur may actually be advantageous for 
wolverine prey.  
 
Climate Change and Potential for Cumulative Effects  
 
Threats can work in concert with one another to cumulatively create conditions that may impact 
the wolverine or its habitat beyond the scope of each individual threat. Given an expected 
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increase in temperature in the western United States, the best available information indicates 
that, if there are any cumulative impacts in the future, the most likely to have population level 
effects on wolverine in the contiguous United States could be 1) changes in snowpack from the 
combination of increased temperature and changes in precipitation patterns, or 2) changes in 
snowpack and increase in wildland fire potential. 
 
Snowpack/Snow Cover 
 
Upper Snake River Watershed (Pacific Northwest region) 
 
The Upper Snake River Tribal Foundation assessment (discussed above) included projected 
changes in snowpack for three locations in the Upper Snake River watershed, including areas 
located within our estimated Current Range of the wolverine (from Climate Impacts Group 
Pacific Northwest (PNW) Hydroclimate Scenarios Project (2860); 
http://warm.atmos.washington.edu/2860/products/sites/). Model results, based on snow water 
equivalent (SWE) (the water content of snowpack, expressed as depth), indicate a projected loss 
in April 1st snowpack of 36 percent for the 2030–2059 period and 64 percent for the 2070–2099 
period for the Salmon River at White Bird location (average of percent change across all models 
relative to the long-term average for 1916–2006 (“historical period”)). For the Snake River at 
Brownlee Dam location, the projected loss is 37 percent for the 2030–2059 period and 64 percent 
for the 2070–2099 period (summary presented in Petersen et al. 2017, p. 20). These projected 
changes were found to be consistent with overall changes projected for the Columbia River 
Basin snowpack in an earlier study. Hamlet et al. (2013, p. 404; Figure 7) found that, relative to 
the long-term average for 1916 to 2006, the April 1st snowpack in the Columbia River Basin is 
projected to decline by 29% for the 30-year period spanning 2030-2059 and decline by 52% for 
the period spanning 2070-2099 for the A1B emissions scenario. [Note: the A1B emission 
scenario represents a more balanced energy portfolio than RCP 8.5, with GHG emissions 
leveling off by the middle of the 21st century]. 
 
Sierra Nevada 
 
Walton et al. (2017, entire) developed snow cover projections for the Sierra Nevada region in 
California, incorporating snow albedo feedback using a hybrid downscaling approach to develop 
future climate projections. This feedback loop is known to be important for regional climate 
change (Thackeray and Fletcher 2016, p. 395) and occurs when warming causes snow pack to 
shrink at margins and the exposed ground absorbs more sunlight than snow, which enhances the 
warming, and resulting in more melting of snow (Walton et al. 2017, p. 1,417). This study (using 
3 km (1.86 mi) resolution) found that, by the end of the 21st century (2081–2100), warming and 
loss of snow cover is expected to occur, though the degree varies depending on the GHG 
scenario (Walton et al. 2017, p. 1,430). Under the RCP 8.5 (high emissions) scenario, the study 
found that the total area covered by snow during the typical month of April decreases by 48 
percent, as compared to historical average (1981–2000) (using ensemble mean) (Walton et al. 
2017, p. 1,432). Under the RCP 4.5 (moderate emissions) scenario, snow cover losses were 
projected at about half of those for RCP 8.5 (Walton et al. 2017, p. 1,434; Figure 13).Warming 
was more pronounced with elevation, and was most severe in May and June (Walton et al. 2017, 
p. 1,431; Figure 12). For the months of March and April, the highest elevations were found to 
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have nearly complete snow cover (measured as snow covered fraction) for all GCM simulations 
(Walton et al. 2017, p. 1,431; Figure 12).  
 
Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks 
 
The effects of climate change on snow persistence has been suggested as an important negative 
impact on wolverine habitat and populations by the mid-21st century (McKelvey et al., 2011, 
entire). The Service therefore pursued a refined methodology to provide insights into the 
potential impacts of climate change on snow persistence. 
 
The Service engaged the National Oceanic and Atmospheric Administration (NOAA) 
laboratories and University of Colorado in Boulder, Colorado (CU) to evaluate and model fine 
scale persistence of snow in occupied and potential wolverine habitat in the contiguous United 
States. Those discussions revealed significant progress in fine scale modeling approaches since 
the early 2000s and the Service provided funding for an assessment of snow extent and depth to 
assess the effects of climate change on snow persistence in two areas of the western United 
States, Rocky Mountain and Glacier National Parks (Ray et al. 2017, entire). The primary 
objective of this study was to refine the spatial and temporal scale of snow modeling efforts and 
improve the scientific understanding of the extent of spring snow retention currently and into the 
future under a changing climate (Ray et al. 2017, p. 9). The objectives of the study included (Ray 
et al. 2017, p. 10): 
 

• Use of fine-scale models to analyze the topographic effects of snow, including slope and 
aspect (compass direction that slope faces)  

• Use of a range of plausible future climate change scenarios to assess snow persistence 
• Analysis of extremes and year-to-year variability by selecting representative wet, dry, 

and near normal years (using observed conditions) and then modeling changes for those 
base years under several future climate scenarios 

• Assessment of changes in snow persistence by elevation 
 
The study was designed to parallel as much as possible and thereby refine the previous 
assessment of snow cover persistence in the western United States presented in McKelvey et al. 
(2011). However, an exact replication of the McKelvey et al (2011) study was not possible given 
the time, funding, and computational constraints needed to develop a fine-scale assessment. The 
current study was limited to two study areas (approximately 1,500 to 3,000 km2 (579 to 1,158 
mi2) each) in the northern and southern Rocky Mountains (see Appendix H for maps). The two 
study areas were selected because they encompass the latitude and elevational range of 
wolverines within the contiguous United States. Glacier National Park (GLAC) is representative 
of a high latitude and relatively low elevation area currently occupied by wolverines. The Rocky 
Mountain National Park region (ROMO) is a lower latitude and higher elevation area within the 
wolverine’s historical range, which was recently occupied by a wolverine from 2009 to at least 
2012. 
 
Methods: We provide here a brief summary of the methods used in this study. Additional details 
are contained in the full report authored by Ray et al. (2017). The initial step of the analysis was 
a review of the observed climate and variability to provide context for trends and year-to-year 
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variability. Next, historical snow cover extent and variability were analyzed using satellite 
remote sensing (MODIS) data from 2000 to 2016 to calculate a snow disappearance date for 
each year at each pixel. Summary statistics include total snow covered area (total area covered 
by snow), representation of snow pack by aspect (percent of land areas covered by snow for each 
of the 17 years in the historical record by topographic aspect based on compass direction that the 
slope faces), and elevation dependence for wet, near-normal, and dry years (with median of all 
years used as reference). Future snow pack projections were then generated using the Distributed 
Hydrology Soil Vegetation Model (DHSVM), for the historic period 1998-2013, and then 
validated against SNOTEL observing stations and MODIS satellite data.  

Both Ray et al. (2017) and McKelvey et al. (2011) used the delta method to estimate future snow 
persistence. The NOAA-DHSVM delta method uses historical observed weather (1998–2013) as 
the baseline and applies future changes in temperature and precipitation from the chosen GCMs 
(approximately Year 2055) to estimate future snow persistence on the landscape. Five future 
scenarios (GCMs) were selected from CMIP5 global climate model projections to capture 
variability in temperature and precipitation, using the RCP 4.5 (moderate) and RCP 8.5 (high) 
emissions scenarios. Representative wet, near normal, and dry years were analyzed for the 
historical simulations and evaluated for the five future scenarios. The number of years (out of 16) 
with snow depth greater than 0.5 m (20 in) was also analyzed as was the change in Snowcovered 
Area (SCA) (area with depth greater than 0.5 m (20 in)). This snow depth was selected based on 
an analysis of the depth of snow at documented wolverine den sites in Glacier National Park 
(Ray et al. 2017; Table 5-2). Results were reported for “light snow cover” (snow depth greater 
than 1.25 cm (0.5 in)) and “significant” snow (snow depth > 0.5 m (20 in)) for April 15, May 1, 
and May 15 for previously defined representative years. These dates were selected based on 
studies indicating den site abandonment generally occurs before May 1 (see Use of Dens and 
Denning Behavior discussion above in Reproduction and Growth section). The term “light snow 
cover” was incorporated as the most directly comparable parameter to McKelvey et al.’s “light” 
snow cover. The average change in SCA and SWE was analyzed as a function for both study 
areas of elevation and was overlaid with the elevations of documented wolverine den sites 
(2003–2007) in GLAC.  

Comparison with McKelvey et al. (2011): Although the methods used in this study have 
similarities with those presented in McKelvey et al. (2011), there are several key differences. 
Ray et al. (2017) used a finer spatial resolution model (DHSVM) than McKelvey et al. (2011) 
(0.0625 km2 vs. 35 km2) that incorporated slope and aspect. The grid cells represented in 
McKelvey et al. (2011) were assumed to be flat (i.e., north-facing slopes treated as identical to 
south-facing slopes). McKelvey et al. (2011) focused on May 1st snow depth as a proxy for May 
15th snow disappearance, while Ray et al. (2017) focused directly on May 15th snow 
disappearance and produced results for the presence or absence of deeper snow (nominally 
greater than or equal to 0.5 m (20 in) depth) on May 1st and April 15th.4 Because of the increased 
resolution of this study, Ray et al. (2017) were able to consider whether any areas of snow with 

                                                 
4 Ray et al. (2017) originally focused on May 15th to compare to the McKelvey et al. (2011) study, and June 1st to 
bracket the snowmelt season. However, April 15 and April 30 dates were added to the evaluation of snowcovered 
areas to align with temporal reproductive patterns of the wolverine (see Use of Dens and Denning Behavior 
discussion in Reproduction and Growth section above).   
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depth greater than 0.5 m (20 in) will persist in these areas. Additional comparisons are outlined 
below in Table 8 and in Ray et al. (2017, p. 6). 
 
Table 8. Comparison of Methods, Ray et al. (2017) vs. Copeland et al. (2010) and McKelvey 
et al. (2011) 
 Ray et al. (2017) Copeland et al. (2010)  

and McKelvey et al. (2011) 
Spatial Resolution 250 m x 250 m = 62,500 m2 or 0.0625 km2  

(0.24 mi2) 
0.125 degrees (~5 km x 7 km; 37 km2  

(14.29 mi2)) 
Geographic Area Glacier and Rocky Mountain National Parks, 

300 m below treeline and above 
Western United States, except 
California and Great Basin 

Topography Slope, aspect, and shading were used Slope and aspect were not used 
Validation SNOTEL (in-situ observations) and MODIS 

(satellite remote sensing) 
None specific to the snow dataset used 

Future Scenario 
Method 

Delta Method, used to project 2000-2013 
conditions out to Year 2055 (average of 2041–
2070) 

Delta Method (Years: 2045 (2030–
2059), 2085 (2070-2099) 

Future Scenarios 
(GCMs) 

miroc, giss, fio, cnrm (both study areas); 
canesm (Glacier National Park only) 
hadgem2 (Rocky Mountain National Park only) 

Ensemble mean of 10 GCMs, pcm1, 
and miroc 3.2 

Time-related Results Long-term means and year-to-year variability 
(i.e., wet, near normal, and dry years)  

Changes in long-term mean snowpack 
only 

Snow Detection and 
Measurements 

Snow presence: 1.25 cm (0.5 in) snow depth 
threshold on May 15.   
“Significant snow”: snow depth (0.5 meter (20 
in) threshold. Snow depth determined by 
conversion from Snow Water Equivalent using 
bulk snow density.  

Snow presence (13 cm (5.12 in) snow 
depth threshold on May 1). Snow depth 
determined by VIC model. 

Number of Years of 
MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 
Snow Cover Dates 
Analyzed 

April 15, May 1, and May 15 May 15 (derived from May 1), May 29 
(derived from May 1) 

 
Results: While there are challenges in comparing the results from McKelvey et al. (2011) 
directly to the Ray et al. (2017) study due to differences in methodology and focus, the 
qualitative picture can be summarized as follows: projected warming has a larger effect at lower 
elevations whereas projected precipitation changes may dominate the springtime snowpack in 
the high country. We present below a summary of the main results from Ray et al. (2017). 
 
MODIS Observed Historic Snowpack Variability Analysis:   
 

● In GLAC, SCA varies considerably by year, including wet years such as 2011 with very 
persistent snow, years with strong melt in early May, such as 2012, or in late May (2009, 
2001), and dry years (2004, 2005) (Ray et al. 2017, Section 4.3).  

● Even in dry years, northeast-facing slopes in GLAC tend to hold more snow and melt 
later in the season.  

● More than 80 percent of the GLAC study area above approximately 2,000 m (6,562 ft) 
elevation on May 1 has snow cover during dry years, and more than 95 percent has snow 
cover above approximately 1,200 m (3,937 ft) during wet years.  
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● In ROMO, the SCA also varies considerably by year. 
● The northwest-facing slopes in ROMO tend to hold more snow even during dry years. In 

very dry years, snow cover peaks at intermediate elevations, suggesting that the high-
altitude snowpack may be particularly vulnerable in this region under warm/dry 
conditions. 

 
Future Snowpack Projections: The area-wide SCA results include snow cover changes in both 
forested and above-treeline (alpine) terrain, which may have different implications for wolverine 
biology. 
 
Glacier National Park (GLAC): 
 

• Projections for April 15th, May 1st, and May 15th SCA and area with snow depth greater 
than 0.5 m (20 in) show declines on average in all scenarios, compared to the 2000–2013 
historic average, except for small increases in the Warm/Wet scenario and for almost all 
years.  

o For April 15th, light SCA area is reduced by 3–23 percent and significant snow 
cover (greater than 0.5 m (20 in)) declines by 7–44 percent.  

o For May 15th, light SCA is reduced by 10–36 percent, and the area with 
significant snow cover declines by 13–50 percent. 

• All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 m (20 in)), which varies by scenario (e.g., Figure 5-14 in Ray et al. 
2017). Areas with frequent availability (at least 14 out of 16 years) of significant snow 
become concentrated in smaller high elevation areas. Lower elevation areas had the 
largest decreases in the number of years with significant snow cover.  

• Most of the known den sites are located between 1,800 m (5,906 ft) and 2,000 m (6,562 
ft) in GLAC. Below that elevation band, large snow losses are predicted (40 to 70 percent 
decrease for two of the scenarios, 16–20 percent for the other three). Above that elevation 
band, there is little change in SCA for four of the five scenarios (2–8 percent) except in 
maximum warming scenario (decline of 40 percent (Ray et al. 2017; Figure 5-22). In the 
1,800–2,000 m (5,906–6,562 ft) band, the snowpack change is sensitive to elevation and 
to the future climate scenario used. 

• For representative wet years, for May 15th, the higher elevations of the study areas 
experience only 2–7 percent loss of snowpack under the scenarios with “least” change 
and the “moderate” change, although for the dry years, losses range from 18–57 percent. 

o The implication is that the wet, cold climate of the GLAC study area could act as 
a “buffer” to change in areas with of 0.5 m (20 in) of deep snow on May 1st, at 
least for elevations above 1,800 m (5,906 ft). 

 
Rocky Mountain National Park (ROMO):  
 

• Projections of May 15th SCA in ROMO decline on average in all scenarios, except for 
small increases in the Warm/Wet scenario, and for almost all years. 

o For April 15th, light SCA (depth ≥ 5 mm (0.2 in)) declines by 3–18 percent and 
significant SCA (depth > 0.5 m (20 in)) changes from −1– +16 percent for the 
five scenarios considered (compared to the 2000-2013 historical average).  
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o For May 15th, the area with light snow cover declines 8–35 percent and the area 
with significant snow cover declines 6–38 percent. 

• All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 (20 in), which varies by scenario (e.g., Figure 5-21in Ray et al. 2017). 
The areas with frequent availability (at least 14 out of 16 years) of significant snow 
become concentrated in smaller high elevation areas. In contrast, lower elevation areas 
had the largest decreases in the number of years with significant snow cover.  

• Although no dens have been documented in ROMO, the elevation band for denning, 
modeled by regression analysis, is estimated at 2,700 to 3,600 m (8,858 to 11,811 ft). On 
May 1st, modest declines in SWE of about 15 percent and less for areas at 3,400 m 
(11,155 ft) or above result in losses of only about 10 percent snow cover.  

o The implication is that the wet, cold climate of the higher parts of the ROMO 
study area could also act as a “buffer” to change in the area of 0.5 m (20 in) deep 
snow on May 1st.  

 
Elevation Dependence of Change: In general, and supported by the literature, the snowpack in 
the higher elevations of both areas is more responsive to precipitation change, while lower 
elevations are more responsive to temperature change. For GLAC, most of the observed den sites 
are located within the zone where temperature dominates the future effects of change. For the 
elevation of den sites in GLAC (i.e., above 1800 m (5,906 ft)), loss of SCA on May 1st spans the 
range of 5–40 percent, with a 70 percent decrease for the Hot/Wet (miroc GCM) scenario. Above 
2,200 m (7,218 ft), the losses are less than 5 percent for all but the Hot/Wet scenario.  
 
Current results may be a reasonable estimate for the high mountain ranges within the Rockies 
that lie between GLAC and ROMO. However, without further study, we cannot reasonably 
extend these results to say whether or not snow refugia will persist in the Central Rockies below 
our study elevations (approximately 1,000 m (3,281 ft)). These lower elevations are where 
McKelvey et al. (2011) predicted the greatest losses in snowpack. The NOAA/CU results also 
cannot be extrapolated to mountain ranges outside of the Rockies (i.e. the Cascade Range) that 
have different climates (temperature and precipitation). We note here that we have no 
documented wolverine den sites in the contiguous United States below 1,500 m (4,921 ft) 
elevation; that is, no documented den locations in the areas where McKelvey et al. (2011) 
predicted the greatest loss in snowpack. 

 
Interpretation and additional analysis relative to wolverine den site scale: The Service was 
interested in exploring the question, “If snow cover is required for wolverine denning, will there 
be a sufficient amount of significant snow cover in the future in areas wolverines have 
historically used for denning in the contiguous United States?” The Service integrated future 
DHSVM projections (2000–2013 averages) of snow covered area (greater than 0.5 m (20 in) 
depth) on May 1st for GLAC and ROMO with new information obtained from a spatial analysis 
of documented den sites in the contiguous United States. This spatial analysis indicated 31 of 34 
documented den sites in the contiguous United States were located in areas with slope less than 
25 degrees. Avalanche risk increases significantly in areas with slope greater than 25 degrees 
(Scott 2017, pers. comm.) and wolverines may avoid these areas for denning due to this risk.  
 
Using the projections prepared by Ray et al. (2017), we present in Figures 6–13 the spatial 
distribution of significant snow covered area with slopes less than 25 degrees and within the 
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elevation bands indicated above for three future scenarios in each study area. The three scenarios 
for GLAC (miroc, cnrm, and giss) and for ROMO (hadgem2, fio, and giss) were chosen to span 
the range of GCM uncertainty regarding temperature and precipitation, and by extension 
significant SCA (see Figure 6 and Figure 7). We found that large portions of the study areas meet 
all three criteria—greater than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m 
(4,967–7,389 ft) for GLAC or 2,700 to 3,600 m (8,858 to 11,811 ft) for ROMO, and with a slope 
less than 25 degrees—across both study sites in the future.   
 
The GLAC miroc simulation shows the greatest decrease in future snow covered area in the 
elevation band historically used for denning (orange line in Figure 6). Figure 8 shows the spatial 
distribution of significant SCA with slope less than 25 degrees and elevation of 1,514–2,252 m 
(4,967–7,389 ft) for the miroc simulation on May 1st (approximately Year 2055). Approximately 
494 km2 (191 mi2) of area meet the three criteria with an additional 803 km2 (310 mi2) of area 
retaining significant snow covered area, primarily at higher elevations. Moreover, we determined 
that large tracts of significant SCA are projected in close proximity to documented historical den 
sites across all three scenarios (Figures 8–10). As shown in Table 9, wolverines would not have 
to travel far, or at all, relative to either distance or elevation to reach areas with significant snow 
covered area in the future.  
 
Table 9. Distance of historical GLAC dens (Years 2003–2007) from projected significant 
snow covered area in the future (approximately Year 2055) (using 2000–2013 average).  
A 0 (zero) value indicates the den site location meets all three criteria in the future (greater 
than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m (4,967–7,389 ft), and 
with a slope less than 25 degrees). 

Den Site Elevation, m 
(ft) 

Distance from den site to nearest model cell, m (ft) 
GCM scenario 

miroc cnrm giss 
1 2,252 (7,389 ft) 0 0 0 
2 2,093 (6,867 ft) 0 0 0 
3 1,995 (6,545 ft) 0 0 0 
4 1,977 (6,486 ft) 210 (689 ft) 0 0 
5 1,973 (6,473 ft) 208 (682 ft) 0 0 
6 1,928 (6,326 ft) 0 0 0 
7 1,922 (6,306 ft) 9 (29.5 ft) 8 (26 ft) 8 (26 ft) 
8 1,912 (6,273 ft) 170 (558 ft) 0 0 
9 1,893 (6,211 ft) 110 (361 ft) 0 0 
10 1,851 (6,073 ft) 87 (285 ft) 0 0 
11 1,843 (6,047 ft) 74 (243 ft) 0 0 
12 1,823 (5,981 ft) 56 (184 ft) 0 0 
13 1,807 (5,929 ft) 0 0 0 
14 1,514 (4,967 ft) 574 (1,883 ft) 571(1,873 ft) 296 (971 ft) 
 
A similar analysis was performed for the ROMO study area and the results indicate that large 
portions of the study area meet all three criteria identified above. The hadgem2 (Figure 11) and 
cnrm scenarios were found to have the greatest decrease in significant snow covered area of the 
five scenarios analyzed. Figure 11 (hadgem2 simulation) shows the spatial distribution of 
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significant SCA (greater than 0.5 m (20 in) depth), elevation of 2,700–3,600 m (8,858–11,811 
ft), and slopes less than 25 degrees where denning would be expected to occur. Total area 
meeting these three criteria was 339 km2 (131 mi2) (dark blue in Figure 11), with an additional 
446 km2 (172 mi2) with snow depth greater than 0.5 m (20 in) (light blue in Figure 11), mostly at 
higher elevations. Figures 12 (fio scenario) and Figure 13 (giss scenario) show a similar 
distribution, albeit larger areas of significant snow retention in the future (see map legends in 
Figures 12 and 13 for area estimates).  
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Figure 6. Average Snow Covered Area (depth ≥ 0.5 m (20 in)) percent change at elevation bands for GLAC 
for five future scenarios on May 1.  

 
Figure 7. Average Snow Covered Area (depth ≥ 0.5 m (20 in)) percent change at elevation bands for ROMO 
for five future scenarios on May 1. 
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Figure 8. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) for 
May 1 under the miroc (Hot/Wet) scenario in Glacier National Park study area. Map legend shows where 
slopes are less than 25 degrees and elevations of 1,514–2,252 m (4,968–7,389 ft) (where dens have been 
documented). 

 
Figure 9. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in) for 
May 1 under the cnrm (Central) scenario in Glacier National Park study area.  Map legend shows where 
slopes are less than 25 degrees and elevations 1514–2252 m (4,968–7,389 ft) (where dens have been 
documented). 
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Figure 10. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the giss (Warm/Wet) scenario in Glacier National Park study area.  Map legend shows 
where slopes are less than 25 degrees and elevations 1,514–2,252 m (4,968–7,389 ft) (where dens have been 
documented). 
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Figure 11. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the hadgem2 (Hot/Dry) scenario in Rocky Mountain National Park study area.  Map legend 
shows where slopes are less than 25 degrees and elevations 2,700–3,600 m (8,858–11,811 ft) (inferred 
elevations where dens would be expected if occupied). 
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Figure 12. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the fio (Warm/Dry) scenario in Rocky Mountain National Park study area.  Map legend 
shows where slopes are less than 25 degrees and elevations 2,700-3,600 m (8,858–11,811 ft) (inferred 
elevations where dens would be expected if occupied). 
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Figure 13. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m) for May 
1 under the giss (Warm/Wet) scenario in Rocky Mountain National Park study area.  Map legend shows 
where slopes are less than 25 degrees and elevations 2,700-3,600 m (8,858–11,811 ft) (inferred elevations 
where dens would be expected if occupied). 
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Montana Climate Assessment 
 
Another recent assesssment of snowpack was conducted for the State of Montana (Whitlock et 
al. 2017, entire). The report analyzed recent climate trends in Montana and assessed how climate 
is projected to change in the future (2040–2069). The study found that snowpack that 
accumulates at high elevations tends to be more stable and persists longer than at low elevations, 
due largely to the colder temperatures at high elevations. The largest projected changes in 
snowpack appear to be in areas located west of the Continental Divide, given their exposure to 
relatively warm Pacific air masses. Overall, the assessment found that declines in snowpack 
volume are likely in the future in the basins studied.  
 
Wildland Fire  
 
California 
 
Keeley and Syphard (2016, entire) analyzed fire-climate relationships relative to  predicting 
future fire regimes in California. Their review concluded that: (1) Climate is not a major 
determinant of fire activity across all landscapes; (2) hotter and drier conditions for areas at 
lower elevations and lower latitude were found to have little or no increase in fire activity as 
vegetation types in these regions are ignition limited; (3) increasing annual temperatures by 
themselves are not good predictors of increased fire activity; seasonality, especially spring and 
summer temperatures, are more important; and (4) fire-climate models need to be scaled to 
vegetation types; broad-scale models may produce over-predictions of the total increase in future 
fire regimes (Keeley and Syphard 2016, pp. 1, 10). Additionally, drought is a key factor in 
defining fire regimes and annual precipitation is the primary driver of drought variability 
(Williams et al. 2015, p. 6,819), but, at the present time, it is difficult to separate current 
droughts in California from natural cycles of drought (Keeley and Syphard 2016, p. 6). 
 
Pacific Northwest 
 
Sheehan et al. (2015, entire) used downscaled CMIP5 projections to model vegetation and fire 
changes, with and without fire suppression, within three subregions of the Pacific Northwest. 
RCP 4.5 and 8.5 emission scenarios were used for future climate projections (2011–2100). The 
resulting trends varied by geographic region. In the Western Northwest subregion (from the crest 
of the Cascade Mountains west), the mean fire interval (MFI) averaged over all climate 
projections decreased by up to 48 percent, an increase in annual percent area burned (PAB), and 
the predominant conifer forest is replaced by mixed forest under future climate under both RCP 
scenarios, with and without fire suppression; thus, climate, rather than fire was found to be the 
primary influence in this subregion (Sheehan et al. 2015, pp. 22–26). In the Eastern Northwest 
Mountains (ENWM) subregion (mountainous areas east of the Cascade Mountains), the MFI 
(averaged across all climate projections) decreased by up to 81 percent, there was a projected 
increase in mean annual PAB, and, while subalpine communities are projected to be lost, conifer 
forests were projected to continue to dominate this subregion (Sheehan et al. 2015, pp. 22–24). 
When modeled using a without fire suppression regime, the future projections for ENWM 
indicated a lower MFI and higher mean annual PAB as compared to the with fire suppression 
regime (Sheehan et al. 2015, p. 22; Table 5). However, the eastern portion of the ENWM 
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subregion was found to show a differing response based on elevation; that is, higher elevations 
were found to have a higher MFI and a lower mean annual PAB during the 20th century as 
compared to lower elevations (Sheehan et al. 2015, p. 23). 
 
Gergel et al. (2017, entire) evaluated the effects of climate change on snowpack, and soil 
moisture and fuel moisture (fire potential) in the western United States. This study used a 
statistical downscaling approach, using an ensemble of 10 GCMs across several mountainous 
regions known to be occupied by wolverines, with a 6.25 km (3.88 mi) spatial resolution 
hydrologic model. Simulations were run for three future periods: 2020s (2010–2039), 2050s 
(2040–2069), and 2080s (2070–2099) (Gergel et al. 2017, p. 291). The authors report significant 
declines in snowpack (measured as SWE) in all mountain ranges for all future scenarios (using 
RCPs 4.5 and 8.5) and GCMs (Gergel et al. 2017, p. 295). This study found that spring 
snowpack in mountains along the Pacific Coast is quite sensitive to warmer temperatures, but in 
the continental mountain ranges (Northern and Southern Rocky Mountains) spring snowpack is 
more sensitive to changes in precipitation (Gergel et al. 2017, p. 295). Differences were observed 
based on elevation (Gergel et al. 2017, p. 292). The study reported on future projected declines 
of summer soil moisture in forested areas (e.g., Northern Rockies) and the likelihood of 
increased risk of drought and therefore an increase in wildland fire risk for forested areas (e.g., 
Northern Rocky Mountains), though they recognize there is significant uncertainty in these 
future projections in high-elevation areas (Gergel et al. 2017, pp. 295–296). 
 
In summary, based on these projections, wildland fire risk is likely to increase across the western 
United States, but future patterns and trends of wildland fire are dependent on several factors 
(e.g., degree of warming and drought conditions, fuel and soil moisture, wildland fire 
management practices, elevation) and geographic region. 
 
Other Cumulative Effects 
 
Finally, we note here that the effects of climate change on snowpack are projected to negatively 
affect the season lengths for winter recreational activities, such as skiing and snowmobiling 
(Wobus et al. 2017, entire), thus, potentially reducing this stressor to the wolverine in the future. 
Wobus et al. (2017) modeled potential changes in snowpack at locations across the contiguous 
United States using output from five GCMs, two representative pathways (RCPs) that represent a 
future scenario with continued high emissions growth with limited efforts to reduce GHGs (RCP 
8.5) and a future scenario with global GHG mitigation (RCP 4.5), and two future time periods 
(2050 and 2090) (Wobus et al. 2017, pp. 2, 5). Although there was some inter-annual variability 
in 2050 for some model projections, in general, the Rocky Mountains and Sierra Nevada regions 
had smaller reductions in season length than other locations due to higher elevation, though for 
the RCP 8.5 scenario coupled with the 2090 future time period, the smallest projected reduction 
in season length was 15 percent (Wobus et al. 2017, p. 9). 
 
Summary of Future Conditions  
 
Models represent tools to describe basic physical and biological behaviors using the best 
available science, and, by presenting a range of plausible future outcomes, they can help generate 
hypotheses while also identifying knowledge gaps where greater accuracy is needed (Batchelet et 
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al. 2016, p. 23). Detecting a species’ response to climate change in a single population, and 
sometimes multiple populations, may not always indicate the response throughout its range given 
the variation in annual mean surface temperatures over the past century (Post 2013, p. 5). In 
addition, inter-annual variability in temperature can be as important to a species’ ecological 
needs as the actual temperature itself (Post 2013, p. 7). 
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Precipitation patterns into the future are less clear as the climate models show 
significant disagreement in their many regional projections. Although drought conditions in the 
western United States are not unusual, drought duration and intensity have the potential to be 
exacerbated by projected temperature increases. Projected temperature and precipitation changes 
will affect future snow cover and the persistence of snow on the landscape. 
 
Snow cover is projected to decline in response to warming temperatures and changing 
precipitation patterns, but this varies by elevation, topography, and by geographic region. 
Simulations of natural snow accumulation at winter recreation locations have found that, overall, 
higher elevation areas (e.g., Rocky Mountains, Sierra Nevada Mountains) are more resilient to 
projected changes in temperature and precipitation as compared to lower elevations (Wobus et 
al. 2017, p. 12). In general, models indicate higher elevations will retain more snow cover than 
lower elevations, particularly in early spring (April 30/May1).We present above results from 
several recent climate models projecting snowpack declines in the western United States. More 
specifically, we reviewed a new analysis from NOAA/CU that modeled future snow persistence 
for Glacier and Rocky Mountain National Parks (areas that encompass the latitudinal and 
elevational range of the wolverine in the contiguous United States) at high spatial resolution 
(Ray et al. 2017, entire). Their results indicate significant areas (several hundred square 
kilometers (miles) for each site) of future snow (greater than 0.5 m (20 in) in depth) will persist 
on May 1st at elevations currently used by wolverines for denning. This is true, on average, 
across the range of climate models used out to approximately Year 2055. 
 
Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, the key variables or combination of variables, that defined this relationship have not 
been empirically analyzed. As discussed above (Box 1), depth of snow cover and its duration 
increases with elevation; even minor elevation differences are noticeable (Formozov 1963, p. 
123). The spotty distribution of snow cover is also affected by unequal distribution of snow 
precipitation on slopes with different exposures, transport of snow by wind, melting of snow on 
sun-exposed slopes, avalanche or rolling down of snow from steeper areas, and vegetation 
(Formozov 1963, p. 123). As discussed above (Denning Habitat), wolverines select den sites for 
differing characteristics depending on location, and wolverine (natal) dens have been observed 
outside of the boundary of the snow model presented in Copeland et al. (2010). In addition, very 
few studies to date have evaluated the importance of denning habitat to reproductive success, or 
the key physiological and ecological characteristics, including avoidance and/or protection from 
predators, prey availability, availability of food caching habitat, that define denning behavior and 
den site selection.   
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We also considered temperature and precipitation projections from climate change models in 
conjunction with wildland fire risk. This risk is likely to increase across the western United 
States, but patterns and trends are dependent on several factors (e.g., degree of warming and 
drought conditions, fuel and soil moisture) and geographic region. 
 
As described above (see Life History and Ecology section), across their North American range, 
wolverines are found in a number of habitats, and exhibit wide-ranging movements. In 
conjunction with behavioral responses (e.g., dispersal over great distances, prey switching), 
physiological adaptations, including observed seasonal changes in the insulative capacity of fur, 
allow wolverines to occupy a variety of habitats throughout the year. Physiological adaptations at 
the cellular and biochemical level are also important in adapting to projected increases in 
temperature due to climate changes, though we are unaware of studies evaluating these types of 
responses in wolverines. 
 
Risk Assessment  
 
In order to characterize a species’ viability and demographic risks, we consider the concepts of 
resilience, representation, and redundancy. We also consider known and potential stressors that 
may negatively impact the physical and biological features that the species needs for survival and 
reproduction. Stressors are expressed as risks to its demographic features such as abundance, 
population and spatial structure, and genetic or ecological diversity. We consider the level of 
impact a stressor may have on a species along with the consideration of demographic factors 
(e.g., whether a species has stable, increasing, or decreasing trends in abundance, population 
growth rates, diversity of populations, and loss or degradation of habitat). 
 
Wolverine populations in much of North America are still recovering from large losses of 
individuals from intensively hunting and persecution pressures in the late 1880s into the mid-20th 
century. Surveys conducted in the winter of 2015, and 2016–2017 continue to document its 
presence across its range in the contiguous United States (resiliency). These surveys have 
recorded 85 observations, including in locations where they have not been recently detected 
(e.g., south of Interstate 90 in Washington, Teton Mountain Range/Grand Teton National Park). 
Thus, based on the best available information, wolverines continue to be detected across suitable 
habitat within the contiguous United States. The geographical range limits of species result from 
complex interactions including species-specific physiological, phenological, and ecological 
characteristics, dispersal ability, and biotic interactions, as well as phylogenetic history 
(Bozinovic et al. 2011, p. 156). Redundancy, the ability to withstand catastrophic events, can be 
characterized by the distribution and connectivity of populations.  In considering wolverine in 
the contiguous Untied States, individuals are spread across a wide range of locations and 
connected habitats, affording protection to withstand catastrophic events. Additionally, 
wolverines in the continguous United States appear to be connected to wolverine populations in 
Canada, also contributing to current and future redundancy.  
 
 
The geographical range limits of species result from complex interactions including species-
specific physiological, phenological, and ecological characteristics, dispersal ability, and biotic 
interactions, as well as phylogenetic history (Bozinovic et al. 2011, p. 156). Resiliency, the 
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ability to whithstand stochastic events, can be characterized by numbers of individuals and 
abundance trends. As indicated above, population size, growth rate, and current population 
trends are unknown for the wolverine due to the lack of abundance information. The range of the 
wolverine occurs within a large area of northern North America (see Figure 3). The most recent 
estimate for Canada indicates over 10,000 adult wolverines, as well as expansion of wolverines 
into historically occupied areas in both Canada and the contiguous United States with movement 
across both international borders (redundancy). The 2014 COSEWIC report concluded that a 
climate-driven decline in wolverine populations in North America is not evident at this time in 
much of its range (COSEWIC 2014, p. 22). Wolverine populations in Canada and Alaska are 
considered stable. Density estimates indicate no declining trend in wolverine populations in 
Alaska. We recognize that there is limited information on population sizes for the wolverine in 
the contiguous United States, and no comprehensive studies to indicate what a viable (or 
minimal) wolverine population size should be across its North American range. However, the 
best available information does not indicate either increasing or declining numbers of the 
wolverine in North America, including the contiguous United States. Further, at this time, the 
best available information does not indicate that the species’ abundance is significantly impacted 
by human-caused stressors and this is unlikely to change in the future, supporting current and 
future resiliency. e (redundancy).  
 
As discussed above (Status–Future Conditions), both direct and cumulative effects of climate 
change (e.g., higher temperatures, loss of snow cover, wildland fire) may affect the resilience of 
the wolverine by creating an environment that is less favorable to its physiological and 
ecological needs. We are unaware of studies of the wolverine that have formally evaluated the 
species’ responses (e.g., reproductive success) in response to warming temperatures or other 
climate change effects. However, a recent evaluation of behavioral plasticity, as an adaptive 
response to climate change effects, was presented for another mammal considered to be sensitive 
to climate change effects—the American pika (Ochotona princeps; pika) (Beever et al. 2017, 
entire). As with the wolverine, this species is known to use several behavioral responses to 
variability in climate including changes in foraging strategies, use of habitat, and 
thermoregulation (Beever et al. 2017, p. 302). The pika was recently detected in heavily shaded 
rainforest habitat adjacent to talus patches at lower elevation (Columbia River Gorge) not typical 
of the talus-type habitats commonly used in many alpine areas of the western United States 
(Beever et al. 2017, p. 302). The authors suggest that, in the Columbia River Gorge region, this 
species is selecting microclimates in nearby shaded forests that provide insulation from warm 
summer temperatures (Beever et al. 2017, p. 302).This study also included results from a review 
of available literature related to behavior as a response to changing environmental conditions for 
several taxonomic groups. They found that behavioral responses to climate change effects were 
most commonly observed in longer-lived species, and the most common response, across all 
taxa, was a change in reproductive behavior, followed by dispersal or migration (Beever et al. 
2017, p. 300). Most of the studies they evaluated identified temperature as the climate metric that 
was responsible for, or correlated with, changes in behavior; however, about 14 percent of the 
examined literature included responses to indirect (biotic) factors, such as changes in food 
resources (Beever et al. 2017, p. 300).  
 
The authors also note that there are tradeoffs (e.g., reduction in time for foraging due to 
sheltering) that may impact long-term persistence and population viability (Beever et al. 2017, 
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pp. 301–302), and the pika’s flexibility in habitat selection has not been observed in populations 
in the Great Basin (Beever et al. 2017, p. 302), where some populations have been extirpated 
(Beever et al. 2016, p. 1,498; Table 1). A recent study concluded that the pika has been 
extirpated from an interior portion of its geographic distribution in the Sierra Nevada region 
(California) due to climate effects (i.e., increase in temperature, decline in snowpack), and 
although sites surrounding this core area still harbor the species, the net effect has been 
fragmentation of habitat and species distribution (Stewart et al., 2017, entire).  
 
However, the pika continues to be found at sites that are outside of areas contained within 
bioclimatic envelop models (Jeffress et al. p. 253). Jeffress et al. (2017, entire) found previously 
undocumented extant populations of the American pika in a region of the Great Basin 
(northwestern Nevada) that has been described as extirpated. Relative to wolverine, the authors 
note that these results highlight the need for monitoring programs, particularly at remote and 
isolated locations, and the importance of evaluating occupancy at multiple scales (Jeffress et al. 
2017, p. 266). In addition, the study noted the inconsistency of modeled climate factors in 
explaining occupied/unoccupied sites, and the likely importance of the pika’s talus (micro) 
habitat as well as the scale in which environmental variables are examined (Jeffress et al. 2017, 
p, 264). Resilience of pika populations is therefore likely related to these types of landforms, 
which act to decouple surface temperatures, with the talus rock habitat providing cool refugia 
(Jeffress et al. 2017, pp. 253, 264–265), but additional microsite data is needed as well as 
analyses of physiological variables are needed to develop predictions of persistence (Jeffress et 
al. 2017, pp. 265–266). In sum, these studies indicate that small mammals exhibit adaptive 
responses to changing climate provided that refugia are available to support life history 
requirements. But theyThese studies also highlight the importance of continued monitoring and 
surveillance for difficult to study animals such as the wolverine, who are found in remote areas 
in naturally low densities, as well as the potential for geographical variation and habitat structure 
in adaptation to climate change effects. 
 
As described in this SSA Report, the best available information indicates confirmed observations 
of wolverines denning in areas with patchy snow cover in Alaska, Canada, and Scandinavia. 
Given their high rate of movement, large dispersal, and other observed life history traits (e.g., 
behavioral plasticity) observed in wolverines, we do not predict a significant loss of individual 
and population resiliency to the species in the future within its North America range, including 
the contiguous United States. 
 
As indicated above, population size, growth rate, and current population trends are unknown for 
the wolverine due to the lack of abundance information. The range of the wolverine occurs 
within a large area of northern North America (see Figure 3). The most recent estimate for 
Canada indicates over 10,000 adult wolverines, as well as expansion of wolverines into 
historically occupied areas in both Canada and the contiguous United States with movement 
across both international borders (redundancy). The 2014 COSEWIC report concluded that a 
climate-driven decline in wolverine populations in North America is not evident at this time in 
much of its range (COSEWIC 2014, p. 22).    
 
Currently, we are unaware of any documented specific risks for the wolverine related to a 
substantial change or loss of diversity in life history traits, population demographics, 
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morphology, behavior, or genetic characteristics which can be used to characterize species 
representation (the ability to adapt to change). Rates of dispersal or gene flow are not known to 
have changed. Additionally, there is no currently available information to indicate that the 
current abundance of the wolverine across its current range is at a level that is causing inbreeding 
depression or loss of genetic variation (representation)that would affect representation. Nor is 
there any information to indicate that this species is unable to adapt or adjust to changing 
conditions (e.g., reduction in snow cover). We do not expect a reduction in representation of the 
wolverines in the contiguous United States in the future.   
 
Overall Assessment 
 
The wolverine’s current range extends across the west-northwestern United States, large areas of 
Canada, and Alaska. In the contiguous United States, potentially suitable habitat (i.e., primary 
habitat), as determined by the physical and ecological features and the ecological needs of the 
wolverine, has been estimated at 164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). The 
species is found in a variety of habitats, but generally occurs in remote locations.  
 
In the contiguous United States, the structure of the wolverine population is represented as a 
metapopulation, although its genetic structure relative to its entire North American range has not 
been comprehensively evaluated. Wolverine populations in Alaska are considered to be 
continuous with populations in the Yukon and British Columbia provinces of Canada based on 
genetic studies (COSEWIC 2014, p. 37). Similarly, studies of wolverines in the North Cascades 
region have documented movement of wolverines from Washington into British Columbia 
(Aubry et al. 2016, pp. 16, 20). 
 
Based on our review of available relevant literature for similar species, we identified the physical 
and ecological needs of the species as follows: large territories in remote landscapes; at high 
elevation (1,800 to 3,500 meters (5,906 to 11,483 feet)) within the contiguous United States; 
access to a variety of food resources, that varies with seasons; and reproductive behavior linked 
to both temporal and physical features. These needs are currently met for the wolverines and are 
expected to be met in the future. 
 
Based on the best available information, wWolverines select den sites for different 
characteristics depending on location. Dens located under snow cover may be related to 
wolverine distribution based on other life history traits, including morphological, demographic, 
and behavioral adaptations that allow them to successfully compete for food resources (Inman 
2013, pers. comm.). Structure (e.g., uprooted trees, boulders and talus fields) appears to be 
essential for natal den sites. However, reproductive success of wolverines has not been evaluated 
relative to the depth and persistence of snow cover, or in combination with these or other 
important characteristics, including prey availability and predator avoidance. Recent studies of 
wolverine populations and distribution in Sweden have observed wolverine populations and 
reproductive den sites outside areas with persistent spring snow cover (Aronsson and Persson 
2016; Persson 2017, pers. comm.). 
 
We identified several potential stressors that may be affecting the species’ and its habitat 
currently or in the future, including impacts associated with climate change effects. We 
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recognize there is limited information available for the wolverine, including population estimates 
and abundance trends. Based on the best available information, demographic risks to the species 
from either known or most likely potential stressors (i.e., effects from roads, disturbance due to 
winter recreational activities, effects of wildland fire, and overutilization) are low based on our 
evaluation of the best available information as it applies to current and potential future conditions 
for the wolverine and in the context of the attributes that affect the needs of the species.  
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). Although the persistence of spring snow has not yet been evaluated as critical to 
wolverine survival in North America, our review of projected snow persistence (to 
approximately Year 2055) within the Northern and Southern Rocky Mountains, indicates that 
several hundred kilometers (miles) of deep snow will persist on May 1st at elevations used by the 
wolverine for denning. 
 
Legal protections include State listing in California and Oregon (as threatened), endangered in 
Colorado, as a candidate species in Washington, and protection as a non-game species in Idaho 
and Wyoming. In Canada, provincial designations range from endangered to threatened in 
eastern provinces, and sensitive/special concern to no ranking in other provinces. Legal trapping 
or hunting of wolverines is currently prohibited in the contiguous United States. Trapping effort 
along the U.S.–Canada border does not represent a significant barrier to wolverine movement 
and dispersal along the international border.   
 
Approximately 96 percent of modeled wolverine primary habitat in the contiguous United States 
is located on Federal lands, with 41 percent located in designated wilderness areas. Management 
actions for conservation of the wolverine and its habitat are included within State Wildlife 
Action Plans, the Idaho Wolverine Conservation Plan, and USDA Forest Service Land and 
Resource Management Plans (see Appendix G), and other Federal and Tribal partner. Various 
provisionss of these plans include, but are not limited to, and include winter road closures, fire 
management, and land acquisition or conservation easements. These management measures, 
currently and in the future, will alleviate effects associated with impacts related to potential 
stressors discussed in this report.   
 
Based on our review of available relevant literature for similar species, we identified the physical 
and ecological needs of the species as follows: large territories in remote landscapes; at high 
elevation (1,800 to 3,500 meters (5,906 to 11,483 feet)) within the contiguous United States; 
access to a variety of food resources, that varies with seasons; and reproductive behavior linked 
to both temporal and physical features. These needs are currently met for wolverines in the 
contiguous United States and are expected to be met in the future. 
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Appendix A – Ecoregions of North American within Estimated Current Range of North 
American Wolverine 
(Adapted from EPA 2010)  
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Appendix B – Wolverine Detections, Winter 2016–2017 (as of July 2017)   
Source: Inman 2017b, pers. comm. 
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Appendix C – Recent Wolverine Detections, Idaho and Wyoming  
Sources: Dewey 2017, pers. comm.; Evans Mack 2017a and 2017b, pers. comm.;Walker 2017, pers. comm. 
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Appendix D – Land Ownership of Modeled Wolverine Primary Habitat in Contiguous United 
States 
(based on model from Inman et al. 2013) 

 
Ownership  
(% of total) 

Agency or other Entity Total  
(acres) 

Total 
(hectares) 

Federal Lands Bureau of Indian Affairs 453,866 183,673  
 Bureau of Land Management 498,977 201,929  
 Bureau of Reclamation 1,868 756  
 Forest Service 34,331,515 13,893,471  
 U.S. Fish and Wildlife Service 5,528 2,237  
 National Park Service 3,791,491 1,534,362  
 Other U.S. Department of Agriculture 13,312 5,387  
 Other Federal 0.05 0.02  
Total Federal  
 (96.4%) 

 39,096,557 15,821,815 

State Lands  
(0.68%) 

Arizona, California, Colorado, Idaho, 
Montana, Nevada, New Mexico, Oregon, 
Utah, Washington, Wyoming 

277,181 112,171 

Local 
Government 
(0.12%) 

 49,464 20,017 

Private Lands 
(2.63%) 

 1,064,858 430,933 

No Code (“99”) 
(0.15%) 

 60,380 24,435 

Undetermined 
(0.02%) 

 7,598 3,075 

Total (100%)  40,556,038 16,412,446 
 
Note: Numbers may not total to 100 percent due to rounding. 
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Appendix E – Results from Spatial Analysis of Roads within Current Range of Wolverine 
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Appendix F – Road Closure Map, Grand Teton National Park 
Retrieved from:  https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-
content/uploads/2015/11/GTNP-closure-map.pdf  

 
  

https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-content/uploads/2015/11/GTNP-closure-map.pdf
https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-content/uploads/2015/11/GTNP-closure-map.pdf
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Appendix G – Existing Regulatory Mechanisms and Voluntary Conservation Measures 
 
Federal Mechanisms 
 
Organic Administration Act of 1897 and the Multiple–Use, Sustained–Yield Act of 1960 
 
The USFS Organic Act of 1897 (16 U.S.C. § 475–482) established general guidelines for 
administration of timber on USFS lands, which was followed by the Multiple–Use, Sustained–
Yield Act (MUSY) of 1960 (16 U.S.C. § 528–531), which broadened the management of USFS 
lands to include outdoor recreation, range, watershed, and wildlife and fish purposes. 
 
National Forest Management Act 
 
The National Forest Management Act (NFMA) (16 U.S.C. § 1600 et seq.) requires the Forest 
Service to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. § 528–
531). The NFMA outlines the process for the development and revision of the land management 
plans and their guidelines and standards (16 U.S.C. § 1604(g)). 
 
A new National Forest System (NFS) land management planning rule (Planning Rule) was 
adopted by the U.S. Department of Agriculture Forest Service (Forest Service) in 2012 (77 FR 
21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision 
of land management plans for all units of the NFS to maintain and restore NFS land and water 
ecosystems while providing for ecosystem services and multiple uses. Land management plans 
(also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and 
resources; (2) meet the need for forest restoration and conservation, watershed protection, and 
species diversity and conservation; and (3) assist the Forest Service in providing a sustainable 
flow of benefits, services, and uses of NFS lands that provide jobs and contribute to the 
economic and social sustainability of communities (77 FR 21261, April 9, 2012). A land 
management plan does not authorize projects or activities, but projects and activities must be 
consistent with the plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of 
plant and animal communities including species-specific plan components in which a 
determination is made as to whether the plan provides the “ecological conditions necessary 
to…contribute to the recovery of federally listed threatened and endangered species…” (77 FR 
21265; April 9, 2012). 
 
The Record of Decision for the final Planning Rule was based on the analyses presented in the 
Final Programmatic Environmental Impact Statement, National Forest System Land 
Management Planning (77 FR 21162–21276; April 9, 2012), which was prepared in accordance 
with the requirements of the National Environmental Policy Act (NEPA) (discussed below). In 
addition, the NFMA requires land management plans to be developed in accordance with the 
procedural requirements of NEPA, with a similar effect as zoning requirements or regulations as 
these plans control activities on the national forests and are judicially enforceable until properly 
revised (Coggins et al. 2001, p. 720). 
 
A Species of Conservation Concern (SCC) is defined in the 2012 Planning Rule and in 
regulation (36 CFR 219.9(c)), as “a species, other than federally recognized threatened, 
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endangered, proposed, or candidate species, that is known to occur in the plan area and for which 
the regional forester has determined that the best available scientific information indicates 
substantial concern about the species' capability to persist over the long-term in the plan area.” 
The 2012 Planning Rule requires Regional Foresters to identify SCC for plan revision, and, when 
identified for a National Forest, monitoring plans are changed as needed (77 FR 21250, 21267; 
April 9, 2012). Wolverine is considered a SCC in the Rocky Mountain Region (Region 2). It is a 
considered a Sensitive Species in the Intermountain Region (Region 4) and Northern Region 
(Region 1). 
 
Within our estimated Current Range of the wolverine (see Figure 3), we identified 49 National 
Forests or Scenic Recreation Areas in the contiguous United States, and 2 within the State of 
Alaska. These areas are contained within 6 Forest Service Regions across the western United 
States and Alaska.  
 
National Forest Land Management Plans (Forest Plans) 
 
We reviewed several Forest Plans or related planning documents in an effort to describe how 
these plans provide conservation management for the wolverine and its habitat, including 
wildland fire management practices. The sections below are, in most cases, taken directly from 
relevant documents. However, this discussion is not intended to be inclusive of all NFS 
management strategies and activities across the entire Current Range of the wolverine in the 
contiguous United States. 
 
Sierra Nevada Forest Plan Implementation 
 
The 2004 Sierra Nevada Forest Plan Amendment (referred to as the Sierra Nevada Framework) 
amended the Land and Resource Management Plans (LRMP) for the eleven National Forests in 
the Sierra Nevada range to improve protection of old forests, wildlife habitats, watersheds and 
communities in the Sierra Nevada Mountains and Modoc Plateau. This amendment applies to the 
Tahoe National Forest, which has been occupied by a single male wolverine since at least 2008 
(Moriarty et al. 2009, p. 150). The emphasis of the 2004 Sierra Nevada Framework is to adopt an 
integrated strategy for vegetation management that is aggressive enough to reduce the risk of 
wildfire to communities in the wildland urban interface, while modifying fire behavior over the 
broader landscape. Direction is provided as management goals and strategies, desired conditions, 
management intents and objectives, and management standards and guidelines. The 2004 
Framework addressed five problem areas: old forest ecosystems and associated species; aquatic, 
riparian and meadow ecosystems and associated species; fire and fuels management; noxious 
weeds; and lower west side hardwood ecosystems (Forest Service 2013, p. 2–3).  
 
Kootenai National Forest 
 
The Kootenai National Forest is located in the northwest corner of Montana along the Canadian 
border and includes about 2.2 million acres of public land (Forest Service 2015, p. 7). The Forest 
Service published a Revised Land Management Plan for the Kootenai National Forest in 2015 
that identifies forestwide direction includes goals, desired conditions, objectives, standards, and 
guidelines for physical and biological elements including wildlife such as management activities 
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that promote connectivity and avoiding or minimizing disturbance at known active denning sites 
for sensitive, threatened, or endangered species not covered under other forestwide guidelines. It 
also outlines objectives and guidelines related to the use of fire to maintain or improve habitat 
and maintaining unlogged conditions in some portions of areas burned by wildfires for 5 years 
post-fire (Forest Service 2015, pp. 28–32).  
 
The Kootenai National Forest Land Management Plan also identifies proposed or possible 
actions for wildlife management that includes establishing and maintaining the vegetation 
diversity necessary to provide food, cover, and security for wildlife species native to the 
Kootenai National Forest in cooperation with federal, state, and other organizations. For 
wolverine, those management activities might include maintaining, managing, and protecting 
lands known or suspected to contribute to landscape linkages for wolverine (and other 
carnivores) in order to promote genetic dispersal and healthy populations (Forest Service 2015, 
p. 128). 
 
Beaverhead-Deerlodge National Forest 
 
The Beaverhead-Deerlodge National Forest covers 3.38 million acres in southwest Montana 
(Forest Service 2009, p. 2). The Beaverhead-Deerlodge National Forest Land and Resource 
Management Plan identifies goals, objectives, and standards for wildlife management (Forest 
Service 2009, pp. 45–49). Of relevance to the wolverine, wildlife security management goals 
include securing areas and connectivity for ungulates and large carnivores and managing the 
density of open motorized roads and trails by landscape region (Forest Service 2009, p. 45). 
Objectives include management of habitat conditions for elk security and winter habitat integrity 
for wolverine and mountain goat relative to changes in abundance of these Management 
Indicator Species (Forest Service 2009, p. 47). Monitoring elements are defined in the Land and 
Resource Management Plan that link goals and objectives to elements of the National 
Monitoring and Evaluation Framework (Forest Service 2009, pp. 273–280). For wildlife 
security, three performance measures relative to determine whether management activities are 
effectively protecting high elevation winter habitats for wolverines and mountain goats are 
defined: (1) presence or absence of wolverines in high elevation habitats, (2) populations of 
mountain goats (from Montana Fish Wildlife & Parks), and (3) number of snowmobile entries 
into non-motorized high elevation units protected for wolverines and mountain goats (Forest 
Service 2009, p. 277). In addition, in order to evaluate objectives related to road and trail 
densities, a performance measure related to changes in open motorized road and trail density for 
both seasons by landscape is included (Forest Service 2009, p. 277). 
 
The Forest Service is monitoring the Mount Jefferson Recommended Wilderness boundary for 
illegal snowmobile intrusions into the wolverine habitat closure; that is, illegal use will be 
monitored and recorded (number and distance of intrusions) during the period open to 
snowmobiles December 2 to May 15 and any other time of the year snow conditions make 
snowmobiling possible (Forest Service 2009, p. 277). A reassessment of the decision to allow 
snowmobile use will be triggered if: (1) illegal intrusions are documented throughout the closure 
period; (2) illegal intrusions into the closed area, or (3) illegal intrusions that extend as far as the 
Bureau of Land Management (BLM) Wilderness Study Area (Forest Service 2009, p. 277). 
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Flathead National Forest 
 
The Flathead National Forest is located in the northern Rocky Mountains in western Montana 
and includes approximately 2.4 million acres of public land (Forest Service 2016a, p. 3). This 
National Forest is surrounded by the Kootenai, Lewis and Clark, and Lolo National Forests, 
Glacier National Park, and Canada and includes large areas of designated wilderness (e.g., Bob 
Marshall Wilderness Complex, Mission Mountains Wilderness), Crown of the Continent 
Ecosystem, and wild and scenic river systems (Forest Service 2016a, pp. 3–4).  
 
A Draft Revised Forest Plan was prepared for the Flathead National Forest in 2016 (Forest 
Service 2016b, entire). The Draft Revised Forest Plan identifies components to guide future 
projects and activities and the plan monitoring program, though these components are not 
commitments or final decisions approving projects or activities (Forest Service 2016b, p. 3). 
These components include desired conditions, objectives, standards, guidelines, suitability, and 
monitoring questions and monitoring indicators (Forest Service 2016b, p. 3). [A desired 
condition is a description of specific social, economic, and/or ecological characteristics of the 
plan area, or a portion of the plan area, toward which management of the land and resources 
should be directed, while an objective a concise, measurable, and time-specific statement of a 
desired rate of progress toward a desired condition or conditions (Forest Service 2016b, p. 4). A 
standard is a mandatory constraint on project and activity decision making, established to help 
achieve or maintain the desired condition or conditions, and a guideline is a constraint on project 
and activity decision-making that allows for departure from its terms, and are established to help 
achieve or maintain a desired condition or conditions, to avoid or mitigate undesirable effects, or 
to meet applicable legal requirements (Forest Service 2016b, pp. 4–5).] 
 
Relative to wolverine, plan components for the revised forest plan include two guidelines that are 
protective of wolverine habitat; one that would protect modeled wolverine maternal denning 
habitat with respect to new projects or activity authorizations involving helicopter use and one 
that stipulates no net increase in the percentage of modeled wolverine maternal denning habitat 
where motorized over-snow vehicle use would be suitable on National Forest System lands. 
Additionally, as described in the Final EIS, management area allocations for Alternatives A, B 
modified and C include recommended wilderness areas that would add to existing wilderness. 
Desired conditions related to maintaining connectivity for wolverine and other wildlife are also 
identified within several geographic areas (Kuennen 2017, pers. comm.). 
 
Federal Land Policy and Management Act (FLPMA) of 1976 
 
FLMPA (43 U.S.C. 1711-1712) represents the BLM’s “organic act” for public lands 
management under the principles of multiple use and sustained yield. Its implementing 
regulations give BLM regulatory authority over activities for protection of the environment, 
including mining claims. Under FLPMA and BLM policy, public lands must be managed so as 
to protect the quality of scientific, scenic, historical, ecological, environmental, air and 
atmospheric, water resource, and archaeological values (BLM 2005, p. 1). 
 
Land Use and Resource Management Plans  
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BLM land use planning requirements are established by Sections 201 and 202 of FLMPA and 
regulations at 43 CFR 1600 (BLM 2005, p. 1). A Land Use Planning Handbook (BLM 2005, 
entire) provides guidance for implementing land use planning requirements established under 
FLMPA and implementing regulations. Land use plans prepared by BLM include resource 
management plans (RMPs) and management framework plans (BLM 2005, p. 1). The RMPs 
establish the basis for actions and approved uses on the public lands and are prepared for areas of 
public lands, called planning areas (BLM 2005, pp. 1, 14). These plans are periodically evaluated 
and revised in response to changed conditions and resource demands (BLM 2005, pp. 33–34).  
 
National Environmental Policy Act (NEPA) 
 
All Federal agencies are required to adhere to the NEPA of 1970 (42 U.S.C. 4321 et seq.) for 
projects they fund, authorize, or carry out. Prior to implementation of such projects with a 
Federal nexus, NEPA requires the agency to analyze the project for potential impacts to the 
human environment, including natural resources. The Council on Environmental Quality’s 
regulations for implementing NEPA state that agencies shall include a discussion on the 
environmental impacts of the various project alternatives (including the proposed action), any 
adverse environmental effects that cannot be avoided, and any irreversible or irretrievable 
commitments of resources involved (40 CFR part 1502). The public notice provisions of NEPA 
provide an opportunity for the Service and other interested parties to review proposed actions 
and provide recommendations to the implementing agency. NEPA does not impose substantive 
environmental obligations on Federal agencies—it merely prohibits an uninformed agency 
action. However, if an Environmental Impact Statement is prepared for an agency action, the 
agency must take a “hard look” at the consequences of this action and must consider all 
potentially significant environmental impacts. Federal agencies may include mitigation measures 
in the final Environmental Impact Statement as a result of the NEPA process that may help to 
conserve the wolverine and its habitat.   
 
Although NEPA requires full evaluation and disclosure of information regarding the effects of 
contemplated Federal actions on sensitive species and their habitats, it does not by itself regulate 
activities that might affect the wolverine; that is, effects to the subspecies and its habitat would 
receive the same scrutiny as other plant and wildlife resources during the NEPA process and 
associated analyses of a project’s potential impacts to the human environment. The Service 
receives notification letters for Draft and Final Environmental Impact Statements prepared by the 
Forest Service, BLM and other Federal agencies pursuant to NEPA for specific proposed 
projects including those within National Forests or National Parks, and preparation of Forest 
Service Land and Resource Management Plans, as discussed above.   
 
Wilderness Act 
 
The Wilderness Act of 1964 (16 U.S.C. 1131–1136) provides protection of habitat from most 
forms of development, though no single agency is responsible for administration of lands 
provided this designation, which are designated (or modified) by Congress. The Wilderness Act 
prohibits commercial enterprises and permanent roads within wilderness area and restricts 
temporary roads, motorized and mechanical transport, and structures, but does not prohibit all 
commercial uses (e.g., grazing). Within the portion of our estimated Current Range of the 
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wolverine in the contiguous United States and Alaska, approximately 15 percent is designated as 
wilderness areas under the Wilderness Act. We also evaluated wilderness contained within 
modeled wolverine primary habitat from Inman et al. (2013). We found 41 percent of this 
suitable habitat was designated as wilderness areas. 
 
State Mechanisms 
 
California  
 
As noted above, the wolverine is a threatened species under the California Endangered Species 
Act or CESA, which prohibits the take of any species of wildlife designated by the California 
Fish and Game Commission as endangered, threatened, or candidate species (CDFW 2017b). 
CDFW may authorize the take of any such species if certain conditions are met through the 
issuance of permits (e.g., Incidental Take Permits) (CDFW 2017b). The wolverine is also a 
Species of Greatest Conservation Need (SGCN) in the State’s Wildlife Action Plan5 and is a 
focal species of conservation strategies for conservation targets in the Southern Cascades and 
Sierra Nevada Ecoregions, and in the Mono Ecoregion of the Deserts Province section (Big 
Sagebrush Scrub (CDFW 2015, pp. 5.2-16, 5.4-23, 5.6-19). 
 
In 2011, the CDFW (formerly California Department of Fish and Game) prepared an 
assessment/briefing document, California Wolverine Population Augmentation Considerations, 
in response to a Feasibility Assessment and Implementation Plan for Population Augmentation of 
Wolverines in California (November 2010) submitted to the Department by the Institute for 
Wildlife Studies (California Department of Fish and Game (CDFG) 2011). As of August 2017, 
no action has been taken by CDFW toward implementation of augmentation of wolverines in 
California. 
 
Oregon 
 
The wolverine has been listed as threatened species in Oregon since 1975, under the Oregon 
Endangered Species Act, and is fully protected under management authority of the ODFW 
(Anglin 2013, pers. comm.).  
 
A Conservation Strategy for conserving the State’s fish and wildlife has been prepared by the 
ODFW. The Conservation Strategy identifies 294 Strategy Species, which are Oregon’s SGCN, 
(including wolverine) and are defined as those species having small or declining populations, are 
at-risk, and/or are of management concern (ODFW 2016). For each of the Strategy Species, the 
Conservation Strategy identifies information on the special needs, limiting factors, data gaps, and 
conservation actions. For wolverine, conservation actions include management of recreational 
use to avoid impacts to the species (ODFW 2016). Other Strategy Species identified in the 
                                                 
5 The U.S. Congress created the State Wildlife Grant (SWG) funding program in 2000 (Title IX, Public Law 106-
553 and Title 1, Public Law 107-63). SWG funds are to be used "…for the planning and implementation of [States 
and territories] wildlife conservation and restoration program and wildlife conservation strategy, including wildlife 
conservation, wildlife conservation education, and wildlife-associated recreation projects.” Congress stipulated that 
each State or territory applying for this funding program must develop a wildlife conservation strategy (State 
Wildlife Action Plan (SWAP)) by October 1, 2005. All 56 states and territories submitted SWAPs by 2005 and 
made commitments to review and/or revise their SWAP at least every 10 years. 
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State’s Conservation Strategy are prey species important to wolverine, including the Rocky 
Mountain bighorn sheep and Columbian white-tailed deer (ODFW 2016). 
 
Washington 
 
The wolverine is a candidate species for listing in the State of Washington and, since 2006, the 
Washington Department of Fish and Wildlife (WDFW) has been collaborating with wolverine 
researchers in the Cascades of northern Washington and southern British Columbia to better 
understand the status, distribution, and general ecology of wolverines in this region (WDFW 
2013). It is also considered a SGCN, and is identified as a species whose population is in critical 
condition (WDFW 2013, pp. 3-7). 
 
Washington’s State Wildlife Action Plan (updated in 2015) identifies several major conservation 
strategies to address the conservation of fish and wildlife habitat and biodiversity in Washington, 
on both public and private lands (WDFW 2015, pp. 2-12–2-28). The wolverine is included in 
several identified ecological systems of concern such as alpine scrub, forb meadow, and 
grassland vegetation, cliff, scree and rock vegetation, and temperate forests (WDFW 2015, pp. 4-
19, 4-27, 4-98). The State’s Wildlife Action Plan identifies major stressors and key actions 
needed to maintain habitat quality for each of these ecological systems. 
 
Of relevance to wolverine, the WDFW and its partners have been targeting land acquisition and 
conservation easements with high habitat or biodiversity values such as mixed-conifer forests as 
well as areas that support winter range and connectivity for wolverine and other carnivores (e.g., 
Methow River and Okanogan River Watersheds projects) (WDFW 2015, pp. 2-15–2-17). Other 
landscape conservation efforts highlighted in the State’s Wildlife Action Plan include a Federal-
State partnership with Washington’s Department of Transportation to implement the Interstate-
90 Snoqualmie Pass East Project to enhance wildlife connectivity that includes wildlife 
underpasses under the highway along creeks and rivers and two 150-foot wide wildlife bridges 
over the highway (WDFW 2015, p. 2-26). 
 
Idaho 
 
In Idaho, the wolverine is a protected nongame species and SGCN in Idaho (IDFG 2014). The 
Idaho State Wildlife Action Plan, 2015 is a statewide plan for conserving and managing Idaho’s 
fish and wildlife and their habitats, and provides a framework for conserving Idaho’s 205 SGCN 
and their habitats, which includes the wolverine (IDFG 2017b, pp. xv–xviii). The wolverine is 
identified as a Tier 1 SGCN, which indicates it represents a species of most critical conservation 
need (IDFG 2017b, p. xvi). The statewide plan presents a species assessment for each SGCN and 
ecological section plans. Each of the ecological section plans presents a conservation target (e.g., 
habitat, species assemblage) that summarizes its viability as well as prioritized threats and 
strategies (IDFG 2017b, p. xv). A section outlining species designation, planning, and 
monitoring is also provided. The wolverine is included in three of the defined conservation 
targets—forested lowlands, subalpine-high montane conifer forest, and low density forest 
carnivores (IDFG 2017b, p. 76). Along with objectives and strategies, these summaries identify 
actions for the SGCNs included in the defined conservation targets. Examples include: develop 
and implement a long-term multi-taxa monitoring program; determine high risk areas for wildlife 
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crossings; construct highway over- and underpasses; promote and/or facilitate the use of 
prescribed fire as a habitat restoration tool, on both public and private lands where appropriate; 
determine best management practices to maintain cool microsites and benefit cool air associated 
species; and implement strategies to minimize disturbance from winter recreation activities as 
outlined in the Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 
(IDFG 2017b, pp. 79, 80, 91, 94, 110). 
 
The Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 (Management 
Plan) (IDFG 2014, entire) represents a framework for proactive efforts to ensure the long-term 
persistence and viability of wolverine populations in Idaho (IDFG 2016, pers. comm.). The 
Management Plan is described as a voluntary guidance document to lead conservation efforts at 
the State and local level, as well as to facilitate communication and collaboration efforts among 
wildlife and land managers (IDFG 2014, p. v). 
 
Conservation issues and management actions are described in the Management Plan and the 
appropriate section plans of the Idaho State Wildlife Action Plan. The recommended strategies 
include development of finer-scale climate projections, research regarding wolverine-snow 
relationships, characterizing wolverine response to recreational activities, developing predictions 
of the potential overlap of wolverine and high levels of snow-sports recreation, and educating 
trappers to minimize incidental trapping of nontarget species, including the wolverine (IDFG 
2014, pp. 32–39; IDFG 2017b, p. 1058). Seven conservation and management objectives are 
outlined in the Management Plan (IDFG 2014, pp. 32–39) and, as outlined in a November 2016 
response letter, there has been progress on all of these objectives (IDFG 2016, pers. comm.). As 
an example, the agency (under the Multi-species Baseline Initiative) has developed and 
implemented a baseline micro-climate monitoring protocol for collecting environmental 
parameters in an effort to identify areas that serve as cool-air refugia (IDFG 2016, pers. comm.). 
As described above (Overutilization for Commercial, Recreational, Scientific, or Educational 
Purposes), the IDFG has prepared educational materials to promote best management practices 
for minimizing non-target wolverine captures and continues to educate trappers under legislative 
mandate passed in 2016 (State of Idaho House Bill 378) (IDFG 2016, pers. comm.).  
 
In addition, management of prey species important to the wolverine diet is outlined in the Idaho 
Elk Management Plan 2014-2024 (IDFG 2014a), the Mule Deer Management Plan 2008-2017 
(2008) and the Bighorn Sheep Management Plan (2010). 
 
Montana 
 
In the State of Montana, the wolverine is classified as a furbearer and species of concern. Since 
2013, there has been a zero quota for trapping or harvest of wolverine and trappers that capture a 
wolverine must notify a designated Montana FWP employee within the relevant trapping district 
within 24 hours for collection if the animal cannot be released uninjured (Montana FWP 2016, 
pers. comm.).  
 
There are two broad-scale wildlife conservation efforts that provide conservation benefits to the 
wolverine. Montana’s State Wildlife Action Plan (updated and revised in 2015) identifies the 
wolverine as one of 128 SGCN (Montana FWP 2015, Appendix N). The State’s Wildlife Action 
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Plan identifies priority community types, focal Areas, and species to help informing Montana 
FWP’s priorities and decisions and to assist other agencies and organizations in making 
decisions as to where to focus their conservation efforts (Montana FWP 2015, p. 2). Community 
types and focal areas are designed to identify and direct attention to specific geographical areas 
in the State that have the greatest conservation need (Montana FWP 2015, p. 5). For the 
wolverine, Montana’s State Wildlife Action Plan identifies wolverine habitats in seven 
community types, all designate Tier I (or those with greatest conservation need), and in all focal 
areas (also Tier I) within those community types (Montana FWP 2016, pers. comm.). For each 
community type, impacts, threats, and corresponding conservation actions are identified, as well 
as specific impacts and threats such as habitat fragmentation (e.g., prioritize land acquisition, 
provide wildlife under- and overpasses), land management (e.g., management to address altered 
fire regimes), recreation (e.g., consider seasonal closures during breeding season), and climate 
change (e.g., collection of baseline data to document shifting range limits of SGCN and 
Community Types of Greatest Conservation Need) (Montana FWP 2015, pp. 59–63). 
 
The second conservation effort in the State of Montana is a Crucial Area Assessment to identify 
crucial areas and fish and wildlife corridors, and development of a Crucial Areas Planning 
System (URL: http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html). This 
is a Montana FWP mapping application and planning tool designed to assist in future planning of 
development and conservation (Montana FWP 2016, pers. comm.). 
 
The State of Montana is also conserving wildlife habitat through land acquisition and 
conservation easements (Montana FWP 2016, pers. comm.). In western Montana, including areas 
known to be occupied by the wolverine, 425 properties for a total 310,523 ha (767,320 ac) have 
been either acquired (e.g., State Parks, Wildlife Management Areas) or protected by conservation 
easements, as of November 2016, as shown in figure below (Montana FWP 2016, pers. comm.). 

 

http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html


North American Wolverine Species Status Assessment Report DATE 

143 
 

 
Wyoming 
 
The wolverine is a protected animal and SGCN in Wyoming (WGFD 2017). The Wyoming 
Game and Fish Department State Wildlife Action Plan directs the activities of the WGFD and 
serves as guide in conserving Wyoming’s SGCN through the combined efforts of government 
agencies, conservation organizations, academia, tribes, and others (WGFD 2017, p. I–1-1). As 
noted above, the wolverine is identified as a SGCN, a designation intended to identify species 
whose conservation status warrants increased management attention and funding, and 
consideration in conservation, land use, and development planning in the State (WGFD 2017, p. 
IV– i-1). The State Wildlife Action Plan incorporates the wolverine as a SGCN in several 
terrestrial habitat types or ecological systems, including cliffs, canyons, and rock outcrops, 
montane and subalpine forests, and mountain grasslands and alpine tundra (WGFD 2017, pp. III–
2-5, III–5-7, III–6-5).  
 
In 2015, Wyoming funded a pilot project (through The Wolverine Initiative) to evaluate 
wolverine detection and monitoring of the species in the State and is a contributing collaborator 
in the Multistate Wolverine Working Group implementing a monitoring strategy (the WSWCP) 
in the winter of 2016–2017 across four western states (WGFD 2017, p. IV–5-357). Results of 
those studies (e.g., Inman et al. 2015) are summarized above (Population Abundance and 
Distribution). The WSWCP is also updating and refining connectivity models for the wolverine 
in an effort to focus and prioritize habitat conservation and management (WGFD 2016, pers. 
comm.). 
 
Colorado 
 
The wolverine is a state-endangered species in Colorado (Colorado Parks and Wildlife 2015a); 
however, there is no known current resident or reproducing wolverine population.  
 
The Colorado State Action Plan (Colorado Parks and Wildlife 2015b) provides a blueprint for a 
collaborative effort to conserve Colorado’s at-risk wildlife and their habitats, with a primary goal 
for securing wildlife populations in order to avoid protections implemented via from so that they 
do not require protection via federal or state listing regulations (Colorado Parks and Wildlife 
2015b, p. 1). The wolverine is designated as a Tier 1 (highest conservation priority; up from Tier 
2) SGCN (Colorado Parks and Wildlife 2015b, p. 19). The primary conservation action for 
wolverine described in the 2015 State Action Plan is to continue discussions among wildlife 
managers, conservation partners and stakeholders of the social and political aspects regarding 
reintroduction of wolverine populations into the southern Rocky Mountains (Colorado Parks and 
Wildlife 2015b, p. 186). The State has not yet prepared a potential restoration program for the 
species (Broscheid 2016, pers. comm.). 
 
Other Conservation Mechanisms 
 
Tribes 
 
Nez Perce Tribe 
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Wolverines are found with the aboriginal territory of the Nez Perce Tribe in north-central Idaho, 
and conservation and restoration of the species within the Nez Perce homeland is important to 
the Nez Perce Tribe (Miles 2017, pers. comm.). The Nez Perce Tribe is currently preparing an 
Integrated Resource Management Plan (IRMP), a Plant and Wildlife Conservation Strategy, and 
a Forest Management plan with the wolverine defined as a species of conservation concern in all 
three draft plans (Miles 2017, pers. comm.). The planning area for the IRMP, which is being 
prepared in partnership with the Bureau of Indian Affairs, incorporates the approximately 
311,608 ha (770,000 ac) Nez Perce Reservation, located within portions of Nez Perce, Lewis, 
Clearwater, Latah, and Idaho Counties in north-central Idaho (http://www.nezperce.org/irmp/; 
accessed August 24, 2017). The preparation of the IRMP is currently at the scoping stage in the 
NEPA process for development of a Programmatic Environmental Impact Statement 
(http://www.nezperce.org/irmp/; accessed August 24, 2017). 
 
The Shoshone-Bannock Tribes 
 
The Shoshone-Bannock Tribes are currently conducting climate change modeling for the 
Northern Rocky Mountains as part of its preparation of a Climate Change Adaptation Plan 
(Edmo 2016, pers. comm.). The Upper Snake River Tribes Foundation (USRT), which is 
comprised of four member tribes—the Burns Paiute Tribe, Fort McDermitt Paiute-Shoshone 
Tribe, Shoshone-Bannock Tribes of the Fort Hall Reservation, and Shoshone-Paiute Tribes of the 
Duck Valley Reservation—within the Upper Snake River Watershed region, prepared a Climate 
Change Vulnerability Assessment in February 2017 (Petersen et al. 2017, entire). The assessment 
is the first of three steps the USRT and its member tribes plan activities over the next several 
years as part of a comprehensive climate change effort, and will include an Adaptation Plan 
(expected to be completed in 2017–2018), and, depending on future funding, a process for 
development of Implementing Adaptation Actions and Monitoring (Petersen et al. 2017, p. 7). 
 
 
 
  

http://www.nezperce.org/irmp/
http://www.nezperce.org/irmp/
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Appendix H–NOAA/CU Study Areas Used to Evaluate Future Snow Persistence  
(from Ray et al., 2017)   
 
Glacier National Park Study Area 
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Rocky Mountain National Park Study Area 
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Executive	Summary	
 
The North American wolverine (Gulo gulo luscus; wolverine) is a medium-sized carnivore found 
across the west-northwestern contiguous United States, Alaska, and Canada. The most recent 
estimate of wolverine populations in the contiguous United States based on resource function 
modeling is 318 individuals, with a range from 249 to 949; however, systematic monitoring 
across the wolverine’s North American range has not been conducted given the difficulty in 
surveying this highly mobile species, and its occupation across large and remote areas. A multi-
state effort to determine wolverine occupancy in Montana, Idaho, and Washington was 
conducted in winter of 2016–2017 and in Wyoming for the winters of 2015 and 2016–2017. 
Results from this study are still being analyzed, but photographic detections of wolverines were 
found across all States, including areas where wolverines have not recently been observed. In 
Canada, the population is estimated to exceed 10,000 mature individuals and has been stable 
over the last two decades. Recent density estimates indicate no declining trend for wolverines in 
Alaska. Wolverine populations in Alaska are considered to be continuous with populations in the 
Yukon and British Columbia provinces of Canada. Wolverines that occupy the North Cascades 
region are known to move from Washington into British Columbia.  
 
Wolverines are highly mobile, capable of moving and dispersing over great distances over short 
periods of time. Wolverine populations are also characterized by naturally low densities in North 
America. The species is highly territorial, with very little overlap between same-sex adults. 
Wolverines occupy a variety of habitats, but are generally found in remote locations, away from 
human settlements. Wolverines consume a variety of food resources and seasonal switching of 
prey likely allows for adjustment for nutritional needs throughout their life history. As observed 
in other arctic mammals, wolverines have the ability to dissipate body heat to balance the heat 
loss from 30°C to −40°C (86°F to −40°F), due in large part to vasodilatation and rise of skin 
temperature, and rapid and seasonal adjustments in fur insulation. Wolverines can also adapt to 
both cold and warm temperatures by movement and, relatedly, micro- and macro-habitat 
selection. Further, wolverines are not infrequently observed near and in lakes and other water 
bodies. 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., male 
mates with more than one female each year), delayed implantation (up to 6 months), a short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care (3.5 
months). The reproductive behavior in wolverines is temporally adapted to take advantage of the 
availability of food resources, limited interspecific competition, and snow cover in the winter. 
 
Since the publication of the Service’s 2013 proposed rule to list the distinct population segment 
of the North American wolverine in the contiguous United States (78 FR 7864; February 4, 
2013), several new wolverine studies have been published, which has added to our understanding 
of wolverine biology while also highlighting new insights into identifying key species’ needs and 
their interactions with both abiotic and biotic factors. In particular, wolverine populations and 
wolverine dens have been observed outside previously modeled projections of spring snow 
cover. Our evaluation of snow cover at previously recorded natal den site locations in the 
western United States indicated that ‘melt-out’ dates at these locations extend well past the May 
15 date used in persistent spring snow cover models. 
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Overall, the best available information indicates that within the contiguous United States the 
wolverine’s physical and ecological needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet));  
(2) access to a variety of food resources, that varies with seasons; and 
(3) physical/structural features (e.g., talus slopes, rugged terrain) linked to reproductive 
behavioral patterns. 

 
In this Species Status Assessment (SSA) Report, we provide a discussion of the ecological needs 
of the wolverine, its current conditions, and projected future conditions. We evaluate potential 
stressors to the species, with a particular focus on the impacts associated with projected effects of 
climate change.  
 
In our analysis, we applied the conservation biology principles of redundancy, resiliency, and 
representation (collectively known as the “3Rs”) to evaluate the current and projected future 
condition of the wolverine and its ability to sustain itself (as one or more populations) in the wild 
over time (Carroll et al. 1996, entire; Wolf et al. 2015, entire). This evaluation considers the 
unique demographic, distribution, and diversity characteristics unique to the species. After 
applying the framework of the 3Rs, we determined the following: 
 

(1) Redundancy: The wolverine occurs across the contiguous United States within a 
metapopulation structure. The best available information indicates that the species 
continues to expand into historical, previously occupied areas in the contiguous 
United States following decades of persecution. 

(2) Representation: The wolverine is currently found across the west-northwestern 
United States, as well as much of Canada, and Alaska. The best available information 
indicates that the species is found across a wide range of habitats. Modeled primary 
habitat for the wolverine in the contiguous United States has been estimated at 
164,125 square kilometers (km2) (63,369 square miles (mi2). 

(3) Resiliency: The wolverine appears resilient within its contiguous United States range. 
The species exhibits physiological (e.g., seasonal changes in fur) and behavioral 
plasticity in its life history (e.g., reproduction, feeding, movement and use of habitat). 
Estimated population size and growth rates across its North American range are 
uncertain, but the best available information does not suggest that abundance is 
declining in the contiguous United States, or in North America. The most significant 
stressor currently and in the future appears to be the effects of climate change, such as 
warming temperatures and loss of snowpack. However, based on the best available 
information, we have no indication that this species is unable to adapt or adjust to 
changing conditions. 

 
Demographic risks to the species from either known or most likely potential stressors (i.e., 
effects from roads, disturbance due to winter recreational activities, effects of wildland fire, and 
overutilization) are low based on our evaluation of the best available information as it applies to 
current and potential future conditions for the wolverine and in the context of the attributes that 
affect its viability. We analyzed the potential effects of climate change to wolverine habitat, 
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including snow persistence in the Northern and Southern Rocky Mountains. The future 
timeframe evaluated in this analysis is approximately 40 to 50 years, which captures the range of 
time periods for proposed projects within the species range, as well as our best professional 
judgment of the projected future conditions related to climate change, wildland fire conditions, 
or other potential cumulative impacts. While population information is lacking for this 
subspecies in some parts of its range, the best available information does not indicate that, winter 
recreational activities, infrastructure features, mortality from road crossings or trapping 
(authorized and incidental), currently or in the future will result in a decline in the subspecies 
across its range. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). Further, significant snow persistence (greater than 0.5 meters (20 inches)) is projected 
at high elevations. 
 
Legal protections include State listing in California and Oregon (as threatened), as endangered in 
Colorado, as a candidate species in Washington, and protection as a non-game species in Idaho 
and Wyoming. In Canada, provincial designations range from endangered to threatened in 
eastern provinces, and sensitive/special concern to no ranking in other provinces. Legal trapping 
or hunting of wolverines is currently prohibited in the contiguous United States. Trapping effort 
along the U.S.–Canada border does not represent a significant barrier to wolverine movement 
and dispersal along the international border.   
 
Within the contiguous United States, approximately 96 percent of modeled wolverine primary 
habitat is located on Federal lands, with 41 percent located in designated wilderness areas. 
Management actions, including State Wildlife Action Plans, the Idaho Wolverine Conservation 
Plan, and USDA Forest Service Land and Resource Management Plans, and other Federal and 
Tribal partners, include winter road closures, fire management, land acquisition or conservation 
easements. 
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Abbreviations	and	Acronyms	Used	
 
ADF&G = Alaska Department of Fish and Game 
BLM = Bureau of Land Management 
°C = degrees Celsius 
CDFW = California Department of Fish and Wildlife 
CNDDB = California Natural Diversity Database 
COSEWIC = Committee on the Status of Endangered Wildlife in Canada  
cm = centimeter 
DNA = deoxyribonucleic acid 
EIS = Environmental Impact Statement 
EPA = U.S. Environmental Protection Agency 
°F = degrees Fahrenheit 
ft = feet 
GCMs = Global Climate Models 
GHG = Greenhouse gas 
GPS = Global Positioning System 
IDFG = Idaho Department of Fish and Game 
in = inch 
IPCC = Intergovernmental Panel on Climate Change 
IUCN = International Union for Conservation of Nature and Natural Resources 
kg = kilogram 
km = kilometer 
lb = pound 
m = meter 
mi = mile 
MODIS = Moderate-Resolution Imaging Spectroradiometer 
Montana FWP = Montana Fish, Wildlife, & Parks 
NRC = National Research Council  
NRIS = Natural Resource Information System 
ODFW = Oregon Department of Fish and Wildlife 
RCPs = Representative Concentration Pathways 
Service = U.S. Fish and Wildlife Service 
SSA = Species Status Assessment 
SCA = Snow Covered Area 
SGCN = Species of Greatest Conservation Need 
SWCC = Southwestern Crown of the Continent  
SWE = Snow Water Equivalent 
WAFWA = Western Association of Fish and Wildlife Agencies 
WDFW = Washington Department of Fish and Wildlife 
WGFD = Wyoming Game and Fish Department 
WRCC = Western Regional Climate Center 
WSWCP = Western States Wolverine Conservation Project 
YBP = Years Before Present
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Introduction	
 
The wolverine (Gulo gulo) is the largest member of the Mustelidae family (weasels, mink, 
marten, and others) and resembles a small bear with a bushy tail (Hash 1987, p. 575). Wolverines 
have a Holarctic distribution that includes the northern portions of Europe, Asia, and North 
America. In North America, they are found in Alaska, much of Canada, and the western-
northwestern United States. The wolverine is important to the culture of Native Americans and 
Aboriginal Peoples in North America, as is its conservation status in aboriginal territory 
(Cardinal 2004, p. iv; Edmo 2016; pers. comm.; Miles 2017, pers. comm.). 
   
Wolverines possess a number of morphological and physiological adaptations that allow them to 
travel long distances and they maintain large territories in remote areas (Pasitschniak-Arts and 
Larivière 1995, p. 6). They have been described as curious, intelligent, and playful, but cautious 
animals (e.g., Krott 1958, p. 241; Krott 1960, pp. 25–26; Magoun 1985, p. 94; Cardinal 2004, p. 
7–8; Woodford 2014; entire), though their social behavior and social organization has not been 
well-studied. 
 
During the late 1800s and early 1900s, the wolverine population declined or was extirpated in 
much of the conterminous United States (lower 48 States), which has been attributed to over-
trapping and habitat degradation (Hash 1987, p. 583). Similar range reductions and extirpations 
of some wolverine populations were observed in parts of Canada during this time period (van 
Zyll de Jong 1975, entire; Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC) 2014, p. iv), attributed largely to human exploitation and availability of food (e.g., 
decline in caribou (Rangifer tarandus)), not climate or habitat changes (van Zyll de Jong 1975, 
pp. 434, 436). Habitat loss (historic vs. current range) for the North American wolverine (i.e., 
Canada and United States) has been estimated at 37 percent (Laliberte and Ripple 2004, p. 126). 
Wolverine numbers have recovered to some extent from this decline; in the United States, 
wolverines are currently found in parts of Washington, Oregon, Idaho, Montana, Wyoming, and 
California, and, as recently as 2012 in Colorado and 2016 in Utah, though not all of these areas 
contain resident, reproductive populations.  
 
Species	Status	Assessment	Methodology	
 
In preparing the Species Status Assessment (SSA) Report for the wolverine, we reviewed 
available reports and peer-reviewed literature, incorporated survey information, and contacted 
species experts to collect additional unpublished information for the North American subspecies 
(Gulo gulo luscus), including Canada and Alaska. We identified uncertainties and data gaps in 
our assessment of the current and future status of the species. We also evaluated the appropriate 
analytical tools to address these gaps and conducted discussions with species experts and 
prepared updated maps of the known species’ range and denning areas across North America. In 
some instances, we used publications and other reports (primarily from Fenno-Scandinavia) of 
the Eurasian subspecies (Gulo gulo gulo) in completing this assessment.  
 
Importantly, we note here that, since the publication of the 2013 proposed listing rule (78 FR 
7864; February 4, 2013), many new wolverine studies have been published, which has added to 
our understanding of wolverine biology while also highlighting new insights into identifying key 
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species’ needs and their interactions with both abiotic and biotic factors. This is particularly 
relevant for a difficult to study animal like the wolverine. 
 
Using the species, individual, and population needs identified for the wolverine and location 
results from surveys and studies, we conducted a geospatial analysis to estimate the North 
American wolverine’s current range. We then evaluated this range and previous estimates of 
potentially suitable habitat in the west-northwestern United States to assess the species’ current 
conditions within that region. Our future condition analysis includes the potential conditions that 
the species or its habitat may face, that is, the most probable scenario if those conditions are 
realized in the future. This most probable scenario includes consideration of the sources that 
have the potential to most likely impact the species at the population or rangewide scales in the 
future, including potential cumulative impacts. Potential future impacts associated with climate 
change (probabilistic estimates for temperature and precipitation) were based on downscaled 
climate model projections, including a detailed study of two regions in the western United States 
(Glacier National Park and Rocky Mountain National Park).   
 
For the purpose of this assessment, we generally define viability as “consisting of self-sustaining 
populations that are well distributed throughout the species’ range,” and where “[s]elf-sustaining 
populations are those that are sufficiently abundant and have sufficient genetic diversity to 
display the array of life history strategies and forms that will provide for their persistence and 
adaptability in the planning area over time” (Committee of Scientists 1999, p. 38). We use a 
timeframe of approximately 40 to 50 years because it is within the range of the available 
modeling efforts related to climate change. We believe this is a reasonable timeframe to consider 
as it would include several generations of the species for observing effects to the species.   
 
Using the SSA framework (Figure 1), we consider 
what the species needs to maintain viability by 
characterizing the status of the species in terms of 
resiliency, redundancy, and representation (Wolf et 
al. 2015, entire). 
 

 Resiliency is having sufficiently large 
populations for the species to withstand 
stochastic events (arising from random 
factors). We can measure resiliency based on 
metrics of population health; for example, 
birth versus death rates and population size. 
Resilient populations are better able to 
withstand disturbances such as random 
fluctuations in birth rates (demographic 
stochasticity), variations in rainfall 
(environmental stochasticity), or the effects 
of anthropogenic activities. 

 Redundancy is having a sufficient number of populations for the species to withstand 
catastrophic events (such as a rare destructive natural event or episode involving many 
populations). Redundancy is about spreading the risk and can be measured through the 

 
 
Figure 1. Species Status Assessment 
Framework. 
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duplication and distribution of populations across the range of the species. The greater the 
number of populations a species has distributed over a larger landscape, the better it can 
withstand catastrophic events. 

 Representation is having the breadth of genetic makeup of the species to adapt to 
changing environmental conditions. Representation can be measured through the genetic 
diversity within and among populations and the ecological diversity (also called 
environmental variation or diversity) of populations across the species’ range. The more 
representation, or diversity, a species has, the more it is capable of adapting to changes 
(natural or human caused) in its environment. In the absence of species-specific genetic 
and ecological diversity information, we evaluate representation based on the extent and 
variability of habitat characteristics within the geographical range. 
 

Species	Description	
 
Taxonomy	
 
The taxonomic relationship between North American and Eurasian wolverines has been a 
debated topic (Pasitschniak-Arts and Larivière 1995, p. 1). Most authorities consider all 
wolverines to belong to a single species, Gulo gulo (Rausch 1953, p. 114; Kurten and Rausch 
1959, p. 19; Wozencraft 2008 [in Wilson and Reeder’s Mammal Species of the World, online 
publication]). Some also further consider the New World and Old World wolverines to be two 
subspecies, Gulo gulo luscus and G. g. gulo, respectively, based on morphological 
measurements. Degerbøl (1935, pp. 35–43) noted slight color differences and very slight, if any, 
cranium differences, based on 10 North American (Hudson Bay) specimens examined, and 
regarded the North American and Old World wolverines as conspecific, but identified two 
subspecies. This reference also cites Coues (1877, p. 43), who, based on observations of a slight 
similar cranium difference, had posited that the wolverines of the Old World and New World 
were the same species (Degerbøl 1935, p. 35).  
 
In their Checklist of Palaearctic and Indian Mammals (1st and 2nd editions) Ellerman and 
Morrison-Scott (1951, p. 251; 1966, p. 251) identified one species of wolverine, but listed 
several subspecies. A comparative analysis of various measurements from 1 wolverine skull 
collected from the northern Ural Mountains to 41 Alaskan skulls by Rausch (1953, entire)  
reported “no appreciable differences,” noting the highly variable skull characteristics for the 
Alaskan specimens. Additionally, Krott (1960, p. 20) found no distinct differences between Old 
World and New World wolverines, and that pelt size and quality were not distinguishable. 
However, using biometric measurements of both newly collected and previously published 
cranial measurements (e.g., Degerbøl 1935; Rausch 1953), Kurtén and Rausch (1959, p. 19) 
reported that the North American and European wolverine were significantly different in several 
quantitative characters related to the size and shape of the skull size and teeth size. They 
concluded that the two wolverine populations represented two distinct subspecies, but were the 
same species, Gulo gulo.  
 
The International Union for Conservation of Nature and Natural Resources (IUCN) states that 
“Most recent accounts [citing Jones et al. 1992, Pasitschniak-Arts and Larivière 1995, 
Wozencraft 2005] treat luscus as a subspecies of Gulo gulo, following Degerbøl (1935) and 
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Kurtén and Rausch (1959)” (Abramov 2016, p. 1). We reviewed the references cited by IUCN. 
Jones et al. (1992, p. 17) only considers Gulo gulo. Pasitschniak-Arts and Larivière (1995, p. 1) 
state there are differences in the taxonomic treatment, and that, while Gulo gulo is now 
considered by most to be the extant species, others (including the above-cited Kurtén and Rausch 
(1959) and Rausch (1953)) have considered two subspecies. The Wozencraft (2005) citation is 
from Wilson and Reeder’s previous 2005 publication, which was updated as of 2008. That 
account lists several “offspring” of Gulo gulo, but does not provide citations for the subspecies 
identified there, and at least two of those listed are not considered to be subspecific entities (e.g., 
G. g. vancouverensis and G. g. luteus (see Banci 1982, p. ii; Banci 1994, p. 104)). Finally, the 
COSEWIC Assessment and Status Report on the Wolverine (Gulo gulo) in Canada indicated that 
taxonomists recognize only a single subspecies (Gulo gulo luscus) in North America or consider 
G. gulo as single Holarctic taxon (COSEWIC 2014, p. 4). 
 
Genetic analyses for the North American wolverine populations have primarily focused on 
genetic structure and variation of wolverine populations or subpopulations (see Kyle and 
Strobeck 2001; Kyle and Strobeck 2002; Zigouris et al. 2012, Zigouris et al. 2013). However, 
Frances’ (2008, pp. 20–21) assessment of wolverine spatial genetic structure and demographic 
history (using mitochondrial DNA) indicated incomplete lineage sorting between North 
American and Eurasian populations, though comprehensive sampling has not been conducted for 
some areas (e.g., eastern Asia). A study by Tomasik and Cook (2005, entire) also concluded that 
reciprocal monophyly (i.e., distinct species) had not been attained between Eurasian and North 
American wolverine populations. Until additional studies are published, including robust genetic 
analyses in conjunction with additional sampling, the Service recognizes the North American 
wolverine as G. g. luscus. 
 
Physical	Appearance	
 
Detailed descriptions of the wolverine are described in Novikov (1962, pp. 196–202), Hash 
(1987, p. 575), Pasitschniak-Arts and Larivière (1995, pp. 1–2), and Wilson (1982, pp. 644–646), 
among others. Key distinguishing features are summarized here. 
 
Wolverines are a medium-sized (about 1 meter (m) (3.3 feet (ft)) in length) carnivore, with a 
large head, broad forehead, and short neck (Pasitschniak-Arts and Larivière 1995, p. 1). Males 
are larger than females (Hall 1981, p. 1,007; Banci 1987, p. 35). Wolverines have heavy 
musculature and relatively short legs, and large feet with strong, curved claws for digging and 
climbing (Hash 1987, p. 575). Their feet are well-adapted for travel through deep snow and, 
during the winter, dense, stiff, bristle-type hairs are found between the toes and around the foot 
pad (Grinnell et al. 1937, pp. 265–266; Hash 1987, p. 575); this characteristic becomes 
diminished in the summer (Hash 1987, p. 575).  
 
Adult wolverines are sexually dimorphic, with females weighing from 7 to 13 kilogram (kg) 
(15.4 to 29 pounds (lbs)) and males weighing between 10 to 18 kg (22 to 40 lbs) (North 
America) (Rausch and Pearson 1972, p. 264; Magoun 1985, pp. 19–21; Banci 1994, p. 99; 
Copeland 1996, p. 20; Cardinal 2004, p. 8; Lofroth 2001, p. 11; Inman 2013, pers. comm.; 
Magoun 2013, pers. comm.; Aubry et al. 2016, pp. 17–18). The skulls of wolverine are large and 
heavy, and the strong jaw structure allows animals to feed on frozen flesh and crush bone 
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(Haglund 1966, p. 269; Hash 1987, p. 575). Some geographic variation and sexual differences in 
skull morphology have been reported (Pasitschniak-Arts and Larivière 1995, p. 2). Wolverines 
have small, wide-set eyes, and are reported to have excellent hearing (Grinnell et al. 1937, p. 
265; Krott 1960, p. 25; Bevanger 1992, p. 8).  
 
Wolverine fur is short, thick, and uniform in thickness on the head and becomes longer towards 
the rear of the body (Hash 1987, p. 1). The coat consists of dense, woolly underfur (2-3 
centimeters (cm) (0.8-1.2 inches (in) long) and coarse, stiff guard hairs, 6-10 cm (2.4-4 in) in 
length (Hash 1987, p. 1). The rich glossy coat can vary from medium brown to black (Banci 
1994, p. 99; Pasitschniak-Arts and Larivière 1995, p. 1). Seasonal and individual variation in pelt 
color has been described (Degerbøl 1935, pp. 38–42; Grinnell et al. 1937, p. 252). In general, the 
head, tail and legs are darker than the face, with an upper body pale buff stripe (Pasitschniak-
Arts and Larivière 1995, p. 1) that extends from the nape of the neck, along the sides of the body, 
to the base of the bushy tail (Banci 1994, p. 99). White or orange patches are commonly found 
on the throat or chest (Pasitschniak-Arts and Larivière 1995, p. 1; Magoun et al. 2008, p. 24; 
Figure 14). The unique property of wolverine fur to shed frost (Hardy 1948, p. 330; Quick 1952, 
pp. 492–493), along with its rarity, has made wolverine pelts valuable for trade (Hash 1987, p. 
575). 
 
Various accounts state that wolverines have a strong sense of smell (Grinnell et al. 1937, p. 265; 
Bevanger 1992, p. 8) that allows them to locate carrion from great distances (Hornocker and 
Hash 1981, p. 1,297; in litt. Bevanger 1992, p. 8, citing Røskaft 1990; Copeland 1996, p. 100; 
Cardinal 2004, p. 8); however, experiments with young wolverines indicated a poor sense of 
smell, and that wolverines may locate food (areas where previously located or cached) based on 
their memory skills (Magoun 2013, pers. comm.) or learning abilities (e.g., Krott 1958, p. 241).  
 
Scent-marking is used by mammalian carnivores for chemical communication (Hutchings and 
White 2000, p. 160). For wolverines, this behavior commonly includes urination (e.g., trees, 
stumps, snow) (Copeland 1996, p. 115; Magoun 1985, p. 105), but also includes scat, and 
scratches and bites on trees (Haglund 1966, pp. 225, 277; Copeland 1996, p. 115). Scent rubbing 
(see review by Rieger 1979) of the ventral (abdomen/stomach) area and anal rubbing have also 
been observed in wolverines (Pulliainen and Oyaskainen 1975, pp. 268–269; Rieger 1979, p. 22, 
in litt. Goethe 1964; Magoun 1985, p. 105). Scent marking by wolverines may also be an 
important chemical communication signal for potential wolverine prey. Field experiments 
conducted by Sullivan et al. (1985, pp. 928, 930) and Sullivan (1986, p. 388) found that black-
tailed deer (Odocoileus hemionus columbianus) and snowshoe hares (Lepus americanus) avoided 
feeding on seedlings that were marked with wolverine urine. 
 
Life	History	and	Ecology	
 
In this section we provide a summary of the individual and population needs (collective, species 
needs), including its life history, physiology and behavior, resource functions necessary for each 
life stage (i.e., breeding, feeding, sheltering, dispersal), demographic information (abundance 
and distribution) and ecological setting. 
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Overview	
	
Wolverines are active year-round and have been considered as primarily nocturnal (Iversen 
1972b, p. 319; Pasitschniak-Arts and Larivière 1995, p. 7, and references cited therein). In his 
observational studies, Krott (1958, p. 168; 1960, p. 25) described periods of 3-4 hours of activity 
followed by 3-4 hours of sleep for wolverines in Scandinavia, a pattern also observed in Idaho 
(Copeland 1996, p. 77).  
 
A study of body temperatures of caged wolverines, along with direct observations of animals 
obtained from Alaska and Sweden and previous studied animals (Alaska), suggested that 
wolverines were a day-active species, being very active in the morning, with periods of sleep 
during the night, a pattern that persisted in both winter and summer (Folk et al. 1977, p. 233). 
However, crepuscular activity (period just after dawn and just before sunset) may be a more 
accurate description for wolverine behavior (McCue et al. (2007, pp. 98–99). Others have 
remarked that wolverines exhibit a plasticity in their behavior (i.e., different behavior under 
different conditions) (Krott 1960, p. 26), a result attributed, in part, to their being a scavenging 
carnivore covering large areas (Stewart et al. 2016, pp. 1,495, 1,497). Several aspects of this 
plasticity are described below.  
 
Wolverines are wide-ranging animals and known for traveling great distances in a short period of 
time (Krott 1960, p. 21; Gardner et al. 1986, p. 603; Woodford 2014, entire ) (see Movement 
section below). This is due, in part, to their unique body structure. As described by Krott (1960, 
p. 20), they are “lumbrosacrally overbuilt” with heavy musculature and legs that are acutely 
angled when walking. Wolverine gait is characterized as either a 2X pattern (when patterns of 
two footprints repeat), used primarily in deep snow, and the more common 3X lopes (patterns of 
three footprints), for covering long distances over more compacted snow (Halfpenny et al. 1995, 
p. 104). The latter is described as a bouncing gait where all four feet may leave the ground at the 
same time (Halfpenny et al. 1995, p. 104).  
 
As noted in our Species Description section above, in winter, the dense hairs on the foot pad and 
its body structure supports a low foot load, which has been estimated at 22 gram/cm2 (Knorre 
1959, p. 26) and 27–35 gram/cm2 (Novikov 1962, pp. 22–23 (citing Dulkeit 1953)). This foot 
loading is believed to provide an advantage for wolverines preying on ungulates and other large 
mammals whose movements become restricted in deep snow (Knorre 1959, p. 26; Formozov 
1963, pp. 40–41; van Zyll de Jong 1975, p. 435; Banci 1994, p. 113). However, a study of 
wolverines in boreal forest habitat in Canada present a differing interpretation of the wolverine 
foot adaptation based on tracking wolverines in snow over three winters (Wright and Ernst 
2004a, pp. 58–59), in which they observed wolverines in their study area continuously selected 
for a path of least snow cover, where practicable, and only traveled in upland areas (Wright and 
Ernst 2004a, p. 59). They concluded that the low foot load is advantageous when snow crusts 
form, but, in deep snow, wolverines shift to an inefficient walking gait, which increases energy 
demand (Wright and Ernst 2004a, p. 59). They hypothesized that traveling in deep snow during 
winter in search of food may increase the risk of starvation due to the greater energy expenditure 
(Wright and Ernst 2004a, p. 59). 
 



North American Wolverine Species Status Assessment Report October 17, 2017 

7 
 

Physiology	
 
The wolverine is a snow-adapted, cold climate animal in its physiology, morphology (Telfer and 
Kelsall 1984, p. 1,830), behavior, and habits. The wolverine was considered by Formozov (1963, 
p. 65) as one of several “chioneuphores,” or those vertebrates who tolerate snow but have no 
special adaptations; however, wolverines could also be considered as a “chionphile” or those 
animals with adaptations for snow (e.g., increased surface area on feet, pelt characteristics) (see 
definitions in Pruitt 1959, p. 172; Cathcart 2014, p. 22).  
 
In general, mustelids weighing more than 1 kilogram (kg) (2.2 pounds (lbs)) have a basal 
metabolism (defined as the minimum metabolic rate for maintaining a comfortable warm 
temperature; Irving 1972, p. 121) that is about 20 percent higher than other mammals (Iversen 
1972a, p. 343). For the wolverine, Young et al. (2012, p. 222) estimated a basal metabolic rate 
for a 15 kg (33 lbs) adult at 669.4 kcal/day, using Iversen’s derived equation [Metabolic rate 
(M)=84.6*Weight (W, in kg)(0.78) ± 0.15] (Iversen 1972a, p. 343). By comparison, the estimated 
basal metabolic rate for a 53 g (1.9 ounce (oz)) least weasel (Mustela nivalis) is about 40 
kcal/day, and approximately 250 kcal/day for a 3.8–5.5 kg (8.4–12 lbs) Arctic fox (Vulpes 
lagopus) (both sampled from Barrow, Alaska) (Irving 1972, p. 115; Figure 9.1).  
 
Experimental studies by Iversen (1972, pp. 320–321; Figure 4) found that during their first 2½ 
months, the basal metabolic rate for young wolverines was substantially higher than rates 
reported for other mammals (W1.41 vs. W1.0), then declined after 3 months, and declined again 
after 8 months. Because the early period coincides with weaning, Wilson (1982, p. 646) 
suggested that the observed peak may be related to changes in food consumed as well as 
improved thermoregulation since the mother is leaving the young for longer periods of time.  
 
Energy expenditure during pregnancy is relatively low for mustelids (Oftedal and Gittleman 
1989, p. 374); however, energy requirements for lactation in mammals can be over 4 to 7 times 
basal metabolic rates (Allen and Ullrey 2004, p. 478). Thus, estimates of energetic requirements 
(e.g., less than 1 kg prey/day annually) may be too low to support reproductive activity (Young 
et al. 2012, p. 226). Wolverines are known to consume a variety of food resources and seasonal 
switching of prey likely allows for adjustment for nutritional needs throughout their life history 
(Krebs et al. 2007, p. 2,187 (Canada); Koskela et al. 2013a, pp. 103–104 (Finland); Yates and 
Copeland in prep (Montana)). Additional details on diet and feeding behavior for wolverines are 
provided below.  
 
Relatedly, Casey et al. (1979, p. 335) evaluated metabolic and respiratory responses of eight 
terrestrial Arctic mammals to ambient temperature during summer months. For wolverines, they 
found that the frequency of respiration was generally constant (15-20 per minute), but their tidal 
volume (air moved per breath) increased nearly constantly with decreasing ambient temperature, 
unlike Canada lynx (Lynx canadiensis), which is similar in body mass (Casey et al. 1979, p. 
335). The researchers inferred that the increased ventilation of wolverines at low ambient 
temperatures was the result of an increased energy metabolism (Casey et al. 1979, p. 336).  
 
Thermal neutrality (or thermoneutrality) is the temperature range at which resting metabolism 
is at minimum (Barnett and Mount 1967, p. 468) and animals produce heat at a minimum rate in 
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a thermal neutral environment (Barnett and Mount 1967, p. 413). For a resting mammal at 
thermal neutrality, body temperature is primarily maintained by “physical thermoregulation,” 
that is, control of circulation in the skin and by sweating (Barnett and Mount 1967, p. 413). The 
body temperature of wolverine (measured by an implanted temperature transducer) at 
thermoneutrality has been reported at 38°C (100.4°F) (Folk et al; 1977, p. 231; Casey et al. 
1979, pp. 332–333). The critical temperature is the point at which the metabolic rate starts to 
rise; thus, animals with lower critical temperatures are able to better conserve their energy 
expenditure (Barnett and Mount 1967, p. 413). Studies of arctic mammals defined a zone of 
thermoneutrality in Eskimo dogs (Canis lupus familiaris) and Arctic foxes that extended to at 
least −40°C (−40°F), with an estimated critical temperature between −45°C (−49°F) and −50°C 
(−58°F) (Scholander et al. 1950a, p. 254).  
 
Arctic mammals, including wolverine, Arctic fox, and wolf (Canis lupus), have a threshold of 
thermoneutrality of  between −30°C to −40°C (–22°F to –40°F) (Iversen 1972b, p. 322; citing 
studies by Scholander et al. (1950b) and Hart (1956)). Relatedly, Casey et al. (1979, p. 340) 
estimated a critical temperature for wolverine (14 kg (31 lb)) in summer pelage of 5°C (41°F) 
based on an observed increase in oxygen uptake at air temperatures below this temperature. For 
comparison, measurements of metabolic rates for the red fox (Vulpes vulpes alascensis) (Alaska) 
observed critical temperatures of 8°C (46°F) in summer (Irving et al. 1955, p. 184). These Arctic 
mammals therefore have the ability to dissipate heat to balance the heat loss from 30°C to −40°C 
(86°F to −40°F), due in large part to vasodilatation and rise of skin temperature (Scholander et 
al. 1950a, p. 251). 
 
Arctic mammals, particularly small mammals, also adapt behaviorally to cold temperatures by 
creating burrows and building nest sites under the snow. Wolverines are known to dig holes in 
snow for shelter (Pruitt 2005, p. 120), and wolverine reproductive den sites located under deep 
snow may provide a thermoneutrality advantage for newborn cubs (Magoun and Copeland 1998, 
p. 1,313). This topic is discussed in more detail below under Use of Dens and Denning Behavior.  
 
Wolverines can also adapt to both cold and warm temperatures by movement and, relatedly, 
micro- and macro-habitat selection. Wolverines are not infrequently observed near and in lakes 
and other water bodies and are good swimmers, easily crossing lakes and rivers (Seton 1909, p. 
950; Krott 1960, p. 23; Magoun 2017, pers. comm.). They likely use these areas more frequently 
during warmer months both for cooling and hydration, or possibly for hygienic reasons (Krott 
1960, p. 23).  
 
Changes in endocrine (hormone) function can also represent a physiological adaptation to cold 
by acting on organs to generate energy (Barnett and Mount 1967, p. 428). The best available 
information does not indicate that these functions have been evaluated in wolverines. However, 
one veterinarian reported an enlarged thyroid in a wolverine during a necropsy procedure 
(Copeland 2017, pers. comm.), which is suggestive of a high metabolism.  
 
In addition to these physiological processes, rapid and seasonal adjustments of fur insulation 
provide an additional mechanism for mammals to overcome large seasonal changes in 
temperature (Casey et al. 1979, p. 340) and have been described for wolverine and other 
mammals in Alaska (Henshaw 1970, p. 522). The seasonal increase in fur depth for captive 
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wolverines was reported to be 65 percent (Henshaw 1970, p. 522). That study identified a metric 
termed seasonal insulative advantage (or SIA) as a measure of the degree to which insulative 
compensation changes seasonally in response to ambient temperature (Henshaw 1970, p. 522). 
For wolverines, this advantage was found to be less than unity; that is, the increase in fur did not 
fully compensate for average winter cold, and therefore other compensating mechanisms were 
needed (Henshaw 1970, p. 522). 
 
Similarly, an evaluation of the seasonal change in the insulation of fur of wolverine (pelts from 
Canada) found a 41.2 percent change in mean insulation values (measured as °C/cal/m2/hr) from 
winter to summer (Hart 1956, p. 56). A single annual molting (between August and December) 
was noted in Grinnell et al. (1937, p. 251) (California), but twice yearly was described by 
Novikov (1962, p. 201) (Russia). The large seasonal change in insulation observed for wolverine 
and other larger mammals is, in large part, due to changes in fur depth, and can be interpreted as 
an adaptation to both high summer temperatures and low winter temperatures (Hart 1956, p. 57). 
The reported seasonal decrease in wolverine fur thickness also correlates with experimental 
results of Casey et al. (1979, p. 337) who indicated that a seasonal shift in oxygen consumption 
below critical temperature was likely due to an increased rate of heat loss in summer. 
 
Range	and	Habitat	Use	
 
Historical Range and Distribution 
 
Phylogeography/Phylogenetics 
 
Results from a molecular study of phylogenetic relationships of the Mustelidae family suggest at 
least six radiation episodes within this family since the Early Eocene Epoch (approximately 50 
million years before present (YBP)) (Marmi et al. 2004, pp. 488, 492). The split of the marten 
(Martes, Gulo) and weasel (Mustela) lineages occurred in the Early Middle Miocene Epoch (14 
to 11 million YBP), with the separation of Old World and New World lineages (Martes, Gulo) 
occurring in the Late Miocene Epoch (8.6 to 5.8 million YBP) (Marmi et al. 2004, p. 488). The 
Gulo genus appears in the fossil record in the mid-Pleistocene in both Europe and North America 
(Bryant 1987, p. 659). 
 
The dispersal of Gulo across Beringia (land mass that extended from Siberia into interior Alaska 
during the Pleistocene) is believed to have produced contemporaneous records for the species in 
Europe and North America (Bryant 1987, p. 659). Genomic data was examined using a 
molecular dating technique to estimate an approximate age of the G. gulo ancestor (Malyarchuk 
et al. 2015, entire). The researchers estimated a relatively recent origin of the species Gulo gulo 
at about 181,000 to 234,000 YBP (Malyarchuk et al. 2015, pp. 1,115–1,116). They note that this 
latter time period corresponds to the Riss glaciation period (187,000 to 230,000 YBP), a time of 
genetic divergence of amphi-Beringian (both sides of Beringia) species and speciation events 
(Hope et al. 2013, p. 426). Their results, along with fossil information, also indicate the 
divergence of the Gulo branch and the other Martes taxa occurred during the Late Miocene-Early 
Pliocene (5.6 million YBP), and lends support for strong evolutionary processes in the northern 
Siberian ecosystems in the Pliocene and Pleistocene Epochs (Malyarchuk et al. 2015, pp. 1,116–
1,117).  
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An evolutionary trend was described in which Gulo increased in size from the mid- to late-
Pleistocene, with a subsequent reduction in size post glaciation, as well as small changes in 
selected teeth, and a possible shift to colder habitats (Bryant 1987, p. 660). The Late Pleistocene 
and the Pleistocene-Holocene transition represent the end of prolonged period that was 
characterized by climate fluctuations followed by rapid warming (Post 2013, p. 28). This 
analysis also indicated that both the mid-Pleistocene European Gulo schlosseri and the early 
North American Gulo appear to be adapted to a warmer climatic environment, but is likely to 
have also occupied colder climates (Bryant 1987, p. 660). Other factors such as competition 
(Guilday 1971, p. 237), predator avoidance, and prey abundance may also have been important 
in creating significant shifts in geographic ranges for certain species during glacial cycles. 
 
Wolverines are believed to have migrated to North America during the late Pleistocene, although 
fossil evidence from the Pleistocene Epoch for wolverine is limited (Anderson 1977, p. 15; 
Bryant 1987, p. 660), and most fossil material is either cranial or dental fragments (Bryant 1987, 
p. 660). A summary of records for both Pleistocene and extant Gulo (Bryant 1987, p. 659; Table 
3) includes findings in the United States from Colorado, Idaho (e.g., White et al. 1984, p. 248 
(lava tubes)), Alaska, Maryland, and Pennsylvania, and Canada (primarily the Yukon region) 
ranging from the Irvingtonian Age (1.8–2.4 million YBP) to Late Wisconsinan-Holocene 
(15,000 YBP to present day).  
 
Genetic studies can provide an understanding of the postglacial recolonization of wolverines 
following the Last Glacial Maximum, a period of rapid cooling, and movement patterns due to 
changed climatic conditions (Frances 2008; Zigouris et al. 2013; McKelvey et al. 2014). 
Following the Last Glacial Maximum, beginning about 21,000 YBP, was a period of rapid 
warming, resulting in a second wave of extinction events, particularly of large mammalian 
megafauna that were cold-adapted (Post 2013, pp. 29, 31). 
 
During the late Wisconsin period (10,000 to 25,000 YBP), approximately 60 percent of North 
America was covered by glacial ice (Rogers et al. 1991, p. 624). However, several ice-free 
refugia existed at that time including the Beringian refugium, which included eastern Siberia, 
most of Alaska, areas of northwestern Canada, and areas of the Bering Sea shelf that were 
exposed by lower sea levels, and this refugium harbored a number of mammalian species 
including wolverine (Rogers et al. 1991, pp. 624, 626). Analyses by Frances (2008, entire) and 
Zigouris et al. (2013, entire) supported a wolverine colonization of North America in which 
individuals “followed retreating glaciers” (Zigouris et al. 2013, pp. 10–11), beginning about 
21,000 YBP, following the Last Glacial Maximum, when a period of rapid warming occurred 
that resulted in additional extinction events, particularly large mammalian megafauna (Post 
2013, p. 29) 
 
A phylogeographic analysis presented by McKelvey et al. (2014, p. 331) proposed that a unique 
haplotype (Cali 1) observed in historical wolverine samples from California was reflective of an 
independent evolutionary history resulting from isolation (i.e., southern ice-free refugium) of 
wolverines during glacial retreat. However, Zigouris et al. (2013, p. 10, Supplemental Table S5) 
found the Cali 1 haplotype described by Schwartz et al. (2007, p. 2,173; Tables 2 and 4) 
(relabeled as Haplotype 21) also occurred in historical wolverine samples from the eastern region 
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of Canada (Quebec-Labrador). In addition, as noted by Zigouris (2014, pp. 232–233) the 
historical samples analyzed by McKelvey et al. (2014, p. 327; Table 1) were primarily those 
from locations at the southwestern edge of the wolverine’s North American range (e.g., 
California, Colorado, Idaho, Montana, Wyoming, Utah, Washington). Without additional 
sampling, it is unclear if this particular haplotype distribution from two of the most peripheral 
North American wolverine populations is a reflection of a skewed dispersal after post-glacial 
colonization, or was a more widely distributed haplotype that declined or was lost due to hunting 
and trapping pressures (beginning in 18th century) or fragmentation (late-20th century) (Zigouris 
et al. 2013, p. 10).  
 
Additional discussion of our current understanding of wolverine genetic structure and diversity is 
provided in the Population Structure section below. 
 
Historical Range  
 
In North America, wolverines were historically distributed in much of the northern portion of the 
continent, extending southward to the northernmost region of the United States (Maine to 
Washington) or approximately north of the 38th parallel (Hash 1987, p. 576; Banci 1994, p. 
102). 
 
An estimate of wolverine observations and distribution in the contiguous United States was 
prepared by compiling 901 verifiable or documented records of wolverine occurrence dating 
from 1801 to 2005 from 24 states in the contiguous United States (Aubry et al. 2007, entire). 
This included a total of 809 verifiable or documented records for the Rocky Mountain and 
Pacific Coast mountains (west-northwestern United States) for this time period (Aubry et al. 
2007, p. 2,151).  
 
The historical population size of wolverines in Canada is not known (Fortin 2005, p. 4). Its 
historical distribution, as depicted by Seton (1909, p. 947; Map 51) and also later by van Zyll de 
Jong (1975, p. 435; Figure 9) shows a broad range across much of Canada. Examples of early 
descriptive accounts include de Puyjalon (1900, pp. 126–144), who described wolverines as 
inhabiting Labrador, Canada (de Puyjalon, p. 101), and extending in range to the 66th parallel and 
perhaps further (de Puyjalon 1900, p. 144); reports of both trapped and live wolverines in 
Labrador in the late 1700s (Townsend (ed.), 1911, pp. 73, 93, 228, 255); and reports of 
wolverines as “common” in Canada’s Nunavut Territory (Hudson Bay region) during a 1920s 
Danish excursion (the Fifth Thule Expedition) to Arctic North America (Freuchen 1935, p. 101). 
The 2014 COSEWIC report presents a historical range distribution for Canada based on personal 
accounts and interpretation of the fur trade (COSEWIC 2014, pp. 12–13; Figure 3).  
 
Current Range 
 
We created a map depicting wolverine observations for the west-northwestern United States by 
requesting all available wolverine records from State agencies (e.g., wildlife agencies, natural 
heritage programs) and the Forest Service Natural Resource Information System (NRIS) Wildlife 
Database. We found a total of 4,215 records (1800s to 2017) for this portion of the United States 
(cf. 809 records from Aubrey et al. 2007; Table 1). Figure 2 presents a map of these compiled 
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observations, overlaid with the habitat suitability model results presented by Inman et al. (2013, 
p. 281). We acknowledge that some of these records may be in error or inaccurately located, and 
although wolverines have been reported from the Central Great Plains, Great Lakes region, 
Upper Midwest, or Northeast (Wilson 1982, p. 650), we did not create a historical range for these 
regions given the very low number (92) reported by Aubry et al. (2007, p. 2,151) from the 1880s 
to 2005, and to present day. We also found a few additional historical records that do not appear 
in Aubry et al. (2007, p. 2,151). For example, Nead et al. (1985, entire) identified several 
positive and probable reports of wolverines in Colorado in the late 1970s. A wolverine was 
reported from the Squaw Valley region of California in the summer of 1953 (Ruth 1954, pp. 
594–595). Our intent in creating this map was to present an overall geographical depiction of the 
wolverine’s estimated range only for the west-northwestern United States, and is not intended to 
represent an estimate of population numbers.  
 
Using the best available information, we also created a current North American range based on 
results presented by COSEWIC (2014, p. 12) for Canada and Alaska, Forest Service NRIS data, 
and more recent observations (e.g., telemetry, camera traps, mortality reports) reported from 
California, Washington, Colorado, Wyoming, Utah, and North Dakota. This range is illustrated 
in Figure 3.   
 
We recognize that this depiction does not necessarily represent current areas where reproducing 
populations of wolverines are found, nor does it capture unverified accounts from New Mexico, 
described in Frey (2006, pp. 20–21) for the Sangre de Cristo Range, and visual observations 
reported by two individuals (2005 and 2016) in response to our Federal Register notice (81 
FR71670; October 18, 2016) requesting information for our status review. In addition, we did 
not incorporate the Central Great Plains, Great Lakes region, Upper Midwest, or Northeast. 
However, we note here that a female wolverine was observed over several years (2004–2010) in 
the lower peninsula of Michigan, and genetic testing after her death in 2010 suggested she was 
more closely associated with eastern Canada wolverine populations (i.e., Manitoba and Ontario) 
(in litt Zigouris 2013, pers. comm.). It’s unclear how this individual came to occupy this region, 
but given the long distant movements reported for this species (e.g., male wolverine that traveled 
from Wyoming into Colorado and then back to North Dakota), dispersal from Canada is 
plausible. Wilson (1982, p. 650) reported that wolverines on occasion may enter Minnesota from 
Canada. Jackson (1961, pp. 359–360) also reported several authentic records of wolverine in 
Wisconsin and in areas in Minnesota, along the Wisconsin-Minnesota border. However, the 
wolverine was likely never abundant in Wisconsin, even before trapping and hunting in the late 
19th and early 20th centuries (Jackson 1961, p. 359). 
 
We provide a discussion of wolverine population abundance and distribution in more detail in 
the Biological Status–Current Condition section below. 
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Figure 2. North America wolverine observations within the west-northwestern United States (1800s to 2017); shown with Inman et al. (2013) modeled 
habitat. 
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Figure 3. Current range of North American wolverine.  Adapted from COSEWIC (2014), EPA (2010), Inman 
et al. (2013), records from CNDDB; Forest Service NRIS; Idaho Department of Fish and Game; Utah 
Division of Wildlife; Wyoming Game and Fish Department, and den records from CNDDB, Inman, and 
Copeland.  
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Habitat Use 
 
Wolverines occupy a variety of habitats within their current range, including Arctic tundra, 
subarctic-alpine tundra, boreal forest, mixed forest, redwood forest, and coniferous forest (Banci 
1994, p. 114). However, these broad, landscape-scale vegetation associations can obscure other 
habitat variables important for wolverines, including features found within peripherally occupied 
areas or areas of high elevation (Banci 1994, p. 114). In Canada, wolverines use a wide variety 
of forested and tundra vegetation, at all elevations (COSEWIC 2014, p. 18).  
 
When viewed by ecoregion (U.S. Environmental Protection Agency (EPA) 2010), in general, 
wolverine observations in the contiguous United States are most commonly found in the 
Northwestern Forested Mountains ecoregion. In Canada, our estimate of current range includes 
Northwestern Forested Mountains, Northern Forests, Marine West Coast Forest, Hudson Plain, 
Taiga (Boreal Forest), Tundra, and parts of the Arctic Cordillera (northeastern fringe of Nunavut 
and northern Labrador); in Alaska, Marine West Coast Forest, Northwestern Forested 
Mountains, Taiga, and Tundra are represented. Appendix A provides an illustration of these 
ecoregions of North America in relationship to our Current Range map presented in Figure 3. 
 
Studies of wolverines in central Idaho found that montane coniferous forests comprised two-
thirds of available habitat (Copeland 1996, p. 120). Wolverines in this region also exhibited a 
seasonal preference, with subalpine rock habitats used in summer and montane coniferous forests 
used most often in winter (Copeland 1996, p. 120). In addition, individuals within this study 
population commonly crossed natural openings and those areas with little cover, including burn 
areas, meadows, or open mountain-top areas (Copeland 1996, p. 124). 
 
Observations of summer movements of wolverines in northwestern Montana indicated that both 
males and females moved to higher, cooler elevations and remained there throughout the summer 
(Hornocker and Hash 1981, p. 1,299). In the Greater Yellowstone Ecosystem, wolverines 
selected areas that contained steep terrain with tree cover, high elevation meadows, boulder or 
talus fields, and avalanche chutes (Inman et al. 2012a, p. 785). In this region, wolverines selected 
elevations at and above the treeline during summer, moved slightly lower during winter, but 
avoided low-elevation winter ranges occupied by potential prey (e.g., elk) or areas with little 
human activity (Inman et al. 2012a, p. 785). The avoidance of these areas may be the result of 
lack of tree or talus field cover at these low elevations, in combination with presence of potential 
predators (e.g., wolf, mountain lion (Puma concolor) or competitors (e.g., coyote (Canis 
latrans), bobcat (Lynx rufus) (Inman et al. 2012a, p. 785). 
 
Several habitat association-type models have been developed for both North American and 
European wolverines. In the northern Rockies (including Canada and the United States), Carroll 
et al. (2001, p. 975) found that elevation and north-facing cirque habitat variables (i.e., alpine 
areas), when incorporated into empirical habitat models, were significantly correlated with 
wolverine occurrence; however, results from multiple regression analyses of these and other 
habitat variables indicated a high degree of unexplained variance for predicting wolverine habitat 
relationships, and underscores the inherent difficulty in identifying appropriate metrics to 
represent difficult to measure underlying factors, or other unrecognized limiting variables 
(Carroll et al. 2001, pp. 971, 973–974). Copeland et al. (2007, entire) also evaluated habitat 
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associations for wolverines in central Idaho. Wolverines were found to be associated with high 
elevations (2,200 to 2,600 m (7,218 to 8,530 ft)) with a slight downward shift in summer 
(Copeland et al. 2007, p. 2,207). These movements correspond with a shift in cover types, from 
high-elevation whitebark pine (Pinus albicaulis) communities in summer to mid-elevation 
Douglas fir (Pseudotsuga menziezii) and lodgepole pine (Pinus contorta) in winter (Copeland et 
al. 2007, pp. 2,207–2,208). Results from a study of wolverines in Scandinavia suggested that 
topography may be important in providing refugia from predators and may therefore facilitate 
the co-existence of wolverines with larger carnivores such as wolves (Khalil et al. 2014, p. 636). 
 
In interior Alaska, wolverines were also found to be positively associated with high elevations 
(Gardner et al. 2010, p. 1,901). This study also reported the wolverines avoided human 
influences, but their sampling design was not able to determine which human activities 
influenced wolverine behaviors.  However, a combination of intensity of development and 
harvest activities was suggested (Gardner et al. 2010, p. 1,901). Current studies are underway in 
the North Slope region of Alaska to evaluate fine-scale habitat selection of wolverines related to 
denning, caching, day bed use, and snow holes (Dorendorf 2016, p. 6). Day beds were also 
described by Haglund (1966, p. 268) for wolverines studied in Sweden. 
 
A study also found that habitat associations, at least for females, are more complex, and include 
combinations of several modeled variables that supported hypotheses related to food (prey 
distribution), predation risk (based on a ruggedness index), or human disturbance (winter 
recreation activity, roads, and forest harvesting) for both summer and winter in two study areas 
located in northcentral and southeast British Columbia (Krebs et al. 2007, pp. 2,186–2,187). 
Wolverines in the Rocky Mountains of Alberta, Canada, were found to more likely occupy areas 
with increasingly rugged terrain (Fisher et al. (2013, pp. 710–712). Camera trapping was used to 
study wolverine behavior in varying habitat in the Rocky Mountains of Alberta, Canada (Stewart 
et al. 2016, entire). That study found that wolverine behavior differed in landscapes that had 
been significantly modified by human activities as compared to those with light modifications or 
in protected areas (Stewart et al. 2016, p. 1,499). They concluded that wolverine occurrence in 
their study areas varied more strongly with linear features (seismic lines created from oil and gas 
exploration, pipelines, transmission lines, roads, and rail lines) than with the degree of snowpack, 
and supports the idea that human footprint is a driver of habitat suitability for wolverines 
(Stewart et al. 2016, p. 1,501).  
 
A negative association with roads and wolverine (and caribou) occurrence in boreal forest habitat 
was reported in northwestern Ontario, Canada, and wolverines in that study area avoided 
deciduous forests (Bowman et al. 2010, p. 464). However, a study of wolverines in upland boreal 
forests of Canada found that wolverines followed open linear corridors that offered compact 
snow conditions, including winter roads, recent seismic lines, snowmobile trails, and all-terrain 
vehicle tire tracks for travel of distances up to 3 kilometers (km) (1.86 miles (mi)) (Wright and 
Ernst 2004b, p. 59). In central Idaho, wolverines were reported using snowmobile winter access 
(unmaintained) roads for travel (Copeland et al. 2007, p. 2,210).  
 
Aboriginal knowledge holders (the knowledge Aboriginal Peoples have accumulated about 
wildlife species and their environment) in Canada have reported that while wolverines appear to 
avoid human habitation and developed areas, some wolverine will visit these areas if they do not 
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appear to be threatened or if development activities cease (Cardinal 2004, p. 22). Wolverines 
have also been described as occupying deserted snow huts (Nunavut Territory) during winter 
months (Freuchen 1935, p. 98). 
 
A study of wolverine selection patterns in boreal forests in northwestern Alberta using resource 
selection function (RSF) modeling techniques1 and data from telemetered wolverines found that, 
for the winter season, both male and female wolverines selected for streams, forested areas 
(broadleaf, coniferous, and mixed) and bogs or fens, while avoiding active well sites and low-
traffic winter roads (Scrafford et al. 2017, pp. 31, 32). That study also found that wolverines did 
not avoid older seismic lines, likely due to the intermediate stage of regeneration found in their 
study area as well as availability of small prey in conjunction with minimal risk of human or 
wolf presence (Scrafford et al. 2017, p. 34). 
 
RSF-based modeling was used to quantify the relationship between the observed distribution of 
the wolverine and variables representative of habitats and human disturbance in the taiga and 
tundra ecoregions (shown in Appendix A) of the Canadian central Arctic (Nunavut and 
Northwest Territories) (Johnson et al. 2005, p. 10). Using a range defined by previous studies of 
collared wolverines, researchers identified two seasons for wolverines, based on presence or 
absence of barren-ground caribou (Rangifer tarandus groenlandicus) (Johnson et al. 2005, p. 8). 
They found that, in winter, the occurrence of wolverines was correlated with patches of heath 
rock and rock association, and areas dominated by sedge (Johnson et al. 2005, pp. 23–25). 
Results for models for summer season were less clear, but models that included grizzly bear 
(Ursus arctos), caribou, and wolf were found to be positively associated with wolverine, likely 
due to the scavenging opportunities and hunting of caribou provided by these other carnivores 
(Johnson et al. 2005, p. 24). In Finland, the presence of wolves was found to be one of the most 
important variables influencing habitat selection of wolverines (Koskela 2013, p. 35) likely due 
to the increased scavenging opportunities provide by wolf kills (Koskela 2013, p. 36). 
 
A RSF model was also used to develop a predictive map of wolverine habitat for the western 
United States (Inman et al. (2013, p. 281), as shown in the background of our Figure 3. Their 
best fit model found that, in general, wolverine were most likely to be distributed at high 
elevations, with steeper terrain, more snow, fewer roads, and reduced human activity, but also in 
proximity to high elevation talus, tree cover, and areas that had snow cover on April 1 (Inman et 
al. 2013, pp. 280–281). Primary habitat for the wolverine in the western United States was 
estimated at 164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). Additional information 
related to the results of this modeling effort is discussed in the Population Distribution and 
Abundance section below. 
 

                                                 
1 RSF is any mathematical function that is proportional to the probability of use of a resource unit (Manly et al. 
2002, p. 15). A RSF contains several coefficients that quantify the selection for or avoidance of an environmental 
feature, and the sign/strength of those coefficients represents a differential variation in the distribution of each 
environmental feature measured at a sample of locations to a comparable set of random sites. Thus, when an 
animal's observed use of a resource is greater than those random sites, selection of that feature is inferred (Johnson 
et al. 2005, p. 10). 
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Movement 
 
Wolverine movements are related to both territoriality (within home ranges) and dispersal (adults 
and young). Movement within home ranges by adult male and female wolverines is extensive. 
For example, wolverines monitored in the Greater Yellowstone Ecosystem traveled a distance 
that was equivalent to their average home range diameter in less than 2 days, which is also about 
the size of their home range circumference in less than 1 week (Inman et al. 2012a, pp. 782–
783). This study also found that, for a 24-hour period, the average minimum distance traveled 
was 15.5 (km) (9.63 (mi) for males and 7.5 km (4.66 mi) for females (Inman et al. 2012a, p. 
783). Telemetry studies of wolverines in south-central Alaska indicate an average distance 
traveled per day of approximately 12 km (7.46 mi) for females and 8–21 km (4.97–13 mi) for 
males (Woodford 2014, no page number). Observations from snow tracking studies have found 
instances where two individual wolverines traveled together (Wright and Ernst 2004b, p. 63). 
 
A study of female Fennoscandinavian wolverines found that most (86 percent) females remained 
stationary in their established territories, with 8 percent vacating and 6 percent expanding their 
territory (Aronsson 2017, p. 40). In addition, this study of 42 female wolverines in 122 territories 
reported that females with established territories only moved to available territories that were 
higher than average in quality (Aronsson 2017, p. 41). In central Norway, a study of spatial and 
temporal patterns in wolverines using noninvasive genetic sampling methods also found that 
individuals tended to stay in the same general area from one year to the next (Bischof et al.’s 
2016, p. 1,533). 
 
A number of factors can affect wolverine movements within territories, such as availability of 
food, temperature, and breeding activity. Seasonal shifts in elevation have also been observed for 
wolverines in the contiguous United States. An ecological study of wolverines in southcentral 
Alaska found significant movement up in elevation during late winter and early spring as well as 
significant movement down in elevation during the late fall and winter (Gardner 1985, p. 21). 
Wolverines were also observed moving to and occupying higher and presumably cooler 
elevations in summer months in northwestern Montana (Hornocker and Hash 1981, p. 1,299). In 
Central Idaho, wolverines exhibited a preference for higher elevation areas containing rock and 
talus cover in summer months, but moved to lower elevations in winter; this was likely the result 
of an increase in availability of carrion related to the fall hunting season (Copeland 1996, p. iv). 
Two aboriginal knowledge holders in the Kivalliq region (Nunavut, Canada) reported that 
wolverines will move closer to communities during caribou migration in the fall, likely attracted 
by the large number of caribou carcasses left by hunters (Cardinal 2004, p. 22). 
 
A study of wolverine movement in boreal forest habitat in Canada (northwestern Alberta and 
northeastern British Columbia) during winter months found that wolverines chose the most direct 
travel route with the least snow cover (Wright and Ernst 2004a, pp. 58–59). Woodford’s (2014, 
no page number) account of wolverine observations from studies in Alaska indicated that, when 
pursued, wolverines will run uphill, which may represent a predator-avoidance adaptive 
behavior. 
 
As discussed in more detail below (Diet and Feeding), several studies have shown that 
wolverines exhibit a seasonal shift in diet, and Hornocker and Hash (1981, p. 1298) concluded 
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that food availability was the primary factor determining both movements and home ranges for 
wolverines studied in northwestern Montana. Movement patterns of adult males during the 
summer months are also likely influenced by breeding activity (Magoun 1985, p. 66).  
 
Males and females maintain large territories with very little overlap between same-sex adults 
(Magoun 1985, p. 38; Banci 1994, p. 118; Inman et al. 2012a, p. 783; Bischof et al. 2016, pp. 
1,532–1,533; Regehr and Lacroix 2016, p. 249), but breeding pairs have overlapping territories 
(Copeland 1996, pp. 55–61; Hedmark et al. 2007, p. 19; Dawson et al. 2010, p. 413; Persson 
2010, p. 52; Inman et al. 2012a, p. 787). However, ranges of young males, who have not yet 
dispersed, can overlap with resident adult male home ranges (Alaska) (Magoun 1985, p. 64). 
Studies of wolverines in the Greater Yellowstone Ecosystem found a mean percent overlap of 
12.7 percent for same sex, adult–sub-adult pairs and about 24 percent for opposite sex, adult–
sub-adult pairs (Inman et al. 2012a, p. 787). In addition, Inman et al. (2012a, p. 783) found that 
when a resident adult wolverine died, same-sex adults (not known to be located within the dead 
wolverine’s home range) would begin using (within 3–7 weeks) areas of the unoccupied home 
range, or same-sex subadults would expand into and then occupy most or all of the dead 
wolverine’s former home range. A study of territoriality of wolverines in central Norway (using 
scat analysis) indicated that within their study population, wolverines were also more likely to 
choose a home range area that was previously used by a neighboring same sex individual after 
that individual’s death (Bischof et al. 2016, p. 1,533). 
 
Table 1 below presents a summary of annual home ranges of resident wolverines.  
 
Table 1. Home Range Size for Adult, Resident Wolverines. 

Region Female, km2 (mi2) Male, km2 (mi2) Reference 

Central Idaho 384 (148) 1,582 (610) Copeland 1996 

Central Idaho / Yellowstone 
Region 

357 (138) 1,138 (439) Heinemeyer and Squires 
2015 

Greater Yellowstone Ecosystem 303 (117) 797 (308) Inman et al. 2012a 

Glacier National Park (MT) 139 (54) 521 (201) Copeland and Yates 
2008 

Alaska (Northwestern) 53-232 (20-89.6) 488-917 (188-354) Magoun 1985 

Canada 
Northwest Ontario 

50-400 (19-154) 
423 (163) 

230-1,580 (89-610) 
2,563 (990) 

COSEWIC 2014 
Dawson et al. 2010 

Central Norway 331 (128) 757 (292) Bischof et al. 2016 

Southern Norway 274 (106) 663 (256) Landa et al. 1998 

Northern Sweden 170 (66) 669 (258) Persson et al. 2010 

 
Home range use is smaller for female wolverines during the reproductive period. For a parturient 
(about to bear young) female, estimates of home range size in the Greater Yellowstone region 
were significantly smaller, with a minimum of 100–150 km2 (39–58 mi2) (i.e., during year 
raising young) (Inman et al. 2012a, p. 782). The average home range size for lactating females 
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rearing young was estimated at 70 km2 (27 mi2) from March through August (Alaska) (Magoun 
1985, p. 36). In northwestern Ontario, researchers reported a home range of 262 km2 (101 mi2) 
for a lactating female (Dawson et al. 2010, pp. 141–142). In general, the distance traveled by 
female wolverines depends on the location of the reproductive den site within the home range, 
the areas used for locating food/prey, and the territory border (Myhr 2017, no page number). 
 
In summary, habitat diversity, food availability, and competition for resources can collectively or 
individually influence home range sizes of wolverines (Magoun 1985, p. 63; Inman et al. 2012a, 
p. 785), which affects wolverine densities and population structure. Home range sizes of male 
wolverines are likely influenced by the density and reproductive condition of female wolverines 
(Magoun 1985, p. 63).  
 
Dispersal relates to the successful establishment of a breeding territory, generally by juveniles, 
at a location removed from the natal denning area, and can be confused with long-range 
movements of wolverines and other carnivores (Ruggiero et al. 1994, pp. 4–5).  
 
Based on telemetry studies, wolverines have been observed to disperse over very long distances.  
Both male and females can move long distances (Flagstad et al. 2004, pp. 684–686), but young 
(yearling) females tend to establish home ranges closer to their natal ranges than do young males 
(COSEWIC 2014, p. 24), which supports a male-biased dispersal pattern (from natal range) for 
wolverine populations. Vangen et al. (2001, p. 1,647) indicated that dispersal patterns of females 
were likely determined by competition for resources (that is, high quality territories) while male 
dispersal patterns were likely determined by competition for mates. 
 
As noted above, wolverines readily cross water bodies such as rivers, and can cross rugged 
terrain (COSEWIC 2014, p. 24; Woodford 2014, entire). Dispersing wolverines in Idaho traveled 
over 200 km (124 mi) following routes across isolated subalpine habitat (Copeland 1996, p. 
130). Inman et al. (2012a, p. 784) recorded dispersal-related movements of wolverines in the 
Greater Yellowstone Ecosystem and found that the maximum dispersal distance of subadults 
from the home range of their mothers was 170 km (106 mi) for males and 173 km (108 mi) for 
females, with an average maximum distance per dispersal movement of 102 km (63 mi) for 
males and 57 km (35 mi) for females (Inman et al. 2012a, p. 784). In the Ontario, Canada, region 
a juvenile male reportedly dispersed 100 km (62 mi) (COSEWIC 2014, p. 24, citing unpublished 
data from Dawson et al. 2013). 
 
Two recent examples illustrate the extensive dispersal capability of wolverines. A male 
wolverine apparently dispersed (2008 or earlier) from the western edge of the Rocky Mountain 
region to the Sierra Nevada region of California (Moriarty et al. 2009, p. 160). Another male 
wolverine (designated as M56), whose natal area was the Greater Yellowstone Ecosystem 
(northwest Wyoming), moved south to Colorado (about 500 miles), where it remained for about 
3 years (2009–2012), when its tracking signal was lost. In April 2016, M56 was legally shot and 
killed by a rancher in western North Dakota, about 1126.5 km (700 mi) from where it was last 
seen (Wyoming Game and Fish Department (WGFD) 2016, pers. comm).  
 
Additional discussion of population distribution and density estimates is provided below (see 
Biological Status–Current Conditions). 
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Reproduction	and	Growth	
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., a male 
mates with more than one female each year), delayed implantation (up to 6 months), short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care 
(Rausch and Pearson 1972, pp. 255–256; Pasitschniak-Arts and Larivière 1995, p. 5; Magoun 
and Copeland 1998, pp. 1,315–1,316; Hedmark et al. 2007, p. 19; Persson et al. 2017 in prep).  
 
Table 2 below presents a summary of wolverine reproductive chronology (extent and peak of 
reproductive events) based on a review of the literature and personal knowledge from field 
studies (Inman et al. 2012b, entire), and studies from Scandinavia (Aronsson 2017; Persson et al. 
2017 in prep). 
 
Table 2. Chronology of wolverine reproductive events (adapted from Inman et al. 2012b). 

Reproductive Biology Event Time Interval 
Mating Season May – August; peak in June 
Nidation (implantation of embryo) November – March; peak in late December–early February 
Gestation (45 days) November – April; peak in January–mid-March 
Parturition (birth of young) late January – mid-April; peak in February–mid-March 

(Sweden: peak in mid-February, range from end of January to 
early March)a 

Reproductive Den Use late January – end of June; most commonly, early February–mid-
May 

Lactation About 10 weeks; generally February–June 
Weaning April – June; most commonly, late April–May 
Rendezvous Sites April – June; peak in early May 
Independence August – January; peak in September–December 
Dispersal  Peak period at 10–15 months of age; February–mid-April 

a Persson et al. (2017, in prep). 
 
Wolverine mating is generally assumed to occur in May, June, and July (Pulliainen 1968, p. 341; 
Rausch and Pearson 1972, p. 249). A review of both the literature and personal observations by 
Inman et al. (2012, p. 636) indicated that June represented the peak in a wolverine mating 
season, but began in at least May and extended into early August. Female wolverines have been 
reported as not breeding in their first summer (under 1 year of age) based on examination of 
reproductive tracts from wolverine carcasses obtained from trappers (Yukon) (Banci and 
Harestad 1988, p. 268) and ages of pregnant female wolverines were estimated at 1 to 11-plus 
years of age (Banci and Harestad 1988, p. 266). In another study of wolverine carcasses (also in 
Yukon), some female wolverines were said to be mature at about 1 year (about 15 months), but 
first litters were not produced until 2 years of age (Rausch and Pearson 1972, p. 253). In 
Scandinavia, the mean age of first reproduction for female wolverines was 3.4 years, based on 
monitoring of telemetered animals (Persson et al. 2006, p. 76). Breeding ages were reported at 2 
to 13 years of age for wolverines in Sweden (mean age of first birth was 3.4, range of 2 to 5 
years), based on monitoring/observations of female wolverines (Rauset et al. 2015, p. 3,157).  
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A genetic-based wolverine study in Scandinavia found that “females often reproduced with the 
same male in subsequent breeding years” (Hedmark et al. 2007, p. 18). However, this study also 
found (with some assumptions regarding sampling and paternity) that 8 of 13 female wolverines 
bred with different males, and, based on telemetry results, 2 females bred with a new male even 
though their previous breeding partner was still alive (Hedmark et al. 2007, p. 18). This shift in 
partners may have resulted from a change in the resident male wolverine in the area (Hedmark et 
al. 2007, p. 19). 
 
The reproductive rate of wolverines is relatively low. An early study of 31 wolverine dens in 
Finland, as reported by hunters, found an average of 2 young per den (range 1–4) (Pulliainen 
1968, pp. 338–341). Average litter size for northern Europe (161 litters) was 2.5 (range 1–4) 
(Pulliainen 1968, p. 343). In Alaska, average litter size was reported as 1.75 young, with a 
reproductive rate of 0.69 young per adult female per year (Magoun 1985, p. 28). A summary of 
average litter size for earlier studies of New World and Old World wolverines, based on method 
of determination, was presented in Magoun (1985, p. 29), indicating a range of 2.2 to 3.5. 
Anderson and Aune (2008, entire) evaluated pregnancy rates based on presence of corpora lutea 
(CL) and fetuses in trapper-harvested wolverines from western Montana. That study found 
median CL counts for pregnant adults ranging from 1.6 to 3.0, depending on the subpopulation 
(Anderson and Aune 2008, p. 22), with a mean litter size based on number of fetuses for 
pregnant adult females of 2.6 (Anderson and Aune 2008, p. 23). Studies of telemetered female 
wolverine in Scandinavia, from 1993 to 2002, reported a mean litter size of 1.88, with a range of 
1 to 4 young, with a mean annual birth rate of 0.74 young per female (Persson et al. 2006, pp. 
76–77). More recently, the average number of young per female per year reported for wolverines 
in Sweden was 0.84 (range 0–3); however, for those animals with recorded denning behavior, 
this value increased to 1.38 (range 0–3) (Rauset et al. 2015, p. 3,157).  
 
Results from studies of telemetered female wolverines indicate that studies of wolverine 
reproductive tracts are likely to overestimate wolverine productivity (Persson et al. 2006, p. 77). 
Their findings suggest that young are either lost during pregnancy and/or shortly after birth, and 
are not likely to occur before implantation due, in part, to presumed delayed implantation 
(Persson 2006, p. 77). Delayed implantation (or reabsorption) of fetuses has been observed in 
other mustelids, including mink (Hansson 1947, p. 62; and references cited therein, pp. 65–66). 
However, the factors that contribute to the observations that female wolverines do not give birth 
during some years are not well understood, and could be due to failure to breed, pseudo-
pregnancy (as demonstrated by Mead et al. 1993, entire), failure of a fetus to implant, absorption 
of implanted fetus, stillbirth, or mortality before emerging from den (e.g. infanticide, etc.) 
(Magoun 2013, pers. comm.).  
 
Carnivorous mammals generally have altricial young (poorly developed and dependent young 
(Derrickson 1992, p. 58), and prepare shelter in dens where the mother can feed their young and 
keep them warm (Irving 1972, p. 174). Young wolverines (kits or cubs) weigh about 0.1 kg (3.5 
oz) at birth and are blind until about 4 weeks of age (Krott 1960, p. 23). Newborns are covered 
with whitish to yellow hair (Krott 1958, p. 87; Mehrer 1976, p. 570), 4.5 millimeters (mm) (0.18 
in) in length (Shilo and Tamarovskaya 1981, p. 147), with unerupted teeth (Mehrer 1976, p. 570; 
Pasitschniak-Arts and Larivière 1995, p. 5) and closed ear canals (Shilo and Tamarovskaya 1981, 
p. 147). They are generally not left alone at the den during the first 3-4 weeks (Krott 1958, pp. 
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88, 108). A study of telemetered wolverines in Scandinavia found that, on average, a female 
wolverine spends most of her time within 1,000 m (3,281 ft) of the reproductive den during the 
denning period (Myhr 2017, no page number).   
 
Mustelids, in general, have a short period of growth (Iversen 1972b, p. 317). As noted above, the 
metabolism of young wolverines is highest during the first 2.5 months, and individuals are 
almost two-thirds grown by the fall (at about 6 months) (Krott 1960, p. 25). As described by 
Shilo and Tamarovskaya (1981, p. 146), 45-50 day old cubs (Norway) have woolly coats, are 
muddy grey in color, with teeth beginning to erupt at this age. At about 150 days, all permanent 
teeth have been established (Shilo and Tamaovskaya 1981, p. 147). After 2.5 months, young 
wolverines replace their juvenile coat with the adult summer coat (Shilo and Tamarovskaya 
1981, p. 147). With growth ending at about 8 months (Iversen 1972b, p. 320; Magoun 1985, p. 
23), cubs are generally full grown by October or November.  
 
Use of Dens and Denning Behavior 
 
Dens and breeding burrows of animals are, in general, carefully constructed, well-camouflaged, 
and located in areas not easily accessible (Novikov 1962, p. 25). Wolverines use both natal dens 
(used for birthing) and maternal dens (used subsequent to natal den and before weaning) for 
rearing young (Magoun and Copeland 1998, p. 1,314). The average relocation distance to 
maternal den sites for active wolverine den sites studied in Norway was 268 m (879 ft) (95% 
confidence interval: 40–497 m (131–1,631 ft)) (May et al. 2012, p. 199). The young remain at 
the natal den site for 6 to 8 weeks (Krott 1960, p. 24), and are weaned at 9 to 10 weeks 
(Copeland 1996, p. iv (Central Idaho); Koskela et al. 2013a, p. 101 (Finland)) (cf. 7 to 8 weeks 
reported by Myhre and Myrberget, 1975, p. 754 (Norway)). After weaning, the young are 
dependent on the mother and begin to travel with her by late April (Koskela et al. 2013a, p. 101 
(Finland)). Observations of wolverines in central Idaho reported that females traveled up to 17.9 
km (11 mi) from maternal dens to forage (Copeland 1996, p. 97). 
 
The exact timing of when females abandon natal dens and begin using maternal dens is difficult 
to establish (Inman et al. 2012b, p. 638). In general, studies have found that den abandonment 
(natal) occurs before May (Magoun and Copeland 1998, p. 1,315; Table 1; Inman et al. 2012b, p. 
637; Figure 2). A study by Aubry et al. (2016, p. 24) reported that a female wolverine moved her 
single young (estimated to be at least 9 weeks old) from a natal den in late April in the North 
Cascades region of Washington. More recently, a comprehensive study of wolverines in 
Scandinavia found that females begin to shift den locations more frequently beginning in late 
April as young are more mobile and are more reliant on solid food brought to them by the mother 
(Aronsson 2017, p. 46). Natal den abandonment in Alaska and Idaho reportedly “coincided with 
a period when maximum daily temperatures rose above freezing for a number of days for the 
first time since denning commenced” (Magoun and Copeland 1998, p. 1,316). Factors other than 
temperature can influence shifts in the locations of these den, including intraspecific predation, 
parasites, or other disturbances (Inman et al. 2012b, p. 638). In central Idaho, Copeland (1996, p. 
iv) concluded that human disturbance at maternal den sites resulted in den abandonment, but not 
abandonment of young. 
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Rendezvous sites are locations in which the female leaves young while she hunts for food, and 
from which they will not leave without her (Magoun 1985, pp. 16, 77). These areas provide 
security to young (Copeland 1996, p. 94) and serve as locations at which females bring food to 
the young, or from which she will guide them to a food source (Inman et al. 2012b, p. 638). 
Rendezvous sites of wolverines studied in central Idaho consisted of large boulder talus or 
riparian areas associated with mature overstory and dense timber deadfall (Copeland 1996, p. iv). 
Magoun (1985, p. 76) reported that rock caves and hilltops containing boulders without large 
snowdrifts were used as rendezvous sites in Alaska. Females may move their young to new 
rendezvous sites several times over a two month period (Magoun 1985, p. 73), and distances 
between consecutives sites have been reported as far away as 8.5 km (5.3 mi) (Magoun 1985, p. 
76). 
 
Studies of adult female wolverines in Scandinavia (northern Sweden) have provided additional 
details regarding the temporal patterns of reproductive behavior and den site use. Aronsson 
(2017, p. 45) (see also Persson et al. 2017, in prep) found that, in general, most births occurred in 
mid-February. Females spend very little time outside the natal den for the first 2 weeks 
(Aronsson 2017, p. 45). During the first period of den site use, or approximately 2 to 2.5 months 
from mid-February (when females generally give birth and are lactating), females will move 
short distances and do not need to bring food to young (Aronsson 2017, p. 46). This time period 
generally coincides with snow cover and favorable conditions for food caching, and dens offer 
protection from predators and the environment (Aronsson 2017, p. 46). In addition, during the 
first 1.5 months of the denning period, females rarely changed den sites, but begin to move 
outside the den in early March (Aronsson 2017, p. 45). In the later denning period (after April 
15), females begin to move more frequently and at greater distances between den sites (Aronsson 
2017, p. 45). By late April, the young are more active and also begin to rely more on solid food 
that is brought back to them by their mother (Aronsson 2017, p. 46). This also corresponds to a 
time period when prey are more available (reindeer migration and calving period in Sweden) and 
expected shorter distance movements by the mother back to denning or rendezvous sites 
(Aronsson 2017, p. 46). These observations are consistent with Inman et al.’s (2012b, entire) 
proposed cold, low productivity niche for wolverines based on studies of wolverines in the 
Greater Yellowstone Ecosystem. That is, reproductive chronology in wolverines is considered to 
be adapted to take advantage of the availability of food resources, limited interspecific 
competition, and snow cover in the winter (Inman et al. 2012b, p. 635).  
 
In summary, as described by Inman et al. (2012b, entire) and Persson et al. (2017, in prep), 
reproductive behavior of wolverines reflect seasonal shifts in resource abundance within the 
wolverine’s range; that is, adaptation that matches the time of birth and development of young to 
changes in the availability of resources and foraging strategies (Persson et al. 2017, in prep). We 
present in Figure 4 a visual summary of wolverine feeding strategies relative to resource 
availability from time of birth to post-weaning. 
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Figure 4. Wolverine feeding strategies relative to resource availability. Adapted from Persson et al. 2017, in 
prep.  

 
Denning Habitat  
 
Given the wolverine’s observed association with snow, we provide in Box 1 a summary of the 
importance of snow for ecological systems. This summary provides a detailed perspective of 
how various physical properties of snow can influence ecological systems occupied by snow-
adapted wildlife, including insulating properties, differences in snow cover in mountainous vs. 
forested habitat, and changes in snow cover due to wind and slope/aspect. However, we also 
emphasize here that there have been limited comprehensive studies of wolverine behavior, or its 
physical and ecological requirements outside of the winter months in North America (cf. Banci 
1987 (Yukon); Hornocker and Hash 1981 (Montana); Gardner 1985 (Alaska); Magoun 1985 
(Alaska); Copeland 1996 (Idaho); Krebs et al. 2007 (Canada); Inman et al. 2013 (Greater 
Yellowstone Ecosystem)) due, in part, to the difficulty in tracking animals when snow cover is 
absent and their ability to move great distances across rugged terrain. In addition, den site 
locations for North America reported in the past have been biased to tundra regions where dens 
are more readily observed and located (Banci 1994, p. 110). In Scandinavia, snow cover has also 
been found to be a poor technique for tracking female wolverines during the time when they give 
birth and initiate denning (Aronsson and Persson 2016, p. 266). 
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Box 1. Snow Cover in an Ecological Context 

Formozov (1961; 1963) prepared comprehensive reviews of the unique properties of snow in the 
context of its role in the ecology of animals and plants in Russia. In his 1963 review (translated 
from the 1946 original), he identified two important factors attributed to snow cover — 
nastization (the thickness of the crust on the surface of mature snow cover) and firnization 
(process of snow compaction) — relative to its ecological influence (Formozov 1963, p. 8). Snow 
cover provides not only a substrate that allows some animals to move across the landscape, it also 
provides a matrix within which other animals can create tunnels and build nests (Formozov 1963, 
p. 8). Additional fundamental concepts described in this study are provided below: 
 

 Snow has very low thermal conductivity which promotes cooling at the surface while at 
the same time protects the deeper layers from chilling; but this property varies by region, 
by depth, by season, and by year (e.g., the more continuous the snow cover during winter, 
the greater the warming effect); as snow changes to ice (through compaction and melting), 
the thermal conductivity decreases (Formozov 1963, pp. 7, 8, 108) 

 Snow therefore creates a thermo-insulating layer, which allows for a unique temperature 
regime on the surface and underneath; as an example, soil temperatures measured in 
January (near Saint Petersburg, Russia) averaged 15°C higher with snow cover than 
without snow cover, with up to a 32°C difference, depending on the day and depth 
measured (Formozov 1963, p. 109) 

 Snow cover in mountains: 
o Depth of snow cover and its duration increases with elevation; even minor 

elevation differences are noticeable (Formozov 1963, p. 123) 
o This spotty distribution is also affected by unequal distribution of snow 

precipitation on slopes with different exposures, transport of snow by wind, 
melting of snow on sun-exposed slopes, avalanche or rolling down of snow from 
steeper areas, and vegetation (Formozov 1963, p. 123)  

o Snow cover areas near Arctic limits and at treeline in mountain regions is more 
strongly influenced by wind (which compacts and re-works snow cover) 
(Formozov 1963, p. 29) 

 Snow cover in forests: 
o The maximum depth, density, duration and date of melting, thickness of snow 

surface crust are all much different in forested areas as compared to open 
treeless areas (Formozov 1963, p. 19) 

o Snow accumulates slowly under trees and is generally thicker the further away 
from the forest than within the forest; thus, the compaction and settling of snow 
under a forest canopy is less than tundra or open fields (with a less icy crust), so 
for some vertebrates, forested areas can provide a more preferable place to 
winter or migrate (Formozov 1963, pp. 24, 26) 

o Snow cover in forested areas also melts slower than open fields and clearings 
(Formozov 1963, p. 28) 

 Snow cover also plays an important role in the overwintering conditions for insect eggs, 
caterpillars, pupae, and adult insects in litter and soil, and some plants (Formozov 1963, 
p. 121) 
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Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, including persistent spring snow cover, the key elements or combination of elements 
that define this relationship have not been empirically analyzed. As noted above, adult 
wolverines have a wide range of thermoneutrality. However, newborns, who are born with 
lighter, less dense fur are likely to have a more limited ability to control their internal 
temperature, though huddling (a thermotactic behavior) of small mammals in dens can conserve 
heat (Barnett and Mount 1967, p. 439). Relatedly, basal metabolic production of heat is the 
source of heat that maintains bodily warmth, and is not easily modifiable unlike the flexibility of 
insulation (Irving 1972, p. 121). However, metabolic heat above an animal’s basal rate for 
preservation of warmth is restricted by its limited capacity for metabolic production of heat, but 
also by food availability and the time and opportunity for nourishment (Irving 1972, p. 121). In 
general, metabolic production of heat is costly to animals, but variable insulation represents a 
conservative strategy (Irving 1972, p. 121).  
 
Another key element related to den location is the protection that dens provide to a nursing 
female and her young. Because wolverines are known to den in a variety of structures, it is 
unclear if the apparent relationship to snow cover is based on selecting den locations in remote, 
high elevation areas to avoid predators. Bare rock and boulders at den sites can offer dry and 
secure cavities and enhance the ruggedness of the landscape (May et al. 2012, p. 198).  
“Ruggedness,” a measure derived from elevational changes and irregularity of land surface 
(density of contour lines) traversing a given area (Beasom et al. 1983, p. 1,163) has been found 
to be an important variable (i.e., secure habitat from predation risk) for female wolverines in 
winter (British Columbia, Canada) (Krebs et al. 2007, p. 2,188) and for den site selection at site-
specific, home range, and landscape scales (southcentral Norway) (May et al. 2012, pp. 200–
201).   
 
Wolverine denning habitat varies across its Holarctic range. For example, in southcentral 
Norway, wolverine dens were snow tunnels dug into deep snow at the tree line (elevation 1,100 
m (3,609 ft)), but most of the tunnel systems extended down to boulder fields, talus slopes, or 
rock crevices such that young could crawl around within these structures (May et al. 2012, p. 
201). Snow tunnels are also reported for wolverine natal dens in Alaska (Magoun 1985, pp. 84, 
185, 190). However, reproductive dens are not always excavated in deep snow. In Canada, 
female wolverines are said to give birth in dens where snow cover persists at least until April, 
and can den under snow-covered rocks, logs, or within snow tunnels (COSEWIC 2014, p. v). As 
an example, in northwestern Ontario, den site habitat for a female in lower Boreal Forest habitat 
(elevation 250 to 500 m (820 to 1,640 ft), 51°N) included large boulders and downed trees, 
similar to dens described for wolverines in montane ecosystems (Dawson et al. 2010, p. 139). In 
Finland, Pulliainen (1968, p. 340) reported a den site (January) at the base of a tree and not 
covered in snow, and also described other structural features such as rocks, fallen trees, and deep 
ravines as denning habitat (likely both natal and maternal dens) (Pullianinen 1968, pp. 338–341). 
In Russia, where wolverine habitat has been described as located far from human-inhabited areas 
within boreal forests and, to some extent, tundra, and taiga (Novikov 1962, pp. 199, 200), den 
locations were described as “clefts in rocks, among stones, and under roots of upturned trees” 
(Novikov 1962, p. 200). A study from northwestern Ontario noted that, because lowland boreal 
forest habitat in this region does not support deep, wind-hardened snowdrifts, other structural 
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elements within snow layers such as trees and boulders can be important components of 
wolverine denning habitat (Dawson et al. 2010, p. 142).  
 
Limited studies to date have evaluated the importance of denning habitat to reproductive success, 
or the key physiological and ecological characteristics, including avoidance and/or protection 
from predators, prey availability, availability of caching habitat, that define denning behavior 
and den site selection. Population density, trapping pressure, population genetics, and other 
measures of habitat quality may also influence wolverine fecundity (Anderson and Aune 2008, p. 
28). In addition, studies of wolverine denning activity have not reported the condition of the 
natal or maternal den location following abandonment; that is, what is the persistence and/or 
depth of snow at the natal den at the end of the denning season and how does this affect survival 
of young?  
 
A bioclimatic model was used by Copeland et al. (2010, p. 234) to test the following hypothesis: 
“…wolverine distribution at the broadest spatial scale is constrained within a climatic envelope 
defined by an obligate association with persistent spring snow cover and by an upper limit of 
thermoneutrality.”  However, this hypothesis was based on the premise “If persistence of 
wolverine populations is linked to the availability of suitable reproductive den sites ([citing] 
Banci 1994), snow cover that persists throughout the denning period may be a critical habitat 
component that limits the wolverine’s geographic distribution” (Copeland et al. 2010, p. 234). 
The authors tested this hypothesis by “comparing and correlating the locations of wolverine 
reproductive dens from throughout their circumboreal range, and telemetry locations from 10 
recent wolverine studies in western North America and Scandinavia, with spatial models 
representing the distribution of spring snow cover and average maximum August temperatures” 
(Copeland et al. 2010, p. 234) (emphasis added). 
 
Bioclimatic models “use associations between aspects of climate and known occurrences of 
species across landscapes of interest to define sets of conditions under which species are likely to 
maintain viable populations” (Araújo and Peterson 2012, p. 1,527). They are correlational by 
nature and are often applied to study a variety of conservation issues, including forecasting 
potential climate change effects on species’ distributions (Araújo and Peterson 2012, p. 1,527). 
However, these types of correlational models have received some criticisms and require careful 
framing to avoid misapplication (Sieck et al. 2011, p. 6; review by Araújo and Peterson 2012, 
entire). They generally represent a first step for evaluating current and future species 
distributions, and, when coupled with climate change scenarios, results are presented at a coarse 
scale that may not accurately project shifts in species distribution at a smaller scale (Sieck et al. 
2011, p. 6). In particular, when used to estimate extinction risk, these types of models provide 
only an estimate of the empirical relationships between a species’ current distribution and 
climate variables and then use inferred relationships to identify potential areas where the species 
is distributed under future climate scenarios (Araújo and Peterson 2012, p. 1,553). Extinction 
risk is not represented in the model’s input data and therefore is not the targeted parameter of the 
model; thus, a bioclimatic model’s usefulness may be limited in these types of applications given 
that it only offers partial explanatory evidence for reasons for potential extinction related to the 
shifts in climate suitability within the time frame being modeled (Araújo and Peterson 2012, p. 
1,533 and citations therein). In addition, climate niche projections generally do not incorporate 
factors such as competition, dispersal, and evolutionary capacity, which also influence range 
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boundaries (Michalak et al. 2017, p. 370). Thus, these types of models are more applicable at 
broad scales in which the effects of fine-scaled topography and biological interactions play a 
more limited role (Michalak et al. 2017, p. 370); however, both of those factors are important for 
wolverine, particularly at the den-site scale.  
 
Finally, Post (2013, p. 50) suggested that the niche conservatism approach may not be 
appropriate in predicting changes to species’ distributions under future climate change scenarios. 
He concluded that, based on redistribution patterns of flora and fauna throughout the Pleistocene 
epoch, but particularly the Late Pleistocene period of rapid warming, species movement is not 
always predictable in directions or rates based simply on their association with the more 
predictably changing environmental/abiotic measures.  
 
As noted above, Copeland et al. (2010, entire), used a bioclimatic model to evaluate an assumed 
association not at the den site scale, but at a broad scale. The results presented in Copeland et al. 
(2010, entire) were based not on the condition of snow cover at a particular den site at the time of 
denning, but rather their evaluation of snow persistence (April 24 to May 15) was based on 
satellite images summed over a 7-year period (2000 to 2006) for the den locations. The spatial 
resolution of the snow measurement used to detect daily snow cover was 500 m (1,640 ft), using 
Moderate-Resolution Imaging Spectroradiometer (MODIS). If persistent snow cover was 
observed in any one year, it was included in the bioclimatic model regardless of whether denning 
occurred during that particular year.  
 
In addition, although the study found that 69 percent of dens for North American wolverines 
were located within satellite images (pixels) in areas that had snow cover for 6–7 years, just over 
one-third (31 percent) of the identified den locations were located in areas that were identified as 
having spring snow cover 5 years or less out of 7 years. Also, the den location attributes (e.g., 
den structure, how long it was used) were not recorded relative to the observed persistent snow 
cover and some of the 560 dens (e.g., Norway) were identified by snow tracking rather than 
direct observation. In essence, the results presented by Copeland et al. (2010, entire) provided a 
fairly accurate, though preliminary, assessment of where wolverine populations are expected to 
be observed, but did not evaluate (model) snow persistence at the den site scale based on location 
and denning period (emphasis added).  
 
We also note here that results from group scoring exercises using modified (no consensus) 
Delphi techniques (i.e., group discussions followed by group scoring exercises with points 
allocated for beliefs on wolverine habitat needs and behavior, as well as uncertainty in allocation 
of points) of a panel of scientists convened by the Service in April 2014 (Wolverine Science 
Panel Workshop), indicated that most panelists allocated points to an obligate relationship of 
wolverines with deep snow at the den-site scale, but there was a wide range of scores from the 
panel as to whether contiguous snow was limiting at the home-range or species-range scales 
(Wolverine Science Panel Workshop Report 2014, pp. 9–11).  
 
Since the 2013 (78 FR 7864; February 4, 2013) and 2014 (79 FR 47522; August 13, 2014) 
proposed rules for the wolverine, several publications have presented additional study results 
related to wolverine distribution and snow cover. In Alberta, Canada, Webb et al. (2016, entire) 
found that, based on wolverine harvest data, wolverine occurrence relative to spring snow cover 
(percent of area covered, with greater than 75 percent snow coverage, on April 1 and 15) varied 
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based on the different regions of Alberta. Although the study found an overall positive trend of 
more frequent wolverine harvests in those areas expected to have spring snow cover, the study 
did not find consistent large differences between these areas, and did not typically detect 
significant relationships with frequent spring snow cover (4–7 years) in all regions (Webb et al. 
2016, p. 6). The Rocky Mountains region was the only region in which wolverines were reported 
in areas with more frequent spring snow cover (4–7 years) (Webb et al. 2016, p. 5). This region, 
which is located along the western border of Alberta, contains montane, subalpine and alpine 
habitat, with elevations from 1,000 m (3,281 ft) to 3,700 m (12,139 ft) (Webb et al. 2016, p. 9). 
Conversely, the study found that in the Boreal Forest region of Alberta (i.e., wetland habitat 
interspersed with coniferous, mixed wood, and deciduous forests, with elevations between 1,500 
m (4,921 ft) to 1,100 m (3,609 ft)), a female wolverine denned under large boulders and downed 
trees (Webb et al. 2016, p. 8). The authors noted that wolverine den locations within low 
elevation, forest habitats have not been well-described (Webb et al. 2016, p. 8). As noted above 
(Novikov 1962, p. 200), in boreal forested habitat, wolverines den in rock areas and in tree root 
structures. A similar finding was reported in Sweden, where a majority of dens (n=49) were in 
boulder areas located within mature, mixed coniferous forests (i.e., not alpine or tundra habitat) 
(Makkonen 2015, p. 14); all den sites provided cover for young without snow (Makkonen 2015, 
p. 17). A recently published study reported wolverine natal dens in logged areas (cutblocks) in 
northern Alberta, Canada; specifically, within a slash pile and log deck (Scrafford et al. 2017, p. 
35). 
 
A study of wolverine populations and distribution in Sweden observed that wolverine 
populations were found outside areas with persistent spring snow cover (mean snow depth and 
proportion of years with snow cover on March 15; 1961–1990) and expanding into boreal forest 
habitat located to the east and south of alpine areas (Aronsson and Persson 2016, p. 266). This 
southern and eastern expansion (from 1996 to 2014) indicates recolonization of their historical 
distribution in Sweden, and is thought to be the result of an increase in population, with more 
dispersers colonizing forest habitat, and an increase in year-round scavenging opportunities due 
to an increase in Scandinavian wolf packs (Aronsson and Persson 2016, p. 266; Aronsson 2017, 
pp. 43–44). As of the spring of 2017, over 80 reproductive dens have been observed outside the 
boundary of the snow model presented in Copeland et al. (2010) (Persson 2017, pers. comm.). 
Similarly, in Finland, Koskela (2013, p. 38) found that 10 observed wolverine dens observed 
were determined to be “snow dens,” but 8 of the 10 dens were located in areas outside the 
Copeland et al. (2010) modeled, satellite-based spring snow cover area.  
 
Snow depth can be affected at a local level by terrain, ruggedness, slope and aspect; slope and 
aspect together will affect the exposure to snow accumulation (May et al. 2012, p. 198). In an 
effort to document and compare snow persistence at the wolverine den-site scale, Magoun et al. 
(2017, entire) evaluated the use of low-altitude aerial photography during late May 2016 in areas 
within the Rocky Mountains (Idaho and Montana) and northwestern Alaska. In Idaho and 
Montana, flight lines were established along transects through the long axis of previously 
documented home ranges of denning female wolverines and, in Alaska, known den sites (from 
2016) were visited by helicopter and remaining snow was photographed (Magoun et al. 2017, p. 
383). Transect segments in the Rocky Mountain study areas documented snow on May 31 in all 
but one segment, with 82 percent classified in low to heavy snow retention categories, and 58 
percent considered as moderate to heavy (Magoun et al. 2017, p. 383). In the Alaska study area, 
photographs documented widely scattered patches of snow on May 29, with remnant snowdrifts 
observed at all four wolverine den sites (Magoun et al. 2017, p. 383). The documentation of the 



North American Wolverine Species Status Assessment Report  

31 
 

existence of scattered patches of snow in the Rocky Mountains persisting into late May in areas 
previously detected to be bare of snow on May 29 (MODIS persistent spring snow cover, 
McKelvey et al. 2011, p. 2,889, Figure 4D; Magoun et al. 2017, p. 384, Figures 2b and 2d) 
suggests that persistent spring cover may not always be detectable at the den-site scale using 
remote sensing methods (Magoun et al. 2017, p. 384), and is affected by terrain, ruggedness, 
slope, and aspect.  
 
To evaluate snow cover at previously recorded den site locations in the western United States, 
we reviewed natal, maternal, and known den sites relative to derived ‘melt-out’ dates using 
MODIS/Terra Snow Cover, 8-day series (Hall and Riggs 2016). Melt-out dates represent the first 
day of the 8-day composite series when the cell in which the den was located switches from 
“snow” to “no snow.” The spatial resolution for these data is 500 m by 500 m (1,640 ft by 1,640 
ft). Because MODIS data was only available from the years 2000 to present, we were only able 
to evaluate 21 of the 34 den sites documented in our records. As shown in Table 3, the earliest 
melt-out date was May 14 (2006) and the latest was July 12 (2002). For natal den sites only, the 
range for melt-out dates was May 25 to July 12. All of these sites indicate a melt-out date that is 
past the May 15 date used for the persistent spring snow cover model presented in Copeland et 
al. (2010), which suggests that snow is persistent at these locations past the time when young 
begin moving out of natal dens (i.e., late April; see Use of Dens and Denning Behavior section).  
 
Table 3. Wolverine Den Site Melt-Out Dates, 2002–2008. 

Den # Den Type Melt-out Date Elevation, meters (feet) Structure State 

1 Unknown 7/12/2002 1,814 m (5,951 ft) None Listed WA 

2 Natal 5/25/2003 1,928 m (6,326 ft) Log Complex MT 

3 Maternal 5/25/2003 1,995 m (6,545 ft) Log Complex MT 

4 Natal 6/4/2004 1,807 m (5,923 ft) Log Complex MT 

5 Natal 6/9/2004 2,399 m (7,871 ft) None Listed WY 

6 Natal 6/17/2004 2,487 m (8,160 ft) None Listed MT 

7 Maternal 6/29/2004 1,823 m (5,981 ft) Downed Log MT 

8 Maternal 6/29/2004 1,893 m (6,211 ft) Log/Boulder MT 

9 Maternal 6/11/2005 1,912 m (6,273 ft) Spider Tree MT 

10 Maternal 6/11/2005 1,973 m (6,473 ft) Spider Tree MT 

11 Natal 6/11/2005 1,977 m (6,486 ft) Spider Tree MT 

12 Natal 7/12/2005 2,693 m (8,835 ft) None Listed MT 

13 Unknown 5/14/2006 1,514 m (4,967 ft) Log Complex MT 

14 Unknown 5/25/2006 2,093 m (6,867 ft) None Listed MT 

15 Maternal 5/31/2006 1,851 m (6,073 ft) Log Complex MT 

16 Natal 5/31/2006 1,843 m (6,047 ft) Log Complex MT 

17 Unknown 6/7/2006 2,252 m (7,389 ft) None Listed MT 

18 Natal 6/18/2006 2,695 m (8,842 ft) None Listed MT 

19 Natal 5/25/2007 2,820 m (9,252 ft) None Listed MT 

20 Natal 6/4/2007 1,922 m (6,306 ft) Log/Boulder MT 

21 Unknown 7/3/2008 2,505 m (8,219 ft) None Listed ID 
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Additional studies are needed to further document wolverine den structure, snow conditions at 
dens, and how long dens are used, particularly for those locations outside of areas expected to 
have spring snow cover, to better understand the relationship of wolverines and snow cover 
(Webb et al. 2016, p. 8; Magoun et al. 2017, pp. 6–7). 
 
Other physical or biotic variables are also likely to be important for wolverine den site locations. 
Elevation affects snow depth and persistence at the landscape scale (May et al. 2012, p. 198). 
Inman et al. (2012a, p. 782) found that wolverines (12 females and 6 males) monitored in the 
Greater Yellowstone Ecosystem selected, on an annual basis, areas above 2,600 m (8,530 ft) 
latitude-adjusted elevation. In central Idaho, natal dens were also found in secluded, high 
elevation (above 2,500 m (8,202 ft)) cirque basins (Copeland 1996, p. 94).  
 
We evaluated 34 den sites in the lower United States using a linear regression model to evaluate 
whether the elevation of wolverine den sites is related to latitude. We note here that not all of 
these dens were characterized as to whether they were natal or maternal dens and a few records 
were not verified through tracking of females or direct observations. Given these caveats, our 
examination of these records indicated that, in general, wolverine dens at lower latitudes (36 to 
38°N) occur at higher elevations (range: 2,688 to 3,562 m) (8,819 to 11,686 ft) while the 
converse is seen for those dens at higher latitudes, or approximately 44 to 49°N (range: 1,514 to 
2,820 m) (4,967 to 9,252 ft). Given our assumptions (small sample size, test of normality (i.e., 
Shapiro test for elevation is just met)) we used linear regression (R Software; R Development 
Core Team, 2014) to test this association. We found a significant association with elevation and 
latitude [adjusted R2 = 0.76, F = 108.1, df=32; p-value = 8.24 x10-12], such that dens found at 
lower elevation were associated with higher latitudes. However, the results of this simple model 
indicate that 76 percent of the elevation for this sample is explained by latitude; thus, other 
potential explanatory variables or interactions between variables should be considered using 
multiple regression techniques. 
 
The steep slopes found at higher elevations also provide conditions conducive to avalanches, 
which result in debris and talus/boulder piles that provide structure for dens (Inman 2013, pers. 
comm.). Steep slopes and the availability of rocks were found to be important to wolverine den 
site selection for wolverines studied in Norway (May et al. 2012, p. 200). These areas also offer 
either exclusive or higher frequencies of maternal food sources during the high energy demands 
for reproducing females, such as marmot emerging from hibernation and neonatal ungulates 
(Inman 2013, pers. comm.) (see Diet and Feeding discussion below). 
 
In summary, wolverines select den sites for different characteristics depending on location. Dens 
located under snow cover may be related to wolverine distribution based on other life history 
traits, including morphological, demographic, and behavioral adaptations that allow them to 
successfully compete for food resources (Inman 2013, pers. comm.). Structure (e.g., uprooted 
trees, boulders and talus fields) appears to be essential for natal den sites with or without snow 
cover. Sensitivity to human disturbance and predator avoidance are also likely important factors 
in selecting both natal and maternal den sites. However, reproductive success of wolverines has 
not been evaluated relative to the depth and persistence of snow cover, or in combination with 
these or other important characteristics, including prey availability and predator avoidance.  
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Demography	
 
The lifespan of the wolverine is variable. Jackson (1961, p. 361) reported an upper range of 8–10 
years in the wild and potentially up to 18 years in captivity. Based on trapper-submitted 
carcasses from the Yukon, an upper age of 11.9 years for a male wolverine and 12.9 years for 
(pregnant) female was reported (Jung and Kukka 2013, pp. 8, 12). Inman et al. (2012a, p. 781) 
classified wolverines less than 1 year old as juveniles (or cub), those 1 to 2 years old as 
subadults, and those at least 3 years old as adults. Generation time for wolverines has been 
estimated at 7.5 years (COSEWIC 2014, p. 23). 
 
Survival of adult female wolverines is considered to be an important demographic parameter in 
the wolverine’s life history (Sæther et al. 2005, entire). As noted by Aronsson (2017, p. 13), 
because most polygamous species display a dispersal pattern that is sex-based, their population 
distribution is generally limited by the dispersal behavior of the sex that is more philopatric (the 
tendency of a species to remain within or return to its birth area). Thus, the distribution of 
wolverine populations and colonization is generally limited by dispersal of female wolverines 
(Aronsson et al. 2017, p. 2).  
 
Stochastic factors (both demographic and environmental) also strongly influence the population 
dynamics of the wolverine (Sæther et al. 2005, p. 1,011–1,012). Given the rapid maturity of 
young wolverines, survival of female wolverines with young is likely dependent on the 
availability and distribution of food sources during the “snow-free season” (late spring and 
summer) (Banci 1994, p. 114). For example, a study of wolverines in Norway found that survival 
of young was primarily influenced by the abundance of small rodents (Landa et al. 1997, p. 
1,293).  
 
Evaluating how variations in demographic rates are influenced by the interactions between costs 
of reproduction, individual quality (e.g., breeding status), and environmental factors can provide 
a better understanding of the dynamics and viability of animal populations (Robert et al. 2012; p. 
entire; Rauset et al. 2015, entire). The interactions between individual age, environmental 
resources, and reproductive costs of wolverines in Sweden were recently examined (Rauset et al. 
2015, entire). The results of this study provide important details regarding the influences on 
wolverine reproduction productivity. The study found that age-related variation in reproductive 
output for female wolverines is driven by the interactions between age, reproductive costs, and 
availability of resources (Rauset et al. 2015, p. 3,160). As an example, female wolverines were 
found to be more likely to give birth and nurse young in home ranges with greater food resource 
abundance at the time of fetal development (Rauset et al. 2015, p. 3,158). The study also 
concluded that a favorable reproductive strategy for female wolverines is a conservative one, 
wherein older female wolverines do not “trade” current reproduction against their own survival 
(Rauset et al. 2015, p. 3,161). 
 
Intraspecific predation of wolverines is another important influence on wolverine population 
dynamics (Persson et al. 2003, p. 26). The altricial life history stage (early May to end of July) is 
likely a period of high juvenile mortality in solitary carnivores, such as the wolverine, since 
females are balancing the energetic demands of lactation (Sadleir 1984, pp. 179–180) and 
providing protection to young (Persson et al. 2003, p. 22). Young (juveniles) wolverines are 
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vulnerable to predation during the time period when left unattended in the natal den (generally 
March-April) and when they first exit the natal den and are left at rendezvous sites, or around 
May-June (Magoun 1985, pp. 49, 73, 77). An additional vulnerability occurs when juvenile 
wolverines are required to become nutritionally independent and begin exploratory movements 
away from their mother’s protection, generally August-September (Vangen et al. 2001, p. 1,644).  
 
Mortality 
 
There are a few natural predators of wolverines, but interactions with wolves can lead to severe 
injury and death (Burkholder 1962, p. 264; Banci 1987, pp. 81, 91; White et al. 2002, p. 132). 
Mountain lions are suspected of killing wolverines (Copeland 1996, p. 46; Krebs et al. 2004, p. 
497; Aubry et al. 2016, pp. 27, 32). Starvation has also been identified as a cause of mortality in 
wolverines (Hornocker and Hash 1981, p. 1,296; Banci 1987, pp. 91, 110; Krebs et al. 2004, p. 
497). Intraspecific predation also contributes to wolverine deaths. Persson et al. (2003, p. 25) 
found that juvenile survival rate tended to be lower during the altricial period (May–July), and 
intraspecific predation was the most common cause of mortality, occurring either as infanticide 
or after independence. Avalanches have also been documented as a cause of wolverine deaths 
(Inman et al. 2007, p. 89). 
 
In North America, anthropogenic causes of mortality for wolverine populations include hunting, 
trapping, and road kill. Discussion of the effects of hunting, trapping, and human development is 
provided below (see Biological Status–Current Condition section).  
 
Diet	and	Feeding	
 
Wolverines have been described as opportunistic foragers (Inman et al. 2012b, p. 639) and as a 
“seasonal scavenger on the fringe of the food web” (Larsen 1980, p. 399). They are both 
scavengers and predators, with a diet that varies between seasons and years, and switching 
between food sources depending on availability (Magoun 1987, p. 396; Cardinal 2004, pp. 19–
22; Mattisson et al. 2016, p. 9). The term “polyphagous” was used by Landa et al. (1997, p. 
1,292) to describe the switching of food sources depending on prey availability by wolverines. 
Regional variations in diet have also been observed for wolverine populations (Nunavut, 
Canada) (Awan and Szor 2012, p. 9). The availability of ungulate carrion is believed to be more 
important than a particular habitat type for wolverines (Cardinal 2004, p. 20). 
 
Early studies from northwestern Montana using scat analysis found that carrion (deer or elk) was 
an important component of wolverine diet (Hornocker and Hash 1981, p. 1,297). However, 
during winter, hoary marmots (Marmota caligata) were also important food items consumed 
and, in the spring, Columbian ground squirrels (Urocitellus columbianus) were heavily preyed 
upon (Hornocker and Hash 1981, p. 1,298). As reported by Cardinal (2004, pp. 20–21), 
wolverines in Canada have a large and varying diet based on reports from aboriginal traditional 
knowledge holders; in addition to large animals as prey or carrion, wolverine diet includes 
rabbits and ptarmigans (Lagopus sp.), porcupine (Erethizon dorsatum), mice, beaver (Castor 
canadensis), fish, ducks, seals, gulls and gull eggs, and lemmings, as well as antlers, bones, and 
skulls. Native mountain goats (Oreamnos americanus) and bighorn sheep (Ovis canadensis), that  
occupy high elevation winter ranges in portions of North America, have also been suggested as 
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important components of wolverine winter diet, particularly during the reproductive denning 
period (Buell Environmental 2016, pers. comm.). Snowshoe hares may also be an important food 
item for wolverines in parts of Canada (Jung and Kukka 2013, p. 20). 
 
In northwestern Alaska, analyses of wolverine winter diet using carcasses collected from hunters 
(1996–2002) within the migratory range of the Western Arctic Caribou Herd found that caribou 
represented the most common food item, likely through scavenging behavior, followed by moose 
(Alces alces), and to a lesser degree, microtine rodents, Arctic ground squirrels (Spermophilus 
parryii), porcupines, wolverines, red fox (Vulpes vulpes), sheep and ptarmigan (Dalerum et al. 
2009, p. 249). One study year found stomach contents contained a large portion of muskoxen 
(Ovibos moschatus) and Dall’s sheep (Ovis dalli) (Dalerum et al. 2009, p. 249). Wolverines were 
found to be the main predator of caribou calves (less than 14 days of age) in northern British 
Columbia, Canada (Gustine et al. (2006, pp. 13–14). Wolverine diets in winter (scat analysis) 
and summer (primarily direct observation) were evaluated by Magoun (1987, entire) in 
northwestern Alaska. Results from that study indicate a large number of Arctic ground squirrels 
were eaten in summer, while the winter diet consisted primarily of caribou and Arctic ground 
squirrels (Magoun 1987, p. 393). Scavenging was found to be an important feeding strategy in 
winter, including remnants of buried caribou carcasses or bone/hide in the tundra (Magoun 1987, 
p. 396). 
 
Food habits of wolverines from 2002 to 2007 in Glacier National Park were evaluated by Yates 
and Copeland (in prep) by reviewing prey remains and scat samples, or direct observations of 
feeding behavior. Their scat analysis found that 72 percent of samples contained more than one 
prey species, and 89 percent contained plant material, primarily conifer needles (Yates and 
Copeland, in prep). The latter may be related to scent-marking behavior of territories, either by 
defecation after chewing on twigs/shrubs or terpenes released during urination, or the result of 
stomach contents found within their consumed herbivorous prey (Yates and Copeland, in prep). 
Overall, deer and elk represented the most frequent prey item (37 percent), but hibernating 
rodents were also common in scats (36 percent).  Other prey items included mice, voles, 
lemmings, bovids (e.g., bighorn sheep, mountain goat), birds, and hares (Yates and Copeland, in 
prep). Temporal differences in the occurrence of prey were also observed. 
 
Snow tracking in Montana found that wolverines hunted in brush piles, log jams, and heavy 
cover, and routinely entered "tree wells," areas immediately under dense, low growing conifers 
where snow does not accumulate, that provide easy access to small, ground-dwelling mammals 
(Hornocker and Hash 1981, p. 1298). Wolverines have been described as moving and lifting 
large stones in order to access human-cached meat (Freuchen 1935, p. 98). 
 
Several foraging strategies have been described for wolverines. Predation behavior on reindeer 
(Sweden) was detailed by Haglund (1966, p. 275). A study of elk in Siberia, Russia, noted that, 
in most instances, wolverines will attack young, pregnant females, young of the year, and 
wounded or sick animals (Knorre 1959, p. 27). Elk were chased, sometimes by two wolverines 
during periods of heavy snow (Knorre 1959, pp. 10, 27) and wolverines have been observed 
feeding in groups on large animal carcasses (Cardinal 2004, p.21). However, wolverines have 
been described as neither an effective predator of large game animals, nor a serious competitor 
with other predators (Cardinal 2004, p. 21).  
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Based on studies in Alaska, Dalerum et al. (2009, p. 251) suggested that wolverines occupying 
this region are large ungulate specialists, but use a generalist feeding strategy by switching 
between ungulate food sources (e.g., caribou and moose) depending on their availability. Thus, 
during periods of low caribou abundance, wolverines can switch from caribou (migratory) to 
moose (non-migratory) while still maintaining their ecological role as a scavenger on ungulate 
carcasses (Dalerum et al. 2009, p. 251).  
 
A study of wolverine diet using scat samples in Finland found that breeding female wolverines 
opportunistically used carrion and hunted less on small prey as compared to males and non-
breeding females (Koskela 2013, p. 35). In addition, in areas with low densities of mid-size 
ungulates, smaller prey and carcasses may be important in the wolverine diet (Koskela 2013, p. 
35). These results supported an optimal foraging theory; that is, wolverines will opportunistically 
use foods that are the most energy-efficiently available (Koskela 2013, p. 41). In other words, 
hunting ungulates or smaller prey (rabbits, birds) may incur greater energetic costs than 
scavenging for food, but searching for wolf- or human-killed carcasses will take more time 
(Koskela 2013, p. 41).  
 
Finally, diet and feeding strategies of wolverines were evaluated in Scandinavia (Mattisson et al. 
2016, entire). Wolverine feeding strategies were found to be flexible and temporarily shifted 
from scavenging to predation and heavily influenced by seasonal dependent responses to 
availability of prey and the supply of carrion (Mattisson et al. 2016, p. 9). Predictable 
anthropogenic food sources (i.e., remains from hunted ungulates) also influenced wolverine 
feeding strategies in their study area by increasing scavenging behavior relative to predation 
(Mattisson et al. 2016, p. 10). 
 
Aboriginal traditional knowledge holders in Canada have reported wolverines as being largely 
dependent on wolves or another large predator to obtain large mammal carrion such as caribou, 
but also scavenge off polar bear (Ursus maritimus) and grizzly bear (summer) kills (Cardinal 
2004, p. 20). Wolverines were observed following the tracks of Eurasian lynx (Lynx lynx) and 
then scavenging on prey left behind from lynx kills (Haglund 1966, pp. 272–273). Myhre and 
Myrberget (1975, p. 756) noted that the hunting abilities of wolverine and Eurasian lynx are not 
the same and that the two animals use the meat of their prey differently, which, together, may 
allow the two carnivores to coexist in the same environment.  
  
In Sweden, Mattisson et al.’s (2011b, p. 1,326) study of Global Positioning System (GPS)-
collared wolverines found that they spent three times longer scavenging ungulate carrion as 
compared to feeding on wolverine-killed prey, and more than half of the reindeer carcasses 
scavenged by wolverines were killed by Eurasian lynx. That study concluded that lynx can 
increase the availability of food for wolverines and other scavengers and that lynx behavior 
around kill sites minimizes potential encounter conflicts (Mattisson et al. 2011b, p. 1,328). In 
their study area, Eurasian lynx do not appear to pose a significant threat to wolverines, neither by 
exclusion in space or time (Mattisson et al. 2011a, p. 79) nor from mortality (Persson et al. 2009, 
p. 327). We are not aware of similar evaluations for North American populations of wolverines 
and Canada lynx. This lack of study on interspecific processes in the more predator-diverse 
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North American landscape is an important gap in our understanding of wolverine distribution 
(Fisher et al. 2013, p. 712). 
 
Large carnivores can act as “sympatric ungulate predators” (Dalerum et al. 2009, p. 251), 
generating carrion at kill sites, particularly during winter months, but also as competitors and 
potential sources of mortality (White et al. 2002, p. 132; Krebs et al. 2004, p. 497; Koskela et al. 
2013b, p. 221). Wolverines apparently balance their exposure to the risk of predation with 
foraging opportunities (Scrafford et al. (2017, p. 32). Thus, even though wolverines may not be 
dependent on lynx or other sympatric predators for their survival or reproduction, an increase in 
the availability of carrion likely has a positive influence on the reproductive rate (e.g., number of 
offspring) in wolverine populations (Mattisson et al. 2011b, p. 1,328). 
 
Caching of food is an important behavior of wolverines and is a key component of wolverine 
population dynamics (Hornocker and Hash 1981, p. 1,297; Inman et al. 2012b, p. 640). Food is 
cached in both summer and winter, by both sexes, and allows for food to be available past the 
peak periods of mortality and predation (Inman et al. 2012b, p. 639). Wolverines will typically 
move between carcasses and cache sites and are able to remove large parts of a carcass in a short 
time (Mattisson et al. 2011b, p. 1,327). Caching behavior in Sweden was reported most 
commonly in snow, as well as crevices in rock piles, and found that wolverines carried food to 
cache sites over long distances (8 and 10 km (5 and 6 mi)) (Haglund 1966, p. 274). As an 
example, Bjӓrvall (1982, p. 319) reported a female wolverine carried a reindeer head (with 
antlers) about 22 km (13.67 mi) back to a den site in Sweden. In northwestern Alaska, 
wolverines fed on cached ground squirrels during winter (Magoun 1987, p. 395).  
 
A study of wolverine caching behavior in boreal forest habitat in Canada reported that cache 
sites varied from simple caches, a single feeding site or excavation, to cache complexes, which 
included feeding stations, latrines, resting sites, and climbing trees dispersed over varying spatial 
landscapes (Wright and Ernst 2004b, pp. 61–62). All cache sites included bones and hides of 
moose, which were likely scavenged from wolf kills (Wright and Ernst 2004b, p. 62). Cache 
sites were often excavated in snow, but also in the ground under boughs of large spruce (Picea 
spp.) trees (Wright and Ernst, 2004b, p. 62). Wolverines also appeared to select cache sites and 
resting areas that offered good visibility of approaching competitors or predators (Wright and 
Ernst 2004b, pp. 63–64). 
 
Wolverine energetic demands and food requirements are related to their foraging strategies. 
Caching provides important energy for female wolverines during the lactation period and helps 
ensure survival of newborns (Inman et al. 2012b, p. 640). Wolverines were found to have high 
energetic needs compared to other mammalian carnivores (Young et al. (2012, p. 2,252), similar 
to results previously presented by Iversen (1972a, p. 343), who concluded the basal metabolism 
of mustelids weighing over 1 kg (2.2 lbs) is approximately 20 percent higher than for other 
mammals. A study by Andrén et al. (2011, p. 36) estimated a 1.2 kg/day (2.65 lbs/day) (range: 
1.0–1.4 kg/day (2.2–3 lbs/day)) food requirement for wolverines, while Young et al. (2012, p. 
223) estimated a male wolverine would require an average of 0.85 kg (1.87 lb) of prey/day in 
winter and 0.95 kg/day (2.1 lbs/day) in “snow-free” periods.” Based on energy equivalent value 
of various prey sources, Young et al. (2012, pp. 223, 225) estimated that a winter diet for a male 
wolverine would include the equivalent of 1.8 ungulates, 70.7 sciurids (squirrels), 20.6 
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lagomorphs (rabbits), and 832.7 small mammals, while in snow free season this would include 
the equivalent of 0.9 ungulates, 122.9 sciurids, and 3362.1 small mammals. 
 
The study by Young et al. (2012, p. 225) concluded that wolverines consume 0.1 kg (0.22 lb) of 
prey per day more outside winter season, but that prey expected to be consumed in winter had a 
higher caloric content than other seasons; thus, the mass requirement is lower. As an example, 
they cite the higher proportion of ungulates consumed in winter, which provide about 1.3 times 
more energy (kilojoules per kilogram) than squirrels (Young et al. 2012, p. 225). Other 
researchers have also noted that food during the summer is just as important as the availability of 
cached ungulate food in the winter (e.g., during the energy demanding lactation period) (Inman 
et al. 2012b, pp. 640–642). The post-weaning growth period (May–August) was identified as a 
high energetic demand for food by a wolverine family group (Inman et al. 2012b, p. 640). Taken 
together with the lactation period, the calories available to wolverines therefore likely reaches a 
maximum from March to April (Inman et al. 2012b, p. 640).  
 
Population	Structure	
 
As discussed above, wolverines recolonized much of North America after periods of glaciation 
and then experienced heavy human persecution in much of their range. As shown in our current 
range map (Figure 3) and described below in our Population Abundance and Distribution 
section, wolverines occur across a broad expanse of North America, where the contiguous 
United States represents the southern extent of the species’ range. A number of biological factors 
can affect wolverine populations, including the species’ low intrinsic rate of population increase, 
naturally low densities, and need for large, intra-sexual home ranges (Banci and Proulx 1999, p. 
180). Their extensive dispersal abilities make possible the recolonization of individuals into 
vacant habitats (Vangen et al. 2001, p; 1,647; Aronsson 2017, p. 43). As noted above (Diet and 
Feeding), interactions with sympatric predators and the availability of prey and carrion can also 
directly and indirectly affect wolverine populations.  
 
Wolverines in the contiguous United States are considered to represent a metapopulation (set of 
local or subpopulations within a larger area and where migration is possible between patches 
(Hanski and Simberloff 1997, p. 11)) (Inman et al. 2013, p. 277) and occupy habitat in high 
alpine patches at low densities, dispersing into suitable areas (Inman et al. 2012a, pp. 782–784). 
Wolverines in Canada are considered to occur as a single large group as they are easily able to 
move between areas of good habitat and because wolverine habitat is relatively contiguous 
(Harrower 2017, pers. comm.).Wolverine populations in Alaska are considered to be continuous 
with populations in the Yukon and British Columbia provinces of Canada based on genetic 
studies (COSEWIC 2014, p. 37).  
 
Studies of wolverines in the North Cascades region have documented movement of wolverines 
from Washington into British Columbia (Aubry et al. 2016, pp. 16, 20). The 2014 COSEWIC 
Report indicated that rescue (immigration from another population) of Canadian wolverine 
populations along the Canada-Alaska international boundary was likely (based on nuclear DNA 
evidence), but was negligible from the contiguous United States (COSEWIC 2014, p. 37). Based 
on mitochondrial DNA studies, Tomasik and Cook (2005, p. 390) concluded the gene flow in 
wolverines in northwestern North America is likely male-mediated, and is primarily due to long 
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distance dispersal between low-density populations. Genetic studies of North American 
wolverines conducted by Kyle and Strobeck (2002, entire) found high levels of gene flow across 
northern populations (Canada and Alaska).  
 
Genetics 
 
Evaluation of genetic material can provide an understanding of population dynamics (Cegelski et 
al. 2006, p. 209). The geographical genetic structure of wolverines is believed to be largely 
structured around the strong female philopatry characteristic of this species (Rico et al. 2015, p. 
2), and, given the species polygamous behavior, wolverine population distributions (at least in 
Scandinavia) are considered to be primarily limited by dispersal of the more philopatric sex 
(females) (Aronsson 2017, p. 13). However, the extensive and often asymmetrical movement of 
male wolverines from core populations to the periphery of their range can result in the addition 
of nuclear genetic material to these edges (Zigouris et al. 2012, p. 1,553). Thus, the dispersal 
pattern for male wolverines may help explain why allelic richness (i.e., nuclear DNA) can be 
similar across regions, but haplotype richness (mitochondria DNA) is lower at the periphery of 
the species’ range (Zigouris et al. 2012, p. 1,553). Additionally, the extensive dispersal 
movements of both male and female wolverines can produce gene flow among diverged 
populations, making it difficult to distinguish, without additional sampling and analysis, between 
long-distance dispersal and fragmentation based on the patchy distribution of some haplotypes 
(Zigouris et al. 2013, p.10).  
 
Studies evaluating the genetic structure of wolverines, primarily within its core range in North 
America, were presented in Chappell et al. (2004) and Kyle and Strobeck (2001, 2002). Using 
microsatellite markers, Kyle and Strobeck (2002) and Zigouris et al. (2012) found a greater 
genetic structure of wolverines toward their eastern and southern peripheries of their North 
American distribution, likely due to a west-to-east recolonization during the Holocene (Zigouris 
et al. 2013, p. 9). Similarly, based on mitochondria DNA, McKelvey et al. (2014, p. 330) 
concluded that modern wolverine populations in the contiguous United States are the result of 
recolonization (following persecution from hunting and trapping) from the north.   
 
Genetic diversity and population genetic structure of a larger sample size of wolverines were 
examined by Cegelski et al. (2006, entire) for the southern extent of their North American range 
using both microsatellite markers and mitochondrial DNA. They concluded that the wolverine 
populations in the contiguous United States were not sources for dispersing individuals into 
Canada (Cegelski et al. 2006, p. 208). They found that there was significant differentiation 
between most of the populations in Canada and the United States (Cegelski et al. 2006, p. 208). 
However, they cautioned that their statistical analysis may not have been able to detect “effective 
migrants” and that sample size can affect the detection of dispersers (Cegelski et al. 2006, p. 
208). They concluded that some migration of wolverines was occurring between the Rocky 
Mountain Front region (northwestern Montana) and Canada as well as among wolverine 
populations in the United States, with the exception of Idaho (Cegelski et al. 2006, p. 208). In 
addition, results from testing of allelic differences among the populations were interpreted by the 
authors as likely inadequate to counter the effects of genetic drift due to low numbers of migrants 
(Cegelski et al. 2006, p. 208). They estimated that, based on genetic diversity observed at that 
time, two effective migrants from either Canada or Wyoming into the Rocky Mountain Front 
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population would be needed to maintain the levels of genetic diversity in that population, and 
one effective migrant was needed to maintain levels of diversity in the Gallatin, Crazybelt, or 
Idaho populations (Cegelski et al. 2006, p. 209). The authors concluded that migration is 
essential for maintaining diversity in wolverine populations in the contiguous United States since 
effective population size may never be reached due to the naturally low population densities of 
wolverines (Cegelski et al. 2006, p. 209). 
 
Effective population size (Ne) (see Box 2) is defined as “the size of an idealized population that 
would experience the same amount of genetic drift and inbreeding as the population of interest. 
In popular terms, Ne is the number of individuals in a population that contribute offspring to the 
next generation” (Hoffman et al. 2017, p. 507). It represents a metric for quantifying rates of 
inbreeding and genetic drift and is often used in conservation management to set genetic viability 
targets (Olsson et al. 2017, p. 1). It is not the same as the more commonly used metric, census 
population size (N), but is often assumed to represent the genetically effective population size.  
 
An effective population size analysis for wolverines in the contiguous United States was 
presented in Schwartz et al. (2009, p. 3,225) using wolverine samples from the main part of the 
Rocky Mountains populations (e.g., central and eastern Idaho, Montana, northwestern 
Wyoming). Excluded in this analysis, were subpopulations from Crazy and Belt Mountains in 
Montana (based on suggestion by Cegelski et al. (2003) that they represented separate groups) 
(Schwartz et al. 2009, p. 3,225). Samples were divided into three time frames and the computer 
program ONeSAMP was used to estimate effective population size in each time frame [sample 
size appears to be between 142 and 210]. The summed effective population size was estimated at 
35, with credible limits from 28–52, and the summed values for the three time frames was 
reported as follows: Ne 1989–1994 = 33, credible limits 27–43; Ne 1995–2000 = 35, credible limits 28–
57; Ne 2001–2006 = 38, credible limits 33–59 (Schwartz et al. 2009, p. 3,226).  
 
However, Cegelski et al.’s (2006, p. 203) evaluation of nuclear DNA population structure in 
wolverines in Canada (sample size of 101) and the contiguous United States (sample size of 
116), as depicted by a principle component analysis plot and dendrogram, found that all of the 
Canadian wolverine populations clustered together. In the contiguous United States, the Rocky 
Mountain Front subpopulation clustered with the Wyoming subpopulation, the Crazybelt 
Mountains' area subpopulation clustered with the Gallatin (Montana) population, and the Idaho 
population was highly differentiated (Cegelski et al. 2006, p. 203). That study concluded that 
some exchange of migrants is occurring between the Gallatin and Crazybelt wolverine 
populations (Cegelski et al. 2006, p. 207), but noted that this grouping is more genetically 
differentiated and isolated from the other populations they sampled when compared to the Rocky 
Mountain Front population (Cegelski et al. 2003).  
 
In addition, the map presented in Schwartz et al. (2009, p. 3,223) depicting the locations of the 
wolverine samples used in preparing their effective population size estimate shows significant 
gaps within the wolverine’s range in Idaho and parts of Montana (e.g., interior of the Bob 
Marshall Wilderness area). Thus, other wolverine subpopulations and/or individuals were likely 
missed for this analysis. Studies within the Southwestern Crown of the Continent (SWCC) in 
northwestern Montana have detected cross-valley movements of wolverines, which researchers 
believe is an indication of good connectivity in this region (SWCC Wildlife Working Group 



North American Wolverine Species Status Assessment Report  

41 
 

2016, pers. comm.). Current efforts to collect additional wolverine hair samples for genetic 
analyses are underway through a multi-state occupancy survey project (see Population 
Abundance and Distribution section below). 
 
Another evaluation of mitochondria DNA was conducted by Francis (2008), who found an 
overall lack of regional (geographic) genetic structure for North American wolverines, but noted 
that a few populations  (Crazybelts (Montana), Southeast Alaska, Nunavut  (Canada), and Kenai 
Peninsula) appeared to be isolated from the others (Francis 2008, p. 12). However, statistical 
testing did not identify any genetically defined sampling localities (Francis 2008, p. 13). Minimal 
differences were found between core and peripheral wolverine populations, as grouped in that 
analysis (Francis 2008, p. 21; Table 4). Conversely, the study by Zigouris et al. (2012, p. 1,554; 
Table 5) did find support for genetic clusters for wolverine populations in Canada, and Zigouris 
et al. (2013, p. 5; Table 3) identified several worldwide regional genetic groups. In addition, an 
analysis of estimated population growth found signals of population expansion in several 
wolverine populations (Francis 2008, p. 13; Table 5) including Rocky Mountain Front, 
Wyoming, Central, South, and Northwestern Alaska, British Columbia, Northwest Territories, 
and Nunavut. 
 
 

 
 
It can be difficult to make inferences about the relationship between population size and point 
estimates of genetic diversity without continued genetic monitoring and an understanding of the 
demographic history of a species’ population (Hoffman et al. 2017, p. 507), including factors 
that have influenced movement patterns and connectivity. It’s also important to note that genetic 

Box 2. Effective Population Size and Genetic Variation 

The concept of effective population size (Ne) (see review by Wang et al. 2016) and, relatedly, minimum 
viable population, has been a topic of debate, particularly the 50/500 rule, which was developed over 30 
years ago. As noted by Laikre et al. (2016, p. 280), the concept and guidelines for genetically effective 
population size were developed for single, isolated populations, but it’s unclear which of the various Ne 
metrics was referenced in the original concept proposed by Franklin (1980) (i.e., inbreeding effective size, 
realized effective size, total inbreeding effective size of a metapopulation, or eigenvalue effective size 
(Laikre et al. 2016, p. 288)). 
 
There are differing interpretations of the values proposed for effective population size. For example, 
should the minimum viable effective population size be derived genetically to set a threshold for a 
minimum viable population? Here, the rule is interpreted as 50 being the short-term number (for 
inbreeding depression) and 500 as the long-term number (for retention of genetic variation). Or should the 
Ne value of 500 be interpreted as a long-term goal for maintaining a healthy, genetically robust population, 
and not a threshold trigger that predicts extinction risk? In addition, some view the 500 value to be a 
global reference value rather than a local value, and that it may not be necessary to maintain a local Ne of 
500 as long as there is some gene flow into a population (Jamieson and Allendorf 2012, p. 580).  
 
Finally, others have recommended changes to the 50/500 rule. Laikre et al. (2016, entire) presented an 
analysis of the metapopulation effective size for the Fennoscandian wolf population and recommended 
that long-term conservation genetic target for metapopulations (NeMeta) ≥ 500, but also a realized effective 
size of each subpopulation (NeRx) ≥ 500. Frankham et al. (2014, p. 59) have recommended modifying the 
50/500 rule to 100/1000. 



North American Wolverine Species Status Assessment Report  

42 
 

diversity can be a reflection of favorable adaptations (natural selection) and is necessary for 
species to locally adapt to environmental stressors or to facilitate range shifts (Zigouris et al. 
2012, p. 1,544). Genetic distinctiveness in peripheral populations may play a role in both 
maintaining and generating biological diversity for a species (Zigouris et al. 2012, p. 1,544; 
citing results presented in Channell and Lomolino 2000, p. 84). Genetic variation that is adaptive 
is a better predictor of the long-term success of populations as compared to overall genetic 
variation (Hoffman et al. 2017, p. 510). The challenge is to be able to determine whether genetic 
variation is adaptive and is a reflection of remnants of high genetic diversity from ancestral 
populations, or whether that variation is a reflection of accumulated deleterious, nonadaptive 
genes due to genetic drift in small populations (Hoffman et al. 2017, p. 509).  
 
In summary, the currently known spatial distribution of genetic variability in wolverines in North 
America appears to be a reflection of a complex history where population abundance has 
fluctuated since the time of the last glaciation, and insufficient time has passed since human 
persecution for a full recovery of wolverine densities (Cardinal 2004, pp. 23–24; Zigouris et al. 
2012, p. 1,554). Zigouris et al. (2012, p.1,545) noted that the genetic diversity reported in 
Cegelski et al. (2006) and Kyle and Strobeck (2001, 2002) for the southwestern edge of the 
North American range represented only part of the diversity in the northern populations of 
wolverines. Zigouris et al. (2012, p. 1,545) posit that the irregular distribution of wolverines in 
the southwestern periphery and the genetic diversity observed in those analyses is a result of 
population bottlenecks that were caused by range contractions from a panmictic (random mating) 
northern core population approximately 150 years ago coinciding with human persecution. 
Demographic studies as well as additional genetic analyses from contemporaneous wolverines 
currently occupying the contiguous United States are needed to evaluate the current status of 
wolverine populations in North America. In addition, ecological, phenotypical, and 
environmental information should be used to complement genomic data when interpreting the 
strength of conclusions or inferences of spatial patterns of adaptation or for adaptively divergent 
populations (Jamieson and Allendorf 2012, p. 492). 
 
Summary	
 
In the SSA Report, we have incorporated information from several new studies related to the 
wolverine published since our 2013 proposed rule and previous studies that were not considered 
(e.g., Magoun et al. 2017). We have also reviewed new publications and publications in 
preparation from wolverine researchers in Scandinavia (e.g., Aronsson 2017; Bischof et al. 2016; 
Makkonen 2015; Mattisson et al. 2016; Myhr 2015; Persson et al. 2017, in prep). This 
information informs our assessment of the most current information regarding the description of 
the wolverine and its life history and ecology across its North American range. We have included 
in this SSA Report detailed discussions of wolverine physiology, and spatial and temporal 
patterns and trends related to reproduction and diet/feeding. We also prepared a revised current 
range map (see Figure 3) based on information we received from Federal, State, and others, 
including Canada. 
 
A species’ current and future conditions and overall viability (in terms of resiliency, redundancy, 
and representation), are largely impacted by the availability of what the species needs at the 
individual, population, and species level. The needs described below are necessary for 
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wolverines to have resources for the basic requirements of life (breeding, feeding, and sheltering) 
at all levels. Overall, the best available information indicates that within the contiguous United 
States the wolverine’s physical and ecological needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet))  
(2) access to a variety of food resources, that varies with seasons; and 
(3) physical/structural features (e.g., talus slopes, rugged terrain) linked to reproductive 
behavioral patterns. 

 
Biological	Status	–	Current	Condition	
 
This section provides an overview of the wolverine’s current condition, including those stressors 
that may be impacting the species or its habitat. In this SSA Report, we have identified stressors 
based on impacts that may negatively affect the physical and ecological needs of the species, 
including temporary or permanent impacts to habitat features that the species relies on for 
survival and reproduction. 
 
Population	Abundance	and	Distribution	
 
Since our 2013 proposed rule, we have received additional reports of wolverine observations 
including Utah, Colorado, and Oregon, and an updated Canadian status review for the wolverine 
has been prepared (COSEWIC 2014, entire). Additional studies have also been published related 
to wolverine populations in British Columbia and Alberta (e.g., Regehr and Lacroix 2016; 
Stewart et al. 2016; Webb et al. 2016). As noted above, we developed a Current Range map for 
the North American wolverine (see Figure 3). For the conterminous United States, this map was 
based on several resources, including the primary habitat model developed by Inman et al. 
(2013), EPA Ecoregion mapping (2010), Forest Service NRIS data, and information received 
from State agencies. We used the 2014 COSEWIC Assessment and Status Report’s current range 
map for Canada and Alaska. For Canada, the range of occurrence includes the Yukon, Northwest 
Territories, Nunavut, British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Québec, 
Newfoundland, and Labrador (COSEWIC 2014, p. vii).  
 
Contiguous United States 
 
Areas in the western contiguous United States were identified by Inman et al. (2013, entire) as 
suitable for wolverine survival (long-term survival; used by resident adults), or primary habitat 
(Inman et al. 2013, p. 279), reproduction (used by reproductive females), and dispersal (female 
and male) of wolverines (see methodology in Inman et al. 2013, pp. 279–280; Figure 2). From 
these results, the researchers estimated potential and current distribution and abundance of 
wolverines in the western contiguous United States (Inman et al. 2013, p. 282). They estimated 
current population size of wolverines to be 318 (range 249–626) located within the Northern 
Continental Divide (Montana) and areas within the following ecoregions: Salmon-Selway 
(Idaho, portion of eastern Oregon), Central Linkage (primarily Idaho, Montana), Greater 
Yellowstone (Montana, Idaho, Wyoming), and Northern Cascades (Washington) (Inman et al. 
2013, p. 282). Potential wolverine population capacity based on their RSF habitat modeling was 
estimated to be 644 (range: 506–1881) (Inman et al. 2013, p. 282). However, these estimates did 
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not consider spatial characteristics related to behavior, such as territoriality, of wolverine 
populations. The discussion below provides a summary of recent studies of wolverine detections 
and observations in the western United States; however, no comprehensive surveys have been 
conducted across the species’ entire range. 
 
In the northern Cascades region of Washington and Canada, researchers tracked activity areas for 
14 wolverines via satellite telemetry from 2007 through 2015 (Aubry et al. 2016, entire). This 
study demonstrated that the region supports a resident population, with 9 of 11 study animals 
documented primarily within Washington (Aubry et al. 2016, p. 40). 
 
The Oregon Department of Fish and Wildlife (ODFW) reports that wolverines have been found 
in the Oregon Cascades on Three-fingered Jack (glaciated volcano) in Linn County, on the 
Steens Mountain in Harney County, and Broken Top Mountain in Deschutes County, in the 
Eagle Cap Wilderness Area in the Wallowa Mountains of northeastern Oregon, and, more 
recently (2012), in Wallowa County, northeast Oregon (ODFW 2017, no page number). 
 
In California, camera trap data indicate the continued presence of a single male wolverine in the 
Truckee area, as of March 2017 (Shufelberger 2017, pers. comm .). The California Department 
of Fish and Wildlife (CDFW) has received reports of wolverine detections from the public over 
past several years, particularly the region near Carson Pass, as well as near Meeks Bay, Lake 
Tahoe (Stermer 2017, pers. comm.). CDFW researchers are conducting multi-species predator 
surveys, targeting the potential occurrence of Sierra Nevada red fox and wolverine using camera 
trapping with hair snares in an effort to determine occupancy, detection probability, distribution, 
and habitat associations (Stermer 2017, pers. comm.). 
 
A pilot study to evaluate wolverine occupancy was conducted in Wyoming from February 
through June in 2015 (Inman et al. 2015, entire). Results from that survey (hair snares and 
camera traps in 18 stations across 5 mountain ranges) indicated at least three individual 
wolverines (at five stations) with at least one individual in the Gros Ventre and Wind River 
mountain ranges, and at least two individuals in the Southern Absaroka mountain range (Inman 
et al. 2015, p. 9). Occupancy modeling estimated a probability of occupancy for sampled sites of 
62.9 percent (Inman et al. 2015, p. 8). 
 
In an effort to assess wolverine occupancy in the western United States, the Western Association 
of Fish and Wildlife Agencies (WAFWA), in coordination with Tribal partners, have formed a 
multi-state, multi-agency working group (Western States Wolverine Working Group) to design 
and implement the Western States Wolverine Conservation Project (WSWCP)–Coordinated 
Occupancy Survey (see Bjornlie et al. 2017 for details of protocol). The primary objectives of 
the WSWCP include: 1) implement a monitoring program to define a baseline wolverine 
distribution and genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, 
and Washington, 2) model and maintain the connectivity of the wolverine metapopulation in 
western United States, and 3) develop policies to address socio-political needs to assist wolverine 
population expansion as a conservation tool, including translocation of wolverines (IDFG 2016, 
pers. comm.; Montana Fish, Wildlife, & Parks (FWP) 2016, pers. comm.; WGFD 2016, pers. 
comm.).  
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The WGFD began implementation of the survey in Wyoming in the Greater Yellowstone 
Ecosystem region and the Bighorn Mountains (25 grid cells) in the winter of 2015–2016 (WGFD 
2016, pers. comm.). That initial survey detected, based on unique fur markings, at least two 
unique wolverines in the Wind River and southern Absaroka Mountain Ranges (WGFD 2016, 
pers. comm.). The WGFD reported 26 independent wolverine visits, and detections at least once 
within their study area during each of the four sampling periods (December 2015 through March 
2016) (Bjornlie et al. 2017, pp. 4–5). Genetic analyses of collected hair samples, including sex 
and individual identification, are underway. 
 
The monitoring effort was expanded in the winter of 2016–2017 to 187 cells (cell area of 225 
km2 (87 mi2)) across four states (Washington, Idaho, Montana, and Wyoming). Preliminary 
results for the 2016–2017 winter detected wolverines in 85 survey cells (WAFWA 2017). 
Photographic detections of wolverine include 18 from Idaho, 48 in Montana (including detection 
of wolverines in all 10 cells surveyed in the SWCC region (Davis 2017, pers. comm.)), 10 in 
Washington, including detections south of Interstate 90 (Davis 2017, pers. comm.), and 9 in 
Wyoming; genetic analyses, to date, have reported a total of 157 wolverine samples (WAFWA 
2017). It has not yet been determined from the camera-trap images and hair samples how many 
of these detections are the same individual. Appendix B contains a map illustrating these 
preliminary detections (as of July 2017).  
 
Based on a 6-year study of resident wolverines in central Idaho and the western Yellowstone 
region Heinemeyer (2016, pers. comm.) suggested that subpopulations of the species at the 
southern periphery of their North American range are still unstable with low rates of recruitment. 
In addition, based on their monitoring efforts (live trapping and camera stations), the researchers 
suggested that there was some instability in subpopulations in their study areas (Heinemeyer 
2016, pers. comm.). 
 
We therefore requested additional information from State and Federal agencies regarding the 
most recent wolverine detections in the Winter Recreation Project study areas of Idaho and 
Wyoming. In the Teton Mountains region, two wolverines were detected in March 2017, in two 
different areas (Dewey 2017, pers. comm.). In addition, at least one wolverine was detected on 
the east side of the Teton Mountains during the winter of 2016-2017, as part of the Western 
States Wolverine Conservation Project–Coordinated Occupancy Survey monitoring and 
occupancy study, and a member of the public reported wolverine tracks within Grand Teton 
National Park in March 2017, while skiing (Walker 2017, pers. comm.). In Idaho, IDFG reported 
5 wolverine detections in the Salmon Mountains in Central Idaho in the winter of 2016 (Mack 
2017a and 2017b, pers. comm.). These recent detections are displayed in Appendix C relative to 
the study areas of the Winter Recreation Project study areas for the McCall, Idaho, and Teton 
Mountains. A wolverine was also detected in the winter of 2016-2017 in the Gravelly Range in 
southwestern Montana about 25 km (15.5 mi) north of the Centennial Mountains area surveyed 
during the winter recreation project (Inman 2017b, pers. comm.).  
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Alaska 
 
The ADF&G Trapper Questionnaire Annual Reports include estimates of relative abundance and 
trends of wolverines and other furbearers as reported by trappers (Parr 2016, p. 38). Table 4 
below provides a summary of abundance and trends from 2010–2016 of those reports by region. 
 
Table 4.  Relative Abundance and Trend of Wolverine Populations, Alaska (as reported by 
trappers), 2010-2016.*  For Trend, + indicates increase, − indicates declining/decrease, and 
n/c indicates no change. Sources: ADF&G 2012, 2013a, 2013b; Parr 2016. 

Region Relative Abundance Trend 

 
2010-
2011 

2011-
2012 

2012-
2013 

2015-
2016 

2010-
2011 

2011-
2012 

2012-
2013 

2015-
2016 

Region I – Southeast 
Alaska 

scarce scarce scarce scarce n/c n/c n/c − 

Region II – 
Southcentral Alaska 

scarce scarce scarce scarce n/c n/c n/c − 

Region III – Interior 
Alaska 

scarce scarce scarce scarce n/c n/c n/c − 

Region IV – Central 
and Southwest Alaska 

N/A N/A N/A scarce N/A N/A N/A − 

Region V - Northwest N/A N/A N/A scarce N/A N/A N/A − 
Southwest common scarce scarce N/A n/c − n/c N/A 
Arctic and Western common common scarce N/A n/c n/c n/c N/A 

*No reports written for years 2009-2010, 2013-2015. 
 
However, relying exclusively on trapping reports is likely to present an incomplete assessment of 
wolverine populations. The accuracy of information provided in the most recent report is 
dependent on how many trappers reply to the annual survey; for 2016 the response rate was only 
11.7 percent (Parr 2016, p. 3). Trapping effort was reported to have increased by some trappers 
(45 percent of those reporting) during the 2015–2016 season, and 80 percent of those who 
increased their efforts reported an increase in their overall catch (Parr 2016, p. 15). However, this 
assessment does not consider how this increased trapper effort relates to harvest levels for 
wolverine, nor does it account for an unknown and unreported number of wolverines taken for 
subsistence purposes (Gardner et al. 2010, p. 1,894). Estimates of density, described below, 
provide a better depiction of wolverine population status in Alaska. 
 
Canada 
 
Similar to Alaska, determining wolverine population abundance and trends in Canada is difficult 
as numbers are developed from harvest activity (COSEWIC 2014, p. 25). Wolverine harvest 
trends are also difficult to estimate given the temporal and spatial variability in trapping effort 
and reporting of harvest, and not all regions use mandatory pelt sealing, compulsory reporting, or 
fur export permits/fur dealer records (COSEWIC 2014, p. 26).  
 
According to the most recent COSEWIC Assessment and Status Report on the Wolverine, Gulo 
gulo in Canada (COSEWIC 2014, entire), Canada’s western subpopulation has been estimated at 
15,688 to 23,830 adults, though this value is based on several assumptions (consistent trapping 
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effort and uniform densities across the species’ range); the eastern population is estimated at less 
than 100 individuals or may be extirpated (COSEWIC 2014, p. 36). Population trends across all 
of Canada are not known, but wolverine populations have been stable over areas within the 
country’s northern range for the last three generations (22.5 years) (COSEWIC 2014, p. v). 
 
In northern Manitoba and Ontario, wolverines may be increasing in number as aerial surveys in 
northern Ontario have indicated an eastward reoccupation of its former range (towards James 
Bay and Québec) (COSEWIC 2014, p. v). However, although observations of wolverines 
continue to be reported within Québec and Labrador (the eastern sub-population), there have 
been no verifiable observations since 1978, and wolverines are likely extirpated from much of 
southeastern Canada (COSEWIC 2014, p. v). In addition, declines in the southern regions 
(within parts of British Columbia and Alberta) may be occurring (COSEWIC 2014, p. 36). Table 
5 presents a more detailed summary of wolverine populations in Canada. 
 
Table 5. Wolverine Population Estimates for Canadian Territories. Source: COSEWIC, 2014. 

Territory Number of wolverines 
Yukon Territory 3,500–4,500 
Northwest Territories 3,430–7,325 (with an additional 220–470 juveniles) 
Nunavut Estimated at 2,000–2,500 
British Columbia 2,700–4,760 
Alberta  Estimated at 1,500–2,000 
Saskatchewan Less than 1,000 
Manitoba 1,100–1,600 
Ontario 458–645 
Québec Very rare, at non-detectable level, or extirpated 
Labrador (including mainland Newfoundland) Very rare or extirpated 
 
In addition to the 2014 COSEWIC summary, Cardinal 2004 (entire) prepared a complimentary 
summary report of wolverine trends in Canada based on Aboriginal traditional knowledge. 
Trends reported indicate: (1) high, relatively stable levels of wolverines in the Yukon; (2) high 
levels of wolverines in the North Slave region of the Northwest Territories, though  population 
levels are estimated to be stable to decreasing; (3) high levels of wolverine along forested areas 
in the northern portions of the mainland within the Inuvialuit Settlement Region (ISR) (located in 
the northwest corner of the Northwest Territories) and Kitikmeot region of Nunavut; (4) an 
increase in wolverines in the Kivalliq region of Nunavut, but at lower levels than populations in 
the Boreal and North Mountain ecological areas; and (5) least abundant in the northeastern 
corner of Nunavut and the Arctic Islands (Cardinal 2004, pp. 22–29). In sum, the majority of 
traditional knowledge holders in Nunavut, Northwest Territory, and Yukon Territory describe 
wolverine populations as either stable or increasing in northern Canada and is now found in areas 
where they occurred in the past; however, they are still considered naturally uncommon; only in 
Yellowknife did people report that wolverines might be decreasing (Cardinal 2004, pp. iii– iv, 
10,  23).  
 
Other inventory and occupancy studies include an inventory of wolverines conducted by Regehr 
and Lacroix (2016, entire) in the winter of 2012 on the east side of the Coast Mountains in 
British Columbia using a multi-method approach. They identified six individuals using genetic 
analysis, and one additional individual by photography, which was higher than expected as 
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compared to model predictions of density and habitat quality (Regehr and Lacroix 2016, pp. 
248–249). Estimates of wolverine occupancy were also evaluated for the Canadian Crown of the 
Continent ecosystem (central and southern Canadian Rockies) (Clevenger et al. 2016, entire). 
Occupancy estimates were found to vary from year-to-year and exhibited a north-south gradient, 
likely due to the differences in habitat quality among areas that were sampled by year (Clevenger 
et al. 2016, p. 4). For 2016, estimated wolverine occupancy probability was 0.40 for their British 
Columbia Rockies study area, with a declining pattern from north to south (Clevenger et al. 
2016, p. 4). In general, their research has found that wolverines are more abundant in rugged, 
remote areas that have minimal human activity and landscape disturbance (Clevenger et al. 2016, 
p. 5). This study projected an expected number of wolverines in their study area of about 28 
(Clevenger et al. (2017, p. 6). To the south, in the Southwestern Crown of the Continent 
(SWCC) region (northwestern Montana, approximately 1.5 million acres), wolverine surveys 
(snow tracking, bait stations/hair snares) have been conducted since 2012 (SWCC Wildlife 
Working Group 2016, pers. comm.). These survey efforts have detected 22 unique wolverines 
(11 males, 11 females) across three U.S. Forest Service districts, and they reported an increase in 
the frequency of detections from 2012 to 2015 (SWCC Wildlife Working Group 2016, pers. 
comm.). 
 
The 2014 COSEWIC report indicates that trends in wolverine populations in the northern range, 
while uncertain, appear to be stable or increasing, but also notes that there is some concern for 
populations in the southern areas of British Columbia and parts of the northern United States 
(COSEWIC 2014, p. 22, and references cited therein). In British Columbia, researchers are 
currently conducting a multi-phase project using landscape genetic analyses to identify and 
delineate functional populations of wolverines and provide an estimate of size and sustainable 
harvest within each functional population (Weir 2017, pers. comm.). 
 
Estimates	of	Density	
 
Wolverine densities vary across North America, and have been described as “naturally low” (van 
Zyll de Jong 1975, p. 434) and “naturally uncommon” (Cardinal 2004, p. iii) given the species’ 
large home range, wide-ranging movements, and solitary characteristics. The most recent 
estimates (at that time) of density (number of wolverines per 1,000 km2 (386 mi2)) for North 
America were prepared by Inman et al. (2012a, p. 789; Table 5). In the contiguous United States, 
density estimates ranged from 3.5 for the Greater Yellowstone region (2001–2008) (areas above 
2,150 m (7,054 ft) (latitude-adjusted elevation), 4.5 for central Idaho (1992–1995), to 15.4 for 
northwestern Montana (1972–1977).  
 
In Alaska and Yukon, density estimates presented by Inman et al. (2012a, p. 789) range from 3 
to about 14 wolverines per 1000 km2 (386 mi2), using a number of methods. For example, Royle 
et al. (2011, p. 609) estimated wolverine densities for southeastern Alaska (Tongass National 
Forest; 2008) from 8.2 to 9.7 per 1000 km2 (386 mi2) (using mark-recapture), where the higher 
estimate incorporates a positive, trap-specific behavioral response. Density of wolverines were 
recently reported as an estimated 5–10 wolverines per 1000 km2 (386 mi2) (based on snow 
tracking) for southcentral Alaska, and approximately 10 per 1000 km2 (386 mi2) (based on DNA 
mark-recapture methods) for southeast Alaska (Golden 2017, pers. comm.). A wolverine 
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occupancy study in 2015 within an area of central Alaska reported a density estimate of 9.48 
wolverines per 1,000 km2 (386 mi2) (ADF&G 2015a, p. 7).  
 
Wolverine density estimates for Canada varies across regions, from 5 to 10 per 1000 km2 (386 
mi2) in northern mountain and boreal regions to 1 to 4 per 1000 km2 (386 mi2) in southern boreal 
areas (COSEWIC 2014, p. 27). More recently, Clevenger et al. (2017, entire) presented a density 
estimate (using spatial capture/recapture models) for the Kootenay region of British Columbia of 
0.78 wolverines per 1000 km2 (386 mi2), for 3 study years (2014–2016), which they reported as 
lower than expected (Clevenger et al. 2017, p. 6).  
 
Stressors	–	Causes	and	Effects	
 
We reviewed the best available information to identify current conditions and potential stressors 
that may be affecting wolverine populations or its habitat. These include roads and other 
infrastructure, recreational activity and other human disturbances, wildland fire, disease or 
predation, and overutilization for commercial, recreational, scientific, or educational purposes. 
Because wolverines in North America move between both borders of Canada (i.e., contiguous 
United States, Alaska), we included in our evaluation stressors identified for wolverines in 
Canada and Alaska that are also relevant for wolverine populations in the contiguous United 
States. 
 
As an initial step, we reviewed the land ownership of the area defined as primary habitat by 
Inman et al. (2013, entire) in the contiguous United States, and determined that 96 percent of that 
modeled habitat is located on Federal land (see Appendix D). Lands managed by the Forest 
Service represent the largest portion of Federal lands (89 percent) within this modeled primary 
habitat. 
 
Effects from Roads 
 
Roads and rail lines can be a cause of mortality to wolverines and habitat models have identified 
road density as an important association (avoidance) for selection of habitat (e.g., Rowland et al. 
2003; Bowman et al. 2010; Inman et al. 2013). Road density has been listed as a threat to 
wolverines occupying the boreal/western mountain regions of Canada (Canadian Boreal Forest 
Agreement 2014, p. 2). In the wolverine’s southern Canadian range, roads may be facilitating 
direct mortality by improving motorized access of hunters, trappers, and recreational users into 
remote areas (COSEWIC 2014, p. 21).  
 
In their review of 12 radio-telemetry studies (1972 to 2001) of wolverines in North America, 
Krebs et al. (2004, p. 497) reported 3 mortalities of wolverines from road-rail kills. More 
recently, road mortalities have been recorded in Idaho (1 confirmed in 2014) (IDFG 2017a) and 
2 in Montana (2004) (Kociolek et al. 2016, p. 68); one in Utah (2016) (Hersey 2017, pers. 
comm.); and two other wolverine road-rail fatalities in Montana were reported in 2015 (Inman 
2017a, pers. comm.). In Canada, anthropogenic causes of mortality for wolverine populations 
also include road kill (COSEWSIC 2014, p. v). One road mortality of a male wolverine was 
reported in a lowland boreal forest region of Ontario, Canada (Dawson et al. (2010, p. 142). 
More recently, Scrafford et al. (2017, p. 34) described a report in which 9 wolverines were struck 
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and killed by vehicles in the Hay-Zama region of northwestern Alberta, Canada (2013–2015), 
and 1 road mortality within the town of Rainbow Lake in Alberta. 
 
Roads may also affect den site selection (May et al. 2012, p. 202), particularly areas within their 
range where they cannot select for high elevation habitat (e.g., central lowland forests of Canada) 
(Dawson et al. 2010, p. 143). In Norway, May et al. (2012, p 202) found that wolverine dens 
were generally located far from infrastructure (public roads and private roads and/or recreational 
cabins). The authors reported a minimum threshold in den site selection relative to infrastructure 
of 1.4 km (0.87 mi) from private roads and 7.5 km (4.7 mi) from public roads (May et al. 2012, 
p. 202). However, they found that wolverines in their study area had a wide tolerance range at 
the home-range scale (1.0–2.75 km (0.62–1.7 mi) for private roads and 6.0–11.0 (3.7–6.8 mi) for 
public roads) (May et al. 2012, p. 201; Figure 4), supporting conclusions from other studies that 
have found that, once a general area is used, it appears to be re-used in subsequent years 
including by successive individuals colonizing the sites (May et al. 2012, p. 202). 
 
Wolverine road crossings were evaluated in the western Greater Yellowstone region through 
telemetered animals and visual observations of snow tracks, direct observations of crossings, and 
road-kill mortality (Packila et al. 2007, entire). That study documented 43 crossings of U.S. and 
State highways by 12 wolverines (Packila et al. 2007, p. 105). Within the Big Sky, Montana, 
area, they documented 67 crossings of MT64/Jack Creek Road by 4 wolverines (Packila et al. 
2007, p. 105). Most (76%) road crossings were made by subadult wolverines, dispersing or 
otherwise exploring new areas (Packila et al. 2007, p. 105). One road-caused mortality was 
observed and the authors report two others from additional sources during their study period 
(Inman et al. 2007, p. 89). The study results indicate that roads do not act as absolute barriers to 
movement by wolverines, but they can directly affect individuals (road kill) and may have 
secondary effects at the population level (Packila et al. 2007, p. 105). 
 
In an effort to evaluate the potential impact of major roads to wolverine (individuals and 
populations), we conducted a spatial analysis of roads2 found within Inman et al.’s (2013, p. 281) 
primary wolverine habitat and female wolverine dispersal habitat in the western United States, as 
measured by number of kilometers (miles). In our analysis, we identified four road classes: 
Interstate Highway, U.S. Highway, State Highway, and secondary roads. Secondary roads 
encompassed all roads not included in any of the first three categories and include paved and 
unpaved roads, including Forest Service roads, and are generally likely to have less traffic 
volume than major highways in the regions evaluated. Our analysis found that secondary roads 
represented 97 percent (29,892 km (18,574 mi)) of all roads (30,805 km (19,141 mi)) within 
modeled primary habitat, and 97.5 percent (144,279 km (89,650 mi)) of all roads (148,029 km 
(91,980 mi)) within modeled female dispersal habitat.  
 
We then evaluated the type of roads at high elevation within our estimated Current Range 
(shown in Figure 3). Using the 2,300 m (7,546 ft) elevation as a benchmark (based on its use as a 
predictor variable for wolverine occurrence in Inman et al. 2013, and results from predictive 
models presented in Copeland et al. 2007, p. 2,205), we evaluated the length of roads above and 

                                                 
2 Using U.S. Geological Survey National Transportation Dataset Downloadable Data Collection based on 
TIGER/Line data provided through U.S. Census Bureau and supplemented with ‘HERE’ road data to create tile 
cache base maps. 
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below this elevation, and also the type of roads at or above 2,300 m (7,546 ft). The results are 
illustrated in Appendix E. Overall, we found that approximately 85 percent of all roads were 
below 2,300 m (7,546 ft). Of the roads located at or above 2,300 m (7,546 ft), 95 percent are 
secondary roads (see charts in Appendix E). 
 
Using the same dataset, we evaluated road density (km/km2) based on regional blocks of primary 
wolverine habitat in the western United States delineated by Inman et al. (2013; Figure 3). Those 
results are shown in Table 6. With the exception of the Southern Rockies (at 0.47 km/km2), the 
mean road densities at elevations equal to or greater than 2,300 m (7,546 ft) are very low. 
 
Table 6. Mean Road Density in Wolverine Primary Habitat. 

Geographic Region‡ 
Mean density (km/km2), 

all roads 
Mean density (km/km2),  

all roads ≥ 2,300 m (7,546 ft) 
Northern Cascade 0.54 0.00 
North Continental Divide 0.54 0.00 
Salmon-Selway 0.70 0.03 
Central Linkage 0.84 0.06 
Greater Yellowstone 0.24 0.06 
Southern Rockies 0.55 0.47 
Sierra Nevada 0.09 0.03 
Uinta 0.15 0.12 
Bighorn 0.00 0.00 
Great Basin 0.06 0.03 
Oregon Cascade 0.72 0.00 
‡Regions defined in Inman et al. (2013; Figure 3). 
 
We also reviewed den site locations (natal, maternal, or unknown dens) within our database 
relative to roads (see map in Appendix E). Our results indicate that wolverine dens are located 
in areas with minimal roads, including secondary roads; however, we caution that this analysis is 
based on a limited den site dataset and should be viewed in the context of other abiotic and biotic 
variables including landscape features at the den site scale and availability of food. Additionally, 
most den locations in much of the wolverine’s range in the contiguous United States are at high 
elevations and roads in these areas would likely be impassable or closed entirely to vehicles 
during the time of denning (January–March). 
 
In summary, wolverines are associated with habitat found in high elevation areas, but are known 
to disperse across great distances. Major highways can present mortality risks to dispersing 
individuals and affect immigration to open territories, but roads do not represent absolute barriers 
to wolverine movements. Wolverines den during winter months in remote locations that are often 
inaccessible or restricted to motorized vehicles, though, secondary roads and trails are used for 
winter recreational activity. Although we recognize there are likely additional events that have 
not been reported, we estimated the total number of wolverine mortalities due to roads from 1972 
to 2016 (44 years) in North America was 20, at least 11 of which are from Canada (see citations 
above). As discussed above, we calculated a low proportion of major highways in both modeled 
primary habitat and female dispersal habitat, and a low mean density of roads at high elevations 
where wolverines have been observed, with the exception of the southern Rocky Mountains. 
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Roads present a low stressor to wolverines at the individual and population level in most of its 
current contiguous United States range. 
 
Disturbance due to Winter Recreational Activity 
 
Wolverine behavior patterns, such as denning, rearing of young, movement and dispersal, and 
foraging/scavenging, may be affected by recreational activities (COSEWIC 2014, p. 42). As 
noted above, in Norway, May et al. (2012, p. 201) found, at the home range scale, a minimal 
threshold distance of approximately 1.5 km (0.93 mi) for wolverine den sites from private roads 
and/or recreational cabins. Krebs et al. (2007, entire) evaluated habitat use associations for 
wolverines in two multiple use areas in British Columbia, Canada. Using logistic regression 
models, the authors found that in an area of active recreation (Columbia Mountains), female 
wolverines were negatively associated with helicopter and backcountry skiing in their winter 
models (Krebs et al. 2007, pp. 2,187–2,188). However, in summer months, Copeland et al. 
(2007, p. 2,210) reported that wolverines in their study area of central Idaho were not 
uncommonly found near maintained trails and active campgrounds.  
 
The Wolverine–Winter Recreation Study represents an on-going project to evaluate the potential 
effects of backcountry winter recreation (e.g., backcountry skiers, heli-skiers, cat-skiers, 
snowmobilers) on wolverines (Heinemeyer 2016, pers. comm.). The multiyear study areas 
include central Idaho and areas in the western Yellowstone region (‘Island Park’ and Teton 
Mountains) (Heinemeyer and Squires 2015, p. 3). The study has been monitoring wolverines 
using GPS collars using movement rates and percent of time active (vs. resting) as indicators of 
potential responses of wolverines to winter recreation activities (Heinemeyer 2013, pers. 
comm.). Backcountry winter recreation activities are monitored through GPS units voluntarily 
carried by recreationists (Heinemeyer 2016, pers. comm.). Early analysis of the data suggest that 
wolverines demonstrate a behavioral response to recreation activities, such as increased 
movement rates and a reduction in resting periods in areas of high recreation activity, especially 
high recreation days (Saturday and Sunday) (Heinemeyer and Squires 2013, pp. 5, 7–8). 
 
However, this research has also found that wolverines maintained their home ranges within areas 
with relatively high winter recreation activity over several years of monitoring, including some 
areas found to contain the highest recreational activities (Heimemeyer 2016, pers. comm.). The 
study has not been able to determine whether these resident wolverines are reproductively 
successful (Heinemeyer 2016, pers. comm.).  
 
Conservation measures currently being implemented that address the effects of roads in the 
Teton Mountains include winter closures in certain areas (generally from November 1 through 
May 1), including road closures in the Bridger-Teton and Caribou-Targhee National Forests and 
in Grand Teton National Park as shown in Appendix F (additional details for Grand Teton 
National Park are described in Superintendent’s Compendium (National Park Service (NPS) 
2017; pp. 8–9); see also maps at https://jhalliance.org/campaigns/dont-poach-the-powder/ 
Jackson Hole Conservation Alliance 2017). These closures are being implemented to help 
minimize disturbance to wildlife (e.g., migration pathways).  
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State Wildlife Action Plans prepared for individual western States identify recreation 
management strategies within wolverine habitats. For example, in the State of Oregon, the 
ODFW Conservation Strategy identifies management of winter recreation use in order to avoid 
impacts to wolverines (ODFW 2016). In Montana’s State Wildlife Action Plan, conservation 
actions are identified for addressing potential impacts from recreation, such as consideration of 
seasonal closures during breeding season (Montana FWP 2015, p. 63). The IDFG Management 
Plan for the Conservation of Wolverines in Idaho also includes conservation strategies related to 
winter recreation (e.g., characterizing wolverine response to recreational activities (IDFG 2014, 
p. 35)), and the State continues to support the Wolverine-Winter Recreation Study. Appendix F 
provides additional details on individual State conservation strategies. 
 
In summary, wolverine behavior (movement) can be affected by winter recreational activity. 
Results from one long-term study in parts of the wolverine’s range in the contiguous United 
States have found that wolverines can maintain residency in high winter recreational use areas. 
Wolverines have recently been detected in areas that experience winter recreational activity. 
Conservation strategies and actions have been identified in several western States’ Wildlife 
Action Plan to address potential impacts of this stressor to wolverines. Based on the best 
available scientific and commercial information, the effect of winter recreational activity 
represents a low stressor to wolverines in the contiguous United States at the individual and 
population level. 
 
Other Human Disturbance 
 
Infrastructure, such as pipelines, active logging or clearcuts, seismic lines, and activities 
associated with mining (e.g., producing mines, mines under development, mineral exploration 
areas), may also affect individual wolverine behavior (e.g., avoidance) or loss or modification of 
wolverine habitat. As discussed above (see Habitat Use section), Johnson et al. (2005, entire) 
evaluated habitat relationships for the wolverine and other arctic wildlife, including the 
cumulative effects of human activities and associated infrastructure on the distribution of 
wolverines in the Canadian central Arctic using RSF modeling. However, because human 
disturbance factors (i.e., major developments, mineral explorations, seasonal outfitter camps) 
were mostly absent from the range of monitored wolverines, the researchers were not able to 
reliably model their effects (Johnson et al. 2005, p. 23). 
 
The 2014 COSEWIC status review identified several potential stressors to wolverines and their 
habitat in Canadian territories. They indicated potential permanent, temporary, and functional 
losses to wolverine habitat from forestry; oil, gas and mineral exploration and development; and 
large hydroelectric reservoirs (COSEWIC 2014, p. 21). As discussed above, Scrafford et al. 
(2017, entire) evaluated habitat selection of wolverines in response to human disturbance in the 
western Canadian boreal forest in both winter and summer months. Their analysis found that 
wolverines were attracted to some industrial infrastructure (older seismic lines exhibiting latter 
stages of regeneration) and disturbance (areas of active logging), likely related to foraging 
opportunities (e.g., small prey), but avoided interior areas of intermediate-aged cutblocks (areas 
authorized for logging) (Scrafford et al. 2017, pp. 32–34). Their results found evidence of road 
avoidance, but wolverines were attracted to all-season road sections with borrow pits, which they 
suggest was related to foraging opportunities at these pits (e.g., presence of beavers in water-
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filled pits) and less predation risk, since wolves avoid these roads (Scrafford et al. 2017, p. 34). 
In sum, these authors concluded that wolverine selection patterns relative to industrial activity 
and infrastructure in their study area represent a balance between exposure to predators and 
foraging opportunities (Scrafford et al. 2017, p. 32).  
 
Additional studies of wolverine behaviors related to the effects of disturbance due to 
infrastructure and other human activities are needed. Based on the best available scientific and 
commercial information, these effects are small or narrow in scope and scale and appear to 
represent a trade-off between foraging opportunities in areas that provide minimal risk of 
predation and avoidance of open areas and/or higher predation risk (Scrafford et al. 2017, pp. 
33–34). 
 
Effects from Wildland Fire 
 
Wildland fire can produce both direct and indirect effects to wildlife. Direct effects include 
injury and mortality as well as escape or emigration movement away from fires (Lyon et al. 
2000, pp. 17–21). Small mammals will generally find refuge underground or within sheltered 
places within the burning area, while larger mammals will move to safe areas in unburned 
patches or outside the burn (Lyon et al. 2000, p. 18). For animals that emigrate during fire 
events, the length of time before they return is dependent on the degree to which fire has altered 
habitat structure and food supply (Lyon et al. 2000, p. 20). 
 
We are unaware of any studies evaluating direct effects of wildland fire to wolverines. Wildland 
fire is likely to temporarily displace wolverines, which could affect home range dynamics.  
Given that wolverines can travel long distances in a short period of time, individuals would be 
expected to move away from fire and smoke (Luensmann 2008, p. 14). In addition, because 
young are born during winter months, fire risk at that critical life stage is very low (Luensmann 
2008, p. 14). 
 
Indirect effects of wildland fire can include habitat-related effects or effects to prey and 
competitors/predators; however, we are unaware of empirical studies evaluating these potential 
effects as they relate to wolverines. In a study area within the Yukon (Canada), wolverines were 
reported occupying regenerating forested habitat that contained remnants of mature timber which 
had burned 30 years prior (Slough and Mowat 1996, p. 948). Additionally, fire suppression in 
conjunction with logging activities in boreal forests (northwestern Ontario) can increase the 
prevalence of deciduous tree habitats, at least at a regional level, which is negatively associated 
with wolverine occurrence (Bowman et al. 2010, p. 464).  
 
A study in northern Idaho of the effects of multiple wildland fires over several years, including 
very large fires, to forest habitat occupied by another mustelid, the American marten (Martes 
americana) found that fire events had created a mosaic of vegetation that supported a diverse 
assemblage of cover and food resources that was favorable to this species (Koehler and 
Hornocker 1977, p. 503). Similar to wolverines, the summer and fall diet of the American marten 
is represented by diverse prey, and wildland fire events can create and maintain forest openings 
for ground squirrels and voles (Koehler and Hornocker 1977, p. 504). The development of these 
types of mosaic forest communities following certain wildland fire events also provides 
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discontinuous fuel loads, which in turn should result in smaller and cooler wildland fires, with 
less replacement of marten habitat (Koehler and Hornocker 1977, p. 504). However, large, 
uniform burns would be expected to result in more severe impacts to American marten habitat 
(Lyon et al. 2000, p. 21).  
 
Studies of the effects of wildland fire to a key prey species for the wolverine in parts of its North 
American range, the caribou, was reviewed by Klein (1982, entire). This review highlighted the 
importance of separating short-term effects of wildland fire in boreal forests to caribou ecology 
from long-term effects (Klein 1982, p. 393). Given that long-term benefits to the species’ 
ecology can be disproportionate to the short-term detrimental effects on populations and herds, 
(including the species’ lack of reproductive plasticity), caribou may be more appropriately 
considered as fire-influenced, rather than fire-adapted (Klein 1982, p. 393). Other ungulate prey 
species respond more positively to fire. An increase in spring and summer grasses following fall 
burns can provide forage for elk and deer, and sprouting of deciduous trees, such as aspen, birch 
and willow, following burns provides forage for moose (Luensmann 2008, p. 18). 
 
Management measures to address this potential stressor are identified in USDA Forest Service 
National Forest Land Management Plans. Examples of these goals and objectives are described 
in Appendix G. In addition, the Idaho State Wildlife Action Plan includes measures to address 
fire threats to the wolverine and its habitat, including removal of perceived barriers to allow 
more prescribed natural fire on State and private forest lands and promoting/facilitating the use 
of prescribed fire as a habitat restoration tool, on both public and private lands where 
appropriate, and leaving fire-killed trees standing as wildlife habitat if they pose no safety 
hazard, all in an effort to restore a more natural fire interval that allows for return to historical 
forest conditions (IDFG 2017b, pp. 91, 134, 180).  
 
Given the diversity of habitats occupied by wolverines, their occupancy of high elevations, and 
extensive mobility, wildland fire represents a limited stressor, in scope and scale, to wolverine 
habitat and its prey in the contiguous United States range.  
 
Disease	or	Predation	
 
Disease 
 
We are unaware of comprehensive surveys evaluating the prevalence of diseases in wolverines in 
the contiguous United States. Early accounts of endoparasites species and their prevalence in 
wolverines include a review by Erickson (1946, p. 503), and a report by Rausch (1959, entire), 
who documented 7 species of helminth parasites in 86 percent of wolverines examined from 
trapper-supplied carcasses in Alaska. In 1994, Copeland (1996, p. 26) collected a single 
specimen of the parasite Toxascaris sp. from wolverine scat in Idaho. In Alaska, carcasses 
sampled (during necropsy or predator control activities) in 2012–2014 to determine the 
prevalence of Trichinella and its genotypes reported one wolverine with Trichinella T6 genotype 
in that single sample (ADF&G 2015b, p. 8). Results from Alaska trapper questionnaires for the 
prevalence of ectoparasites on wolverines were either scarce or not present across all reporting 
regions in 2015–2016 (Parr 2016, p. 21). 
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Rabies is endemic to Alaska in Arctic and red fox along north and west coasts of Alaska 
(ADF&G 2013c). Under the ADF&G enhanced rabies surveillance program, the agency 
confirmed rabies in one wolverine (out of 49 sampled) in 2012, a female found dead in the North 
Slope region (Woodford and Beckman 2012). This was the first confirmed case of rabies in 
wolverines in North America (Woodford and Beckham 2012).  
 
The 2014 COSEWIC Assessment and Status Report for the wolverine presented a summary of 
reported parasitic species observed in wolverines in Canada (COSEWIC 2014, p. 25). These 
observations included: parasitic nematode roundworms (Trichinella spp.) in 88 percent of 
wolverine samples tested from Nunavut and 26 percent from the lower MacKenzie region; 
helminth parasites (trematodes, cestodes and nematodes) in wolverine digestive tracts from the 
lower Mackenzie River valley; and, from the Nunavut region, protozoan parasites infections 
including Sacrosystis spp. (80 percent) and Toxoplasma gondii (41 percent) (citations omitted). 
Banci (1987, pp. 81, 110) reported parasitic pneumonia as a cause of mortality in southwest 
Yukon Territory, a female thought be nutritionally-stressed following the raising of young.  
 
An evaluation of trapper-submitted wolverine carcasses harvested was conducted for the Yukon 
Territory in the fur trapping seasons 2005–2006 through 2011–2012 (Jung and Kukka 2013, 
entire). No samples tested positive for rabies (Jung and Kukka 2013, p. 17). Another study of 
intestinal parasites of wolverine carcasses from both the Yukon and Northwest Territories 
reported Trichinella spp. in 74 percent of carcasses and several intestinal parasites, including 
cestodes (parasitic flatworms) such as Taenia spp. (Luck et al. 2016, no page number). 
 
In summary, other than a parasitic pneumonia mortality event and the single rabies case, we are 
not aware of any other studies documenting impacts of disease to wolverines in North America. 
At this time, based on the best available scientific and commercial information, we do not find 
that disease is a population or species level stressor to the wolverine in the contiguous United 
States. 
 
Predation 
 
As discussed above (Diet and Feeding section), a number of potential natural predators have 
been identified for wolverines across its North American range, including intraspecific predation. 
However, we have no information that suggests this predation represents a significant stressor to 
the wolverine at either an individual or population level.  
 
In summary, the best scientific and commercial information available indicates that disease or 
predation is not a stressor the wolverine. We are unaware of any management or conservation 
measures currently in place to reduce potential impacts associated with disease or predation. 
 
Overutilization	for	Commercial,	Recreational,	Scientific,	or	Educational	Purposes	
 
There is currently no allowable trapping or harvesting of wolverines in the contiguous United 
States, though incidental trapping mortalities have been documented as we reported in our 
proposed rule (78 FR 7881; February 4, 2013). Two mortality events from shootings of 
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wolverines were documented in Idaho (2001, 2007) (Idaho Department of Fish and Game 
(IDFG) 2014, p. 26).  
 
In Montana, wolverines were a legally harvested furbearer in Montana up until 2012; however, 
the trapping season is currently suspended with a zero statewide quota (Montana Natural 
Heritage Program and Montana FWP 2017). Unlike populations in Eurasia, wolverines rarely 
prey on livestock in North America (cf. domestic sheep predation in Wyoming reported (Mead 
2013, pers. comm.)) and therefore they are not directly targeted for predator control (COSEWIC 
2014, p. 41). However, incidental trapping can result in the capture of non-target species such as 
wolverine. In Idaho, the IDFG has a mandatory furtaker harvest report that requests all live 
incidental catches be reported by species and any wolverine catch that results in mortality is 
required to be reported (IDFG 2013, pers. comm.). Since 1965, 16 incidentally-trapped 
wolverines were reported during the State’s furbearing seasons, with 6 animals known to be 
released alive and 6 mortalities (IDFG 2013, pers. comm.; IDFG 2016, pers. comm.). This total 
includes four wolverines caught during the 2013-2014 furbearer season, with three released alive 
and one mortality (IDFG 2014, p. 26). Within the State of Wyoming, there are two confirmed 
reports of incidental take, one in 1996 (Mead 2013, pers. comm.) one in 2006. The 2006 animal 
was released unharmed (Inman 2012, pers. comm.). In Montana, since the closing of the trapping 
season for wolverine in 2013, three animals have been incidentally trapped (Montana FWP 2016, 
pers. comm.). 
 
Predator control programs targeting wolves, including poison and incidental trapping, can result 
in incidental losses of wolverines (COSEWIC 2014, p. 41). Specific to wolf control for livestock 
protection in Idaho, three wolverines have been trapped incidental to authorized wolf control 
activities since 1995, with two released alive and one animal euthanized (IDFG 2014, p. 26). 
Preventive measures have been adopted to reduce these incidental captures, including 
implementation of educational programs to minimize incidental capture of wolverines during 
trapping seasons (IDFG 2014, p. 27). Licensed wolf trappers are required to complete a Wolf 
Trapper Education course with specific instruction for reducing incidental trapping of wolverine, 
Canada lynx, and other non-target species (IDFG 2014, p. 27). In addition, the U.S. Department 
of Agriculture Wildlife Services (Wildlife Services) agency has also temporarily stopped (as of 
April 2017) using cyanide predator control devices in the State of Idaho (Moeller 2017). 
 
In Alaska, wolverine trapping and hunting is controlled by seasons and bag limits, with about 
550 animals harvested each year (Alaska Department of Fish and Game (ADF&G) 2017a). For 
the 2015–2016 reporting period, wolverine harvest, based on furbearer sealing records,3 totaled 
527 animals (Parr 2016, p. 42). This level of harvest has been fairly consistent since 2010, as 
shown in Table 7 below. 
 

                                                 
3 Wolverines taken in Alaska are required to be sealed by an authorized department representative 
before pelts are shipped to an out-of-state buyer or auction house (Parr 2016, p. 44). For those 
species that require sealing, the number of animals sealed represents the best information regarding 
the statewide harvest (Parr 2016, p. 41). 
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Table 7. Number of wolverines harvested in Alaska, as reported from regulatory year 
sealing records, 2010–2015. Adapted from Parr (2016, p. 42; Table 10). 

Alaska 
Region 

2010 2011 2012 2013 2014 2015 

I 25 20 25 31 14 15 
II  25 29 50 31 16 37 
III  233 235 261 358 268 214 
IV  180 160 170 158 99 150 
V  140 110 135 133 109 111 
Total 603 554 641 711 506 527 

 
Trapping and harvesting of wolverines occurs over much of the range in Canada, as summarized 
in the 2014 COSEWIC wolverine status review (COSEWIC 2014, pp. 10, 29–35). Specifically, 
wolverines are harvested in the northern and western territories–Manitoba, Saskatchewan, 
Alberta, British Columbia, Yukon, Northwest Territories, and Nunavut (COSEWIC 2014, p. 43). 
Non-aboriginal harvest of wolverines has not been permitted since 2001–2002 in Québec and 
Labrador (COSEWIC 2014, p. 43). Trapping is closed in Ontario (except through treaty rights), 
though incidental trapping results in 1 to 4 mortalities per year (Bowman et al. 2010, p. 465). 
Harvest levels in western provinces have remained relatively stable since 1992 (COSEWIC 
2014, p. 38; Table 1). 
 
The management of wolverine harvest in Canada incorporates spatial and temporal elements 
such as season length, quotas, limited entry, and trapline management by trappers (reviewed by 
Slough et al. 1987). Wolverine harvest levels in Canada are monitored using mandatory pelt 
sealing, annual harvest reporting, or through monitoring of fur exports (COSEWIC 2014, p. 43). 
In some northern communities, wolverine pelts are used locally and harvests are monitored 
through carcass collection programs (COSEWIC 2014, p. 43).  
 
The COSEWIC Assessment and Status Report for the wolverine also noted that range 
contraction and habitat trends of wolverines in Canada are not solely the result of habitat or 
trapping pressure (COSEWIC 2014, p. 20). Reductions in ungulate (e.g., caribou) populations, 
which provide an important winter food resource, were also likely an important factor in range 
contractions of wolverines in its northern range (COSEWIC 2014, p. 20), and likely continue to 
influence populations today. Snowmobiles have allowed for better access for hunters and 
trappers and may be increasing the number of wolverine harvested in its northern North America 
range; however, the areas of exploitation are still relatively small concentrated areas, and large 
areas of refugia continue to be found (Cardinal 2004, p. 31).  
 
Population growth rate scenarios for North American wolverines were modeled by Krebs et al. 
(2004, p. 499), including trapped and untrapped populations. Of note, at the time of this study, 
wolverines were considered furbearer or game animals and trapped or hunted in 8 of their 12 
study areas in North America, including Montana (Krebs et al. 2004, p. 495; Table 1). Estimated 
(logistic) rates of population growth (λ) were found to be lower for trapped populations (λ = 
0.878) as compared to untrapped populations (λ = 1.064) (Krebs et al. 2004, p. 499). Based on 
their analysis, harvesting was considered to be an “additive mortality” in the populations studied 
and is likely sustained by dispersal from untrapped areas that provide refugia (Krebs et al. 2004, 
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pp. 499–500). However, as described in the 2014 COSEWIC report, trends in wolverine 
populations in the northern range, while uncertain, appear to be stable or increasing, with some 
concern for populations in the southern areas of British Columbia and parts of the northern 
United States (COSEWIC 2014, p. 22, and references cited therein). Similarly, in Alaska, over 
the past 6 years, on average, 590 wolverines are taken each year (see Table 7). The consistent 
harvest levels in these regions suggest relatively stable wolverine populations.  
 
We evaluated trapping of wolverines in British Columbia and Alberta regions of Canada in an 
effort to document potential impacts to dispersing wolverines along the U.S.–Canada border. As 
described above (Population Abundance and Distribution), the population of wolverines in British 
Columbia is estimated to be 2,700–4,760 and 1,500–2,000 animals in Alberta (COSEWIC 2014, p 
36). We obtained 9 years (2007-2015) of harvest data for southern BC wildlife management units 
from the British Columbia Ministry of Environment, Ecosystems Branch for our analysis. Twenty 
seven years (1989–2015) of harvest data was obtained for Alberta in addition to locations of 
wolverines from a 2012–2015 study and other sources (Webb et al. 2016, p. 1,465; Webb 2017, 
pers. comm.). 
 
Figure 5 presents the results from our spatial analysis and indicates a total of 77 wolverines were 
trapped in British Columbia wildlife management units within 110 km (68.35 mi) of the U.S.–
Canada border from 2007–2015 (average of 8.5 animals per year). We used this distance since it’s 
similar to both the average maximum distance per dispersal movement of 102 km (63 mi) for 
male wolverines reported by Inman et al. (2012a, p. 784) for the Greater Yellowstone region of 
Montana, and a reported 100 km (62 mi) dispersal distance for a juvenile male for Ontario, 
Canada (COSEWIC 2014, p. 24, citing unpublished data from Dawson et al. 2013). As shown 
below, one management area contains nearly one-third (23 individuals) of this total number. The 
other management units along the international border indicate very few animals harvested over 
this 8-year period (i.e., areas on map identified as zero). There is no open trapping season or 
hunting season on wolverines in the management units in the Okanagan (Region 8) (north of 
Washington State) or South Coast (Region 2) (southwest corner of British Columbia) with a 
trapping season for wolverines only in the Kootenay (Region 4, the eastern half of the southern 
part of the province) (Weir 2017b, pers. comm.). In addition, there has not been an open trapping 
season in Region 2 since at least 1985 and since 1993 in the Okanagan region (Weir 2017c, pers. 
comm.). For Alberta, we identified a total of 15 wolverines harvested by trappers and data 
presented in other studies within 110 km (68.35 mi) of the U.S.–Canada border from 1989–2014 
(average of less than 1.0 animal per year). Researchers in Canada are currently conducting a 
landscape level analysis to estimate the size and sustainable harvest for wolverine populations 
within British Columbia (Weir 2017a, pers. comm.). 
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Figure 5. Numbers of wolverines harvested in British Columbia and Alberta, Canada. Sources: British 
Columbia Ministry of Environment; Webb et al. 2016; Webb 2017, pers. comm. 

 
Based on this analysis, trapping effort along the U.S.–Canada border does not represent a 
significant barrier to wolverine movement and dispersal along the international border. As noted 
above, Regehr and Lacroix’s (2016, entire) multi-method inventory of wolverines within an area 
located in the eastern side of the Coast Mountains of British Columbia (see black star in Figure 5 
above) found unexpectedly high numbers of wolverines, which may have been the result of the 
rugged landscape features in this mountainous area and abundant food resources (both winter 
and summer) (Regehr and Lacroix 2016, pp. 249–250).   
 
Legal Status/Protection 
 
In the western United States, the wolverine status is as follows: a state-threatened species in 
Oregon (ODFW 2016) and California (CDFW 2017a); state-endangered species in Colorado 
(Colorado Parks and Wildlife 2015a) ; a candidate species in Washington (Washington 
Department of Fish and Wildlife (WDFW) 2013); a protected nongame species and species of 
greatest conservation need in Idaho (IDFG 2014); a protected animal and species of greatest 
conservation need in Wyoming (WGFD 2017); a species of greatest conservation need in Utah 
(Utah Wildlife Action Plan Joint Team 2015); a furbearer and species of concern in Montana 
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(Montana Natural Heritage Program and Montana FWP 2017); and, in Nevada, the Nevada 
Administrative Code lists wolverines as a protected mammal (NAC 503.030), which provides 
full legal protection. There is no protected status for wolverines in the State of Alaska. The State 
of New Mexico Department of Game and Fish does not recognize the wolverine as a native 
mammal. Additional discussion regarding State regulatory mechanisms that provide protections 
for wolverines is provided in Appendix G. 
 
The Idaho Department of Fish and Game issues permits allowing live capture, handling, and 
release of wolverines for scientific studies, which usually involved log box-traps that do not 
cause physical injury to the captured animals (IDFG 2014, p. 27). The agency also issues 
scientific collection permits to various agencies and organizations and to IDFG biologists that 
can include the capture, chemical immobilization, and placement of radio-collars/radio-markers 
on wolverines (IDFG 2014, p. 27). These permittees (and IDFG staff) are required to comply 
with animal trapping and handling protocols approved by IDFG’s Wildlife Health/Forensic 
Laboratory and other animal welfare and research institutions. Over the past 20 years, there have 
been two documented wolverine deaths due to live capture activities in Idaho (IDFG 2014, p. 
27). 
 
In Wyoming, the Wyoming Game and Fish Commission (Commission) Regulation Chapter 52, 
Nongame Wildlife, authorizes take of wolverine only for scientific or educational purposes as 
regulated by Commission Regulation Chapter 33 (Regulation Governing Issuance of Scientific, 
Research, Educational, or Special Purpose Permits). We received information from the State of 
Wyoming indicating that a search of electronic records of Chapter 33 permits (issued since 1997) 
found (as of May 2013) three permits have been issued for scientific purposes to further 
understanding of wolverine ecology in Wyoming (Mead 2013, pers. comm.). 
 
In California, research permits for State-listed, State-candidate, and fully protected species in 
California are issued as a Memorandum of Understanding (MOU). Currently, there are no active 
MOUs for research on wolverine in California (Burkett 2017, pers. comm.). 
 
In Canada, provincial designations for the wolverine include Endangered in Labrador, and 
Threatened in Ontario and Québec (‘Threatened’ is equivalent to Endangered in Québec), with 
the remaining provincial designations ranging from no ranking to Sensitive or Special Concern 
and the Vancouver Island population designated as Imperilled (COSEWIC 2014, p. 44).  
Recovery planning for the wolverine is focused on the eastern population (Canadian Boreal 
Forest Agreement Secretariat 2015, p. 3). 
 
In summary, overutilization does not represent a stressor to the wolverine the contiguous United 
States at the individual, population, or species level. Wolverine populations in the contiguous 
United States are currently protected under several State laws and regulations. Hunting and 
trapping activities for wolverines are currently suspended or closed entirely for animals within 
the contiguous United States, though occasional incidental trapping can occur. Trapping in 
Alaska and Canada has been and appears to be sustainable given large areas of available refugia 
in these regions. Trapping or harvesting of wolverines along the contiguous U.S.–Canada border 
does not represent a stressor to wolverines migrating into the contiguous United States at the 
individual or population level. In addition, wolverine populations along the Alaska–Canada 
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border are continuous with the Yukon region of Canada, which suggests a rescue effect for 
Canadian populations along this international boundary (COSEWIC 2014, p. 37). 
 
Summary	of	Current	Conditions	
 
Wolverine populations in much of North America are still recovering from large losses of 
individuals from intensive hunting and persecution pressures in the late 1880s into the mid-20th 
century. Although there is limited rangewide survey information, based on the best available 
information, wolverines continue to be detected across suitable habitat within the contiguous 
United States. Studies are currently underway to estimate the species’ current distribution and 
genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, and Washington. 
In Canada, the total wolverine population is estimated at over 10,000 adults (COSEWIC 2014, p. 
47). In Alaska, estimates of populations are best evaluated based on density, which are naturally 
low for this species. Recent density estimates are generally about 10 wolverines per 1000 km2 
(386 mi2) for Alaska. 
 
Based on our collection of observations and detections of wolverines in the contiguous United 
States and the 2014 status review for Canada, we prepared a Current Range map to illustrate the 
species’ North American range (Figure 3). We estimated that the proportion of the current North 
American range of the wolverine encompassed within the contiguous United States is 
approximately 6 percent.  
 
We determined that 96 percent of the previously modeled primary habitat (Inman et al. 2013) in 
the lower United States is considered to be lands owned or managed by the Federal government 
(see Appendix D). We also estimated that 41 percent of this modeled primary habitat is located 
in designated wilderness areas. Appendix G, Regulatory Mechanisms and Conservation 
Measures, provides a more detailed summary of management actions. 
 
We evaluated several potential stressors that may be affecting wolverine populations or its 
habitat, including effects from roads, disturbance due to winter recreation and other activities, 
effects from wildland fire, disease and predation, and overutilization for (primarily) commercial 
purposes. We determined that the effects of roads (evaluated by number of miles, density, and 
location) and disturbance represent low level stressors to the wolverine in the contiguous United 
States. Wildland fire was determined to be a short-term stressor to wolverine habitat and its prey. 
Disease and predation are not considered stressors to the wolverine. 
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
Incidental trapping of wolverines is infrequent in the contiguous United States, and, in Idaho, 
education programs are being implemented to reduce this stressor. In Alaska, the level of harvest 
of wolverines has been fairly consistent since 2010, and, as noted above, density estimates 
indicate no declining trend in wolverine populations.  
 
Wolverines are harvested in several Canadian provinces with management and monitoring 
oversight based on spatial and temporal elements. We reviewed trapping information from 
Canada (within 110 km (68.35 mi) of the contiguous U.S.–Canada border) to assess potential 
impacts to dispersing wolverines into the United States. We found that, in Alberta, 15 wolverines 
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were harvest over a 25 year period (average of less than 1.0 animal per year), and, for British 
Columbia, we found an average of 8.5 animals per year, though one management area contained 
nearly one-third (23 individuals) of this total. Researchers in Canada are currently conducting a 
landscape level analysis to estimate the size and sustainable harvest for wolverine populations 
within British Columbia (Weir 2017, pers. comm.). Based on the best available commercial and 
scientific information, overutilization does not represent a stressor to the wolverine in the 
contiguous United States. 
 
Status	–	Future	Conditions		
 
The future timeframe evaluated in our analysis is approximately 40 to 50 years, which captures 
the range of time periods for proposed projects within the species’ range, as well as our best 
professional judgment of the projected future conditions related to trapping/harvesting, climate 
change, or other potential cumulative impacts. 
 
After considering the current conditions for the wolverine and its habitat, we describe here the 
most likely future scenario to potentially have an effect on wolverine at the population level in 
the contiguous United States:    

 Climate change effects (i.e., significantly elevated temperatures resulting in decline in 
snowpack) may modify suitable habitat, which could also change the scope of the 
wildland fire stressor. 
 

Based on our review of the best available information, we determined that there were no other 
plausible scenarios that were likely to have population level impacts to wolverine in the 
contiguous United States. We expect that the effects of trapping and roads, human disturbance, 
effects of wildland fire to continue to be at low levels in the future. We have no information that 
indicates that mortality from roads or disease would increase within the range of wolverine in the 
contiguous United States in the future. 
 
Climate	Change	Effects	
 
In this section, we consider climate changes that may affect environmental conditions that the 
wolverine relies on. As defined by the Intergovernmental Panel on Climate Change (IPCC), the 
term “climate” refers to the mean and variability of different types of weather conditions over 
time, with 30 years being a typical period for such measurements, although shorter or longer 
periods also may be used (IPCC 2013a, p. 1450). The term “climate change” thus refers to a 
change in the mean or the variability of relevant properties, which persists for an extended 
period, typically decades or longer, due to natural conditions (e.g., solar cycles) or human-caused 
changes in the composition of atmosphere or in land use (IPCC 2013a, p. 1,450).  
 
Scientific measurements spanning several decades demonstrate that changes in climate are 
occurring. In particular, warming of the climate system is unequivocal and many of the observed 
changes in the last 60 years are unprecedented over decades to millennia (IPCC 2013b, p. 4). The 
change in temperature reported in the Northern Hemisphere in recent history (past 150 years) at 
+0.6°C (1.08°F) is twice the change reported for the Southern Hemisphere (+0.3°C (0.54°F)) and 
there is much year-to-year variation (Post 2013, p. 4). With regard to precipitation over land, 
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there has been a decline in global total annual precipitation, but the variability between years in 
total precipitation has increased since about the 1970s (Post 2013, p. 9). The Palmer Drought 
Severity Index (PDSI) compares the actual amount of precipitation received in an area during a 
certain time period with the normal or average amount expected during that same period 
(National Weather Service (NWS) 2015) and is generally used as a measure of water stress. 
Time series analysis of the PDSI indicates worsening persistent drought-like or drought-potential 
conditions across the globe since 1980, a reflection of the influence of temperature on 
atmospheric dynamics (Post 2013, pp. 10–11).  
 
Comprehensive assessments of other observed and projected changes in climate and associated 
effects and risks, and the bases for them, are provided for global and regional scales in recent 
reports issued by the IPCC (2013c, 2014), and similar types of information for the United States 
and regions within it can be found in the National Climate Assessment (Melillo et al. 2014, 
entire). Results of scientific analyses presented by the IPCC show that most of the observed 
increase in global average temperature since the mid-20th century cannot be explained by natural 
variability in climate and is “extremely likely” (defined by the IPCC as 95 to 100 percent 
likelihood) due to the observed increase in greenhouse gas (GHG) concentrations in the 
atmosphere as a result of human activities, particularly carbon dioxide emissions from fossil fuel 
use (IPCC 2013b, p. 17 and related citations).   
 
Scientists use a variety of climate models, which include consideration of natural processes and 
variability, as well as various scenarios of potential levels and timing of GHG emissions, to 
evaluate the causes of changes already observed and to project future changes in temperature and 
other climate conditions. Model results yield very similar projections of average global warming 
until about 2030, and thereafter the magnitude and rate of warming vary through the end of the 
century depending on the assumptions about population levels, emissions of GHGs, and other 
factors that influence climate change. Thus, absent extremely rapid stabilization of GHGs at a 
global level, there is strong scientific support for projections that warming will continue through 
the 21st century, and that the magnitude and rate of change will be influenced substantially by 
human actions regarding GHG emissions (IPCC 2013b, 2014; entire).  
 
Global climate projections are informative, and, in some cases, the only or the best scientific 
information available. However, projected changes in climate and related impacts can vary 
substantially across and, as noted above, within different regions and hemispheres (e.g., IPCC 
2013c, 2014; entire) and within the United States (Melillo et al. 2014, entire). Therefore, we use 
“downscaled” projections when they are available and have been developed through appropriate 
scientific procedures, because such projections provide higher resolution information that is 
more relevant to spatial scales used for analyses of a given species (see Glick et al. 2011, pp. 58–
61, for a discussion of downscaling). We note here that multiple lines of evidence, not just 
projections derived from quantitative models, should be examined when conducting climate 
vulnerability assessments (Michalak et al. 2017, entire). Thus, we provide below projected 
effects from climate change in the western United States relative to both abiotic (e.g., 
temperature, precipitation, snow cover) and biotic (e.g., phenology, behavior) factors.  
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Abiotic Factors 
 
California 
 
Regional temperature and precipitation observations for assessing climate change are often used 
as an indicator of how climate is changing. For evaluating climate trends in California, the 
Western Regional Climate Center (WRCC) has defined 11 climate regions (Abatzoglou et al. 
2009, p. 1,535). The relevant region for our assessment is the north/north-central Sierra Nevada 
region (Tahoe National Forest), currently occupied by a male wolverine, or the northeast region 
as defined in Abatzoglou et al. (2009, p. 1,535) . 
 
Two indicators of temperature, the increase in mean temperature and the increase in maximum 
temperature, are important for evaluating trends in climate change in California. For the climate 
region that encompasses the Tahoe National Forest region, the 100-year linear trends provided 
by the WRCC indicate an increase in mean temperatures (Jan–Dec) of approximately 0.92°C/100 
yr (± 0.29°C/100 yr) (1.66°F ± 0.53°F/100 yr) since 1895 from present day; 1.55°C/100 yr (± 
0.67°C/100 yr ) (2.79°F ± 1.21°F/100 yr) since 1949 to present day; and 2.41°C/100 yr 
(±1.54°C/100 yr ) (4.33°F ± 2.78°F/100 yr) since 1975 to present day (WRCC 2017). Thus, the 
increase in mean temperature has not been constant—the rate of increase over the past 42 years 
in this region has been 2.6 times higher than the past 122 years. We assume the rate of 
temperature increase for this region is higher for the second and third time periods (since 1949 
and 1975, respectively) than for the first time period (since 1895) due to the increased use of 
fossil fuels in the later part of the 20th and early 21st century. 
 
Although these observed trends provide information as to how climate has changed in the past, 
climate models can be used to simulate and develop future climate projections. Pierce et al. 
(2013, entire) presented both state-wide and regional probabilistic estimates of temperature and 
precipitation changes for California (by the 2060s) using downscaled data from 16 global 
circulation models and 3 nested regional climate models. The study looked at a historical (1985–
1994) and a future (2060–2069) time period using the IPCC Special Report on Emission 
Scenarios A2 (Pierce et al. 2013, p. 841), which is an IPCC-defined scenario used for the IPCCs 
Third and Fourth Assessment reports, and is based on a global population growth scenario and 
economic conditions that result in a relatively high level of atmospheric GHGs by 2100 (IPCC 
2000, pp. 4–5; see Stocker et al. 2013, pp. 60–68, and Walsh et al. 2014, pp. 25–28, for 
discussions and comparisons of the prior and current IPCC approaches and outcomes). 
Importantly, the projections by Pierce et al. (2013, pp. 852–853) include daily distributions and 
natural internal climate variability.  
 
Simulations using these downscaling methods project an increase in yearly temperature for the 
area that encompasses the Tahoe National Forest (Sierra Nevada) ranging from 2.1°C (3.78°F) to 
3.2°C (5.76°F) by the 2060s time period (Pierce et al. 2013, p. 844), compared to 1985–1994. 
The simulations indicated a yearly upper temperature increase of 2.5°C (4.5°F) from 1985–1994 
to 2060–2069 (averaged across models) for this area, and an increase of 1.9°C (3.42°F ) for the 
December–February period (Pierce et al. 2013, p. 842).  
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Beginning in 2012 and continuing into 2016, California experienced a severe drought throughout 
most of the state (Griffin and Anchukaitis 2014, p. 9,020). Although three-year droughts in 
California are not unusual when evaluated over the past 1000 years, the severity of these 
drought conditions during this period was demonstrated in the 2014 summer PDSI, which was 
estimated to be the lowest on record (1901–2014) (Williams et al. 2015, p. 6,823). An evaluation 
of how unusual this drought event was in the context of the last millennium using blue oak 
(Quercus douglasii) tree ring data from four sampling sites (with additional tree sampling 
following the 2014 growth season) was conducted by Griffin and Anchukaitis (2014, entire). 
Their paleoclimate drought and precipitation reconstructions for Central and Southern California 
show that, although the precipitation during this drought has not been anomalously low, it was 
not outside the range of variability (Griffin and Anchukaitis 2014, p. 9,017). However, the 2014 
drought was the worst single drought year of at least the last 1,200 years in California and the 
2012–2014 drought was the most severe of three consecutive drought years, based on three 
events found in the record for the last 1,200 years (Griffin and Anchukaitis 2014, pp. 9,020–
9,021). The study concluded that low precipitation combined with high temperatures was 
responsible for creating this worst short-term drought episode (Griffin and Anchukaitis 2014, pp. 
9,021–9,022). 
  
A study by Williams et al. (2015, entire) estimated the anthropogenic contribution to California’s 
drought during 2012–2014. They found that the intensifying effect of high potential 
evapotranspiration on this drought event (measured by summer PDSI) was almost entirely the 
result of high temperatures (18–27 percent in 2012–2014; 20–26 percent in 2014) (Williams et 
al. 2015, p. 6,825). Another study evaluating the influence of temperature on the drought in 
water year 2014 in California found that, although the low level of precipitation was the 
primary driver for the drought conditions, temperature was an important factor in exacerbating 
the drought, noting that the water year 2014 was the third year of the multiyear drought event 
and therefore conditions were drier than normal at the beginning of the water year (Shukla et al. 
2015, p. 4,392).  
 
In sum, these projections indicate that increased temperatures are likely to occur in the Tahoe 
National Forest region by the 2060s due to the effects of climate change. 
 
Precipitation patterns can also be used as an indicator of potential climate change. We obtained 
yearly snowfall data for the Tahoe City station located in the northern Sierra Nevada region from 
the WRCC (https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758) since that dataset was the most 
complete for the area. We then conducted a nonparametric correlation test, the Mann-Kendall 
statistical test (Hipel and McLeod 1994, pp. 63–64, 856–858), which is commonly used for 
analyzing climatic time series (e.g., Ahmad et al. 2015, entire), to evaluate trends in snowfall 
over time. This analysis was conducted using the R and R Studio software programs (Version 
3.1.2; R Development Core Team, 2014) with the “Kendall” package (Version 2.2) (McLeod 
2011). We found that annual snowfall amounts showed no statistically significant trend 
(increasing or decreasing) from 1909–2017 (tau = –0.0289, two-sided p-value of 0.6705) for 
the Tahoe City station.  
 
State-wide and regional probabilistic estimates of precipitation changes for California were also 
evaluated by Pierce et al. (2013, entire). When averaged across all models and downscaling 
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methods, a small annual mean decreases in precipitation were found for the Sierra Nevada region 
of California, but that study also found an increase in precipitation for the December through 
February period (wetter winters) (Pierce et al. 2013, pp. 849, 855). However, there was 
significant disagreement across the models, with percent changes ranging from a12 percent 
decrease to a 9 percent increase (Pierce et al. 2013, p. 851).   
 
Columbia River Basin Region  
 
This region covers a large area within Washington, Oregon, and Idaho, and parts of British 
Columbia, Canada, and includes portions of the current range of the wolverine. Rupp et al. 
(2017, entire) used simulations from 35 Global Climate Models (GCMs) to provide projections 
of climate in the Columbia River Basin into the 2080s under two emissions scenarios, 
Representative Concentration Pathways (RCP) (RCP 4.5, which represents moderate reduction in 
GHG emissions (“intermediate emissions”), and RCP 8.5, which represents a continued increase 
in GHG emission “high emission”). The results of their multi-model ensemble for the RCP 4.5 
scenario indicate mean annual temperature increases (above Bonneville Dam), above the 1970–
1999 baseline average, of 1.3°C (2.34°F) for the 2010–2039 period, 2.3°C (4.14°F) for the 2040–
2069 period, and 2.8°C (5.04°F), for the 2070–2099 future period (Rupp et al. 2017, p. 1,788). 
By season, the winter period (December–February) mean change result indicates an increase of 
1.1°C (2.52°F) for 2010–2039, 2.2°C (3.96°F) for 2040-2069, and 2.7°C (4.86°F) for 2070–
2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788).  
 
For the RCP 8.5 scenario, the multi-model ensemble projections indicate mean annual 
temperature increases, above the 1970–1999 baseline average, of 1.4°C (2.34°F) for the 2010–
2039 period, 3.1°C (5.58°F) for the 2040–2069 period, and 5.0°C (9.0°F), for the 2070–2099 
period (Rupp et al. 2017, p. 1,788). For the winter season (December–February) mean change 
increase of 1.4°C (2.34 °F) for 2010–2039, 2.9°C (5.22°F) for 2040-2069, and 4.7°C (8.46°F) for 
2070–2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788). The 
anthropogenic-forced change for these projections is higher than the annual variability; thus, by 
the year 2050, it is very unlikely that the temperature for this year or any year following during 
this century would be as low as the historical average (Rupp et al. 2017, p. 1,788). 
 
Precipitation projections were much less robust; the multi-model ensemble mean precipitation 
projections indicate an increase above baseline of up to 8 percent by 2099 for RCP 8.5 and 
slightly less for RCP 4.5 (Rupp et al. 2017, p. 1,788). When viewed seasonally, for the winter 
season, the ensemble projections indicate increases for all three future time periods for both the 
RCP 4.5 and RCP 8.5 scenarios (ranging from 3 to 14 percent) as compared to the baseline 
period (1970–1999) (Rupp et al. 2017, p. 1,788). The anthropogenic-forced change for these 
projections is lower than the annual variability; however, the authors indicate that years of 
anomalously low precipitation relative to baseline would be expected with high frequency 
throughout the 21st century (Rupp et al. 2017, p. 1,788). 
 
Within three subregions of the Pacific Northwest within the current range of the wolverine, 
Sheehan et al. (2015, p. 20; Table 4) also found that, when compared to a historical baseline 
(1971–2000), all future climate projections (RCP scenarios 4.5 and 8.5; 2036–2066, 2071–2100) 
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indicate a rise in both minimum and maximum monthly temperatures, and a generally positive 
change in mean annual precipitation, though the latter results varied across projections.  
 
Upper Snake River Basin 
 
The Upper Snake River Tribe Foundation and its Tribal members prepared a climate change 
vulnerability assessment for the Upper Snake River Watershed (Petersen et al. 2017, entire). The 
assessment covers large areas of southern Idaho and eastern Oregon, and small areas of northern 
Nevada, northern Utah, and western Wyoming (Petersen et al. 2017, p. 15). Within three 
geographic/model domains of this larger region, downscaled climate projections were created 
from 20 GCMs run with two emissions scenarios (RCPs 4.5 and 8.5) and these outputs were then 
used to calculate potential future changes in temperature and precipitation (Petersen et al. 2017, 
pp. 15–16). The projections were analyzed in reference to a baseline period (1950-2005) for 
three future time periods—the 2030s (2020–2049), the 2050s (2040–2069), and the 2080s 
(2070–2099) (Petersen et al. 2017, p. 16). 
 
For temperature, their projections indicated an increase in average annual temperatures in both 
future emission scenarios and across all time periods. Under RCP 8.5 (high emissions scenario), 
the ensemble mean temperature increase was about 6.11°C (11ºF), and 2.78°C (5ºF) under the 
RCP 4.5 intermediate emissions scenario across all three geographic/model domains (Petersen et 
al. 2017, Appendix A, p. 2). For the North and East domains (areas with greater topographical 
variability), there was some indication of a small increase in total annual precipitation by the end 
of the century, though there was less agreement among the models (Petersen et al. 2017, 
Appendix A, p. 2). 
 
For all geographic/model domains, the average temperature is projected to increase under both 
emissions scenarios for all seasons (Petersen et al. 2017, Appendix A, p. 2). For the winter 
months (December, January, February), for RCP 4.5, the average seasonal temperature is 
projected to increase by 3.89 to 5°C (7 to 9ºF) by the end of the century, and an increase of 
approximately 2.22 to 3.33°C (4 to 6ºF) for the other seasons (Petersen et al. 2017, Appendix A, 
pp. 2, 6). The winter season projections for RCP 8.5 add an additional 1.67 to 2.22°C (3 to 4ºF) 
by the end of the century (Petersen et al. 2017, Appendix A, pp. 2, 6).  
 
Rocky Mountain Region (Colorado) 
 
A report by Lukas et al. (2014, entire) presented an assessment of observed and future 
projections of climate change effects for Colorado. They reported that, statewide, annual average 
temperatures have increased by 1.1°C (2.0°F) over the past 30 years, and 1.4°C (2.5°F) over the 
past 50 years (Lukas et al. 2014, p. 11). These warming trends have been observed in much of 
the State (Lukas et al. 2014, p. 11). They report no significant long-term trends in annual 
precipitation (30-, 50-, and 100-year trends) through 2012, but they indicate an observed trend 
towards more severe soil-moisture drought conditions in Colorado, based on the PDSI, over the 
past 30 years (Lukas et al. 2014, pp. 12, 21).  
 
This report also presents results from climate change modeling using an ensemble of CMIP5 
model projections, run with RCP 4.5 and 8.5 scenarios (Lukas et al. 2014; Section 5). The results 



North American Wolverine Species Status Assessment Report  

69 
 

indicate future warming in Colorado for all of the climate model projections (Lukas et al. 2014, 
p. 59). By 2050, for the RCP 4.5 (intermediate) emissions scenario, the statewide average annual 
temperatures are projected to increase by 1.4 to 2.8°C (2.5 to 5°F) (relative to a 1971–2000 
baseline), and increase by 1.9 to 3.6°C (3.5 to 6.5°F) under the RCP 8.5 (high) emissions 
scenario (Lukas et al. 2014, p. 59). For precipitation, they report that climate model projections 
show less agreement regarding future precipitation change for Colorado, but most projections 
indicate increasing winter precipitation by 2050 (Lukas et al. 2014, p. 59). 
 
Summary 
 
Observed trends and future climate model projections indicate warming temperatures for much 
of the western United States, including areas within the current range of the wolverine. The 
degree of future warming varies by region and is dependent upon the future emission scenario 
used during the modeling process. Future precipitation trends are less certain for many regions, 
in part, due to naturally high, inter-annual variability; some regions are projected to experience 
greater winter precipitation. Wolverines have been found to have a wide range in critical 
temperature depending on season, and undergo seasonal changes in fur insulation to adapt to 
warmer temperatures in summer. Wolverines also exhibit changes in behavior, such as moving to 
water bodies or higher elevations in summer months. These physiological and behavioral 
adaptations allow wolverines to adapt to warming temperatures. 
 
Biotic Factors 
 
In addition to evaluating changes in these abiotic factors, biotic interactions should be considered 
in evaluating species’ response to climate change (reviewed by Post 2013). Although abiotic 
changes drive ecological processes, the alterations in biotic interactions (e.g., competition among 
conspecifics, interactions with competitors, resources, and predators) represent the ecological 
responses that result from those changes (Post 2013, p 1). Changes in certain abiotic factors, such 
as snow and ice cover, should also be considered in an ecological context since they represent 
habitat for many species (Post 2013, p. 11). 
 
Ecological studies evaluating the effects of climate change often evaluate phenology, the timing 
of life history events and how they vary in space and time, generally at the population or site-
specific level, though phenological variation at the individual level may also be important (Post 
2013, p. 54). Previous meta-analyses of the rate of phenological advancement have suggested 
advances of between 2–5 days per decade, across taxa, and between low-mid to mid-high 
latitudes (Post 2013, p. 59). A more recent meta-analysis from Cohen et al. (2017, p. 4) found, 
on average, significant advancement in the phenology of animals since 1950, advancing by about 
2.88 days per decade and 3.08 days per degree Celsius.  
 
Within the Pacific Northwest region, Ford et al. 2016 (entire) modeled the timing of growth 
initiation in coast Douglas-fir trees (Pseudotsuga menziezii var. menziezii) within the species’ 
range in Washington and Oregon to evaluate its ability to track changes in climate with changes 
in phenology. This study found that, for high latitudes and elevations, growth initiation was 
predicted to occur earlier in the year, which allows trees to track the beginning of favorable 
growing conditions, without exposure to frost risk (i.e., adaptive phenological response) (Ford et 
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al. 2016, pp. 3718, 3,721). Conversely, their model predicted that at lower latitudes and 
elevations, growth initiation will lag behind climate change shifts due to reduced chilling with 
lower productivity, which suggested that coast Douglas-fir has an obligate chilling requirement 
for height (but not diameter growth initiation) (Ford et al. 2016, pp. 3,717–3,719). 
 
Another study reported on the effects of encroachment of woody plants (willows (Salix sp.)) in 
alpine environments to alpine wildflowers and their pollinators due to temporal overlap in 
flowering phenology, which may result in establishment of plant species with broader 
environmental tolerance in high alpine ecosystems (Kettenbach et al. 2017, p. 6,969). Similarly, 
in Sweden, Wilson and Nilsson (2009, entire) reported on encroachment of woody vegetation in 
arctic-mountain habitat, though primarily at lower elevations in response to observed 
temperature increase of 2.0°C (3.6°F) over 20 years, though this increase in cover was observed 
primarily at lower elevations (Wilson and Nilsson 2009, p. 1,682). 
 
A high-latitude, North American study evaluated the effect of weather and broad-scale climate 
variables and vegetation productivity on the timing of spring and fall migrations of migratory 
caribou herds in northern Québec and Labrador, Canada (Le Corre et al. 2017, entire). That 
study found that, since 2000, except for the spring arrival, migrations occurred earlier, and were 
affected by resource availability, likely through intraspecific competition factors (Le Corre et al. 
2017, p. 266).  
 
In addition to phenological changes related to habitat variables or reproduction patterns, the 
effects of climate change may affect food resources important to wolverine, either directly (e.g., 
survival) or indirectly (e.g., effects to their habitat). An early study by Wang et al. (2002, p. 217) 
projected a potential increase in ungulate populations in Rocky Mountain National Park 
(Colorado) under future climate scenarios due to enhanced survival and recruitment of juvenile 
animals in response to less severe winters. The authors note that their results should be 
interpreted qualitatively given the uncertainties in applying climate change scenarios based on 
global models to ecological systems at the local scale (Wang et al. 2002, p. 217). In addition, 
they report that vegetation response (e.g., succession) to climate change effects may result in 
changes to ungulate habitat (Wang et al. 2002, p. 219). Overall, the study concluded that their 
results were consistent with those reported in other studies that have evaluated the relationships 
between the effect of weather and density dependence and ungulate population dynamics (Wang 
et al. 2002, p. 219). 
 
Summary 
 
The results presented above indicate biotic effects resulting from climate change, varying from 
phenological changes to shifts in vegetation and vegetation succession. We are unaware of 
studies that have directly evaluated these types of effects to the North American wolverine or its 
habitat. Given the extensive range and varied habitats occupied by wolverines in the contiguous 
United States, the shifts in vegetation are likely to be relatively narrow in scope and scale.  
Furthermore, we have no information to suggest that wolverines selectively use any specific 
vegetation type and some changes in vegetation may actually be advantageous for wolverine 
prey.  
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Climate	Change	and	Potential	for	Cumulative	Effects		
 
Threats can work in concert with one another to cumulatively create conditions that may impact 
the wolverine or its habitat beyond the scope of each individual threat. Given an expected 
increase in temperature in the western United States, the best available information indicates 
that, if there are any cumulative impacts in the future, the most likely to have population level 
effects on wolverine in the contiguous United States could be: 1) changes in snowpack from the 
combination of increased temperature and changes in precipitation patterns, or 2) changes in 
snowpack and increase in wildland fire potential. 
 
Snowpack/Snow Cover 
 
Upper Snake River Watershed (Pacific Northwest region) 
 
The Upper Snake River Tribal Foundation assessment (discussed above) included projected 
changes in snowpack for three locations in the Upper Snake River watershed, including areas 
located within our estimated Current Range of the wolverine (from Climate Impacts Group 
Pacific Northwest (PNW) Hydroclimate Scenarios Project (2860); 
http://warm.atmos.washington.edu/2860/products/sites/). Model results, based on snow water 
equivalent (SWE) (the water content of snowpack, expressed as depth), indicate a projected loss 
in April 1st snowpack of 36 percent for the 2030–2059 period and 64 percent for the 2070–2099 
period for the Salmon River at White Bird location (average of percent change across all models 
relative to the long-term average for 1916–2006 (“historical period”)). For the Snake River at 
Brownlee Dam location, the projected loss is 37 percent for the 2030–2059 period and 64 percent 
for the 2070–2099 period (summary presented in Petersen et al. 2017, p. 20). These projected 
changes were found to be consistent with overall changes projected for the Columbia River 
Basin snowpack in an earlier study. Hamlet et al. (2013, p. 404; Figure 7) found that, relative to 
the long-term average for 1916 to 2006, the April 1st snowpack in the Columbia River Basin is 
projected to decline by 29% for the 30-year period spanning 2030-2059 and decline by 52% for 
the period spanning 2070-2099 for the A1B emissions scenario. [Note: the A1B emission 
scenario represents a more balanced energy portfolio than RCP 8.5, with GHG emissions 
leveling off by the middle of the 21st century]. 
 
Sierra Nevada 
 
Walton et al. (2017, entire) developed snow cover projections for the Sierra Nevada region in 
California, incorporating snow albedo feedback using a hybrid downscaling approach to develop 
future climate projections. This feedback loop is known to be important for regional climate 
change (Thackeray and Fletcher 2016, p. 395) and occurs when warming causes snow pack to 
shrink at margins and the exposed ground absorbs more sunlight than snow, which enhances the 
warming, resulting in more melting of snow (Walton et al. 2017, p. 1,417). This study (using 3 
km (1.86 mi) resolution) found that, by the end of the 21st century (2081–2100), warming and 
loss of snow cover is expected to occur, though the degree varies depending on the GHG 
scenario (Walton et al. 2017, p. 1,430). Under the RCP 8.5 (high emissions) scenario, the study 
found that the total area covered by snow during the typical month of April decreases by 48 
percent, as compared to historical average (1981–2000) (using ensemble mean) (Walton et al. 
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2017, p. 1,432). Under the RCP 4.5 (moderate emissions) scenario, snow cover losses were 
projected at about half of those for RCP 8.5 (Walton et al. 2017, p. 1,434; Figure 13).Warming 
was more pronounced with elevation, and was most severe in May and June (Walton et al. 2017, 
p. 1,431; Figure 12). For the months of March and April, the highest elevations were found to 
have nearly complete snow cover (measured as snow covered fraction) for all GCM simulations 
(Walton et al. 2017, p. 1,431; Figure 12).  
 
Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks 
 
The effects of climate change on snow persistence has been suggested as an important negative 
impact on wolverine habitat and populations by the mid-21st century (McKelvey et al., 2011, 
entire). The Service therefore pursued a refined methodology to provide insights into the 
potential impacts of climate change on snow persistence. 
 
The Service engaged the National Oceanic and Atmospheric Administration (NOAA) 
laboratories and University of Colorado in Boulder, Colorado (CU) to evaluate and model fine 
scale persistence of snow in occupied and potential wolverine habitat in the contiguous United 
States. Those discussions revealed significant progress in fine scale modeling approaches since 
the early 2000s and the Service provided funding for an assessment of snow extent and depth to 
assess the effects of climate change on snow persistence in two areas of the western United 
States, Rocky Mountain and Glacier National Parks (Ray et al. 2017, entire). The primary 
objective of this study was to refine the spatial and temporal scale of snow modeling efforts and 
improve the scientific understanding of the extent of spring snow retention currently and into the 
future under a changing climate (Ray et al. 2017, p. 9). The objectives of the study included (Ray 
et al. 2017, p. 10): 
 

 Use of fine-scale models to analyze the topographic effects of snow, including slope and 
aspect (compass direction that slope faces)  

 Use of a range of plausible future climate change scenarios to assess snow persistence 
 Analysis of extremes and year-to-year variability by selecting representative wet, dry, 

and near normal years (using observed conditions) and then modeling changes for those 
base years under several future climate scenarios 

 Assessment of changes in snow persistence by elevation 
 
The study was designed to parallel as much as possible and thereby refine the previous 
assessment of snow cover persistence in the western United States presented in McKelvey et al. 
(2011). However, an exact replication of the McKelvey et al (2011) study was not possible given 
the time, funding, and computational constraints needed to develop a fine-scale assessment. The 
current study was limited to two study areas (approximately 1,500 to 3,000 km2 (579 to 1,158 
mi2) each) in the northern and southern Rocky Mountains (see Appendix H for maps). The two 
study areas were selected because they encompass the latitude and elevational range of 
wolverines within the contiguous United States. Glacier National Park (GLAC) is representative 
of a high latitude and relatively low elevation area currently occupied by wolverines. The Rocky 
Mountain National Park region (ROMO) is a lower latitude and higher elevation area within the 
wolverine’s historical range, which was recently occupied by a wolverine from 2009 to at least 
2012. 
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Methods: We provide here a brief summary of the methods used in this study. Additional details 
are contained in the full report authored by Ray et al. (2017). The initial step of the analysis was 
a review of the observed climate and variability to provide context for trends and year-to-year 
variability. Next, historical snow cover extent and variability were analyzed using satellite 
remote sensing (MODIS) data from 2000 to 2016 to calculate a snow disappearance date for 
each year at each pixel. Summary statistics include total snow covered area (total area covered 
by snow), representation of snow pack by aspect (percent of land areas covered by snow for each 
of the 17 years in the historical record by topographic aspect based on compass direction that the 
slope faces), and elevation dependence for wet, near-normal, and dry years (with median of all 
years used as reference). Future snow pack projections were then generated using the Distributed 
Hydrology Soil Vegetation Model (DHSVM), for the historic period 1998-2013, and then 
validated against SNOTEL observing stations and MODIS satellite data.  

Both Ray et al. (2017) and McKelvey et al. (2011) used the delta method to estimate future snow 
persistence. The NOAA-DHSVM delta method uses historical observed weather (1998–2013) as 
the baseline and applies future changes in temperature and precipitation from the chosen GCMs 
(approximately Year 2055) to estimate future snow persistence on the landscape. Five future 
scenarios (GCMs) were selected from CMIP5 global climate model projections to capture 
variability in temperature and precipitation, using the RCP 4.5 (moderate) and RCP 8.5 (high) 
emissions scenarios. Representative wet, near normal, and dry years were analyzed for the 
historical simulations and evaluated for the five future scenarios. The number of years (out of 16) 
with snow depth greater than 0.5 m (20 in) was also analyzed as was the change in Snowcovered 
Area (SCA) (area with depth greater than 0.5 m (20 in)). This snow depth was selected based on 
an analysis of the depth of snow at documented wolverine den sites in Glacier National Park 
(Ray et al. 2017; Table 5-2). Results were reported for “light snow cover” (snow depth greater 
than 1.25 cm (0.5 in)) and “significant” snow (snow depth > 0.5 m (20 in)) for April 15, May 1, 
and May 15 for previously defined representative years. These dates were selected based on 
studies indicating den site abandonment generally occurs before May 1 (see Use of Dens and 
Denning Behavior discussion above in Reproduction and Growth section). The term “light snow 
cover” was incorporated as the most directly comparable parameter to McKelvey et al.’s “light” 
snow cover. The average change in SCA and SWE was analyzed as a function for both study 
areas of elevation and was overlaid with the elevations of documented wolverine den sites 
(2003–2007) in GLAC.  

Comparison with McKelvey et al. (2011): Although the methods used in this study have 
similarities with those presented in McKelvey et al. (2011), there are several key differences. 
Ray et al. (2017) used a finer spatial resolution model (DHSVM) than McKelvey et al. (2011) 
(0.0625 km2 vs. 35 km2) that incorporated slope and aspect. The grid cells represented in 
McKelvey et al. (2011) were assumed to be flat (i.e., north-facing slopes treated as identical to 
south-facing slopes). McKelvey et al. (2011) focused on May 1st snow depth as a proxy for May 
15th snow disappearance, while Ray et al. (2017) focused directly on May 15th snow 
disappearance and produced results for the presence or absence of deeper snow (nominally 
greater than or equal to 0.5 m (20 in) depth) on May 1st and April 15th.4 Because of the increased 

                                                 
4 Ray et al. (2017) originally focused on May 15th to compare to the McKelvey et al. (2011) study, and June 1st to 
bracket the snowmelt season. However, April 15 and April 30 dates were added to the evaluation of snowcovered 
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resolution of this study, Ray et al. (2017) were able to consider whether any areas of snow with 
depth greater than 0.5 m (20 in) will persist in these areas. Additional comparisons are outlined 
below in Table 8 and in Ray et al. (2017, p. 6). 
 
Table 8. Comparison of Methods, Ray et al. (2017) vs. Copeland et al. (2010) and McKelvey 
et al. (2011) 

Feature Ray et al. (2017) 
Copeland et al. (2010)  

and McKelvey et al. (2011) 
Spatial Resolution 250 m x 250 m = 62,500 m2 or 0.0625 km2  

(0.24 mi2) 
0.125 degrees (~5 km x 7 km; 37 km2  

(14.29 mi2)) 
Geographic Area Glacier and Rocky Mountain National Parks, 

300 m below treeline and above 
Western United States, except 
California and Great Basin 

Topography Slope, aspect, and shading were used Slope and aspect were not used 

Validation SNOTEL (in-situ observations) and MODIS 
(satellite remote sensing) 

None specific to the snow dataset used 

Future Scenario 
Method 

Delta Method, used to project 2000-2013 
conditions out to Year 2055 (average of 2041–
2070) 

Delta Method (Years: 2045 (2030–
2059), 2085 (2070-2099) 

Future Scenarios 
(GCMs) 

miroc, giss, fio, cnrm (both study areas); 
canesm (Glacier National Park only) 
hadgem2 (Rocky Mountain National Park only) 

Ensemble mean of 10 GCMs, pcm1, 
and miroc 3.2 

Time-related Results Long-term means and year-to-year variability 
(i.e., wet, near normal, and dry years)  

Changes in long-term mean snowpack 
only 

Snow Detection and 
Measurements 

Snow presence: 1.25 cm (0.5 in) snow depth 
threshold on May 15.   
“Significant snow”: snow depth (0.5 meter (20 
in) threshold. Snow depth determined by 
conversion from Snow Water Equivalent using 
bulk snow density.  

Snow presence (13 cm (5.12 in) snow 
depth threshold on May 1). Snow depth 
determined by VIC model. 

Number of Years of 
MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 

Snow Cover Dates 
Analyzed 

April 15, May 1, and May 15 May 15 (derived from May 1), May 29 
(derived from May 1) 

 
Results: While there are challenges in comparing the results from McKelvey et al. (2011) 
directly to the Ray et al. (2017) study due to differences in methodology and focus, the 
qualitative picture can be summarized as follows: projected warming has a larger effect at lower 
elevations whereas projected precipitation changes may dominate the springtime snowpack in 
the high country. We present below a summary of the main results from Ray et al. (2017). 
 
MODIS Observed Historic Snowpack Variability Analysis:   
 

 In GLAC, SCA varies considerably by year, including wet years such as 2011 with very 
persistent snow, years with strong melt in early May, such as 2012, or in late May (2009, 
2001), and dry years (2004, 2005) (Ray et al. 2017, Section 4.3).  

                                                                                                                                                             
areas to align with temporal reproductive patterns of the wolverine (see Use of Dens and Denning Behavior 
discussion in Reproduction and Growth section above).   
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 Even in dry years, northeast-facing slopes in GLAC tend to hold more snow and melt 
later in the season.  

 More than 80 percent of the GLAC study area above approximately 2,000 m (6,562 ft) 
elevation on May 1 has snow cover during dry years, and more than 95 percent has snow 
cover above approximately 1,200 m (3,937 ft) during wet years.  

 In ROMO, the SCA also varies considerably by year. 
 The northwest-facing slopes in ROMO tend to hold more snow even during dry years. In 

very dry years, snow cover peaks at intermediate elevations, suggesting that the high-
altitude snowpack may be particularly vulnerable in this region under warm/dry 
conditions. 

 
Future Snowpack Projections: The area-wide SCA results include snow cover changes in both 
forested and above-treeline (alpine) terrain, which may have different implications for wolverine 
biology. 
 
Glacier National Park (GLAC): 
 

 Projections for April 15th, May 1st, and May 15th SCA and area with snow depth greater 
than 0.5 m (20 in) show declines on average in all scenarios, compared to the 2000–2013 
historic average, except for small increases in the Warm/Wet scenario and for almost all 
years.  

o For April 15th, light SCA area is reduced by 3–23 percent and significant snow 
cover (greater than 0.5 m (20 in)) declines by 7–44 percent.  

o For May 15th, light SCA is reduced by 10–36 percent, and the area with 
significant snow cover declines by 13–50 percent. 

 All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 m (20 in)), which varies by scenario (e.g., Figure 5-14 in Ray et al. 
2017). Areas with frequent availability (at least 14 out of 16 years) of significant snow 
become concentrated in smaller high elevation areas. Lower elevation areas had the 
largest decreases in the number of years with significant snow cover.  

 Most of the known den sites are located between 1,800 m (5,906 ft) and 2,000 m (6,562 
ft) in GLAC. Below that elevation band, large snow losses are predicted (40 to 70 percent 
decrease for two of the scenarios, 16–20 percent for the other three). Above that elevation 
band, there is little change in SCA for four of the five scenarios (2–8 percent) except in 
maximum warming scenario (decline of 40 percent (Ray et al. 2017; Figure 5-22). In the 
1,800–2,000 m (5,906–6,562 ft) band, the snowpack change is sensitive to elevation and 
to the future climate scenario used. 

 For representative wet years, for May 15th, the higher elevations of the study areas 
experience only 2–7 percent loss of snowpack under the scenarios with “least” change 
and the “moderate” change, although for the dry years, losses range from 18–57 percent. 

o The implication is that the wet, cold climate of the GLAC study area could act as 
a “buffer” to change in areas with of 0.5 m (20 in) of deep snow on May 1st, at 
least for elevations above 1,800 m (5,906 ft). 
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Rocky Mountain National Park (ROMO):  
 

 Projections of May 15th SCA in ROMO decline on average in all scenarios, except for 
small increases in the Warm/Wet scenario, and for almost all years. 
o For April 15th, light SCA (depth  5 mm (0.2 in)) declines by 3–18 percent and 

significant SCA (depth > 0.5 m (20 in)) changes from −1– +16 percent for the five 
scenarios considered (compared to the 2000-2013 historical average).  

o For May 15th, the area with light snow cover declines 8–35 percent and the area with 
significant snow cover declines 6–38 percent. 

 All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 (20 in), which varies by scenario (e.g., Figure 5-21in Ray et al. 2017). 
The areas with frequent availability (at least 14 out of 16 years) of significant snow 
become concentrated in smaller high elevation areas. In contrast, lower elevation areas 
had the largest decreases in the number of years with significant snow cover.  

 Although no dens have been documented in ROMO, the elevation band for denning, 
modeled by regression analysis, is estimated at 2,700 to 3,600 m (8,858 to 11,811 ft). On 
May 1st, modest declines in SWE of about 15 percent and less for areas at 3,400 m 
(11,155 ft) or above result in losses of only about 10 percent snow cover.  
o The implication is that the wet, cold climate of the higher parts of the ROMO study 

area could also act as a “buffer” to change in the area of 0.5 m (20 in) deep snow on 
May 1st.  

 
Elevation Dependence of Change: In general, and supported by the literature, the snowpack in 
the higher elevations of both areas is more responsive to precipitation change, while lower 
elevations are more responsive to temperature change. For GLAC, most of the observed den sites 
are located within the zone where temperature dominates the future effects of change. For the 
elevation of den sites in GLAC (i.e., above 1800 m (5,906 ft)), loss of SCA on May 1st spans the 
range of 5–40 percent, with a 70 percent decrease for the Hot/Wet (miroc GCM) scenario. Above 
2,200 m (7,218 ft), the losses are less than 5 percent for all but the Hot/Wet scenario.  
 
Current results may be a reasonable estimate for the high mountain ranges within the Rockies 
that lie between GLAC and ROMO. However, without further study, we cannot reasonably 
extend these results to say whether or not snow refugia will persist in the Central Rockies below 
our study elevations (approximately 1,000 m (3,281 ft)). These lower elevations are where 
McKelvey et al. (2011) predicted the greatest losses in snowpack. The NOAA/CU results also 
cannot be extrapolated to mountain ranges outside of the Rockies (i.e. the Cascade Range) that 
have different climates (temperature and precipitation). We note here that we have no 
documented wolverine den sites in the contiguous United States below 1,500 m (4,921 ft) 
elevation; that is, no documented den locations in the areas where McKelvey et al. (2011) 
predicted the greatest loss in snowpack. 

 
Interpretation and additional analysis relative to wolverine den site scale: The Service was 
interested in exploring the question, “If snow cover is required for wolverine denning, will there 
be a sufficient amount of significant snow cover in the future in areas wolverines have 
historically used for denning in the contiguous United States?” The Service integrated future 
DHSVM projections (2000–2013 averages) of snow covered area (greater than 0.5 m (20 in) 
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depth) on May 1st for GLAC and ROMO with new information obtained from a spatial analysis 
of documented den sites in the contiguous United States. This spatial analysis indicated 31 of 34 
documented den sites in the contiguous United States were located in areas with slope less than 
25 degrees. Avalanche risk increases significantly in areas with slope greater than 25 degrees 
(Scott 2017, pers. comm.) and wolverines may avoid these areas for denning due to this risk.  
 
Using the projections prepared by Ray et al. (2017), we present in Figures 6–13 the spatial 
distribution of significant snow covered area with slopes less than 25 degrees and within the 
elevation bands indicated above for three future scenarios in each study area. The three scenarios 
for GLAC (miroc, cnrm, and giss) and for ROMO (hadgem2, fio, and giss) were chosen to span 
the range of GCM uncertainty regarding temperature and precipitation, and by extension 
significant SCA (see Figure 6 and Figure 7). We found that large portions of the study areas meet 
all three criteria—greater than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m 
(4,967–7,389 ft) for GLAC or 2,700 to 3,600 m (8,858 to 11,811 ft) for ROMO, and with a slope 
less than 25 degrees—across both study sites in the future.   
 
The GLAC miroc simulation shows the greatest decrease in future snow covered area in the 
elevation band historically used for denning (orange line in Figure 6). Figure 8 shows the spatial 
distribution of significant SCA with slope less than 25 degrees and elevation of 1,514–2,252 m 
(4,967–7,389 ft) for the miroc simulation on May 1st (approximately Year 2055). Approximately 
494 km2 (191 mi2) of area meet the three criteria with an additional 803 km2 (310 mi2) of area 
retaining significant snow covered area, primarily at higher elevations. Moreover, we determined 
that large tracts of significant SCA are projected in close proximity to documented historical den 
sites across all three scenarios (Figures 8–10). As shown in Table 9, wolverines would not have 
to travel far, or at all, relative to either distance or elevation to reach areas with significant snow 
covered area in the future.  
 
A similar analysis was performed for the ROMO study area and the results indicate that large 
portions of the study area meet all three criteria identified above. The hadgem2 (Figure 11) and 
cnrm scenarios were found to have the greatest decrease in significant snow covered area of the 
five scenarios analyzed. Figure 11 (hadgem2 simulation) shows the spatial distribution of 
significant SCA (greater than 0.5 m (20 in) depth), elevation of 2,700–3,600 m (8,858–11,811 
ft), and slopes less than 25 degrees where denning would be expected to occur. Total area 
meeting these three criteria was 339 km2 (131 mi2) (dark blue in Figure 11), with an additional 
446 km2 (172 mi2) with snow depth greater than 0.5 m (20 in) (light blue in Figure 11), mostly at 
higher elevations. Figures 12 (fio scenario) and Figure 13 (giss scenario) show a similar 
distribution, albeit larger areas of significant snow retention in the future (see map legends in 
Figures 12 and 13 for area estimates). 
  



North American Wolverine Species Status Assessment Report  

78 
 

Table 9. Distance of historical GLAC dens (Years 2003–2007) from projected significant 
snow covered area in the future (approximately Year 2055) (using 2000–2013 average).  
A 0 (zero) value indicates the den site location meets all three criteria in the future (greater 
than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m (4,967–7,389 ft), and 
with a slope less than 25 degrees). 

Den Site 
Elevation, m 

(ft) 

Distance from den site to nearest model cell, m (ft) 
GCM scenario 

miroc cnrm giss 

1 2,252 (7,389 ft) 0 0 0 

2 2,093 (6,867 ft) 0 0 0 

3 1,995 (6,545 ft) 0 0 0 

4 1,977 (6,486 ft) 210 (689 ft) 0 0 

5 1,973 (6,473 ft) 208 (682 ft) 0 0 

6 1,928 (6,326 ft) 0 0 0 

7 1,922 (6,306 ft) 9 (29.5 ft) 8 (26 ft) 8 (26 ft) 

8 1,912 (6,273 ft) 170 (558 ft) 0 0 

9 1,893 (6,211 ft) 110 (361 ft) 0 0 

10 1,851 (6,073 ft) 87 (285 ft) 0 0 

11 1,843 (6,047 ft) 74 (243 ft) 0 0 

12 1,823 (5,981 ft) 56 (184 ft) 0 0 

13 1,807 (5,929 ft) 0 0 0 

14 1,514 (4,967 ft) 574 (1,883 ft) 571(1,873 ft) 296 (971 ft) 
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Figure 6. Average Snow Covered Area (depth ≥ 0.5 m (20 in)) percent change at elevation bands for GLAC for 
five future scenarios on May 1.  

 
Figure 7. Average Snow Covered Area (depth ≥ 0.5 m (20 in)) percent change at elevation bands for ROMO for five 
future scenarios on May 1. 
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Figure 8. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) for 
May 1 under the miroc (Hot/Wet) scenario in Glacier National Park study area. Map legend shows where 
slopes are less than 25 degrees and elevations of 1,514–2,252 m (4,968–7,389 ft) (where dens have been 
documented). 

 
Figure 9. Spatial distribution of averaged (2000-2013) projected snow covered area (depth  0.5 m (20 in)) for 
May 1 under the cnrm (Central) scenario in Glacier National Park study area.  Map legend shows where 
slopes are less than 25 degrees and elevations 1514–2252 m (4,968–7,389 ft) (where dens have been 
documented). 
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Figure 10. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the giss (Warm/Wet) scenario in Glacier National Park study area.  Map legend shows 
where slopes are less than 25 degrees and elevations 1,514–2,252 m (4,968–7,389 ft) (where dens have been 
documented). 
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Figure 11. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the hadgem2 (Hot/Dry) scenario in Rocky Mountain National Park study area.  Map legend 
shows where slopes are less than 25 degrees and elevations 2,700–3,600 m (8,858–11,811 ft) (inferred 
elevations where dens would be expected if occupied). 
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Figure 12. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the fio (Warm/Dry) scenario in Rocky Mountain National Park study area.  Map legend 
shows where slopes are less than 25 degrees and elevations 2,700-3,600 m (8,858–11,811 ft) (inferred 
elevations where dens would be expected if occupied). 
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Figure 13. Spatial distribution of averaged (2000-2013) projected snow covered area (depth ≥ 0.5 m (20 in)) 
for May 1 under the giss (Warm/Wet) scenario in Rocky Mountain National Park study area.  Map legend 
shows where slopes are less than 25 degrees and elevations 2,700-3,600 m (8,858–11,811 ft) (inferred 
elevations where dens would be expected if occupied). 
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Montana Climate Assessment 
 
Another recent assessment of snowpack was conducted for the State of Montana (Whitlock et al. 
2017, no page number). The report analyzed recent climate trends in Montana and assessed how 
climate is projected to change in the future (2040–2069). The study found that snowpack that 
accumulates at high elevations tends to be more stable and persists longer than at low elevations, 
due largely to the colder temperatures at high elevations. The largest projected changes in 
snowpack appear to be in areas located west of the Continental Divide, given their exposure to 
relatively warm Pacific air masses. Overall, the assessment found that declines in snowpack 
volume are likely in the future in the basins studied.  
 
Wildland Fire  
 
California 
 
Keeley and Syphard (2016, entire) analyzed fire-climate relationships relative to predicting 
future fire regimes in California. Their review concluded that: (1) Climate is not a major 
determinant of fire activity across all landscapes; (2) hotter and drier conditions for areas at 
lower elevations and lower latitude were found to have little or no increase in fire activity as 
vegetation types in these regions are ignition limited; (3) increasing annual temperatures by 
themselves are not good predictors of increased fire activity; seasonality, especially spring and 
summer temperatures, are more important; and (4) fire-climate models need to be scaled to 
vegetation types; broad-scale models may produce over-predictions of the total increase in future 
fire regimes (Keeley and Syphard 2016, pp. 1, 10). Additionally, drought is a key factor in 
defining fire regimes and annual precipitation is the primary driver of drought variability 
(Williams et al. 2015, p. 6,819), but, at the present time, it is difficult to separate current 
droughts in California from natural cycles of drought (Keeley and Syphard 2016, p. 6). 
 
Pacific Northwest 
 
Sheehan et al. (2015, entire) used downscaled CMIP5 projections to model vegetation and fire 
changes, with and without fire suppression, within three subregions of the Pacific Northwest. 
RCP 4.5 and 8.5 emission scenarios were used for future climate projections (2011–2100). The 
resulting trends varied by geographic region. In the Western Northwest subregion (from the crest 
of the Cascade Mountains west), the mean fire interval (MFI) averaged over all climate 
projections decreased by up to 48 percent, an increase in annual percent area burned (PAB), and 
the predominant conifer forest is replaced by mixed forest under future climate under both RCP 
scenarios, with and without fire suppression; thus, climate, rather than fire was found to be the 
primary influence in this subregion (Sheehan et al. 2015, pp. 22–26). In the Eastern Northwest 
Mountains (ENWM) subregion (mountainous areas east of the Cascade Mountains), the MFI 
(averaged across all climate projections) decreased by up to 81 percent, there was a projected 
increase in mean annual PAB, and, while subalpine communities are projected to be lost, conifer 
forests were projected to continue to dominate this subregion (Sheehan et al. 2015, pp. 22–24). 
When modeled using a without fire suppression regime, the future projections for ENWM 
indicated a lower MFI and higher mean annual PAB as compared to the with fire suppression 
regime (Sheehan et al. 2015, p. 22; Table 5). However, the eastern portion of the ENWM 
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subregion was found to show a differing response based on elevation; that is, higher elevations 
were found to have a higher MFI and a lower mean annual PAB during the 20th century as 
compared to lower elevations (Sheehan et al. 2015, p. 23). 
 
Gergel et al. (2017, entire) evaluated the effects of climate change on snowpack, and soil 
moisture and fuel moisture (fire potential) in the western United States. This study used a 
statistical downscaling approach, using an ensemble of 10 GCMs across several mountainous 
regions known to be occupied by wolverines, with a 6.25 km (3.88 mi) spatial resolution 
hydrologic model. Simulations were run for three future periods: 2020s (2010–2039), 2050s 
(2040–2069), and 2080s (2070–2099) (Gergel et al. 2017, p. 291). The authors report significant 
declines in snowpack (measured as SWE) in all mountain ranges for all future scenarios (using 
RCPs 4.5 and 8.5) and GCMs (Gergel et al. 2017, p. 295). This study found that spring 
snowpack in mountains along the Pacific Coast is quite sensitive to warmer temperatures, but in 
the continental mountain ranges (Northern and Southern Rocky Mountains) spring snowpack is 
more sensitive to changes in precipitation (Gergel et al. 2017, p. 295). Differences were observed 
based on elevation (Gergel et al. 2017, p. 292). The study reported on future projected declines 
of summer soil moisture in forested areas (e.g., Northern Rockies) and the likelihood of 
increased risk of drought and therefore an increase in wildland fire risk for forested areas (e.g., 
Northern Rocky Mountains), though they recognize there is significant uncertainty in these 
future projections in high-elevation areas (Gergel et al. 2017, pp. 295–296). 
 
In summary, based on these projections, wildland fire risk is likely to increase across the western 
United States, but future patterns and trends of wildland fire are dependent on several factors 
(e.g., degree of warming and drought conditions, fuel and soil moisture, wildland fire 
management practices, elevation) and geographic region. 
 
Other Cumulative Effects 
 
Finally, we note here that the effects of climate change on snowpack are projected to negatively 
affect the season lengths for winter recreational activities, such as skiing and snowmobiling 
(Wobus et al. 2017, entire), thus, potentially reducing this stressor to the wolverine in the future. 
Wobus et al. (2017) modeled potential changes in snowpack at locations across the contiguous 
United States using output from five GCMs, two representative pathways (RCPs) that represent a 
future scenario with continued high emissions growth with limited efforts to reduce GHGs (RCP 
8.5) and a future scenario with global GHG mitigation (RCP 4.5), and two future time periods 
(2050 and 2090) (Wobus et al. 2017, pp. 2, 5). Although there was some inter-annual variability 
in 2050 for some model projections, in general, the Rocky Mountains and Sierra Nevada regions 
had smaller reductions in season length than other locations due to higher elevation, though for 
the RCP 8.5 scenario coupled with the 2090 future time period, the smallest projected reduction 
in season length was 15 percent (Wobus et al. 2017, p. 9). 
 
Summary	of	Future	Conditions		
 
Models represent tools to describe basic physical and biological behaviors using the best 
available science, and, by presenting a range of plausible future outcomes, they can help generate 
hypotheses while also identifying knowledge gaps where greater accuracy is needed (Batchelet et 
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al. 2016, p. 23). Detecting a species’ response to climate change in a single population, and 
sometimes multiple populations, may not always indicate the response throughout its range given 
the variation in annual mean surface temperatures over the past century (Post 2013, p. 5). In 
addition, inter-annual variability in temperature can be as important to a species’ ecological 
needs as the actual temperature itself (Post 2013, p. 7). 
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Precipitation patterns into the future are less clear as the climate models show 
significant disagreement in their many regional projections. Although drought conditions in the 
western United States are not unusual, drought duration and intensity have the potential to be 
exacerbated by projected temperature increases. Projected temperature and precipitation changes 
will affect future snow cover and the persistence of snow on the landscape. 
 
Snow cover is projected to decline in response to warming temperatures and changing 
precipitation patterns, but this varies by elevation, topography, and by geographic region. 
Simulations of natural snow accumulation at winter recreation locations have found that, overall, 
higher elevation areas (e.g., Rocky Mountains, Sierra Nevada Mountains) are more resilient to 
projected changes in temperature and precipitation as compared to lower elevations (Wobus et 
al. 2017, p. 12). In general, models indicate higher elevations will retain more snow cover than 
lower elevations, particularly in early spring (April 30/May1).We present above results from 
several recent climate models projecting snowpack declines in the western United States. More 
specifically, we reviewed a new analysis from NOAA/CU that modeled future snow persistence 
for Glacier and Rocky Mountain National Parks (areas that encompass the latitudinal and 
elevational range of the wolverine in the contiguous United States) at high spatial resolution 
(Ray et al. 2017, entire). Their results indicate significant areas (several hundred square 
kilometers (miles) for each site) of future snow (greater than 0.5 m (20 in) in depth) will persist 
on May 1st at elevations currently used by wolverines for denning. This is true, on average, 
across the range of climate models used out to approximately Year 2055. 
 
Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, the key variables or combination of variables, that defined this relationship have not 
been empirically analyzed. As discussed above (Box 1), depth of snow cover and its duration 
increases with elevation; even minor elevation differences are noticeable (Formozov 1963, p. 
123). The spotty distribution of snow cover is also affected by unequal distribution of snow 
precipitation on slopes with different exposures, transport of snow by wind, melting of snow on 
sun-exposed slopes, avalanche or rolling down of snow from steeper areas, and vegetation 
(Formozov 1963, p. 123). As discussed above (Denning Habitat), wolverines select den sites for 
differing characteristics depending on location, and wolverine (natal) dens have been observed 
outside of the boundary of the snow model presented in Copeland et al. (2010). In addition, very 
few studies to date have evaluated the importance of denning habitat to reproductive success, or 
the key physiological and ecological characteristics, including avoidance and/or protection from 
predators, prey availability, availability of food caching habitat, that define denning behavior and 
den site selection.   
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We also considered temperature and precipitation projections from climate change models in 
conjunction with wildland fire risk. This risk is likely to increase across the western United 
States, but patterns and trends are dependent on several factors (e.g., degree of warming and 
drought conditions, fuel and soil moisture) and geographic region. 
 
As described above (see Life History and Ecology section), across their North American range, 
wolverines are found in a number of habitats, and exhibit wide-ranging movements. In 
conjunction with behavioral responses (e.g., dispersal over great distances, prey switching), 
physiological adaptations, including observed seasonal changes in the insulative capacity of fur, 
allow wolverines to occupy a variety of habitats throughout the year. Physiological adaptations at 
the cellular and biochemical level are also important in adapting to projected increases in 
temperature due to climate changes, though we are unaware of studies evaluating these types of 
responses in wolverines. 
 
Overall	Assessment	
 
The wolverine’s current range extends across the west-northwestern United States, large areas of 
Canada, and Alaska. In the contiguous United States, potentially suitable habitat (i.e., primary 
habitat), as determined by the physical and ecological features and the ecological needs of the 
wolverine, has been estimated at 164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). The 
species is found in a variety of habitats, but generally occurs in remote locations.  
 
In the contiguous United States, the structure of the wolverine population is represented as a 
metapopulation, although its genetic structure relative to its entire North American range has not 
been comprehensively evaluated. Wolverine populations in Alaska are considered to be 
continuous with populations in the Yukon and British Columbia provinces of Canada based on 
genetic studies (COSEWIC 2014, p. 37). Similarly, studies of wolverines in the North Cascades 
region have documented movement of wolverines from Washington into British Columbia 
(Aubry et al. 2016, pp. 16, 20). 
 
Based on the best available information, wolverines select den sites for different characteristics 
depending on location. Dens located under snow cover may be related to wolverine distribution 
based on other life history traits, including morphological, demographic, and behavioral 
adaptations that allow them to successfully compete for food resources (Inman 2013, pers. 
comm.). Structure (e.g., uprooted trees, boulders and talus fields) appears to be essential for natal 
den sites. However, reproductive success of wolverines has not been evaluated relative to the 
depth and persistence of snow cover, or in combination with these or other important 
characteristics, including prey availability and predator avoidance. Recent studies of wolverine 
populations and distribution in Sweden have observed wolverine populations and reproductive 
den sites outside areas with persistent spring snow cover (Aronsson and Persson 2016; Persson 
2017, pers. comm.). 
 
We identified several potential stressors that may be affecting the species’ and its habitat 
currently or in the future, including impacts associated with climate change effects. We 
recognize there is limited information available for the wolverine, including population estimates 
and abundance trends. Based on the best available information, demographic risks to the species 



North American Wolverine Species Status Assessment Report  

89 
 

from either known or most likely potential stressors (i.e., effects from roads, disturbance due to 
winter recreational activities, effects of wildland fire, and overutilization) are low based on our 
evaluation of the best available information as it applies to current and potential future conditions 
for the wolverine and in the context of the attributes that affect the needs of the species.  
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). Although the persistence of spring snow has not yet been evaluated as critical to 
wolverine survival in North America, our review of projected snow persistence (to 
approximately Year 2055) within the Northern and Southern Rocky Mountains, indicates that 
several hundred kilometers (miles) of deep snow will persist on May 1st at elevations used by the 
wolverine for denning. 
 
Legal protections include State listing in California and Oregon (as threatened), endangered in 
Colorado, as a candidate species in Washington, and protection as a non-game species in Idaho 
and Wyoming. In Canada, provincial designations range from endangered to threatened in 
eastern provinces, and sensitive/special concern to no ranking in other provinces. Legal trapping 
or hunting of wolverines is currently prohibited in the contiguous United States. Trapping effort 
along the U.S.–Canada border does not represent a significant barrier to wolverine movement 
and dispersal along the international border.   
 
Approximately 96 percent of modeled wolverine primary habitat in the contiguous United States 
is located on Federal lands, with 41 percent located in designated wilderness areas. Management 
actions for conservation of the wolverine and its habitat are included within State Wildlife 
Action Plans, the Idaho Wolverine Conservation Plan, and USDA Forest Service Land and 
Resource Management Plans (see Appendix G), and other Federal and Tribal partner. Various 
provisions of these plans include, but are not limited to, winter road closures, fire management, 
and land acquisition or conservation easements. These management measures, currently and in 
the future, will alleviate effects associated with impacts related to potential stressors discussed in 
this report.   
 
Based on our review of available relevant literature for similar species, we identified the physical 
and ecological needs of the species as follows: large territories in remote landscapes; at high 
elevation (1,800 to 3,500 meters (5,906 to 11,483 feet)) within the contiguous United States; 
access to a variety of food resources, that varies with seasons; and reproductive behavior linked 
to both temporal and physical features. These needs are currently met for wolverines in the 
contiguous United States and are expected to be met in the future. 
 
Risk	Assessment		
 
In order to characterize a species’ viability and demographic risks, we consider the concepts of 
resilience, representation, and redundancy. We also consider known and potential stressors that 
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may negatively impact the physical and biological features that the species needs for survival and 
reproduction. Stressors are expressed as risks to its demographic features such as abundance, 
population and spatial structure, and genetic or ecological diversity. We consider the level of 
impact a stressor may have on a species along with the consideration of demographic factors 
(e.g., whether a species has stable, increasing, or decreasing trends in abundance, population 
growth rates, diversity of populations, and loss or degradation of habitat). 
 
Wolverine populations in much of North America are still recovering from large losses of 
individuals from intensively hunting and persecution pressures in the late 1880s into the mid-20th 
century. Surveys conducted in the winter of 2015, and 2016–2017 continue to document its 
presence across its range in the contiguous United States. These surveys have recorded 85 
observations, including in locations where they have not been recently detected (e.g., south of 
Interstate 90 in Washington, Teton Mountain Range/Grand Teton National Park). Thus, based on 
the best available information, wolverines continue to be detected across suitable habitat within 
the contiguous United States. Redundancy, the ability to withstand catastrophic events, can be 
characterized by the distribution and connectivity of populations.  In considering wolverine in 
the contiguous United States, individuals are spread across a wide range of locations and 
connected habitats, affording protection to withstand catastrophic events. Additionally, 
wolverines in the contiguous United States appear to be connected to wolverine populations in 
Canada, also contributing to current and future redundancy.  
 
Resiliency, the ability to withstand stochastic events, can be characterized by numbers of 
individuals and abundance trends. As indicated above, population size, growth rate, and current 
population trends are unknown for the wolverine due to the lack of abundance information. The 
range of the wolverine occurs within a large area of northern North America (see Figure 3). The 
most recent estimate for Canada indicates over 10,000 adult wolverines, as well as expansion of 
wolverines into historically occupied areas in both Canada and the contiguous United States with 
movement across both international borders. The 2014 COSEWIC report concluded that a 
climate-driven decline in wolverine populations in North America is not evident at this time in 
much of its range (COSEWIC 2014, p. 22). Wolverine populations in Canada are considered 
stable. Density estimates indicate no declining trend in wolverine populations in Alaska. We 
recognize that there is limited information on population sizes for the wolverine in the 
contiguous United States, and no comprehensive studies to indicate what a viable (or minimal) 
wolverine population size should be across its North American range. However, the best 
available information does not indicate either increasing or declining numbers of the wolverine 
in North America, including the contiguous United States. Further, at this time, the best available 
information does not indicate that the species’ abundance is significantly impacted by human-
caused stressors and this is unlikely to change in the future, supporting current and future 
resiliency.  
 
As discussed above (Status–Future Conditions), both direct and cumulative effects of climate 
change (e.g., higher temperatures, loss of snow cover, wildland fire) may affect the resilience of 
the wolverine by creating an environment that is less favorable to its physiological and 
ecological needs. We are unaware of studies of the wolverine that have formally evaluated the 
species’ responses (e.g., reproductive success) to warming temperatures or other climate change 
effects. However, a recent evaluation of behavioral plasticity, as an adaptive response to climate 
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change effects, was presented for another mammal considered to be sensitive to climate change 
effects—the American pika (Ochotona princeps; pika) (Beever et al. 2017, entire). As with the 
wolverine, this species is known to use several behavioral responses to variability in climate 
including changes in foraging strategies, use of habitat, and thermoregulation (Beever et al. 
2017, p. 302). The pika was recently detected in heavily shaded rainforest habitat adjacent to 
talus patches at lower elevation (Columbia River Gorge) not typical of the talus-type habitats 
commonly used in many alpine areas of the western United States (Beever et al. 2017, p. 302). 
The authors suggest that, in the Columbia River Gorge region, this species is selecting 
microclimates in nearby shaded forests that provide insulation from warm summer temperatures 
(Beever et al. 2017, p. 302).This study also included results from a review of available literature 
related to behavior as a response to changing environmental conditions for several taxonomic 
groups. They found that behavioral responses to climate change effects were most commonly 
observed in longer-lived species, and the most common response, across all taxa, was a change 
in reproductive behavior, followed by dispersal or migration (Beever et al. 2017, p. 300). Most 
of the studies they evaluated identified temperature as the climate metric that was responsible 
for, or correlated with, changes in behavior; however, about 14 percent of the examined literature 
included responses to indirect (biotic) factors, such as changes in food resources (Beever et al. 
2017, p. 300).  
 
The authors also note that there are tradeoffs (e.g., reduction in time for foraging due to 
sheltering) that may impact long-term persistence and population viability (Beever et al. 2017, 
pp. 301–302), and the pika’s flexibility in habitat selection has not been observed in populations 
in the Great Basin (Beever et al. 2017, p. 302), where some populations have been extirpated 
(Beever et al. 2016, p. 1,498; Table 1). A recent study concluded that the pika has been 
extirpated from an interior portion of its geographic distribution in the Sierra Nevada region 
(California) due to climate effects (i.e., increase in temperature, decline in snowpack), and 
although sites surrounding this core area still harbor the species, the net effect has been 
fragmentation of habitat and species distribution (Stewart et al., 2017, entire).  
 
However, the pika continues to be found at sites that are outside of areas contained within 
bioclimatic envelop models (Jeffress et al. p. 253). The study found previously undocumented 
extant populations of the American pika in a region of the Great Basin (northwestern Nevada) 
that has been described as extirpated (Jeffress et al. 2017, entire). Relative to wolverine, the 
authors note that these results highlight the need for monitoring programs, particularly at remote 
and isolated locations, and the importance of evaluating occupancy at multiple scales (Jeffress et 
al. 2017, p. 266). In addition, the study noted the inconsistency of modeled climate factors in 
explaining occupied/unoccupied sites, and the likely importance of the pika’s talus (micro) 
habitat as well as the scale in which environmental variables are examined (Jeffress et al. 2017, 
p, 264). Resilience of pika populations is therefore likely related to these types of landforms, 
which act to decouple surface temperatures, with the talus rock habitat providing cool refugia 
(Jeffress et al. 2017, pp. 253, 264–265), but additional microsite data is needed as well as 
analyses of physiological variables are needed to develop predictions of persistence (Jeffress et 
al. 2017, pp. 265–266). In sum, these studies indicate that small mammals exhibit adaptive 
responses to changing climate provided that refugia are available to support life history 
requirements. These studies also highlight the importance of continued monitoring and 
surveillance for difficult to study animals such as the wolverine, who are found in remote areas 
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in naturally low densities, as well as the potential for geographical variation and habitat structure 
in adaptation to climate change effects. 
 
As described in this SSA Report, the best available information indicates confirmed observations 
of wolverines denning in areas with patchy snow cover in Alaska, Canada, and Scandinavia. 
Given their high rate of movement, large dispersal, and other observed life history traits (e.g., 
behavioral plasticity) observed in wolverines, we do not predict a significant loss of individual 
and population resiliency to the species in the future within its North America range, including 
the contiguous United States. 
 
Currently, we are unaware of any documented specific risks for the wolverine related to a 
substantial change or loss of diversity in life history traits, population demographics, 
morphology, behavior, or genetic characteristics which can be used to characterize species 
representation (the ability to adapt to change). Rates of dispersal or gene flow are not known to 
have changed. Additionally, there is no currently available information to indicate that the 
current abundance of the wolverine across its current range is at a level that is causing inbreeding 
depression or loss of genetic variation that would affect representation. Nor is there any 
information to indicate that this species is unable to adapt or adjust to changing conditions (e.g., 
reduction in snow cover). We do not expect a reduction in representation of the wolverines in the 
contiguous United States in the future.   
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Appendix	A	–	Ecoregions	of	North	American	within	Estimated	Current	Range	of	North	
American	Wolverine	
(Adapted from EPA 2010)  
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Appendix	B	–	Wolverine	Detections,	Winter	2016–2017	(as	of	July	2017)			
Source: Inman 2017b, pers. comm. 
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Appendix	C	–	Recent	Wolverine	Detections,	Idaho	and	Wyoming		
Sources: Dewey 2017, pers. comm.; Evans Mack 2017a and 2017b, pers. comm.; Walker 2017, pers. comm. 
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Appendix	D	–	Land	Ownership	of	Modeled	Wolverine	Primary	Habitat	in	Contiguous	United	
States	
(based on model from Inman et al. 2013) 

 
Ownership  
(% of total) 

Agency or other Entity Total  
(acres) 

Total 
(hectares) 

Federal Lands Bureau of Indian Affairs 453,866 183,673  
 Bureau of Land Management 498,977 201,929  
 Bureau of Reclamation 1,868 756  
 Forest Service 34,331,515 13,893,471  
 U.S. Fish and Wildlife Service 5,528 2,237  
 National Park Service 3,791,491 1,534,362  
 Other U.S. Department of Agriculture 13,312 5,387  
 Other Federal 0.05 0.02  
Total Federal  
 (96.4%) 

 39,096,557 15,821,815 

State Lands  
(0.68%) 

Arizona, California, Colorado, Idaho, 
Montana, Nevada, New Mexico, Oregon, 
Utah, Washington, Wyoming 

277,181 112,171 

Local 
Government 
(0.12%) 

 49,464 20,017 

Private Lands 
(2.63%) 

 1,064,858 430,933 

No Code (“99”) 
(0.15%) 

 60,380 24,435 

Undetermined 
(0.02%) 

 7,598 3,075 

Total (100%)  40,556,038 16,412,446 
 
Note: Numbers may not total to 100 percent due to rounding. 
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Appendix	E	–	Results	from	Spatial	Analysis	of	Roads	within	Current	Range	of	Wolverine	
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Appendix	F	–	Road	Closure	Map,	Grand	Teton	National	Park	
Retrieved from:  https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-
content/uploads/2015/11/GTNP-closure-map.pdf  
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Appendix	G	–	Existing	Regulatory	Mechanisms	and	Voluntary	Conservation	Measures	
 
Federal Mechanisms 
 
Organic Administration Act of 1897 and the Multiple–Use, Sustained–Yield Act of 1960 
 
The USFS Organic Act of 1897 (16 U.S.C. § 475–482) established general guidelines for 
administration of timber on USFS lands, which was followed by the Multiple–Use, Sustained–
Yield Act (MUSY) of 1960 (16 U.S.C. § 528–531), which broadened the management of USFS 
lands to include outdoor recreation, range, watershed, and wildlife and fish purposes. 
 
National Forest Management Act 
 
The National Forest Management Act (NFMA) (16 U.S.C. § 1600 et seq.) requires the Forest 
Service to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. § 528–
531). The NFMA outlines the process for the development and revision of the land management 
plans and their guidelines and standards (16 U.S.C. § 1604(g)). 
 
A new National Forest System (NFS) land management planning rule (Planning Rule) was 
adopted by the U.S. Department of Agriculture Forest Service (Forest Service) in 2012 (77 FR 
21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision 
of land management plans for all units of the NFS to maintain and restore NFS land and water 
ecosystems while providing for ecosystem services and multiple uses. Land management plans 
(also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and 
resources; (2) meet the need for forest restoration and conservation, watershed protection, and 
species diversity and conservation; and (3) assist the Forest Service in providing a sustainable 
flow of benefits, services, and uses of NFS lands that provide jobs and contribute to the 
economic and social sustainability of communities (77 FR 21261, April 9, 2012). A land 
management plan does not authorize projects or activities, but projects and activities must be 
consistent with the plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of 
plant and animal communities including species-specific plan components in which a 
determination is made as to whether the plan provides the “ecological conditions necessary 
to…contribute to the recovery of federally listed threatened and endangered species…” (77 FR 
21265; April 9, 2012). 
 
The Record of Decision for the final Planning Rule was based on the analyses presented in the 
Final Programmatic Environmental Impact Statement, National Forest System Land 
Management Planning (77 FR 21162–21276; April 9, 2012), which was prepared in accordance 
with the requirements of the National Environmental Policy Act (NEPA) (discussed below). In 
addition, the NFMA requires land management plans to be developed in accordance with the 
procedural requirements of NEPA, with a similar effect as zoning requirements or regulations as 
these plans control activities on the national forests and are judicially enforceable until properly 
revised (Coggins et al. 2001, p. 720). 
 
A Species of Conservation Concern (SCC) is defined in the 2012 Planning Rule and in 
regulation (36 CFR 219.9(c)), as “a species, other than federally recognized threatened, 
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endangered, proposed, or candidate species, that is known to occur in the plan area and for which 
the regional forester has determined that the best available scientific information indicates 
substantial concern about the species' capability to persist over the long-term in the plan area.” 
The 2012 Planning Rule requires Regional Foresters to identify SCC for plan revision, and, when 
identified for a National Forest, monitoring plans are changed as needed (77 FR 21250, 21267; 
April 9, 2012). Wolverine is considered a SCC in the Rocky Mountain Region (Region 2). It is 
considered a Sensitive Species in the Intermountain Region (Region 4) and Northern Region 
(Region 1). 
 
Within our estimated Current Range of the wolverine (see Figure 3), we identified 49 National 
Forests or Scenic Recreation Areas in the contiguous United States, and 2 within the State of 
Alaska. These areas are contained within 6 Forest Service Regions across the western United 
States and Alaska.  
 
National Forest Land Management Plans (Forest Plans) 
 
We reviewed several Forest Plans or related planning documents in an effort to describe how 
these plans provide conservation management for the wolverine and its habitat, including 
wildland fire management practices. The sections below are, in most cases, taken directly from 
relevant documents. However, this discussion is not intended to be inclusive of all NFS 
management strategies and activities across the entire Current Range of the wolverine in the 
contiguous United States. 
 
Sierra Nevada Forest Plan Implementation 
 
The 2004 Sierra Nevada Forest Plan Amendment (referred to as the Sierra Nevada Framework) 
amended the Land and Resource Management Plans (LRMP) for the eleven National Forests in 
the Sierra Nevada range to improve protection of old forests, wildlife habitats, watersheds and 
communities in the Sierra Nevada Mountains and Modoc Plateau. This amendment applies to the 
Tahoe National Forest, which has been occupied by a single male wolverine since at least 2008 
(Moriarty et al. 2009, p. 150). The emphasis of the 2004 Sierra Nevada Framework is to adopt an 
integrated strategy for vegetation management that is aggressive enough to reduce the risk of 
wildfire to communities in the wildland urban interface, while modifying fire behavior over the 
broader landscape. Direction is provided as management goals and strategies, desired conditions, 
management intents and objectives, and management standards and guidelines. The 2004 
Framework addressed five problem areas: old forest ecosystems and associated species; aquatic, 
riparian and meadow ecosystems and associated species; fire and fuels management; noxious 
weeds; and lower west side hardwood ecosystems (Forest Service 2013, p. 2–3).  
 
Kootenai National Forest 
 
The Kootenai National Forest is located in the northwest corner of Montana along the Canadian 
border and includes about 2.2 million acres of public land (Forest Service 2015, p. 7). The Forest 
Service published a Revised Land Management Plan for the Kootenai National Forest in 2015 
that identifies forestwide direction, including goals, desired conditions, objectives, standards, and 
guidelines for physical and biological elements including wildlife such as management activities 



North American Wolverine Species Status Assessment Report October 17, 2017 

137 
 

that promote connectivity and avoiding or minimizing disturbance at known active denning sites 
for sensitive, proposed, threatened, or endangered species not covered under other forestwide 
guidelines. It also outlines objectives and guidelines related to the use of fire to maintain or 
improve habitat and maintaining unlogged conditions in some portions of areas burned by 
wildfires for 5 years post-fire (Forest Service 2015, pp. 28–32).  
 
The Kootenai National Forest Land Management Plan also identifies proposed or possible 
actions for wildlife management that includes establishing and maintaining the vegetation 
diversity necessary to provide food, cover, and security for wildlife species native to the 
Kootenai National Forest in cooperation with federal, state, and other organizations. For 
wolverine, those management activities might include maintaining, managing, and protecting 
lands known or suspected to contribute to landscape linkages for wolverine (and other 
carnivores) in order to promote genetic dispersal and healthy populations (Forest Service 2015, 
p. 128). 
 
Beaverhead-Deerlodge National Forest 
 
The Beaverhead-Deerlodge National Forest covers 3.38 million acres in southwest Montana 
(Forest Service 2009, p. 2). The Beaverhead-Deerlodge National Forest Land and Resource 
Management Plan identifies goals, objectives, and standards for wildlife management (Forest 
Service 2009, pp. 45–49). Of relevance to the wolverine, wildlife security management goals 
include securing areas and connectivity for ungulates and large carnivores and managing the 
density of open motorized roads and trails by landscape region (Forest Service 2009, p. 45). 
Objectives include management of habitat conditions for elk security and winter habitat integrity 
for wolverine and mountain goat relative to changes in abundance of these Management 
Indicator Species (Forest Service 2009, p. 47). Monitoring elements are defined in the Land and 
Resource Management Plan that link goals and objectives to elements of the National 
Monitoring and Evaluation Framework (Forest Service 2009, pp. 273–280). For wildlife 
security, three performance measures relative to determining whether management activities are 
effectively protecting high elevation winter habitats for wolverines and mountain goats are 
defined: (1) presence or absence of wolverines in high elevation habitats, (2) populations of 
mountain goats (from Montana Fish Wildlife & Parks), and (3) number of snowmobile entries 
into non-motorized high elevation units protected for wolverines and mountain goats (Forest 
Service 2009, p. 277). In addition, in order to evaluate objectives related to road and trail 
densities, a performance measure related to changes in open motorized road and trail density for 
both seasons by landscape is included (Forest Service 2009, p. 277). 
 
The Forest Service is monitoring the Mount Jefferson Recommended Wilderness boundary for 
illegal snowmobile intrusions into the wolverine habitat closure; that is, illegal use will be 
monitored and recorded (number and distance of intrusions) during the period open to 
snowmobiles December 2 to May 15 and any other time of the year snow conditions make 
snowmobiling possible (Forest Service 2009, p. 277). A reassessment of the decision to allow 
snowmobile use will be triggered if: (1) illegal intrusions are documented throughout the closure 
period; (2) illegal intrusions into the closed area, or (3) illegal intrusions that extend as far as the 
Bureau of Land Management (BLM) Wilderness Study Area (Forest Service 2009, p. 277). 
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Flathead National Forest 
 
The Flathead National Forest is located in the northern Rocky Mountains in western Montana 
and includes approximately 2.4 million acres of public land (Forest Service 2016a, p. 3). This 
National Forest is surrounded by the Kootenai, Lewis and Clark, and Lolo National Forests, 
Glacier National Park, and Canada and includes large areas of designated wilderness (e.g., Bob 
Marshall Wilderness Complex, Mission Mountains Wilderness), Crown of the Continent 
Ecosystem, and wild and scenic river systems (Forest Service 2016a, pp. 3–4).  
 
A Draft Revised Forest Plan was prepared for the Flathead National Forest in 2016 (Forest 
Service 2016b, entire). The Draft Revised Forest Plan identifies components to guide future 
projects and activities and the plan monitoring program, though these components are not 
commitments or final decisions approving projects or activities (Forest Service 2016b, p. 3). 
These components include desired conditions, objectives, standards, guidelines, suitability, and 
monitoring questions and monitoring indicators (Forest Service 2016b, p. 3). [A desired 
condition is a description of specific social, economic, and/or ecological characteristics of the 
plan area, or a portion of the plan area, toward which management of the land and resources 
should be directed, while an objective a concise, measurable, and time-specific statement of a 
desired rate of progress toward a desired condition or conditions (Forest Service 2016b, p. 4). A 
standard is a mandatory constraint on project and activity decision making, established to help 
achieve or maintain the desired condition or conditions, and a guideline is a constraint on project 
and activity decision-making that allows for departure from its terms, and are established to help 
achieve or maintain a desired condition or conditions, to avoid or mitigate undesirable effects, or 
to meet applicable legal requirements (Forest Service 2016b, pp. 4–5).] 
 
Relative to wolverine, plan components for the revised forest plan include two guidelines that are 
protective of wolverine habitat; one that would protect modeled wolverine maternal denning 
habitat with respect to new projects or activity authorizations involving helicopter use and one 
that stipulates no net increase in the percentage of modeled wolverine maternal denning habitat 
where motorized over-snow vehicle use would be suitable on National Forest System lands. 
Additionally, as described in the Final EIS, management area allocations for Alternatives A, B 
modified and C include recommended wilderness areas that would add to existing wilderness. 
Desired conditions related to maintaining connectivity for wolverine and other wildlife are also 
identified within several geographic areas (Kuennen 2017, pers. comm.). 
 
Federal Land Policy and Management Act (FLPMA) of 1976 
 
FLMPA (43 U.S.C. 1711-1712) represents the BLM’s “organic act” for public lands 
management under the principles of multiple use and sustained yield. Its implementing 
regulations give BLM regulatory authority over activities for protection of the environment, 
including mining claims. Under FLPMA and BLM policy, public lands must be managed so as 
to protect the quality of scientific, scenic, historical, ecological, environmental, air and 
atmospheric, water resource, and archaeological values (BLM 2005, p. 1). 
 
Land Use and Resource Management Plans  
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BLM land use planning requirements are established by Sections 201 and 202 of FLMPA and 
regulations at 43 CFR 1600 (BLM 2005, p. 1). A Land Use Planning Handbook (BLM 2005, 
entire) provides guidance for implementing land use planning requirements established under 
FLMPA and implementing regulations. Land use plans prepared by BLM include resource 
management plans (RMPs) and management framework plans (BLM 2005, p. 1). The RMPs 
establish the basis for actions and approved uses on the public lands and are prepared for areas of 
public lands, called planning areas (BLM 2005, pp. 1, 14). These plans are periodically evaluated 
and revised in response to changed conditions and resource demands (BLM 2005, pp. 33–34).  
 
National Environmental Policy Act (NEPA) 
 
All Federal agencies are required to adhere to the NEPA of 1970 (42 U.S.C. 4321 et seq.) for 
projects they fund, authorize, or carry out. Prior to implementation of such projects with a 
Federal nexus, NEPA requires the agency to analyze the project for potential impacts to the 
human environment, including natural resources. The Council on Environmental Quality’s 
regulations for implementing NEPA state that agencies shall include a discussion on the 
environmental impacts of the various project alternatives (including the proposed action), any 
adverse environmental effects that cannot be avoided, and any irreversible or irretrievable 
commitments of resources involved (40 CFR part 1502). The public notice provisions of NEPA 
provide an opportunity for the Service and other interested parties to review proposed actions 
and provide recommendations to the implementing agency. NEPA does not impose substantive 
environmental obligations on Federal agencies—it merely prohibits an uninformed agency 
action. However, if an Environmental Impact Statement is prepared for an agency action, the 
agency must take a “hard look” at the consequences of this action and must consider all 
potentially significant environmental impacts. Federal agencies may include mitigation measures 
in the final Environmental Impact Statement as a result of the NEPA process that may help to 
conserve the wolverine and its habitat.   
 
Although NEPA requires full evaluation and disclosure of information regarding the effects of 
contemplated Federal actions on sensitive species and their habitats, it does not by itself regulate 
activities that might affect the wolverine; that is, effects to the subspecies and its habitat would 
receive the same scrutiny as other plant and wildlife resources during the NEPA process and 
associated analyses of a project’s potential impacts to the human environment. The Service 
receives notification letters for Draft and Final Environmental Impact Statements prepared by the 
Forest Service, BLM and other Federal agencies pursuant to NEPA for specific proposed 
projects including those within National Forests or National Parks, and preparation of Forest 
Service Land and Resource Management Plans, as discussed above.   
 
Wilderness Act 
 
The Wilderness Act of 1964 (16 U.S.C. 1131–1136) provides protection of habitat from most 
forms of development, though no single agency is responsible for administration of lands 
provided this designation, which are designated (or modified) by Congress. The Wilderness Act 
prohibits commercial enterprises and permanent roads within wilderness area and restricts 
temporary roads, motorized and mechanical transport, and structures, but does not prohibit all 
commercial uses (e.g., grazing). Within the portion of our estimated Current Range of the 
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wolverine in the contiguous United States and Alaska, approximately 15 percent is designated as 
wilderness areas under the Wilderness Act. We also evaluated wilderness contained within 
modeled wolverine primary habitat from Inman et al. (2013). We found 41 percent of this 
suitable habitat was designated as wilderness areas. 
 
State Mechanisms 
 
California  
 
As noted above, the wolverine is a threatened species under the California Endangered Species 
Act or CESA, which prohibits the take of any species of wildlife designated by the California 
Fish and Game Commission as endangered, threatened, or candidate species (CDFW 2017b). 
CDFW may authorize the take of any such species if certain conditions are met through the 
issuance of permits (e.g., Incidental Take Permits) (CDFW 2017b). The wolverine is also a 
Species of Greatest Conservation Need (SGCN) in the State’s Wildlife Action Plan5 and is a 
focal species of conservation strategies for conservation targets in the Southern Cascades and 
Sierra Nevada Ecoregions, and in the Mono Ecoregion of the Deserts Province section (Big 
Sagebrush Scrub (CDFW 2015, pp. 5.2-16, 5.4-23, 5.6-19). 
 
In 2011, the CDFW (formerly California Department of Fish and Game) prepared an 
assessment/briefing document, California Wolverine Population Augmentation Considerations, 
in response to a Feasibility Assessment and Implementation Plan for Population Augmentation of 
Wolverines in California (November 2010) submitted to the Department by the Institute for 
Wildlife Studies (California Department of Fish and Game (CDFG) 2011). As of August 2017, 
no action has been taken by CDFW toward implementation of augmentation of wolverines in 
California. 
 
Oregon 
 
The wolverine has been listed as threatened species in Oregon since 1975, under the Oregon 
Endangered Species Act, and is fully protected under management authority of the ODFW 
(Anglin 2013, pers. comm.).  
 
A Conservation Strategy for conserving the State’s fish and wildlife has been prepared by the 
ODFW. The Conservation Strategy identifies 294 Strategy Species, which are Oregon’s SGCN, 
(including wolverine) and are defined as those species having small or declining populations, are 
at-risk, and/or are of management concern (ODFW 2016). For each of the Strategy Species, the 
Conservation Strategy identifies information on the special needs, limiting factors, data gaps, and 
conservation actions. For wolverine, conservation actions include management of recreational 
use to avoid impacts to the species (ODFW 2016). Other Strategy Species identified in the 
                                                 
5 The U.S. Congress created the State Wildlife Grant (SWG) funding program in 2000 (Title IX, Public Law 106-
553 and Title 1, Public Law 107-63). SWG funds are to be used "…for the planning and implementation of [States 
and territories] wildlife conservation and restoration program and wildlife conservation strategy, including wildlife 
conservation, wildlife conservation education, and wildlife-associated recreation projects.” Congress stipulated that 
each State or territory applying for this funding program must develop a wildlife conservation strategy (State 
Wildlife Action Plan (SWAP)) by October 1, 2005. All 56 states and territories submitted SWAPs by 2005 and 
made commitments to review and/or revise their SWAP at least every 10 years. 
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State’s Conservation Strategy are prey species important to wolverine, including the Rocky 
Mountain bighorn sheep and Columbian white-tailed deer (ODFW 2016). 
 
Washington 
 
The wolverine is a candidate species for listing in the State of Washington and, since 2006, the 
Washington Department of Fish and Wildlife (WDFW) has been collaborating with wolverine 
researchers in the Cascades of northern Washington and southern British Columbia to better 
understand the status, distribution, and general ecology of wolverines in this region (WDFW 
2013). It is also considered a SGCN, and is identified as a species whose population is in critical 
condition (WDFW 2013, pp. 3-7). 
 
Washington’s State Wildlife Action Plan (updated in 2015) identifies several major conservation 
strategies to address the conservation of fish and wildlife habitat and biodiversity in Washington, 
on both public and private lands (WDFW 2015, pp. 2-12–2-28). The wolverine is included in 
several identified ecological systems of concern such as alpine scrub, forb meadow, and 
grassland vegetation, cliff, scree and rock vegetation, and temperate forests (WDFW 2015, pp. 4-
19, 4-27, 4-98). The State’s Wildlife Action Plan identifies major stressors and key actions 
needed to maintain habitat quality for each of these ecological systems. 
 
Of relevance to wolverine, the WDFW and its partners have been targeting land acquisition and 
conservation easements with high habitat or biodiversity values such as mixed-conifer forests as 
well as areas that support winter range and connectivity for wolverine and other carnivores (e.g., 
Methow River and Okanogan River Watersheds projects) (WDFW 2015, pp. 2-15–2-17). Other 
landscape conservation efforts highlighted in the State’s Wildlife Action Plan include a Federal-
State partnership with Washington’s Department of Transportation to implement the Interstate-
90 Snoqualmie Pass East Project to enhance wildlife connectivity that includes wildlife 
underpasses under the highway along creeks and rivers and two 150-foot wide wildlife bridges 
over the highway (WDFW 2015, p. 2-26). 
 
Idaho 
 
In Idaho, the wolverine is a protected nongame species and SGCN in Idaho (IDFG 2014). The 
Idaho State Wildlife Action Plan, 2015 is a statewide plan for conserving and managing Idaho’s 
fish and wildlife and their habitats, and provides a framework for conserving Idaho’s 205 SGCN 
and their habitats, which includes the wolverine (IDFG 2017b, pp. xv–xviii). The wolverine is 
identified as a Tier 1 SGCN, which indicates it represents a species of most critical conservation 
need (IDFG 2017b, p. xvi). The statewide plan presents a species assessment for each SGCN and 
ecological section plans. Each of the ecological section plans presents a conservation target (e.g., 
habitat, species assemblage) that summarizes its viability as well as prioritized threats and 
strategies (IDFG 2017b, p. xv). A section outlining species designation, planning, and 
monitoring is also provided. The wolverine is included in three of the defined conservation 
targets—forested lowlands, subalpine-high montane conifer forest, and low density forest 
carnivores (IDFG 2017b, p. 76). Along with objectives and strategies, these summaries identify 
actions for the SGCNs included in the defined conservation targets. Examples include: develop 
and implement a long-term multi-taxa monitoring program; determine high risk areas for wildlife 
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crossings; construct highway over- and underpasses; promote and/or facilitate the use of 
prescribed fire as a habitat restoration tool, on both public and private lands where appropriate; 
determine best management practices to maintain cool microsites and benefit cool air associated 
species; and implement strategies to minimize disturbance from winter recreation activities as 
outlined in the Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 
(IDFG 2017b, pp. 79, 80, 91, 94, 110). 
 
The Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 (Management 
Plan) (IDFG 2014, entire) represents a framework for proactive efforts to ensure the long-term 
persistence and viability of wolverine populations in Idaho (IDFG 2016, pers. comm.). The 
Management Plan is described as a voluntary guidance document to lead conservation efforts at 
the State and local level, as well as to facilitate communication and collaboration efforts among 
wildlife and land managers (IDFG 2014, p. v). 
 
Conservation issues and management actions are described in the Management Plan and the 
appropriate section plans of the Idaho State Wildlife Action Plan. The recommended strategies 
include development of finer-scale climate projections, research regarding wolverine-snow 
relationships, characterizing wolverine response to recreational activities, developing predictions 
of the potential overlap of wolverine and high levels of snow-sports recreation, and educating 
trappers to minimize incidental trapping of nontarget species, including the wolverine (IDFG 
2014, pp. 32–39; IDFG 2017b, p. 1058). Seven conservation and management objectives are 
outlined in the Management Plan (IDFG 2014, pp. 32–39) and, as outlined in a November 2016 
response letter, there has been progress on all of these objectives (IDFG 2016, pers. comm.). As 
an example, the agency (under the Multi-species Baseline Initiative) has developed and 
implemented a baseline micro-climate monitoring protocol for collecting environmental 
parameters in an effort to identify areas that serve as cool-air refugia (IDFG 2016, pers. comm.). 
As described above (Overutilization for Commercial, Recreational, Scientific, or Educational 
Purposes), the IDFG has prepared educational materials to promote best management practices 
for minimizing non-target wolverine captures and continues to educate trappers under a 
legislative mandate passed in 2016 (State of Idaho House Bill 378) (IDFG 2016, pers. comm.).  
 
In addition, management of prey species important to the wolverine diet is outlined in the Idaho 
Elk Management Plan 2014-2024 (IDFG 2014a), the Mule Deer Management Plan 2008-2017 
(2008) and the Bighorn Sheep Management Plan (2010). 
 
Montana 
 
In the State of Montana, the wolverine is classified as a furbearer and species of concern. Since 
2013, there has been a zero quota for trapping or harvest of wolverine and trappers that capture a 
wolverine must notify a designated Montana FWP employee within the relevant trapping district 
within 24 hours for collection if the animal cannot be released uninjured (Montana FWP 2016, 
pers. comm.).  
 
There are two broad-scale wildlife conservation efforts that provide conservation benefits to the 
wolverine. Montana’s State Wildlife Action Plan (updated and revised in 2015) identifies the 
wolverine as one of 128 SGCN (Montana FWP 2015, Appendix N). The State’s Wildlife Action 
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Plan identifies priority community types, focal Areas, and species to help informing Montana 
FWP’s priorities and decisions and to assist other agencies and organizations in making 
decisions as to where to focus their conservation efforts (Montana FWP 2015, p. 2). Community 
types and focal areas are designed to identify and direct attention to specific geographical areas 
in the State that have the greatest conservation need (Montana FWP 2015, p. 5). For the 
wolverine, Montana’s State Wildlife Action Plan identifies wolverine habitats in seven 
community types, all designate Tier I (or those with greatest conservation need), and in all focal 
areas (also Tier I) within those community types (Montana FWP 2016, pers. comm.). For each 
community type, impacts, threats, and corresponding conservation actions are identified, as well 
as specific impacts and threats such as habitat fragmentation (e.g., prioritize land acquisition, 
provide wildlife under- and overpasses), land management (e.g., management to address altered 
fire regimes), recreation (e.g., consider seasonal closures during breeding season), and climate 
change (e.g., collection of baseline data to document shifting range limits of SGCN and 
Community Types of Greatest Conservation Need) (Montana FWP 2015, pp. 59–63). 
 
The second conservation effort in the State of Montana is a Crucial Area Assessment to identify 
crucial areas and fish and wildlife corridors, and development of a Crucial Areas Planning 
System (URL: http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html). This 
is a Montana FWP mapping application and planning tool designed to assist in future planning of 
development and conservation (Montana FWP 2016, pers. comm.). 
 
The State of Montana is also conserving wildlife habitat through land acquisition and 
conservation easements (Montana FWP 2016, pers. comm.). In western Montana, including areas 
known to be occupied by the wolverine, 425 properties for a total 310,523 ha (767,320 ac) have 
been either acquired (e.g., State Parks, Wildlife Management Areas) or protected by conservation 
easements, as of November 2016, as shown in figure below (Montana FWP 2016, pers. comm.). 
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Wyoming 
 
The wolverine is a protected animal and SGCN in Wyoming (WGFD 2017). The Wyoming 
Game and Fish Department State Wildlife Action Plan directs the activities of the WGFD and 
serves to guide in conserving Wyoming’s SGCN through the combined efforts of government 
agencies, conservation organizations, academia, tribes, and others (WGFD 2017, p. I–1-1). As 
noted above, the wolverine is identified as a SGCN, a designation intended to identify species 
whose conservation status warrants increased management attention and funding, and 
consideration in conservation, land use, and development planning in the State (WGFD 2017, p. 
IV– i-1). The State Wildlife Action Plan incorporates the wolverine as a SGCN in several 
terrestrial habitat types or ecological systems, including cliffs, canyons, and rock outcrops, 
montane and subalpine forests, and mountain grasslands and alpine tundra (WGFD 2017, pp. III–
2-5, III–5-7, III–6-5).  
 
In 2015, Wyoming funded a pilot project (through The Wolverine Initiative) to evaluate 
wolverine detection and monitoring of the species in the State and is a contributing collaborator 
in the Multistate Wolverine Working Group implementing a monitoring strategy (the WSWCP) 
in the winter of 2016–2017 across four western states (WGFD 2017, p. IV–5-357). Results of 
those studies (e.g., Inman et al. 2015) are summarized above (Population Abundance and 
Distribution). The WSWCP is also updating and refining connectivity models for the wolverine 
in an effort to focus and prioritize habitat conservation and management (WGFD 2016, pers. 
comm.). 
 
Colorado 
 
The wolverine is a state-endangered species in Colorado (Colorado Parks and Wildlife 2015a); 
however, there is no known current resident or reproducing wolverine population.  
 
The Colorado State Action Plan (Colorado Parks and Wildlife 2015b) provides a blueprint for a 
collaborative effort to conserve Colorado’s at-risk wildlife and their habitats, with a primary goal 
for securing wildlife populations in order to avoid protections implemented so that they do not 
require protection via federal or state listing regulations (Colorado Parks and Wildlife 2015b, p. 
1). The wolverine is designated as a Tier 1 (highest conservation priority; up from Tier 2) SGCN 
(Colorado Parks and Wildlife 2015b, p. 19). The primary conservation action for wolverine 
described in the 2015 State Action Plan is to continue discussions among wildlife managers, 
conservation partners and stakeholders of the social and political aspects regarding 
reintroduction of wolverine populations into the southern Rocky Mountains (Colorado Parks and 
Wildlife 2015b, p. 186). The State has not yet prepared a potential restoration program for the 
species (Broscheid 2016, pers. comm.). 
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Other Conservation Mechanisms 
 
Tribes 
 
Nez Perce Tribe 
 
Wolverines are found within the aboriginal territory of the Nez Perce Tribe in north-central 
Idaho, and conservation and restoration of the species within the Nez Perce homeland is 
important to the Nez Perce Tribe (Miles 2017, pers. comm.). The Nez Perce Tribe is currently 
preparing an Integrated Resource Management Plan (IRMP), a Plant and Wildlife Conservation 
Strategy, and a Forest Management plan with the wolverine defined as a species of conservation 
concern in all three draft plans (Miles 2017, pers. comm.). The planning area for the IRMP, 
which is being prepared in partnership with the Bureau of Indian Affairs, incorporates the 
approximately 311,608 ha (770,000 ac) Nez Perce Reservation, located within portions of Nez 
Perce, Lewis, Clearwater, Latah, and Idaho Counties in north-central Idaho 
(http://www.nezperce.org/irmp/; accessed August 24, 2017). The preparation of the IRMP is 
currently at the scoping stage in the NEPA process for development of a Programmatic 
Environmental Impact Statement (http://www.nezperce.org/irmp/; accessed August 24, 2017). 
 
The Shoshone-Bannock Tribes 
 
The Shoshone-Bannock Tribes are currently conducting climate change modeling for the 
Northern Rocky Mountains as part of its preparation of a Climate Change Adaptation Plan 
(Edmo 2016, pers. comm.). The Upper Snake River Tribes Foundation (USRT), which is 
comprised of four member tribes—the Burns Paiute Tribe, Fort McDermitt Paiute-Shoshone 
Tribe, Shoshone-Bannock Tribes of the Fort Hall Reservation, and Shoshone-Paiute Tribes of the 
Duck Valley Reservation—within the Upper Snake River Watershed region, prepared a Climate 
Change Vulnerability Assessment in February 2017 (Petersen et al. 2017, entire). The assessment 
is the first of three steps the USRT and its member tribes plan activities over the next several 
years as part of a comprehensive climate change effort, and will include an Adaptation Plan 
(expected to be completed in 2017–2018), and, depending on future funding, a process for 
development of Implementing Adaptation Actions and Monitoring (Petersen et al. 2017, p. 7). 
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Appendix	H–NOAA/CU	Study	Areas	Used	to	Evaluate	Future	Snow	Persistence		
(from Ray et al., 2017)   
 
Glacier National Park Study Area 
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Rocky Mountain National Park Study Area 
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Executive Summary 
 
The North American wolverine (Gulo gulo luscus; wolverine) is a medium-sized carnivore found 
across the west-northwestern contiguous United States, Alaska, and Canada. The most recent 
estimate of wolverine populations in the contiguous United States based on resource function 
modeling is 318 individuals, with a range from 249 to 949; however, systematic monitoring 
across the wolverine’s North American range has not been conducted given the difficulty in 
surveying this highly mobile species, and its occupation across large and remote areas. A multi-
state effort to determine wolverine occupancy in Montana, Idaho, and Washington was 
conducted in winter of 2016–2017 and in Wyoming for the winters of 2015 and 2016–2017. 
Results from this study are still being analyzed, but photographic detections of wolverines were 
found across all States, including areas where wolverines have not recently been observed. In 
Canada, the population is estimated to exceed 10,000 mature individuals and has been stable 
over the two decades. Recent density estimates indicate no declining trend for wolverines in 
Alaska. Wolverine populations in Alaska are considered to be continuous with populations in the 
Yukon and British Columbia provinces of Canada. Wolverines that occupy the North Cascades 
region are known to move from Washington into British Columbia.  
 
Wolverines are highly mobile, capable of moving and dispersal over great distances over short 
periods of time. Wolverine populations are also characterized by naturally low densities in North 
America. The species is highly territorial, with very little overlap between same-sex adults. 
Wolverines occupy a variety of habitats, but are generally found in remote locations, away from 
human settlements. Wolverines consume a variety of food resources and seasonal switching of 
prey likely allows for adjustment for nutritional needs throughout their life history. As observed 
in other arctic mammals, wolverines have the ability to dissipate heat to balance the heat loss 
from 30°C to −40°C (86°F to −40°F), due in large part to vasodilatation and rise of skin 
temperature, and rapid and seasonal adjustments in fur insulation. Wolverines can also adapt to 
both cold and warm temperatures by movement and, relatedly, micro- and macro-habitat 
selection. Further, wolverines are not infrequently observed near and in lakes and other water 
bodies. 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., male 
mates with more than one female each year), delayed implantation (up to 6 months), a short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care. The 
reproductive behavior in wolverines is temporally adapted to take advantage of the availability of 
food resources, limited interspecific competition, and snow cover in the winter. 
 
Since the publication of the 2013 proposed rule, many new wolverine studies have been 
published, which has added to our understanding of wolverine biology while also highlighting 
new insights into identifying key species’ needs and their interactions with both abiotic and 
biotic factors. In particular, wolverine populations and wolverine dens have been observed 
outside previously model projections. Our evaluation of snow cover at previously recorded natal 
den site locations in the western United States indicated that ‘melt-out’ dates at these locations 
extend well past the May 15 date used in persistent spring snow cover models. 
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Overall, the best available information indicates that the wolverine physical and ecological needs 
include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet)) within the contiguous United States;  
(2) access to a variety of food resources, that varies with seasons; and 
(3) reproductive behavior linked to both temporal and physical features. 

 
In this Species Status Assessment (SSA) Report, we provide a discussion of the ecological needs 
of the wolverine, its current conditions, and projected future conditions. We evaluate potential 
stressors to the species, with a particular focus on the impacts associated with projected effects of 
climate change.  
 
In our analysis, we applied the conservation biology principles of redundancy, resiliency, and 
representation (collectively known as the “3Rs”) to evaluate the current and projected future 
condition of the wolverine and its ability to sustain itself (as one or more populations) in the wild 
over time (Carroll et al. 2010, entire; Wolf et al. 2015, entire). This evaluation considers the 
unique demographic, distribution, and diversity characteristics unique to the species. After 
applying the framework of the 3Rs, we determined the following: 

(1) Redundancy: The wolverine occurs at across North America within a metapopulation 
structure. The best available information indicates that the species continues to 
expand into historical, previously occupied areas in the contiguous United States and 
Canada following decades of persecution. 

(2) Representation: The wolverine is currently found across the west-northwestern 
United States, much of Canada, and Alaska. The best available information indicates 
that the species is found across a wide range of habitats. Modeled primary habitat for 
the wolverine in the contiguous United States has been estimated at 164,125 square 
kilometers (km2) (63,369 square miles (mi2)). 

(3) Resiliency: The wolverine appears resilient within its North America range. The 
species exhibits physiological (e.g., seasonal changes in fur) and behavioral plasticity 
in its life history (e.g., reproduction, feeding, movement and use of habitat). 
Estimated population size and growth rates across its North American range are 
uncertain, but the best available information does not suggest that abundance is 
declining in North America, including the contiguous United States. The most 
significant stressor currently and in the future appears to be the effects of climate 
change, such as warming temperatures and loss of snowpack. However, based on the 
best available information, we have no indication that this species is unable to adapt 
or adjust to changing conditions. 

 
Demographic risks to the species from either known or most likely potential stressors (i.e., 
effects from roads, disturbance due to winter recreational activities, effects of wildland fire, and 
overutilization) are low based on our evaluation of the best available information as it applies to 
current and potential future conditions for the wolverine and in the context of the attributes that 
affect its viability. We analyzed the potential effects of climate change to wolverine habitat, 
including snow persistence in the Northern and Southern Rocky Mountains. The future 
timeframe evaluated in this analysis is approximately 40 to 50 years, which captures the range of 
time periods for proposed projects within the species range, as well as our best professional 
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judgment of the projected future conditions related to climate change, wildland fire conditions, 
or other potential cumulative impacts. While population information is lacking for this 
subspecies in some parts of its range, the best available information does not indicate that, winter 
recreational activities, infrastructure features, mortality from road crossings or trapping 
(authorized and incidental), currently and in the future will result in a decline in the subspecies 
across its range. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). 
 
Legal protections include State listing in California and Oregon (as threatened), endangered in 
Colorado (as endangered), as a candidate species in Washington, and protection as a non-game 
species in Idaho and Wyoming. In Canada, provincial designations range from endangered to 
threatened in eastern provinces, and sensitive/special concern to no ranking in other provinces. 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
Trapping effort along the United States–Canada border does not represent a significant barrier to 
wolverine movement and dispersal along the international border.   
 
Approximately 96 percent of modeled wolverine primary habitat is located on Federal lands, 
with 41 percent located in designated wilderness areas. Management actions, including State 
Wildlife Action Plans, the Idaho Wolverine Conservation Plan, and USDA Forest Service Land 
and Resource Management Plans, and other Federal and Tribal partners, include winter road 
closures, fire management, land acquisition or conservation easements. 
 
Abbreviations and Acronyms Used 
 
ADF&G = Alaska Department of Fish and Game 
BLM = Bureau of Land Management 
°C = degrees Celsius 
CDFW = California Department of Fish and Wildlife 
CNDDB = California Natural Diversity Database 
COSEWIC = Committee on the Status of Endangered Wildlife in Canada  
cm = centimeter 
DNA = deoxyribonucleic acid 
EIS = Environmental Impact Statement 
EPA = U.S. Environmental Protection Agency 
°F = degrees Fahrenheit 
ft = feet 
GCMs = Global Climate Models 
GHG = Greenhouse gas 
GPS = Global Positioning System 
IDFG = Idaho Department of Fish and Game 
in = inch 
IPCC = Intergovernmental Panel on Climate Change 
IUCN = International Union for Conservation of Nature and Natural Resources 
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kg = kilogram 
km = kilometer 
lb = pound 
m = meter 
mi = mile 
MODIS = Moderate-Resolution Imaging Spectroradiometer 
Montana FWP = Montana Fish, Wildlife, & Parks 
NRC = National Research Council  
NRIS = Natural Resource Information System 
ODFW = Oregon Department of Fish and Wildlife 
RCPs = Representative Concentration Pathways 
Service = U.S. Fish and Wildlife Service 
SSA = Species Status Assessment 
SCA = Snow Covered Area 
SGCN = Species of Greatest Conservation Need 
SWCC = Southwestern Crown of the Continent  
SWE = Snow Water Equivalent 
WAFWA = Western Association of Fish and Wildlife Agencies 
WDFW = Washington Department of Fish and Wildlife 
WGFD = Wyoming Game and Fish Department 
WRCC = Western Regional Climate Center 
WSWCP = Western States Wolverine Conservation Project 
YBP = Years Before Present
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Introduction 
 
The wolverine (Gulo gulo) is the largest member of the Mustelidae family (weasels, mink, 
marten, and others) and resembles a small bear with a bushy tail (Hash 1987, p. 575). Wolverines 
have a Holarctic distribution that includes the northern portions of Europe, Asia, and North 
America. In North America, they are found in Alaska, parts of Canada, and the western-
northwestern United States. The wolverine is important to the culture of Native Americans and 
Aboriginal Peoples in North America, as is its conservation status in aboriginal territory 
(Cardinal 2004, p. iv; Edmo 2016; pers. comm.; Miles 2017, pers. comm.). 
   
Wolverines possess a number of morphological and physiological adaptations that allow them to 
travel long distances and they maintain large territories in remote areas (Pasitschniak-Arts and 
Larivière 1995, p. 6). They have been described as curious, intelligent, and playful, but cautious 
animals (e.g., Krott 1958, p. 241; Krott 1960, pp. 25–26; Magoun 1985, p. 94; Cardinal 2004, p. 
7–8; Woodford 2014; entire), though their social behavior and social organization has not been 
well-studied. 
 
During the late 1800s and early 1900s, the wolverine population declined or was extirpated in 
much of the conterminous United States (lower 48 States), which has been attributed to over-
trapping and habitat degradation (Hash 1987, p. 583). Similar range reductions and extirpations 
of some wolverine populations were observed in parts of Canada during this time period (van 
Zyll de Jong 1975, entire; Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC) 2014, p. iv), attributed largely to human exploitation and availability of food (e.g., 
decline in caribou (Rangifer tarandus)), not climate or habitat changes (van Zyll de Jong 1975, 
pp. 434, 436). Habitat loss (historic vs. current range) for the North American wolverine (i.e., 
Canada and United States) has been estimated at 37 percent (Laliberte and Ripple 2004, p. 126). 
Wolverine numbers have recovered to some extent from this steady decline; in the United States, 
wolverines are currently found in parts of Washington, Oregon, Idaho, Montana, Wyoming, and 
California, and, as recently as 2012 in Colorado and 2016 in Utah, though not all of these areas 
contain resident, reproductive populations.  
 
Species Status Assessment Methodology 
 
In preparing the Species Status Assessment (SSA) Report for the wolverine, we reviewed 
available reports and peer-reviewed literature, incorporated survey information, and contacted 
species experts to collect additional unpublished information for the North American subspecies, 
including Canada, Alaska, and Scandinavia. We identified uncertainties and data gaps in our 
assessment of the current and future status of the species. We also evaluated the appropriate 
analytical tools to address these gaps and conducted discussions with species experts and 
prepared updated maps of the known species’ range and denning areas across North America. In 
some instances, we used publications and other reports (primarily from Fennoscandinavia) of the 
Eurasian subspecies (Gulo gulo gulo) in completing this assessment.  
 
Importantly, we note here that, since the publication of the 2013 proposed rule, many new 
wolverine studies have been published, which has added to our understanding of wolverine 
biology while also highlighting new insights into identifying key species’ needs and their 
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interactions with both abiotic and biotic factors. This is particularly relevant for a difficult to 
study animal like the wolverine. 
 
Using the species, individual, and population needs identified for the wolverine and location 
results from surveys and studies, we conducted a geospatial analysis to estimate the species’ 
current range. We then evaluated this range and previous estimates of potentially suitable habitat 
in the west-northwestern United States to assess the species’ current conditions. Our future 
condition analysis includes the potential conditions that the species or its habitat may face, that 
is, the most probable scenario if those conditions are realized in the future. This most probable 
scenario includes consideration of the sources that have the potential to most likely impact the 
species at the population or rangewide scales in the future, including potential cumulative 
impacts. Potential future impacts associated with climate change (probabilistic estimates for 
temperature and precipitation) were based on climate model projections downscaled, including a 
detailed study of two regions in the western United States (Glacier National Park and Rocky 
Mountain National Park).   
 
For the purpose of this assessment, we generally define viability as the ability of the species to 
sustain locations in its natural ecosystem beyond a biologically meaningful timeframe, in this 
case, approximately 40 to 50 years. We chose this timeframe because it is within the range of the 
available modeling efforts related to climate change. We believe this is a reasonable timeframe 
to consider as it would includes the potential for several generations of the species for observing 
effects to the species.   
 
Using the SSA framework (Figure 1), we consider 
what the species needs to maintain viability by 
characterizing the status of the species in terms of 
resiliency, redundancy, and representation (Wolf et 
al. 2015, entire). 
 

• Resiliency is having sufficiently large 
populations for the species to withstand 
stochastic events (arising from random 
factors). We can measure resiliency based on 
metrics of population health; for example, 
birth versus death rates and population size. 
Resilient populations are better able to 
withstand disturbances such as random 
fluctuations in birth rates (demographic 
stochasticity), variations in rainfall 
(environmental stochasticity), or the effects 
of anthropogenic activities. 

• Redundancy is having a sufficient number of populations for the species to withstand 
catastrophic events (such as a rare destructive natural event or episode involving many 
populations). Redundancy is about spreading the risk and can be measured through the 
duplication and distribution of populations across the range of the species. The greater the 

 
 
Figure 1.  Species Status Assessment 
Framework. 
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number of populations a species has distributed over a larger landscape, the better it can 
withstand catastrophic events. 

• Representation is having the breadth of genetic makeup of the species to adapt to 
changing environmental conditions. Representation can be measured through the genetic 
diversity within and among populations and the ecological diversity (also called 
environmental variation or diversity) of populations across the species’ range. The more 
representation, or diversity, a species has, the more it is capable of adapting to changes 
(natural or human caused) in its environment. In the absence of species-specific genetic 
and ecological diversity information, we evaluate representation based on the extent and 
variability of habitat characteristics within the geographical range. 
 

Species Description 
 
Taxonomy 
 
The taxonomic relationship between North American and Eurasian wolverines has been a 
debated topic (Pasitschniak-Arts and Larivière 1995, p. 1). Most authorities consider all 
wolverines to belong to a single species, Gulo gulo (Rausch 1953, p. 114; Kurten and Rausch 
1959, p. 19; Wozencraft 2008 [in Wilson and Reeder’s Mammal Species of the World, online 
publication]). Some also further consider the New World and Old World wolverines to be two 
subspecies, Gulo gulo luscus and G. g. gulo, respectively, based on morphological 
measurements. Degerbøl (1935, pp. 35–43) noted slight color differences and very slight, if any, 
cranium differences, based on 10 North American (Hudson Bay) specimens examined, and 
regarded the North American and Old World wolverines as conspecific, but identified two 
subspecies. This reference also cites Coues (1877, in litt.), who, based on observations of a slight 
similar cranium difference, had posited that the wolverines of the Old World and New World 
were the same species (Degerbøl 1935, p. 35).  
 
Ellerman and Morrison-Scott’s (1951, p. 251; 1966, p. 251) Checklist of Paleoarctic and Indian 
Mammals (1st and 2nd editions) identified one species of wolverine, but listed several subspecies. 
Rausch (1953, entire) compared various measurements from 1 wolverine skull collected from the 
northern Ural Mountains to 41 Alaskan skulls and reported “no appreciable differences,” noting 
the highly variable skull characteristics for the Alaskan specimens. Krott (1960, p. 20) stated that 
his examination did not reveal distinct differences between Old World and New World 
wolverines, and that pelt size and quality were not distinguishable. However, using biometric 
measurements of both newly collected and previous published cranial measurements (e.g., 
Degerbøl 1935; Rausch 1953), Kurtén and Rausch (1959, p. 19) reported that the North 
American and European (Fennoscandian) wolverine were significantly different in a several 
quantitative characters related to the size and shape of the skull size and teeth size. They 
concluded that the two wolverine populations represented two distinct subspecies, but were the 
same species, Gulo gulo.  
 
The International Union for Conservation of Nature and Natural Resources (IUCN) states that 
“Most recent accounts [citing Jones et al. 1992, Pasitschniak-Arts and Larivière 1995, 
Wozencraft 2005] treat luscus as a subspecies of Gulo gulo, following Degerbøl (1935) and 
Kurtén and Rausch (1959)” (Abramov 2016, p. 1). A review of these cited references revealed 
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the following. Jones et al. (1992, p. 17) only considers Gulo gulo. Pasitschniak-Arts and 
Larivière (1995, p. 1) state there are differences in the taxonomic treatment, and that, while Gulo 
gulo is now considered by most to be the extant species, others (including the above-cited Kurtén 
and Rausch (1959) and Rausch (1953)) have considered two subspecies. The Wozencraft (2005) 
citation is from Wilson and Reeder’s previous 2005 publication, which was updated as of 2008. 
That account lists several “offspring” of Gulo gulo, but does not provide citations for the 
subspecies identified there, and at least two of those listed are not considered to be subspecific 
entities (e.g., G. g. vancouverensis and G. g. luteus (see Banci 1982, p. ii; Banci 1994, p. 104)). 
Finally, the COSEWIC Assessment and Status Report on the Wolverine (Gulo gulo) in Canada 
indicated that taxonomists recognize only a single subspecies (Gulo gulo luscus) in North 
America or consider G. gulo as single Holarctic taxon (COSEWIC 2014, p. 4). 
 
Genetic analyses for the North American wolverine populations have primarily focused on 
genetic structure and variation of wolverine populations or subpopulations (see Kyle and 
Strobeck 2001; Kyle and Strobeck 2002; Zourgis et al. 2012, Zourgis et al. 2013). However, 
Frances (2008, pp. 20–21) assessment of wolverine spatial genetic structure and demographic 
history (using mitochondrial DNA) indicated incomplete lineage sorting between North 
American and Eurasian populations, though comprehensive sampling has not been conducted for 
some areas (e.g., eastern Asia). Tomasik and Cook (2005, entire) also concluded that reciprocal 
monophyly (i.e., distinct species) had not been attained between Eurasian and North American 
wolverine populations. Until additional studies are published, including robust genetic analyses 
in conjunction with additional sampling, the Service recognizes the North American wolverine 
as G. g. luscus. 
 
Physical Appearance 
 
Detailed descriptions of the wolverine are described in Novikov (1962, pp. 196–202), Hash 
(1987, p. 575), Pasitschniak-Arts and Larivière (1995, pp. 1–2), and Wilson (1983, pp. 644–646), 
among others. Key distinguishing features are summarized here. 
 
Wolverines are a medium-sized (about 1 meter (m) (3.3 feet (ft)) in length) carnivore, with a 
large head, broad forehead, and short neck (Pasitschniak-Arts and Larivière 1995, p. 1). Males 
are larger than females (Hall 1981, p. 1,007; Banci 1987, p. 35). Wolverines have heavy 
musculature and relatively short legs, and large feet with strong, curved claws for digging and 
climbing (Hash 1987, p. 575). Their feet are well-adapted for travel through deep snow and, 
during the winter, dense, stiff, bristle-type hairs are found between the toes and around the foot 
pad (Grinnell et al. 1937, pp. 265–266; Hash 1987, p. 575); this characteristic becomes 
diminished in the summer (Hash 1987, p. 575).  
 
Adult wolverines are sexually dimorphic, with females weighing from 7 to 13 kilogram (kg) 
(15.4 to 29 pounds (lbs)) and males weighing between 10 to 18 kg (22 to 40 lbs) (North 
America) (Rausch and Pearson 1972, p. 264; Magoun 1985, pp. 19–21; Banci 1994, p. 99; 
Copeland 1996, p. 20; Cardinal 2004, p. 8; Lofroth 2001, p. 11; Inman 2013, pers. comm.; 
Magoun 2013, pers. comm.; Aubry et al. 2016, pp. 17–18). The skulls of wolverine are large and 
heavy, and the strong jaw structure allows animals to feed on frozen flesh and crush bone 
(Haglund 1966, p. 269; Hash 1987, p. 575). Some geographic variation and sexual differences in 
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skull morphology have been reported (Pasitschniak-Arts and Larivière 1995, p. 2). Wolverines 
have small, wide-set eyes, and are reported to have excellent hearing (Grinnell et al. 1937, p. 
265; Krott 1960, p. 25; Bevanger 1992, p. 8).  
 
Various accounts state that wolverines have a strong sense of smell (Grinnell et al. 1937, p. 265; 
Bevanger 1992, p. 8) that allows them to locate carrion from great distances (Hornocker and 
Hash 1981, p. 1,297; in litt Bevanger 1992, p. 8, citing Røskaft 1990; Copeland 1996, p. 100; 
Cardinal 2004, p. 8); however, experiments with young wolverines indicated a poor sense of 
smell, and that wolverines may locate food (areas where previously located or cached) based on 
their memory skills (Magoun 2013, pers. comm.) or learning abilities (e.g., Krott 1958, p. 241).  
 
Scent-marking is used by mammalian carnivores for chemical communication (Hutchings and 
White 2000, p. 160). For wolverines, this behavior commonly includes urination (e.g., trees, 
stumps, snow) (Copeland 1996, p. 115; Magoun 1985, p. 105), but also includes scat, and 
scratches and bites on trees (Haglund 1966, pp. 225, 277; Copeland 1996, p. 115). Scent rubbing 
(see review by Rieger 1979) of the ventral (abdomen/stomach area) and anal rubbing have also 
been observed in wolverines (Pulliainen and Oyaskainen 1975, pp. 268–269; Rieger 1979, p. 22, 
in litt Goethe 1964; Magoun 1985, p. 105). Scent marking by wolverines may also be an 
important chemical communication signal for potential wolverine prey. Field experiments 
conducted by Sullivan et al. (1985, pp. 928, 930) and Sullivan (1986, p. 388) found that black-
tailed deer (Odocoileus hemionus columbianus) and snowshoe hares (Lepus americanus) avoided 
feeding on seedlings that were marked with wolverine urine. 
 
Wolverine fur is short, thick, and uniform in thickness on the head and becomes longer towards 
rear of the body (Hash 1987, p. 1). The coat consists of dense, woolly underfur (2-3 centimeters 
(cm) (0.8-1.2 inches (in) long) and coarse, stiff guard hairs, 6-10 cm (2.4-4 in) in length (Hash 
1987, p. 1). The rich glossy coat can vary from medium brown to black (Banci 1994, p. 99; 
Pasitschniak-Arts and Larivière 1995, p. 1). Seasonal and individual variation in pelt color has 
been described (Degerbøl 1935, pp. 38–42; Grinnell et al. 1937, p. 252). In general, the head, tail 
and legs are darker than the face.  T the upper body typically has a pale buff stripe (Pasitschniak-
Arts and Larivière 1995, p. 1), which extends from the nape of the neck, along the sides of the 
body, to the base of the bushy tail (Banci 1994, p. 99). White or orange patches are commonly 
found on the throat or chest (Pasitschniak-Arts and Larivière 1995, p. 1; Magoun et al. 2008, p. 
24; Figure 14). The unique property of wolverine fur to shed frost (Hardy 1948, p. 330; Quick 
1952, pp. 492–493), along with its rarity, has made wolverine pelts valuable for trade (Hash 
1987, p. 575). 
 
Life History and Ecology 
 
In this section we provide a summary of the individual and population needs (collective, species 
needs), including its life history, physiology and behavior, resource functions necessary for each 
life stage (i.e., breeding, feeding, sheltering, dispersal), demographic information (abundance 
and distribution) and ecological setting. 
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Overview 
 
Wolverines are active year-round and have been considered as primarily nocturnal (Iversen 
1972b, p. 319; Pasitschniak-Arts and Larivière 1995, p. 7, and references cited therein). Krott 
(1958, p. 168; 1960, p. 25) described periods of 3-4 hours of activity followed by 3-4 hours of 
sleep for wolverines in Scandinavia, a pattern also observed in Idaho (Copeland 1996, p. 77). 
Folk et al. (1977, entire) study of body temperatures of caged wolverines, along with direct 
observations of animals obtained from Alaska and Sweden and previous studied animals 
(Alaska), suggested that wolverines were a day-active species, being very active in the morning, 
with periods of sleep during the night, a pattern that persisted in both winter and summer (Folk et 
al. 1977, p. 233). However, McCue et al. (2007, pp. 98–99) suggest that crepuscular activity 
(period just after dawn and just before sunset) may be a more accurate description for wolverine 
behavior. Others have remarked that wolverines exhibit a plasticity in their behavior (i.e., 
different behavior under different conditions) (Krott 1960, p. 26), a result attributed, in part, to 
their being a scavenging carnivore covering large areas (Stewart et al. 2016, pp. 1,495, 1,497). 
Several aspects of this plasticity can be found within our descriptions below of wolverine life 
history traits.  
 
Wolverines are wide-ranging animals and known for traveling great distances in a short period of 
time (Krott 1960, p. 21; Gardner 1986, p. 603; Woodford 2014, entire ). This is due, in part, to 
their unique body structure. As described by Krott (1960, p. 20), they are “lumbrosacrally 
overbuilt” with heavy musculature and legs that are acutely angled when walking. Wolverine 
gait is characterized as either a 2X pattern (when patterns of two footprints repeat), used 
primarily in deep snow, and the more common 3X lopes (patterns of three footprints), for 
covering long distances over more compacted snow (Halfpenny et al. 1995, p. 104). The latter is 
described as a bouncing gait where all four feet may leave the ground at the same time 
(Halfpenny et al. 1995, p. 104).  
 
As noted in our Species Description section above, in winter, the dense hairs on the foot pad and 
its body structure supports a low foot load, which has been estimated at 22 gram/cm2 (Knorre 
1959, p. 26) and 27–35 gram/cm2 (Novikov 1962, pp. 22–23 (citing Dulkeit 1953)). This foot 
loading is believed to provide an advantage for wolverines preying on ungulates and other large 
mammals whose movements become restricted in deep snow (Knorre 1959, p. 26; Formozov 
1963, pp. 40–41; van Zyll de Jong 1975, p. 435; Banci 1994, p. 113). However, Wright and 
Ernst’s (2004a, pp. 58–59) study of wolverines in boreal forest habitat in Canada present a 
differing interpretation of the wolverine foot adaptation based on tracking wolverines in snow 
over three winters. They observed that wolverines in their study area continuously selected for a 
path of least snow cover, where practicable, and only traveled in upland areas (Wright and Ernst 
2004a, p. 59). They concluded that the low foot load is advantageous when snow crusts form, 
but, in deep snow, wolverines shift to an inefficient walking gait, which increases energy 
demand (Wright and Ernst 2004a, p. 59). They hypothesized that traveling in deep snow during 
winter in search of food may increase the risk of starvation due to the greater energy expenditure 
(Wright and Ernst 2004a, p. 59). 
 
Physiology 
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The wolverine is a snow-adapted, cold climate animal in its physiology, morphology (cf. Telfer 
and Kelsall 1984, p. 1,830), behavior, and habits. Formozov (1961, p. 65) considered the 
wolverine to be one of several “chioneuphores,” or those vertebrates who tolerate snow but have 
no special adaptations; however, wolverines could also be considered as a “chionphile” or those 
animals with adaptations (e.g., increased surface area on feet, pelt characteristics) (see definitions 
in Pruitt 1959, p. 172; Cathcart 2014, p. 22).  
 
In general, mustelids weighing more than 1 kilogram (kg) (2.2 pounds (lbs)) have a basal 
metabolism (defined as the minimum metabolic rate for maintaining a comfortable warm 
temperature; Irving 1972, p. 121) that is about 20 percent higher than other mammals (Iverson 
1972a, p. 343). For the wolverine, Young et al. (2012, p. 222) estimated a basal metabolic rate 
for a 15 kg (33 lbs) adult at 669.4 kcal/day, using Iverson’s derived equation [Metabolic rate 
(M)=84.6*Weight (W, in kg)(0.78) ± 0.15] (Iverson 1972a, p. 343).  
 
Iverson’s (1972b, pp. 320–321; Figure 4) experimental studies found that during their first 2½ 
months, the basal metabolic rate for young wolverines was substantially higher than rates 
reported for other mammals (W1.41 vs. W1.0), then declined after 3 months, and declined again 
after 8 months. Because the early period coincides with weaning, Wilson (1983, p. 646) 
suggested that the observed peak may be related to changes in food consumed as well as 
improved thermoregulation since the mother is leaving the young for longer periods of time.  
 
Energy expenditure during pregnancy is relatively low for mustelids (Oftedal and Gittleman 
1989, p. 374); however, energy requirements for lactation in mammals can be over 4 to 7 times 
basal metabolic rates (Allen and Ullrey 2004, p. 478). Thus, estimates of energetic requirements 
(e.g., less than 1 kg prey/day annually) may be too low to support reproductive activity (Young 
et al. 2012, p. 226). Wolverines are known to consume a variety of food resources and seasonal 
switching of prey likely allows for adjustment for nutritional needs throughout their life history 
(cf. Krebs et al. 2007, p. 2,187 (Canada); Koskela et al. 2013a, pp. 103–104 (Finland); Yates and 
Copeland in prep (Montana)). Additional details on diet and feeding behavior for wolverines are 
provided below.  
 
Relatedly, Casey et al. (1979, p. 335) evaluated metabolic and respiratory responses of eight 
terrestrial Arctic mammals to ambient temperature during summer months. For wolverines, they 
found that the frequency of respiration was generally constant (15-20 per minute), but their tidal 
volume (air moved per breath) increased nearly constantly with decreasing ambient temperature, 
unlike Canada lynx (Lynx canadiensis), which is similar in body mass (Casey et al. 1979, p. 
335). The researchers inferred that the increased ventilation of wolverines at low ambient 
temperatures was the result of an increased energy metabolism (Casey et al. 1979, p. 336).  
 
Thermal neutrality (or thermoneutrality) is the temperature range at which resting metabolism 
is at minimum (Barnett and Mount 1967, p. 468) and animals produce heat at a minimum rate in 
a thermal neutral environment (Barnett and Mount 1967, p. 413). For a resting mammal at 
thermal neutrality, body temperature is primarily maintained by “physical thermoregulation,” 
that is, control of circulation in the skin and by sweating (Barnett and Mount 1967, p. 413). The 
body temperature of wolverine (measured by an implanted temperature transducer) at 
thermoneutrality has been reported at 38°C (100.4°F) (Folk et al; 1977, p. 231; Casey et al. 
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1979, pp. 332–333). The critical temperature is the point at which the metabolic rate starts to 
rise; thus, animals with lower critical temperatures are able to better conserve their energy 
expenditure (Barnett and Mount 1967, p. 413). Studies of arctic mammals defined a zone of 
thermoneutrality in Eskimo dogs (Canis lupus familiaris) and Arctic foxes (Vulpes lagopus) that 
extended to at least −40°C (−40°F), with an estimated critical temperature between −45°C 
(−49°F) and −50°C (−58°F) (Scholander et al. 1950a, p. 254).  
 
Iverson 1972b (p. 322) concluded that arctic mammals, including wolverine, Arctic fox, and 
wolf (Canis lupus), have a threshold of thermoneutrality of  between −30°C to −40°C (–22°F to 
–40°F) (citing studies by Scholander et al. (1950b) and Hart (1956)). Casey et al. (1979, p. 340) 
estimated a critical temperature for wolverine (14 kg (31 lb)) in summer pelage of 5°C (41°F) 
based on an observed increase in oxygen update at air temperatures below this temperature. For 
comparison, measurements of metabolic rates for the red fox (Vulpes vulpes alascensis) (Alaska) 
observed critical temperatures of 8°C (46°F) in summer (Irving et al. 1955, p. 184). Thus, these 
arctic mammals therefore have the ability to dissipate heat to balance the heat loss from 30°C to 
−40°C (86°F to −40°F), due in large part to vasodilatation and rise of skin temperature 
(Scholander et al. 1950a, p. 251). 
 
Arctic mammals, particularly small mammals, also adapt behaviorally to cold temperatures by 
creating burrows and building nest sites under the snow. Wolverines are known to dig holes in 
snow for shelter (Pruitt 2005, p. 120), and wolverine reproductive den sites located under deep 
snow may provide a thermoneutrality advantage for newborn cubs (Magoun and Copeland 1998, 
p. 1,313). This topic is discussed in more detail below under Use of Dens and Denning Behavior.  
 
Wolverines can also adapt to both cold and warm temperatures by movement and, relatedly, 
micro- and macro-habitat selection. Wolverines are not infrequently observed near and in lakes 
and other water bodies and are good swimmers, easily crossing lakes and rivers (Seton 1909, p. 
950; Krott 1960, p. 23; Magoun 2017, pers. comm.). They likely use these areas more frequently 
during warmer months both for cooling and hydration, or possibly for hygienic reasons (Krott 
1960, p. 23).  
 
Changes in endocrine (hormone) function can also represent a physiological adaptation to cold 
by acting on organs to generate energy (Barnett and Mount 1967, p. 428). The best available 
information does not indicate that these functions have been evaluated in wolverines. However, 
one veterinarian reported an enlarged thyroid in a wolverine during a necropsy procedure 
(Copeland 2017, pers. comm.), which is suggestive of a high metabolism.  
 
In addition to these physiological processes, rapid and seasonal adjustments of fur insulation 
provide an additional mechanism for mammals to overcome large seasonal changes in 
temperature (Casey et al. 1979, p. 340) and have been described for wolverine and other 
mammals in Alaska by Henshaw (1970, p. 522). The seasonal increase in fur depth for captive 
wolverines was reported to be 65 percent (Henshaw 1970, p. 522). That study identified a metric 
termed seasonal insulative advantage (or SIA) as a measure of the degree to which insulative 
compensation changes seasonally in response to ambient temperature (Henshaw 1970, p. 522). 
For wolverines, this advantage was found to be less than unity; that is, the increase in fur did not 
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fully compensate for average winter cold, and therefore other compensating mechanisms were 
needed (Henshaw 1970, p. 522). 
 
Similarly, an evaluation of the seasonal change in the insulation of fur of wolverine (pelts from 
Canada) found a 41.2 percent change in mean insulation values (measured as °C/cal/m2/hr) from 
winter to summer (Hart 1956, p. 56). A single annual molting (between August and December) 
was noted in Grinnell et al. (1937, p. 251) (California), but twice yearly was described by 
Novikov (1962, p. 201) (Russia). The large seasonal change in insulation observed for wolverine 
and other larger mammals is, in large part, due to changes in fur depth, and can be interpreted as 
an adaptation to both high summer temperatures and low winter temperatures (Hart 1956, p. 57). 
The reported seasonal decrease in wolverine fur thickness also correlates with experimental 
results of Casey et al. (1979, p. 337) who indicated that a seasonal shift in oxygen consumption 
below critical temperature was likely due to an increased rate of heat loss in summer. 
 
Range and Habitat Use 
 
Historical Range and Distribution 
 
Phylogeography/Phylogenetics 
 
Results from a molecular study of phylogenetic relationships of the Mustelidae family suggest at 
least six radiation episodes within this family since the Early Eocene Epoch (approximately 50 
million years before present (YBP)) (Marmi et al. 2004, pp. 488, 492). The split of the marten 
(Martes, Gulo) and weasel (Mustela) lineages occurred in the Early Middle Miocene Epoch (14 
to 11 million YBP), with the separation of Old World and New World lineages (Martes, Gulo) 
occurring in the Late Miocene Epoch (8.6 to 5.8 million YBP) (Marmi et al. 2004, p. 488). The 
Gulo genus appears in the fossil record in the mid-Pleistocene in both Europe and North America 
(Bryant 1987, p. 659). 
 
The dispersal of Gulo across Beringia (land mass that extended from Siberia into interior Alaska 
during the Pleistocene) is believed to have produced contemporaneous records for the species in 
Europe and North America (Bryant 1987, p. 659). Malyarchuk et al. (2015, entire) examined 
genomic data using a molecular dating technique to estimate an approximate age of the G. gulo 
ancestor. They estimated a relatively recent origin of the species Gulo gulo at about 181,000 to 
234,000 YBP (Malyarchuk et al. 2015, pp. 1,115–1,116). They note that this latter time period 
corresponds to the Riss glaciation period (187,000 to 230,000 YBP), a time of genetic 
divergence of amphi-Beringian (both sides of Beringia) species and speciation events (Hope et 
al. 2013, p. 426). Their results, along with fossil information, also indicate the divergence of the 
Gulo branch and the other Martes taxa occurred during the Late Miocene-Early Pliocene (5.6 
million YBP), and lends supports for strong evolutionary processes in the northern Siberian 
ecosystems in the Pliocene and Pleistocene Epochs (Malyarchuk et al. 2015, pp. 1,116–1,117).  
 
Bryant (1987, p. 660) describes an evolutionary trend in which Gulo increased in size from the 
mid- to late-Pleistocene, with a subsequent reduction in size post glaciation, as well as small 
changes in selected teeth, and a possible shift to colder habitats. The Late Pleistocene and the 
Pleistocene-Holocene transition represent the end of prolonged period that was characterized by 
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climate fluctuations followed by rapid warming (Post 2013, p. 28). Bryant (1987, p. 660) also 
notes that both the mid-Pleistocene European Gulo schlosseri and the early North American 
Gulo appear to be adapted to warmer climatic environment, but areis likely to have also occupied 
colder climates. Other factors such as competition (Guilday 1971, p. 237), predator avoidance, 
and prey abundance may also have been important in creating significant shifts in geographic 
ranges for certain species during glacial cycles. 
 
Wolverines are believed to have migrated to North America during the late Pleistocene, although 
fossil evidence from the Pleistocene Epoch for wolverine is limited (Anderson 1977, p. 15; 
Bryant 1987, p. 660), and most fossil material is either cranial or dental fragments (Bryant 1987, 
p. 660). Bryant (1987, p. 659) notes records in the United States from Colorado, Idaho (e.g., 
White et al. 1987, p. 248 (lava tubes)), Yukon Alaska, Maryland, and Pennsylvania, ranging 
from the Late Wisconsinan-Holocene to Irvingtonian Age.  
 
Genetic studies can provide an understanding of the postglacial recolonization of wolverines 
following the Last Glacial Maximum, a period of rapid cooling, and movement patterns due to 
changed climatic conditions (cf. Frances 2008; Zigouris et al. 2013; McKelvey et al. 2014). 
Following the Last Glacial Maximum, beginning about 21,000 YBP, was a period of rapid 
warming, resulting in a second wave of extinction events, particularly of large mammalian 
megafauna that were cold-adapted (Post 2013, pp. 29, 31). 
 
During the late Wisconsin period (10,000 to 25,000 YBP), approximately 60 percent of North 
America was covered by glacial ice (Rogers et al. 1991, p. 624). However, several ice-free 
refugia existed at that time including the Beringian refugium, which included eastern Siberia, 
most of Alaska, areas of northwestern Canada, and areas of the Bering Sea shelf that were 
exposed by lower sea levels, and this refugium harbored a number of mammalian species 
including wolverine (Rogers et al. 1991, pp. 624, 626). Analyses by Frances (2008, entire) and 
Zigouris et al. (2013, entire) supported a wolverine colonization of North America in which 
individuals “followed retreating glaciers” (Zigouris et al. 2013, pp. 10–11). Beginning about 
21,000 YBP, following the Last Glacial Maximum, when a period of rapid warming occurred 
that resulted in additional extinction events, particularly large mammalian megafauna (Post 
2013, p. 29) 
 
A phylogeographic analysis presented by McKelvey et al. (2014, p. 331) proposed that a unique 
haplotype (Cali 1) observed in historical wolverine samples from California was reflective of an 
independent evolutionary history resulting from isolation (i.e., southern ice-free refugium) of 
wolverines during glacial retreat. However, Zigouris et al. (2013, p. 10, Supplemental Table S5) 
found the Cali 1 haplotype described by Schwartz et al. (2007, p. 2,173; Tables 2 and 4) 
(relabeled as Haplotype 21) also occurred in historical wolverine samples from the eastern region 
of Canada (Quebec-Labrador). In addition, as noted by Zigouris (2014, pp. 232–233) the 
historical samples analyzed by McKelvey et al. (2014, p. 327; Table 1) were primarily those 
from locations at the southwestern edge of the wolverine’s North American range (e.g., 
California, Colorado, Idaho, Montana, Wyoming, Utah, Washington). Without additional 
sampling, it is unclear if this particular haplotype distribution from two of the most peripheral 
North American wolverine populations is a reflection of a skewed dispersal after post-glacial 



North American Wolverine Species Status Assessment Report DATE 

11 
 

colonization, or was a more widely distributed haplotype that declined or was lost due to hunting 
and trapping pressures and/or fragmentation (Zigouris et al. 2013, p. 10).  
 
Additional discussion of our current understanding of wolverine genetic structure and diversity is 
provided in the Population Structure section below. 
 
Historical Range  
 
In North America, wolverines were historically distributed in much of the northern portion of the 
continent, extending southward to the northernmost region of the United States (Maine to 
Washington) or approximately north of the 38th parallel (Hash 1987, p. 576; Banci 1994, p. 
102). 
 
Aubry et al. (2007, entire) prepared an estimate of wolverine observations and distribution in the 
contiguous United States by compiling 901 verifiable or documented records of wolverine 
occurrence dating from 1801 to 2005 from 24 states in the contiguous United States. This 
included a total of 809 verifiable or documented records for the Rocky Mountain and Pacific 
Coast mountains (west-northwestern United States) for this time period (Aubry et al. 2007, p. 
2,151).  
 
The historical population size of wolverines in Canada is not known (Fortin 2005, p. 4). Its 
historical distribution, as depicted by Seton (1909, p. 947; Map 51) and also later by van Zyll de 
Jong (1975, p. 435; Figure 9) shows a broad range across much of Canada. Examples of early 
descriptive accounts include de Puyjalon (1900, pp. 126–144), who described wolverines as 
inhabiting Labrador, Canada (p. 101), and extending in range to the 66th parallel and perhaps 
further (de Puyjalon 1900, p. 144), reports of both trapped and live wolverines in Labrador in the 
late 1700s (Townsend (ed.), 1911, pp. 73, 93, 228, 255), and reports of wolverines as “common” 
in Canada’s Nunavut Territory (Hudson Bay region) during a 1920s Danish excursion (the Fifth 
Thule Expedition) to Arctic North America (Freuchen 1935, p. 101). The 2014 COSEWIC report 
presents a historical range distribution for Canada based on personal accounts and interpretation 
of the fur trade (COSEWIC 2014, pp. 12–13; Figure 3).  
 
We created a historical range map for wolverine for the west-northwestern United States by 
requesting all available wolverine records from State agencies (e.g., wildlife agencies, natural 
heritage programs) and the Forest Service Natural Resource Information System (NRIS) Wildlife 
Database. We found a total of 4,215 records (1800s to 2016) for this portion of the United States 
(cf. 809 records from Aubrey et al. 2007; Table 1). Figure 2 presents a map of these compiled 
observations, overlaid with the habitat suitability model results presented by Inman et al. (2013, 
p. 281). We acknowledge that some of these records may be in error or inaccurately located, and 
although wolverines have been reported from the Central Great Plains, Great Lakes region, 
Upper Midwest, or Northeast (cf. Wilson 1983, p. 650), we did not create a historical range for 
these regions given the very low number (92) reported by Aubry et al. (2007, p. 2,151) from the 
1880s to 2005, and to present day. We also found a few additional historical records that do not 
appear in Aubry et al. (2007, p. 2,151). For example, Nead et al. (1985, entire) identified several 
positive and probable reports of wolverines in Colorado in the late 1970s. A wolverine was 
reported from the Squaw Valley region of California in the summer of 1953 (Ruth 1954, pp. 
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594–595). Our intent in creating this map was to present an overall geographical depiction of the 
wolverine’s estimated historic range only for the west-northwestern United States, and is not 
intended to represent an estimate of population numbers or historic range in other parts of the 
contiguous United States.  
 
Current Range 
 
Using the best available information, we created a current North American range based on 
results presented by COSEWIC (2014, p. 12) for Canada and Alaska, Forest Service NRIS data, 
and more recent observations (e.g., telemetry, camera traps, mortality reports) reported from 
California, Washington, Colorado, Wyoming, Utah, and North Dakota. This range is illustrated 
in Figure 3.   
 
We recognize that this depiction does not necessarily represent current areas where reproducing 
populations of wolverines are found, nor does it capture unverified accounts from New Mexico, 
described in Frey (2006, pp. 20–21) for the Sangre de Cristo Range, and visual observations 
reported by two individuals (2005 and 2016) in response to our Federal Register notice (81 
FR71670; October 18, 2016) requesting information for our status review. In addition, we did 
not incorporate the Central Great Plains, Great Lakes region, Upper Midwest, or Northeast. 
However, we note here that a female wolverine was observed over several years (2004–2010) in 
the lower peninsula of Michigan, and genetic testing after her death in 2010 suggested she was 
more closely associated with eastern Canada wolverine populations (i.e., Manitoba and Ontario) 
(in litt Zigouris 2013, pers. comm.). It’s unclear how this individual came to occupy this region, 
but given the long distant movements reported for this species (e.g., male wolverine that traveled 
from Wyoming into Colorado and then back to North Dakota), dispersal from Canada is 
plausible. Wilson (1983, p. 650) reported that wolverines on occasion may enter Minnesota from 
Canada. Jackson (1961, pp. 359–360) also reported several authentic records of wolverine in 
Wisconsin and in areas in Minnesota, along the Wisconsin-Minnesota border. However, the 
wolverine was likely never abundant in Wisconsin, even before trapping and hunting in the late 
19th and early 20th centuries (Jackson 1961, p. 359). 
 
We provide a discussion of wolverine population abundance and distribution in more detail in 
the Biological Status–Current Condition section below. 
 

Commented [JB5]: Is it possible to say something about the rest 
of the US though?  Ie. Lynx – long term issues with historical range.  
Now we know that those locations were the results of eruptions and 
could not be sustained.   Can we make conclusions about wolverines 
outside of the west-NW area? 

Commented [JB6]: Is this the state info?  Might want to say that 
in text.  And is there an appropriate cite for this? 

Commented [JB7]: See comment 5.   Maybe add more here? 



North American Wolverine Species Status Assessment Report DATE 

13 
 

Figure 2. Historical range map for the North America wolverine for west-northwestern United States; shown with Inman et al. 
(2013) modeled habitat. 
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Figure 3.  Current range of North American wolverine.  Adapted from COSEWIC (2014), EPA 
(2010), Inman et al. (2013), records from CNDDB; Forest Service NRIS; Idaho Department of Fish 
and Game; Utah Division of Wildlife; Wyoming Game and Fish Department, and den records from 
CNDDB, Inman, and Copeland. 
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Habitat Use 
 
Wolverines occupy a variety of habitats within their current range, including Arctic tundra, 
subarctic-alpine tundra, boreal forest, mixed forest, redwood forest, and coniferous forest (Banci 
1994, p. 114). However, these broad, landscape-scale vegetation associations can obscure other 
habitat variables important for wolverines, including features found within peripherally occupied 
areas or areas of high elevation (Banci 1994, p. 114). In Canada, wolverines use a wide variety 
of forested and tundra vegetation, at all elevations (COSEWIC 2014, p. 18).  
 
When viewed by ecoregion, in general, wolverine observations in the contiguous United States 
are most commonly found in the Northwestern Forested Mountains ecoregion. In Canada, our 
estimate of current range includes Northwestern Forested Mountains, Northern Forests, Marine 
West Coast Forest, Hudson Plain, Taiga (Boreal Forest), Tundra, and parts of the Arctic 
Cordillera (northeastern fringe of Nunavut and northern Labrador); in Alaska, Marine West 
Coast Forest, Northwestern Forested Mountains, Taiga, and Tundra are represented. Appendix 
A provides an illustration of these ecoregions of North America in relationship to our Current 
Range map presented in Figure 3. 
 
Studies of wolverines in central Idaho found that montane coniferous forests comprised two-
thirds of available habitat (Copeland 1996, p. 120). Wolverines in this region also exhibited a 
seasonal preference, with subalpine rock habitats used in summer and montane coniferous forests 
used most often in winter (Copeland 1996, p. 120). In addition, individuals within this study 
population commonly crossed natural openings and those areas with little cover, including burn 
areas, meadows, or open mountain-top areas (Copeland 1996, p. 124). 
 
Observations of summer movements of wolverines in northwestern Montana indicated that both 
male and females moved to higher, cooler elevations and remained there throughout the summer 
(Hornocker and Hash 1981, p. 1,299). In the Greater Yellowstone Ecosystem, wolverines 
selected areas that contained steep terrain with tree cover, high elevation meadows, boulder or 
talus fields, and avalanche chutes (Inman et al. 2012a, p. 785). In this region, wolverines selected 
elevations at and above the treeline during summer, moved slightly lower during winter, but 
avoided low-elevation winter ranges occupied by potential prey (e.g., elk) or areas with little 
human activity (Inman et al. 2012, p. 785).  
 
Several habitat association-type models have been developed for both North American and 
European wolverines. In the northern Rockies (including Canada and the United States), Carroll 
et al. (2001, p. 975) found that elevation and north-facing cirque habitat variables (i.e., alpine 
areas), when incorporated into empirical habitat models, were significantly correlated with 
wolverine occurrence; however, results from multiple regression analyses of these and other 
habitat variables indicated a high degree of unexplained variance for predicting wolverine habitat 
relationships, and underscores the inherent difficulty in identifying appropriate metrics to 
represent difficult to measure underlying factors, or other unrecognized limiting variables 
(Carroll et al. 2001, pp. 971, 973–974). Copeland et al. (2007, entire) also evaluated habitat 
associations for wolverines in central Idaho. Wolverines were found to be associated with high 
elevations (2,200 to 2,600 m (7,218 to 8,530 ft) with a slight downward shift in summer 
(Copeland et al. 2007, p. 2,207), along with a shift in cover types, from high-elevation whitebark 
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pine (Pinus albicaulis) communities in summer to mid-elevation Douglas fir (Pseudotsuga 
menziezii) and lodgepole pine (Pinus contorta) in winter (Copeland et al. 2007, pp. 2,207–
2,208). Results from a study of wolverines in Scandinavia suggested that topography may be 
important in providing refugia from predators and may therefore facilitate the co-existence of 
wolverines with larger carnivores such as wolves (Khalil et al. 2014, p. 636). 
 
In interior Alaska, wolverines were also found to be positively associated with high elevations 
(Gardner et al. 2010, p. 1,901). This study also reported the wolverines avoided human 
influences, but their sampling design was not able to determine which aspects related to human 
influences; a combination of intensity of development and harvest activities was suggested 
(Gardner et al. 2010, p. 1,901). Current studies are underway in the North Slope region of Alaska 
to evaluate fine-scale habitat selection of wolverines related to denning, caching, day bed use, 
and snow holes (Dorendorf 2016, p. 6). Day beds were also described by Haglund (1966, p. 268) 
for wolverines studied in Sweden. 
 
Krebs et al. (2007, pp. 2,186–2,187) also found that habitat associations, at least for females, are 
more complex, and include combinations of several modeled variables that supported hypotheses 
related to food (prey distribution), predation risk (based on a ruggedness index), or human 
disturbance (winter recreation activity, roads, and forest harvesting) for both summer and winter 
in two study areas located in northcentral and southeast British Columbia. Fisher et al. (2013, pp. 
710–712) found that wolverines in the Rocky Mountains of Alberta, Canada, were more likely to 
occupy areas with increasingly rugged terrain. Camera trapping was used to study wolverine 
behavior in varying habitat in the Rocky Mountains of Alberta, Canada (Stewart et al. 2016, 
entire). That study found that wolverine behavior differed in landscapes that had been 
significantly modified by human activities as compared to those with light modifications or in 
protected areas (Stewart et al. 2016, p. 1,499). They concluded that wolverine occurrence in their 
study areas varied more strongly with linear features (seismic lines created from oil and gas 
exploration, pipelines, transmission lines, roads, and rail lines) than with the degree of snowpack, 
and supports the idea that human footprint is a driver of habitat suitability for wolverines 
(Stewart et al. 2016, p. 1,501).  
 
Bowman et al. (2010, p. 464) reported a negative association with roads with wolverine (and 
caribou) occurrence in boreal forest habitat in northwestern Ontario, Canada, and wolverines in 
their study area avoided deciduous forests. However, Wright and Ernst’s (2004b, p. 59) study of 
wolverines in upland boreal forests of Canada found that wolverines followed open linear 
corridors that offered compact snow conditions, including winter roads, recent seismic lines, 
snowmobile trails, and all-terrain vehicle tire tracks for travel of distances up to 3 kilometers 
(km) (1.86 miles (mi)). In central Idaho, Copeland et al. (2007, p. 2,210) also reported 
wolverines using snowmobile winter access (unmaintained) roads for travel.  
 
Aboriginal knowledge holders in Canada have reported that while wolverines appear to avoid 
human habitation and developed areas, some wolverine will visit these areas if they are not 
threatened or if development activities cease (Cardinal 2004, p. 22). Wolverines have also been 
described as occupying deserted snow huts (Nunavut Territory) during winter months (Freuchen 
1935, p. 98). 
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Scrafford et al.’s (2017, p. 32) study of wolverine selection patterns in boreal forests in 
northwestern Alberta using resource selection function (RSF) modeling techniques1 and data 
from telemetered wolverines found that, for the winter season, both male and female wolverines 
selected for streams, forested areas (broadleaf, coniferous, and mixed) and bogs or fens, while 
avoiding active well sites and low-traffic winter roads (Scrafford et al. 2017, p. 31). That study 
also found that wolverines did not avoid older seismic lines, likely due to the intermediate stage 
of regeneration found in their study area as well as availability of small prey in conjunction with 
minimal risk of human or wolf presence (Scrafford et al. 2017, p. 34). 
 
Johnson et al. (2005, entire) used RSF-based modeling to quantify the relationship between the 
observed distribution of the wolverine and variables representative of habitats and human 
disturbance in the taiga and tundra ecoregions (shown in Appendix A) of the Canadian central 
Arctic (Nunavut and Northwest Territories) (Johnson et al. 2005, p. 10). Using a range defined 
by previously studies of collared wolverines, they identified two seasons for wolverines, based 
on presence or absence of barren-ground caribou (Rangifer tarandus groenlandicus) (Johnson et 
al. 2005, p. 8). They found that, in winter, the occurrence of wolverines was correlated with 
patches of heath rock and rock association, and areas dominated by sedge (Johnson et al. 2005, 
pp. 23–25). Results for models for summer season were less clear, but models that included 
grizzly bear (Ursus arctos), caribou, and wolf were found to be positively associated with 
wolverine, likely due to the scavenging opportunities and hunting of caribou provided by these 
other carnivores (Johnson et al. 2005, p. 24). In Finland, the presence of wolves was found to be 
one of the most important variables influencing habitat selection of wolverines (Koskela 2013, p. 
35). 
 
Inman et al. (2013, p. 281) also used a RSF model to develop a predictive map of wolverine 
habitat for the western United States, as shown in the background of our Figure 3. Their best fit 
model found that, in general, wolverine were most likely to be distributed at high elevations, 
with steeper terrain, more snow, fewer roads, and reduced human activity, but also in proximity 
to high elevation talus, tree cover, and areas that had snow cover on April 1 (Inman et al. 2013, 
pp. 280–281). Primary habitat for the wolverine in the western United States was estimated at 
164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). Additional information related to the 
results of this modeling effort is discussed in the Population Distribution and Abundance section 
below. 
 
Movement 
 
Wolverine movements are related to both territoriality (within home ranges) and dispersal (adults 
and young). Movement within home ranges by adult male and female wolverines is extensive. 
For example, wolverines monitored in the Greater Yellowstone Ecosystem traveled a distance 
that was equivalent to their average home range diameter in less than 2 days, which is also about 

                                                 
1 RSF is any mathematical function that is proportional to the probability of use of a resource unit (Manly et al. 
2002, p. 15). A RSF contains several coefficients that quantify the selection for or avoidance of an environmental 
feature, and the sign/strength of those coefficients represents a differential variation in the distribution of each 
environmental feature measured at a sample of locations to a comparable set of random sites. Thus, when an 
animal's observed use of a resource is greater than those random sites, selection of that feature is inferred (Johnson 
et al. 2005, p. 10). 
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the size of their home range circumference in less than 1 week (Inman et al. 2012a, pp. 782–
783). This study also found that, for a 24-hour period, the average minimum distance traveled 
was 15.5 (km) (9.63 (mi) for males and 7.5 km (4.66 mi) for females (Inman et al. 2012a, p. 
783). Telemetry studies of wolverines in south-central Alaska indicate an average distance 
traveled per day of approximately 12 km (7.46 mi) for females and 8–21 km (4.97–13 mi) for 
males (Woodford 2014, no page number). Observations from snow tracking studies have found 
instances where two individual wolverines traveled together (Wright and Ernst 2004b, p. 63). 
 
Aronsson (2017, p. 40) study of resident status of female Fennoscandinavian wolverines found 
that most (86 percent) females remained stationary in their established territories, with 8 percent 
vacating and 6 percent expanding their territory. In addition, this study of 42 female wolverines 
in 122 territories reported that females with established territories only moved to available 
territories that were higher than average in quality (Aronsson 2017, p. 41). Bischof et al.’s (2016, 
p. 1,533) study of spatial and temporal patterns in wolverines (central Norway) using 
noninvasive genetic sampling methods also found that individuals tended to stay in same general 
area from one year to the next. 
 
A number of factors can affect wolverine movements within territories, such as availability of 
food, temperature, and breeding activity. Seasonal shifts in elevation have also been observed for 
wolverines in the contiguous United States. Gardner’s (1985, p. 21) ecological study of 
wolverines in southcentral Alaska found a significant movement up in elevation during late 
winter and early spring as well as a significant movement down in elevation during the late fall 
and winter. Wolverines were also observed moving to and occupying higher and presumably 
cooler elevations in summer months in northwestern Montana (Hornocker and Hash 1981, p. 
1,299). In Central Idaho, wolverines exhibited a preference for higher elevation areas containing 
rock and talus cover in summer months, but moved to lower elevations in winter; this was likely 
the result of an increase in availability of carrion related to the fall hunting season (Copeland 
1996, p. iv). Two aboriginal knowledge holders in the Kivalliq region (Nunavut, Canada) 
reported that wolverines will move closer to communities during caribou migration in the fall, 
likely attracted by the large number of caribou carcasses left by hunters (Cardinal 2004, p. 22). 
 
A study of wolverine movement in boreal forest habitat in Canada (northwestern Alberta and 
northeastern British Columbia) during winter months found that wolverines chose the most direct 
travel route with the least snow cover (Wright and Ernst 2004a, pp. 58–59). Woodford’s (2014, 
no page number) account of wolverines observations from studies in Alaska indicated that, when 
pursued, wolverines will run uphill, which may represent a predator-avoidance adaptive 
behavior. 
 
As discussed in more detail below (Diet and Feeding), several studies have shown that wolverine 
exhibit a seasonal shift in diet, and Hornocker and Hash (1981, p. 1298) concluded that food 
availability was the primary factor determining both movements and home ranges for wolverines 
studies in northwestern Montana. Movement patterns of adult males during the summer months 
are also likely influenced by breeding activity (Magoun 1985, p. 66).  
 
Males and females maintain large territories with very little overlap between same-sex adults 
(Magoun 1985, p. 38; Banci 1994, p. 118; Inman et al. 2012a, p. 783; Bischof et al. 2016, pp. 
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1,532–1,533; Regehr and Lacroix 2016, p. 249), but breeding pairs have overlapping territories 
(Copeland 1996, pp. 55–61; Hedmark et al. 2007, p. 19; Dawson et al. 2010, p. 413; Persson 
2010, p. 52; Inman et al. 2012a, p. 787). However, ranges of young males, who have not yet 
dispersed, can overlap with resident adult male home ranges (Alaska) (Magoun 1985, p. 64). 
Studies of wolverines in the Greater Yellowstone Ecosystem found a mean percent overlap of 
12.7 percent for same sex, adult–sub-adult pairs and about 24 percent for opposite sex, adult–
sub-adult pairs (Inman et al. 2012a, p. 787). In addition, Inman et al. (2012a, p. 783) found that 
when a resident adult wolverine died, same-sex adults (not known to be located within the dead 
wolverine’s home range) would begin using (within 3–7 weeks) areas of the unoccupied home 
range, or same-sex subadults would expand into and then occupy most or all of the dead 
wolverine’s former home range. Bischof et al. (2016, p. 1,533) study of territoriality of 
wolverines in central Norway (using scat analysis) indicated that within their study population, 
wolverines were also more likely to choose a home range area that was previously used by a 
neighboring same sex individual after that individual’s death. 
 
In central Idaho, annual home ranges of resident adult wolverines averaged 384 km2 (148 mi2) 
for females and 1,582 km2 (610 mi2) for males (Copeland 1996, p. 128). Home ranges for 
wolverines in Greater Yellowstone Ecosystem were estimated at 303 km2 (117 mi2) for adult 
females and 797 km2 (308 mi2) for adult males (Inman et al. 2012a, p. 782). For a parturient 
female, estimates of home range size in this region were significantly smaller, with a minimum 
of 100–150 km2 (39–58 mi2) (i.e., during year raising young) (Inman et al. 2012a, p. 782). 
Average home range sizes for adult wolverines studied in Glacier National Park (Montana) were 
estimated at 139 km2 (54 mi2) for females and 521 km2 (201 mi2) for males (Copeland and Yates 
2008, p. 9). In a 6-year study of wolverines in central Idaho and western Yellowstone region, 
average home range sizes (using minimum convex polygon method) were 357 km2 (138 mi2) 
(range:162–563 km2 (63–217 mi2)) for females and 1,138 km2 (439 mi2) (range: 440–2,365 km2 
(170–1,170 mi2)) for males (Heinemeyer and Squires 2015, p. 10). 
 
In northwestern Alaska, home range sizes (using minimum polygon method) for female 
wolverines varied year-to-year and by season (Magoun 1985, p. 33). The average yearly range 
was 103 km2 (39.8 mi2) (range: 53–232 km2 (20–89.6 mi2)) (Magoun 1985, p. 22). For male 
wolverines, the average yearly range was 666 km2 (257 mi2) (range: 488–917 km2 (188–354 
mi2)) (Magoun 1985, p. 36). The average home range size for lactating females rearing young 
was estimated at 70 km2 (27 mi2) from March through August (Alaska) (Magoun 1985, p. 36). 
 
In Canada, home range sizes have been reported as 50–400 km2 (19–154 mi2) for females and 
230–1,580 km2 (89–610 mi2) for males (COSEWIC 2014, p. 23). Dawson et al. (2010, p. 141) 
estimated mean home range sizes for wolverines in lowland boreal forests of central Canada 
(northwestern Ontario), based on 95% minimum convex polygons (December to October), of 
423 km2 (163 mi2) for females and 2,563 km2 (990 mi2) for males. These researchers also 
reported a home range of 262 km2 (101 mi2) for a lactating female using that same methodology 
(Dawson et al. 2010, pp. 141–142).  
 
In Scandinavia, Bischof et al. (2016, p. 1,532) found that male wolverines in central Norway had 
home ranges just over two-times larger than females (using noninvasive genetic sampling). That 
study estimated average annual home range sizes of 757 km2 (292 mi2) for males and 331 km2 
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(128 mi2) for females (Bischof et al. 2016, p. 1,532). Landa et al.’s (1998, pp. 451–452) radio-
tracking study in southern Norway also found that mean annual home ranges of male wolverines 
were larger than females (663 km2 vs. 274 km2 (256 mi2 vs. 106 mi2), and observed a reduction 
in activity by females in late winter and late fall, likely related to reproductive behavior. Persson 
et al. (2010, p. 52) found mean home ranges for wolverines in northern Sweden were almost 
four-times larger for males than females (669 km2 (258 mi2) vs. 170 km2 (66 mi2), respectively). 
The distance traveled by female wolverines depends on the location of the reproductive den site 
within the home range, the areas used for locating food/prey, and the territory border (Myhr 
2017, no page number).     
 
In summary, habitat diversity, food availability, and competition for resources can collectively or 
individually influence home range sizes of wolverines (Magoun 1985, p. 63; Inman et al. 2012a, 
p.785), which affects wolverine densities and population structure. Home range sizes of male 
wolverines are likely influenced by the density and reproductive condition of female wolverines 
(Magoun 1985, p. 63).  
 
Dispersal relates to the successful establishment of a breeding territory, generally by juveniles, 
at a location removed from the natal denning area, and can be confused with long-range 
movements of wolverines and other carnivores (Ruggiero et al. 1994, pp. 4–5).  
 
Based on telemetry studies, wolverines have been observed to disperse over very long distances.  
Both male and females can move long distances (cf. Flagstad et al. 2004, pp. 684-686), but 
young (yearling) females tend to establish home ranges closer to nearer their natal ranges than do 
young males (COSEWIC 2014, p. 24), which supports a male-biased dispersal pattern (from 
natal range) for wolverine populations. Vangen et al. (2001, p. 1,647) indicated that dispersal 
patterns of females were likely determined by competition for resources (that is, high quality 
territories) while male dispersal patterns were likely determined by competition for mates. 
 
As noted above, wolverines readily cross water bodies such as rivers, and can cross rugged 
terrain (COSEWIC 2014, p. 24; Woodford 2014, entire). Dispersing wolverines in Idaho traveled 
over 200 km (124 mi) following routes across isolated subalpine habitat (Copeland 1996, p. 
130). Inman et al. (2012a, p. 784) recorded dispersal-related movements of wolverines in the 
Greater Yellowstone Ecosystem and found that the maximum distance of subadults from the 
home range of their mothers was 170 km (106 mi) for males and 173 km (108 mi) for females, 
with an average maximum distance per dispersal movement of 102 km (63 mi) for males and 57 
km (35 mi) for females (Inman et al. 2012a, p. 784). In the Ontario, Canada, region a juvenile 
male reportedly dispersed 100 km (62 mi) (COSEWIC 2014, p. 24, citing unpublished data from 
Dawson et al. 2013). 
 
Two recent examples illustrate the extensive dispersal capability of wolverines. A male 
wolverine apparently dispersed (2008 or earlier) from the western edge of the Rocky Mountain 
region to the Sierra Nevada region of California (Moriarty et al. 2009, p. 160). Another male 
wolverine (M56), whose natal area was the Greater Yellowstone Ecosystem (northwest 
Wyoming), was tracked from this area and moved south to Colorado (about 500 miles), where it 
remained for about 3 years (2009–2012), when its tracking signal was lost. In April 2016, M56 
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was legally shot and killed by a rancher in western North Dakota, or about 1126.5 km (700 mi) 
from where it was last seen (WGFD 2016, pers. comm).  
 
Additional discussion of population distribution and density estimates is provided below (see 
Population Abundance and Distribution). 
 
Reproduction and Growth 
 
Wolverine reproduction includes the following characteristics: polygamous behavior (i.e., a male 
mates with more than one female each year), delayed implantation (up to 6 months), short 
gestation period (30–40 days), denning behavior, and an extended period of maternal care 
(Rausch and Pearson 1972, pp. 255–256; Pasitschniak-Arts and Larivière 1995, p. 5; Magoun 
and Copeland 1998, pp. 1,315–1,316; Hedmark et al. 2007, p. 19; Persson et al. 2017 in prep).  
 
Table 1 below presents a summary of wolverine reproductive chronology (extent and peak of 
reproductive events) based on a review of the literature and personal knowledge from field 
studies (Inman et al. 2012b, entire), and studies from Scandinavia (Aronsson 2017; Persson et al. 
2017 in prep). 
 
Table 1. Chronology of wolverine reproductive events (adapted from Inman et al. 2012b). 
 

Reproductive Biology Event Time Interval 
Mating Season May – August; peak in June 
Nidation (implantation of embryo) November – March; peak in late December–early February 
Gestation (45 days) November – April; peak in January–mid-March 
Parturition (birth of young) late January – mid-April; peak in February–mid-March 

(Sweden: peak in mid-February, range from end of January to 
early March)a 

Reproductive Den Use late January – end of June; most commonly, early February–mid-
May 

Weaning April – June; most commonly, late April–May 
Rendezvous Sites April – June; peak in early May 
Independence August – January; peak in September–December 
Dispersal  Peak period at 10–15 months of age; February–mid-April 
Lactation About 10 weeks  

aPersson et al. (2017, in prep). 
 
Wolverine mating is generally assumed to occur in May, June, July (Pulliainen 1968, p. 341; 
Rausch and Pearson 1972, p. 249). Inman et al. 2012b (p. 636) review of both the literature and 
personal observations indicated that June represented the peak in a wolverine mating season, but 
began in at least May and extended into early August. Female wolverines have been reported as 
not breeding in their first summer (under 1 year of age) based on examination of reproductive 
tracts from wolverine carcasses obtained from trappers (Yukon) (Banci and Harestad 1988, p. 
268) and ages of pregnant female wolverines were estimated at 1 to 11-plus years of age (Banci 
and Harestad 1988, p. 266). In another study of wolverine carcasses (also in Yukon), some 
female wolverines were said to be mature at about 1 year (about 15 months), but first litters were 
not produced until 2 years of age (Rausch and Pearson 1972, p. 253). Anderson and Aune (2008, 
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pp. 21–22) also evaluated carcasses in female trapper-harvested wolverines from western 
Montana (1985 to 2005) and estimated median ages pregnancy ranging from 1.5 to 2.5 years of 
age. In Scandinavia, the mean age of first reproduction for female wolverines was 3.4 years, 
based on monitoring of telemetered animals (Persson et al. 2006, p. 76). Breeding ages were 
reported at 2 to 13 years of age for wolverines in Sweden (mean age of first birth was 3.4, range 
of 2 to 5 years), based on monitoring/observations of female wolverines (Rauset et al. 2015, p. 
3,157).  
 
Genetic-based wolverine studies in Scandinavia have found that “females often reproduced with 
the same male in subsequent breeding years” (Hedmark et al. 2007, p. 18). However, this study 
also found (with some assumptions regarding sampling and paternity) that 8 of 13 female 
wolverines bred with different males, and, based on telemetry results, 2 females bred with a new 
male even though their previous breeding partner was still alive (Hedmark et al. 2007, p. 18). 
This shift in partners may have resulted from a change in the resident male wolverine in the area 
(Hedmark et al. 2007, p. 19). 
 
The reproductive rate of wolverines is relatively low. An early study of 31 wolverine dens in 
Finland, as reported by hunters, found an average of 2 young per den (range 1–4) (Pulliainen 
1968, pp. 338–341). Average litter size for northern Europe (161 litters) was 2.5 (range 1–4) 
(Pulliainen 1968, p. 343). In Alaska, average litter size was reported as 1.75 young, with a 
reproductive rate of 0.69 young per adult female per year (Magoun 1985, p. 28). A summary of 
average litter size for earlier studies of New World and Old World wolverines, based on method 
of determination, was presented in Magoun (1985, p. 29), indicating a range of 2.2 to 3.5. 
Anderson and Aune (2008, entire) evaluated pregnancy rates based on presence of corpora lutea 
(CL) and fetuses in trapper-harvested wolverines from western Montana. That study found 
median CL counts for pregnant adults ranging from 1.6 to 3.0, depending on the subpopulation 
(Anderson and Aune 2008, p. 22), with a mean litter size based on number of fetuses for 
pregnant adult females of 2.6 (Anderson and Aune 2008, p. 23). Studies of telemetered female 
wolverine in Scandinavia, from 1993 to 2002, reported a mean litter size of 1.88, with a range of 
1 to 4 young, with a mean annual birth rate of 0.74 young per female (Persson et al. 2006, pp. 
76–77). More recently, the average number of young per female per year reported for wolverines 
in Sweden was reported as 0.84 (range 0–3); however, for those animals with recorded denning 
behavior, this value increased to 1.38 (range 0–3) (Rauset et al. 2015, p. 3,157).  
 
Results from studies of telemetered female wolverines indicate that studies of wolverine 
reproductive tracts are likely to overestimate wolverine productivity (Persson et al. 2006, p. 77). 
Their findings suggest that young are either lost during pregnancy and/or shortly after birth, and 
are not likely to occur before implantation due, in part, to presumed delayed implantation 
(Persson 2006, p. 77). Delayed implantation (or reabsorption) of fetuses has been observed in 
other mustelids, including mink (Hansson, 1947 p. 62; and references cited therein, pp. 65–66). 
However, the factors that contribute to the observations that female wolverines do not give birth 
during some years are not well understood, and could be due to failure to breed, pseudo-
pregnancy (as demonstrated by Mead et al. 1993, entire), failure of a fetus to implant, absorption 
of implanted fetus, stillbirth, or mortality before emerging from den (e.g. infanticide, etc.) 
(Magoun 2013, pers. comm.).  
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Carnivorous mammals generally have altricial young (poorly developed and dependent young) 
(Derrickson 1992, p. 58), and prepare shelter in dens where the mother can feed their young and 
keep them warm (Irving 1972, p. 174). Young wolverines (kits or cubs) weigh about 0.1 kg (3.5 
ounces (oz) at birth and are blind until about 4 weeks of age (Krott 1960, p. 23). Newborns are 
covered with whitish to yellow hair (Krott 1958, p. 87; Mehrer 1976, p. 570), 4.5 millimeters 
(mm) (0.18 in) in length (Shilo and Tamarovskaya 1981, p. 147), with unerupted teeth (Mehrer 
1976, p. 570; Pasitschniak-Arts and Larivière 1995, p. 5) and closed ear canals (Shilo and 
Tamarovskaya 1981, p. 147). They are generally not left alone in the den at during the first 3-4 
weeks (Krott 1958, pp. 88, 108). Myhr (2017, no page number) study of telemetered wolverines 
in Scandinavia found that, on average, a female wolverine spends most of her time within 1000 
m (3,281 ft) of the reproductive den during the denning period.   
 
Mustelids, in general, have a short period of growth (Iverson 1972b, p. 317). As noted above, the 
metabolism of young wolverines is highest during the first 2½ months, and individuals are 
almost two-thirds grown by the fall (at about 6 months) (Krott 1960, p. 25). Shilo and 
Tamarovskaya (1981, p. 146) described 45-50 day old cubs (Norway) as having woolly coats, 
muddy grey in color, with teeth beginning to erupt at this age. At about 150 days, all permanent 
teeth have been established (Shilo and Tamaovskaya 1981, p. 147). After 2.5 months, young 
wolverines replace their juvenile coat with the adult summer coat (Shilo and Tamarovskaya 
1981, p. 147). With growth ending at about 8 months (Iverson 1972b, p. 320; Magoun 1985, p. 
23), cubs are generally full grown by October or November.  
 
Use of Dens and Denning Behavior 
 
Dens and breeding burrows of animals are, in general, carefully constructed, well-camouflaged, 
and located in areas not easily accessible (Novikov 1962, p. 25). Wolverines use both natal dens 
(used for birthing) and maternal dens (used subsequent to natal den and before weaning) for 
rearing young (Magoun and Copeland 1998, p. 1,314). The average relocation distance to 
maternal den sites for active wolverine den sites studied in Norway was 268 m (879 ft) (95% 
confidence interval: 40–497 m (131–1,631 ft)) (May et al. 2012, p. 199). The young remain at 
the natal den site for 6 to 8 weeks (Krott 1960, p. 24), and are weaned at 9 to 10 weeks 
(Copeland 1996, p. iv (Central Idaho); Koskela et al. 2013a, p. 101 (Finland)) (cf. 7 to 8 weeks 
reported by Myhre and Myrberget, 1975, p. 754 (Norway)). After weaning, the young are 
dependent on the mother and begin to travel with her by late April (Koskela et al. 2013a, p. 101 
(Finland)). Observations of wolverines in central Idaho reported that females traveled up to 17.9 
km (11 mi) from maternal dens to forage (Copeland 1996, p. 97). 
 
The exact timing of when females abandon natal dens and begin using maternal dens is difficult 
to establish (Inman et al. 2012b, p. 638). Magoun and Copeland (1998, p. 1,316) reported that 
natal den abandonment in Alaska and Idaho “coincided with a period when maximum daily 
temperatures rose above freezing for a number of days for the first time since denning 
commenced.” Aubry et al. (2016, p. 24) reported that a female wolverine moved her single 
young (estimated to be at least 9 weeks old) from a natal den in late April in the North Cascades 
region of Washington. However, other factors can influence shifts in the locations of these den, 
including intraspecific predation, parasites, or other disturbances (Inman et al. 2012b, p. 638). 
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Copeland (1996, p. iv) noted that human disturbance at maternal den sites resulted in den 
abandonment, but not abandonment of young.  
 
Rendezvous sites are those where young are left by mother while she hunts for food (Magoun 
1985, p. 16). These areas provide security to young (Copeland 1996, p. 94) and serve as 
locations at which females bring food to the young, or from which she will guide them to a food 
source (Inman et al. 2012b, p. 638). Copeland 1996 (p. iv) described rendezvous sites for Central 
Idaho as consisting of large boulder talus or riparian areas associated with mature overstory and 
dense timber deadfall (Copeland 1996, p. iv). Magoun (1985, p. 76) reported that rock caves and 
hilltops containing boulders without large snowdrifts were used as rendezvous sites in Alaska. 
Females may move their young to new rendezvous sites several times over a two month period 
(Magoun 1985, p. 73), and distances between consecutives sites have been reported as far away 
as 8.5 km (5.3 mi) (Magoun 1985, p. 76). 
 
Studies of adult female wolverines in Scandinavia (northern Sweden) have provided additional 
details regarding the temporal patterns of reproductive behavior and den site use. Aronsson 
(2017, p. 45) (see also Persson et al. 2017, in prep) found that, in general, most births occurred in 
mid-February. Females spend very little time outside the natal den for the first 2 weeks 
(Aronsson 2017, p. 45). During the first period of den site use, or approximately 2 to 2.5 months 
from mid-February (when females generally give birth and are lactating), females will move 
short distances and do not need to bring food to young (Aronsson 2017, p. 46). This time period 
generally coincides with snow cover and favorable conditions for food caching, and dens offer 
protection from predators and environment (Aronsson, 2017, p. 46). In addition, during the first 
1.5 months of the denning period, females rarely changed den sites, but begin to move outside 
the den in early March (Aronsson 2017, p. 45). In the later denning period (after April 15), 
females begin to move more frequently and at greater distances between den sites (Aronsson 
2017, p. 45). By late April, the young are more active and also begin to rely more on solid food 
that is brought back to them by their mother (Aronsson 2017, p. 46). This also corresponds to 
time period when prey are more available (reindeer migration and calving period in Sweden) and 
expected less longer distant movements by the mother back to denning or rendezvous sites 
(Aronsson 2017, p. 46). These observations are consistent with Inman et al.’s (2012b, entire) 
proposed cold, low productivity niche for wolverines based on studies of wolverines in the 
Greater Yellowstone Ecosystem. That is, reproductive chronology in wolverines is considered to 
be adapted to take advantage of the availability of food resources, limited interspecific 
competition, and snow cover in the winter (Inman et al. 2012b, p. 635).  
 
In summary, as described by Inman et al. (2012b, entire) and Persson et al. (2017, in prep), 
reproductive behavior of wolverines reflect seasonal shifts in resource abundance within the 
wolverine’s range; that is, adaptation that matches the time of birth and development of young to 
changes in the availability of resources and foraging strategies (Persson et al. 2017, in prep). We 
present in Figure 4 a visual summary of wolverine feeding strategies relative to resource 
availability from time of birth to post-weaning. 
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Figure 4. Wolverine feeding strategies relative to resource availability. Adapted from 
Persson et al. 2017, in prep.  
 
Denning Habitat  
 
Given the wolverine’s observed association with snow, we provide in Box 1.0 a summary of the 
importance of snow for ecological systems, in general. This summary provides a detailed 
perspective of how various physical properties of snow can influence ecological systems 
occupied by snow-adapted wildlife, including insulating properties, differences in snow cover in 
mountainous vs. forested habitat, and changes in snow cover due to wind and slope/aspect. 
However, we also emphasize here that there have been limited comprehensive studies of 
wolverine behavior, or its physical and ecological requirements outside of the winter months in 
North America (cf. Banci 1987 (Yukon); Hornocker and Hash 1981 (Montana); Gardner 1985 
(Alaska); Magoun 1985 (Alaska); Copeland 1996 (Idaho); Krebs et al. 2007 (Canada); Inman 
2013 (Greater Yellowstone Ecosystem)) due, in part, to the difficulty in tracking animals when 
snow cover is absent and their ability to move great distances across rugged terrain. In addition, 
den site locations for North America reported in the past has been biased to tundra regions where 
dens are more readily observed and located (Banci 1994, p. 110). In Scandinavia, snow cover has 
also been found to be a poor technique for tracking female wolverines during the time when they 
give birth and initiate denning (Aronsson and Persson 2016, p. 6). 
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Box 1.0: Snow Cover in an Ecological Context 
Formozov (1961; 1963) prepared comprehensive reviews of the unique properties of snow in the 
context of its role in the ecology of animals and plants in Russia. In his 1961 review (translated 
from the 1946 original), he identified two important factors attributed to snow cover — 
nastization (the thickness of the crust on the surface of mature snow cover) and firnization 
(process of snow compaction) — relative to its ecological influence (Formozov 1961, p. 8). Snow 
cover provides not only a substrate that allows some animals to move across the landscape, it also 
provides a matrix within which other animals can create tunnels and build nests (Formozov 1961, 
p. 8). Additional fundamental concepts described in this study are provided below: 
 

• Snow has very low thermal conductivity which promotes cooling at the surface while at 
the same time protects the deeper layers from chilling; but this property varies by region, 
by depth, by season , and by year (e.g., the more continuous the snow cover during winter, 
the greater the warming effect); as snow changes to ice (through compaction and melting), 
the thermal conductivity decreases (Formozov 1961, pp. 7, 8, 108) 

• Snow therefore creates a thermo-insulating layer, which allows for a unique temperature 
regime on the surface and underneath; as an example, soil temperatures measured in 
January (near Saint Petersburg, Russia) averaged 15°C higher with snow cover than 
without snow cover, with up to a 32°C difference, depending on the day and depth 
measured (Formozov 1946, p. 109) 

• Snow cover in mountains: 
o Depth of snow cover and its duration increases with elevation; even minor 

elevation differences are noticeable (Formozov 1961, p. 123) 
o This spotty distribution is also affected by unequal distribution of snow 

precipitation on slopes with different exposures, transport of snow by wind, 
melting of snow on sun-exposed slopes, avalanche or rolling down of snow from 
steeper areas, and vegetation (Formozov 1961, p. 123)  

o Snow cover areas near Arctic limits and at treeline in mountain regions is more 
strongly influenced by wind (which compacts and re-works snow cover) 
(Formozov 1961, p. 29) 

• Snow cover in forests: 
o The maximum depth, density, duration and date of melting, thickness of snow 

surface crust are all much different in forested areas as compared to open 
treeless areas (Formozov 1961, p. 19) 

o Snow accumulates slowly under trees and is generally thicker the further away 
from the forest than within the forest; thus, the compaction and settling of snow 
under a forest canopy is less than tundra or open fields (with a less icy crust), so 
for some vertebrates, forested areas can provide a more preferable place to 
winter or migrate (Formozov 1961, pp. 24, 26) 

o Snow cover in forested areas also melts slower than open fields and clearings 
(Formozov 1961, p. 28) 

• Snow cover also plays an important role in the overwintering conditions for insect eggs, 
caterpillars, pupae, and adult insects in litter and soil, and some plants (Formozov 1961, p. 
121) 
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Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, including persistent spring snow cover, the key elements or combination of elements 
that define this relationship have not been empirically analyzed. As noted above, adult 
wolverines have a wide range of thermoneutrality. However, newborns, who are born with 
lighter, less dense fur are likely to have a more limited ability to control their internal 
temperature, though huddling (a thermotactic behavior) of small mammals in dens can conserve 
heat (Barnett and Mount 1967, p. 439). Den locations are also assumed to be located in areas that 
provide protection for nursing female and her young. But it is unclear if the relationship to snow 
cover is based on selecting dens in remote, high elevation areas to avoid predators. 
 
Basal metabolic production of heat is the source of heat that maintains bodily warmth, and is not 
easily modifiable unlike the flexibility of insulation (Irving 1972, p. 121). However, metabolic 
heat above an animal’s basal rate for preservation of warmth is restricted by its not unlimited 
capacity for metabolic production of heat, but also by food availability and the time and 
opportunity for nourishment (Irving 1972, p. 121). In general, metabolic production of heat is 
costly to animals, but variable insulation represents a conservative strategy (Irving 1972, p. 121).  
 
Another key element related to den location is the protection that dens provide to a nursing 
female and her young. Because wolverines are known to den in a variety of structures it is 
unclear if the apparent relationship to snow cover is based on selecting den locations in remote, 
high elevation areas to avoid predators. Bare rock and boulders at den sits can offer dry and 
secure cavities and enhance the ruggedness of the landscape (May et al. 2012, p. 198).  
“Ruggedness,” a measure derived from elevational changes and irregularity of land surface 
(density of contour lines) traversing a given area (Beasom et al. 1983, p. 1,163) has been found 
to be an important variable (i.e., secure habitat from predation risk) for female wolverines in 
winter (British Columbia, Canada) (Krebs et al. 2007, p. 2,188) and for den site selection at site-
specific, home range, and landscape scales (southcentral Norway) (May et al. 2012, pp. 200–
201).   
 
Wolverine denning habitat varies across its Holarctic range. For example, in southcentral 
Norway, wolverine dens were snow tunnels dug into deep snow at the tree line (elevation 1,100 
meters a.s.l. (3,609 ft)), but most of the tunnel systems extended down to boulder fields, talus 
slopes, or rock crevices such that young could crawl around within these structures (May et al. 
2012, p. 201). Snow tunnels are also reported for wolverine natal dens in Alaska (Magoun 1985, 
pp. 84, 185, 190). However, reproductive dens are not always excavated in deep snow. In 
Canada, female wolverines are said to give birth in dens where snow cover persist at least until 
April, and can den under snow-covered rocks, logs, or within snow tunnels (COSEWIC 2014, p. 
v). For example, in northwestern Ontario, den site habitat for a female in lower Boreal Forest 
habitat (elevation 250 to 500 m (820 to 1,640 ft), 51°N) included large boulders and downed 
trees, similar to dens described for wolverines in montane ecosystems (Dawson et al. 2010, p. 
139). In Finland, Pulliainen (1968, p. 340) reported a den site (January) at the base of a tree and 
not covered in snow, and also described other structural features such as rocks, fallen trees, and 
deep ravines as denning habitat (likely both natal and maternal dens) (Pullianinen 1968, pp. 338–
341). In Russia, where wolverine habitat has been described as located far from human-inhabited 
areas within boreal forests and, to some extent, tundra, and taiga (Novikov 1962, pp. 199, 200), 
den locations were described as “clefts in rocks, among stones, and under roots of upturned 
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trees” (Novikov 1962, p. 200). Dawson et al.’s (2010, p. 142) study from northwestern Ontario 
noted that, because lowland boreal forest habitat in this region does not support deep, wind-
hardened snowdrifts, other structural elements within snow layers such as trees and boulders can 
be important components of wolverine denning habitat.  
 
Limited studies to date have evaluated the importance of denning habitat to reproductive success, 
or the key physiological and ecological characteristics, including avoidance and/or protection 
from predators, prey availability, availability of caching habitat, that define denning behavior 
and den site selection. Population density, trapping pressure, population genetics, and other 
measures of habitat quality may also influence wolverine fecundity (Anderson and Aune 2008, p. 
28). In addition, studies of wolverine denning activity have not reported the condition of the 
natal or maternal den location following abandonment; that is, What is the persistence and/or 
depth of snow at the natal den at the end of the denning season and how does this affect survival 
of young?  
 
Copeland et al. (2010, p. 234) used a bioclimatic model to test the following hypothesis: 
“…wolverine distribution at the broadest spatial scale is constrained within a climatic envelope 
defined by an obligate association with persistent spring snow cover and by an upper limit of 
thermoneutrality.”  However, this hypothesis was based on the premise “If persistence of 
wolverine populations is linked to the availability of suitable reproductive den sites ([citing] 
Banci 1994), snow cover that persists throughout the denning period may be a critical habitat 
component that limits the wolverine’s geographic distribution” (Copeland et al. 2010, p. 234). 
The authors tested this hypothesis by “comparing and correlating the locations of wolverine 
reproductive dens from throughout their circumboreal range, and telemetry locations from 10 
recent wolverine studies in western North America and Scandinavia, with spatial models 
representing the distribution of spring snow cover and average maximum August temperatures” 
(Copeland et al. 2010, p. 234) (emphasis added). 
 
Bioclimatic models “use associations between aspects of climate and known occurrences of 
species across landscapes of interest to define sets of conditions under which species are likely to 
maintain viable populations” (Araújo and Peterson 2012, p. 1,527). They are correlational by 
nature and are often applied to study a variety of conservation issues, including forecasting 
potential climate change effects on species’ distributions (Araújo and Peterson 2012, p. 1,527). 
However, these types of correlational models have received some criticisms and require careful 
framing to avoid misapplication (Sieck et al. 2011, p. 6; review by Araújo and Peterson 2012, 
entire).They generally represent a first step for evaluating current and future species 
distributions, and, when coupled with climate change scenarios, results are presented at a coarse 
scale that may not accurately project shifts in species distribution at a smaller scale (Sieck et al. 
2011, p. 6). In particular, when used to estimate extinction risk, these types of models provide 
only an estimate of the empirical relationships between a species’ current distribution and 
climate variables and then use inferred relationships to identify potential areas where the species 
is distributed under future climate scenarios (Araújo and Peterson 2012, p. 1,553). Extinction 
risk is not represented in the model’s input data and therefore is not the targeted parameter of the 
model; thus, a bioclimatic model’s usefulness may be limited in these types of applications given 
that it only offers partial explanatory evidence for reasons for potential extinction related to the 
shifts in climate suitability within the time frame being modeled (Araújo and Peterson 2012, p. 
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1,533 and citations therein). In addition, climate niche projections generally do not incorporate 
factors such as competition, dispersal, and evolutionary capacity, which also influence range 
boundaries (Michalak et al. 2017, p. 370). Thus, these types of models are more applicable at 
broad scales in which the effects of fine-scaled topography and biological interactions play a 
more limited role (Michalak et al. 2017, p. 370); however, both of those effects are important for 
wolverine, particularly at the den-site scale.  
 
Finally, Post (2013, p. 50) suggested that the niche conservatism approach may not be 
appropriate in predicting changes to species’ distributions under future climate change scenarios. 
He concluded that, based on redistribution patterns of flora and fauna throughout the Pleistocene 
epoch, but particularly the Late Pleistocene period of rapid warming, species movement is not 
always predictable in directions or rates based simply on their association with the more 
predictably changing environmental/abiotic measures.  
 
As noted above, Copeland et al. (2010, entire), used a climatic model to evaluate an assumed 
association not at the den site scale, but at a broad scale. The results presented in Copeland et al. 
(2010, entire) were based not on the condition of snow cover at a particular den site at the time of 
denning, but rather their evaluation of snow persistence (April 24 to May 15) was based on 
satellite images summed over a 7-year period (2000 to 2006) for the den locations. The 
resolution of the snow measurement used to detect daily snow cover was 500 m (1,640 ft), using 
Moderate-Resolution Imaging Spectroradiometer (MODIS). If persistent snow cover was 
observed in any one year, it was included in the bioclimatic model regardless of whether denning 
occurred during that particular year.  
 
In addition, although the study found that 69 percent of dens for North American wolverines 
were located within satellite images (pixels) in areas that had snow cover for 6–7 years, just over 
one-third (31 percent) of the identified den locations were located in areas that were identified as 
having spring snow cover 5 years or less out of 7 years. Also, the den location attributes (e.g., 
den structure, how long it was used) were not recorded relative to the observed persistent snow 
cover and some of the 560 dens (e.g., Norway) were identified by snow tracking rather than 
direct observation. In essence, the results presented by Copeland et al. (2010, entire) provided a 
fairly accurate, though preliminary, assessment of where wolverine populations are expected to 
be observed, but did not evaluate (model) snow persistence at the den site scale based on location 
and denning period.  
 
We also note here that results from scoring exercises of a panel of scientists convened by the 
Service in April 2014 (Wolverine Science Panel Workshop), indicated that most panelists 
allocated points to an obligate relationship of wolverines with deep snow at the den-site scale, 
but there was a wide range of scores from the panel as to whether contiguous snow was limiting 
at the home-range or species-range scales (Wolverine Science Panel Workshop Report 2014, pp. 
9–11).  
 
Since the 2013 and 2014 proposed rules for the wolverine, several publications have presented 
additional study results related to wolverine distribution and snow cover. In Alberta, Canada, 
(Webb et al. 2016, entire) found that, based on wolverine harvest data, wolverine occurrence 
relative to spring snow cover varied based on the different regions of Alberta. Although the study 
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found an overall positive trend of more frequent wolverine harvests in those areas expected to 
have spring snow cover, the study did not find consistent large differences between these areas, 
and did not typically detect significant relationships with frequent spring snow cover (4–7 years) 
in all regions (Webb et al. 2016, p. 6). The Rocky Mountains region was the only region in 
which wolverines were reported in areas with more frequent spring snow cover (4–7 years) 
(Webb et al. 2016, p. 5). This region, which is located along the western border of Alberta, 
contains montane, subalpine and alpine habitat, with elevations from 1,000 m (3,281 ft) to 3,700 
m (12,139 ft) (Webb et al. 2016, p. 9). Conversely, the study found that in the Boreal Forest 
region of Alberta (wetland habitat interspersed with coniferous, mixed wood, and deciduous 
forests, with elevations between 1,500 m (4,921 ft) to 1,100 m (3,609 ft), a female wolverine 
denned under large boulders and downed trees (Webb et al. 2016, p. 8). The authors noted that 
wolverine den locations within low elevation, forest habitats have not been well-described 
(Webb et al. 2016, p. 8). As noted above (Novikov 1962, p. 200), in boreal forested habitat, 
wolverines den in rock areas and in tree root structures. A similar finding was reported in 
Sweden, where a majority of dens (n=49) were in boulder areas located within mature, mixed 
coniferous forests (i.e., not alpine or tundra habitat) (Makkonen 2015, p. 14); all den sites 
provided cover for young without snow (Makkonen 2015, p. 17). A recently published study 
reported wolverine natal dens in logged areas (cutblocks) in northern Alberta, Canada; 
specifically, within a slash pile and log deck (Scrafford et al. 2017, p. 35). 
 
Aronsson and Persson (2016, p. 6) study of wolverine populations and distribution in Sweden 
observed that wolverine populations were found outside areas with persistent spring snow cover 
and expanding into boreal forest habitat located to the east and south of alpine areas. This 
southern and eastern expansion (from 1996 to 2014) indicates recolonization of their historical 
distribution in Sweden, and is thought to be the result of an increase in population, with more 
dispersers colonizing forest habitat, and an increase in year-round scavenging opportunities due 
to an increase in Scandinavian wolf packs (Aronsson and Persson 2016, p. 6; Aronsson 2017, p. 
43–44). As of the spring of 2017, over 80 reproductive dens have been observed outside the 
boundary of the snow model presented in Copeland et al. (2010) (Persson 2017, pers. comm.). 
Similarly, Koskela (2013, p. 38) found that 10 observed wolverine dens observed in Finland 
were determined to be “snow dens,” but 8 of the 10 dens were located in areas outside the 
modeled, satellite-based spring snow cover area.  
 
Snow depth can be affected at a local level by terrain, ruggedness, slope and aspect; slope and 
aspect together will affect the exposure to snow accumulation (May et al. 2012, p. 198). In an 
effort to document and compare snow persistence at the wolverine den-site scale, Magoun et al. 
(2017, entire) evaluated the use of low-altitude aerial photography during late May 2016 in areas 
within the Rocky Mountains (Idaho and Montana) and northwestern Alaska. Transect segments 
(established along flight lines) in the Rocky Mountain study areas documented snow on May 31 
in all but one segment, with 82 percent classified in low to heavy snow retention categories, and 
58 percent considered as moderate to heavy (Magoun et al. 2017, p. 383). In the Alaska study 
area, photographs documented widely scattered patches of snow on May 29, with remnant 
snowdrifts observed at all four wolverine den sites (Magoun et al. 2017, p. 383). The 
documentation of the existence of scattered patches of snow in the Rocky Mountains persisting 
into late May in areas previously detected to be bare of snow on May 29 (MODIS persistent 
spring snow cover, McKelvey et al. 2011, p. 2,889, Figure 4D; Magoun et al. 2017, p. 384, 
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Figures 2b and 2d) suggests that persistent spring cover may not always be detectable at the den-
site scale using remote sensing methods (Magoun et al. 2017, p. 384).  
 
To evaluate snow cover at previously recorded den site locations in the western U.S., we 
reviewed natal, maternal, and known den sites relative to derived ‘melt-out’ dates using 
MODIS/Terra Snow Cover, 8-day series (Hall and Riggs 2016). Melt-out dates represent the first 
day of the 8-day composite series when the cell in which the den was located switches from 
“snow” to “no snow.” The spatial resolution for these data is 500 m by 500 m (1,640 ft by 1,640 
ft). Because this MODIS data was only available from the years 2002–2008, we were only able 
to evaluate 21 of the 34 den sites documented in our records. As shown in Table 2, the earliest 
melt-out date was May 14 (2006) and the latest was July 12 (2002). For natal den sites only, the 
range for melt-out dates was May 25 to July 12. All of these sites indicate a melt-out date that is 
past the May 15 date used for the persistent spring snow cover model presented in Copeland et 
al. (2010).  
 
Table 2.  Wolverine Den Site Melt-Out Dates, 2002–2008.  
 

Den # Den Type Melt-out Date Elevation, meters (feet) Structure State 
1 Unknown 7/12/2002 1,814 m (5,951 ft) None Listed WA 
2 Natal 5/25/2003 1,928 m (6,326 ft) Log Complex MT 
3 Maternal 5/25/2003 1,995 m (6,545 ft) Log Complex MT 
4 Natal 6/4/2004 1,807 m (5,923 ft) Log Complex MT 
5 Natal 6/9/2004 2,399 m (7,871 ft) None Listed WY 
6 Natal 6/17/2004 2,487 m (8,160 ft) None Listed MT 
7 Maternal 6/29/2004 1,823 m (5,981 ft) Downed Log MT 
8 Maternal 6/29/2004 1,893 m (6,211 ft) Log/Boulder MT 
9 Maternal 6/11/2005 1,912 m (6,273 ft) Spider Tree MT 

10 Maternal 6/11/2005 1,973 m (6,473 ft) Spider Tree MT 
11 Natal 6/11/2005 1,977 m (6,486 ft) Spider Tree MT 
12 Natal 7/12/2005 2,693 m (8,835 ft) None Listed MT 
13 Unknown 5/14/2006 1,514 m (4,967 ft) Log Complex MT 
14 Unknown 5/25/2006 2,093 m (6,867 ft) None Listed MT 
15 Maternal 5/31/2006 1,851 m (6,073 ft) Log Complex MT 
16 Natal 5/31/2006 1,843 m (6,047 ft) Log Complex MT 
17 Unknown 6/7/2006 2,252 m (7,389 ft) None Listed MT 
18 Natal 6/18/2006 2,695 m (8,842 ft) None Listed MT 
19 Natal 5/25/2007 2,820 m (9,252 ft) None Listed MT 
20 Natal 6/4/2007 1,922 m (6,306 ft) Log/Boulder MT 
21 Unknown 7/3/2008 2,505 m (8,219 ft) None Listed ID 

 
Additional studies are needed to further document wolverine den structure, snow conditions at 
dens, and how long dens are used, particularly for those locations outside of areas expected to 
have spring snow cover, to better understand the relationship of wolverines and snow cover 
(Webb et al. 2016, p. 8; Magoun et al. 2017, pp. 6–7). 
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Other physical or biotic variables are also likely to be important for wolverine den site locations. 
Elevation affects snow depth and persistence at the landscape scale (May et al. 2012, p. 198). 
Inman et al. (2012a, p. 782) found that wolverines (12 females and 6 males) monitored in the 
Greater Yellowstone Ecosystem selected, on an annual basis, areas above 2,600 m (8,530 ft) 
latitude-adjusted elevation. In central Idaho, natal dens were also found in secluded, high 
elevation (above 2,500 m (8,202 ft)) cirque basins (Copeland 1996, p. 94).  
 
We evaluated 34 den sites in the lower United States using a linear regression model to evaluate 
whether the elevation of wolverine den sites is related to latitude. We note here that not all of 
these dens were characterized as to whether they were natal or maternal dens and a few records 
were not verified through tracking of females or direct observations. Given these caveats, our 
examination of these records indicated that, in general, wolverine dens at lower latitudes (36 to 
38°N) occur at higher elevations (range: 2,688 to 3,562 m) (8,819 to 11,686 ft) while the 
converse is seen for those dens at higher latitudes, or approximately 44 to 49°N (range: 1,514 to 
2,820 m) (4,967 to 9,252 ft). Given our assumptions (small sample size, test of normality (i.e., 
Shapiro test for elevation is just met)) we used linear regression (R Software; R Core Team, 
2014) to test this association. We found a significant association with elevation and latitude 
[adjusted R2 = 0.76, F = 108.1, df=32; p-value = 8.24 x10-12], such that dens found at lower 
elevation were associated with higher latitudes. However, the results of this simple model 
indicate that 76 percent of the elevation for this sample is explained by latitude; thus, other 
potential explanatory variables or interactions between variables should be considered using 
multiple regression techniques. 
 
The steep slopes found at higher elevations also provide conditions conducive to avalanches, 
which result in debris and talus/boulder piles that provide structure for dens (Inman 2013, pers. 
comm.). Steep slopes and the availability of rocks were found to be important to wolverine den 
site selection for wolverines studied in Norway (May et al. 2012, p. 200). These areas also offer 
either exclusive or higher frequencies of maternal food sources during the high energy demands 
for reproducing females, such as marmot emerging from hibernation and neonatal ungulates 
(Inman 2013, pers. comm.) (see Diet and Feeding discussion below). 
 
In summary, wolverines select den sites for different characteristics depending on location. Dens 
located under snow cover may be related to wolverine distribution based on other life history 
traits, including morphological, demographic, and behavioral adaptations that allow them to 
successfully compete for food resources (Inman 2013, pers. comm.). Structure (e.g., uprooted 
trees, boulders and talus fields) appears to be essential for natal den sites. Sensitivity to human 
disturbance and predator avoidance are also likely important factors in selecting both natal and 
maternal den sites. However, reproductive success of wolverines has not been evaluated relative 
to the depth and persistence of snow cover, or in combination with these or other important 
characteristics, including prey availability and predator avoidance.  
 
Demography 
 
The lifespan of the wolverine is variable. Jackson (1961, p. 361) reported an upper range of 8–10 
years and potentially up to 18 years in captivity. Based on trapper-submitted carcasses from the 
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Yukon, Jung and Kukka (2013, pp. 8, 12) reported an upper age of 11.9 years for a male 
wolverine and 12.9 years for (pregnant) female. Inman et al. (2012a, p. 781) classified 
wolverines less than 1 year old as juveniles (or cub), those 1 to 2 years old as subadults, and 
those at least 3 years old as adults. Wolverine generation time for wolverines has been estimated 
at 7.5 years (COSEWIC 2014, p. 23). 
 
Survival of adult female wolverines is considered to be an important demographic parameter in 
the wolverine’s life history (Sæther et al. 2005, entire). As noted by Aronsson (2017, p. 13), 
because most polygamous species display a dispersal pattern that is sex-based, their population 
distribution is generally limited by the dispersal behavior of the sex that is more philopatric (the 
tendency of a species to remain within or return to its birth area). Thus, the distribution of 
wolverine populations and colonization is generally limited by dispersal of female wolverines 
(Aronsson et al. 2017, p. 2).  
 
Stochastic factors (both demographic and environmental) also strongly influence the population 
dynamics of the wolverine (Sæther et al. 2005, p. 1,011–1,012). Given the rapid maturity of 
young wolverines, survival of female wolverines with young is likely dependent on the 
availability and distribution of food sources during the “snow-free season” (late spring and 
summer) (Banci 1994, p. 114). For example, a study of wolverines in Norway found that survival 
of young was primarily influenced by the abundance of small rodents (Landa et al. 1997, p. 
1,293).  
 
Evaluating how variations in demographic rates are influenced by the interactions between costs 
of reproduction, individual quality (e.g., breeding status), and environmental factors can provide 
a better understanding of the dynamics and viability of animal populations (Robert et al. 2012; p. 
entire; Rauset et al. 2015, entire). The interactions between individual age, environmental 
resources, and reproductive costs of wolverines in Sweden were recently examined by Rauset et 
al. (2015, entire). The results of this study provide important details regarding the influences on 
wolverine reproduction productivity. The study found that age-related variation in reproductive 
output for female wolverines is driven by the interactions between age, reproductive costs, and 
availability of resources (Rauset et al. 2015, p. 3,160). As an example, female wolverines were 
found to be more likely to give birth and nurse young in home ranges with greater food resource 
abundance at the time of fetal development (Rauset et al. 2015, p. 3,158). The study also 
concluded that a favorable reproductive strategy for female wolverines is a conservative one, 
wherein older female wolverines do not “trade” current reproduction against their own survival 
(Rauset et al. 2015, p. 3,161). 
 
Intraspecific predation of wolverines is another important influence on wolverine population 
dynamics (Persson et al. 2003, p. 26). The altricial life history stage (early May to end of July) is 
likely a period of high juvenile mortality in solitary carnivores, such as the wolverine, since 
females are balancing the energetic demands of lactation (Sadleir 1984, pp. 179–180) and 
providing protection to young (Persson et al. 2003, p. 22). Young (juveniles) wolverines are 
vulnerable to predation during the time period when left unattended in the natal den (generally 
March-April) and when they have first exit the natal den and are left at rendezvous sites 
(locations in which the female leaves young while she hunts for food, and from which they will 
not leave without her), or around May-June (Magoun 1985, pp. 49, 73, 77). An additional 
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vulnerability occurs when juvenile wolverines are required to become nutritionally independent 
and begin exploratory movements away from their mother’s protection, generally August-
September (Vangen et al. 2001, p. 1,644).  
 
Mortality 
 
There are a few natural predators of wolverines, but interactions with wolves can lead to severe 
injury and death (Burkholder 1962, p. 264; Banci 1987, pp. 81, 91; White et al. 2002, p. 132). 
Mountain lion are suspected of killing wolverines (Copeland 1996, p. 46; Krebs et al. 2004, p. 
497; Aubry et al. 2016, pp. 27, 32). Starvation has also been identified as a cause of mortality in 
wolverines (Hornocker and Hash 1981, p. 1,296; Banci 1987, pp. 91, 110; Krebs et al. 2004, p. 
497).  Intraspecific predation also contributes to wolverine deaths. Persson et al.’s (2003, p. 25) 
found that juvenile survival rate tended to be lower during the altricial period (May–July), and 
intraspecific predation was the most common cause of mortality, occurring either as infanticide 
and after independence. Avalanches have also been documented as a cause of wolverine deaths 
(Inman et al. 2007, p. 89). 
 
In North America, anthropogenic causes of mortality for wolverine populations include hunting, 
trapping, and road kill. There is currently no allowable trapping or harvesting of wolverines in 
the contiguous United States, though incidental trapping mortalities have been reported as we 
reported in our proposed rule (78 FR 7881; February 4, 2013). This is discussed in more detail in 
Biological Status–Current Condition section below. Two mortality events from shootings of 
wolverines were documented in Idaho (2001, 2007) (Idaho Department of Fish and Game 
(IDFG) 2014, p. 26). In Alaska, wolverine trapping and hunting is controlled by seasons and bag 
limits, with about 550 animals harvested each year (Alaska Department of Fish and Game 
(ADF&G) 2017a). Trapping and harvesting of wolverines occurs over much of the range in 
Canada, as summarized in the 2014 COSEWIC wolverine status review (COSEWIC 2014, pp. 
10, 29–35). Harvest levels in western provinces have remained relatively stable since 1992 
(COSEWIC 2014, p. 38; Table 1). Trapping is closed in Ontario (except through treaty rights), 
though incidental trapping results in 1 to 4 mortalities per year (Bowman et al. 2010, p. 465). 
 
In their review of 12 radio-telemetry studies (1972 to 2001) of wolverines in North America, 
Krebs et al. (2004, p. 497) reported 3 mortalities of wolverines from road-rail kills. More 
recently, road mortalities have been recorded in Idaho (1 confirmed in 2014) (Idaho Department 
of Fish and Game 2017) and 2 in Montana (2004) (Kociolek et al. 2016, p. 68); one in Utah 
(2016) (Hersey 2017, pers. comm.); and two other wolverine road-rail fatalities were reported in 
2015 (Inman 2017a, pers. comm.). In Canada, anthropogenic causes of mortality for wolverine 
populations also include road kill (COSEWSIC 2014, p. v). Dawson et al. (2010, p. 142) 
reported a road mortality for a male in a lowland boreal forest region of Ontario, Canada. More 
recently, Scrafford et al. (2017, p. 34) described a report in which 9 wolverines were struck and 
killed by vehicles in the Hay-Zama region of northwestern Alberta, Canada (2013–2015), and 1 
road mortality occurred within the town of Rainbow Lake in Alberta. 
 
Additional discussion of the effects of hunting, trapping, and human development is discussed 
below (see Biological Status–Current Condition section below).   
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Diet and Feeding 
 
Wolverines have been described as opportunistic foragers (Inman et al. 2012b, p. 639) and as a 
“seasonal scavenger on the fringe of the food web” (Larsen 1980, p. 399). They are both 
scavengers and predators, with a diet that varies between seasons and years, and switching 
between food sources depending on availability (Magoun 1987, p. 396; Cardinal 2004, pp. 19–
22; Mattisson et al. 2016, p. 9). Landa et al. (1997, p. 1,292) used the term “polyphagous” to 
describe the switching of food sources depending on prey availability by wolverines. Regional 
variations in diet have also been observed for wolverine populations (Nunavut, Canada) (Awan 
and Szor 2012, p. 9). The availability of ungulate carrion is believed to be more important than a 
particular habitat type for wolverines (Cardinal 2004, p. 20). 
 
Early studies from northwestern Montana using scat analysis found that carrion (deer or elk) was 
an important component of wolverine diet (Hornocker and Hash 1981, p. 1,297). However, 
during winter, hoary marmots (Marmota caligata) were also important food items consumed 
and, in the spring, Columbian ground squirrels (Urocitellus columbianus) were heavily preyed 
upon (Hornocker and Hash 1981, p. 1,298). Cardinal (2004, pp. 20–21) described a large and 
varying diet for wolverines in Canada based on reports from aboriginal traditional knowledge 
holders; in addition to large animals as prey or carrion, wolverine diet includes rabbits and 
ptarmigans (Lagopus sp.), porcupine (Erethizon dorsatum), mice, beaver (Castor canadensis), 
fish, ducks, seals, gulls and gull eggs, and lemmings, as well as antlers, bones, and skulls. Native 
mountain goats (Oreamnos americanus) and bighorn sheep (Ovis canadensis), who occupy high 
elevation winter ranges in portions of North America, have also been suggested as important 
component of wolverine winter diet, particularly during the reproductive denning period (Buell 
2016, pers. comm.). Snowshoe hares may also be an important food item for wolverines in parts 
of Canada (Jung and Kukka 2013, p. 20). 
 
In northwestern Alaska, analyses of wolverine winter diet using carcasses collected from hunters 
(1996–2002) within the migratory range of the Western Arctic Caribou Hard found that caribou 
represented the most common food item, likely through scavenging behavior, followed by moose 
(Alces alces), and to a lesser degree, microtine rodents, Arctic ground squirrels (Spermophilus 
parryii), porcupines, wolverines, red fox (Vulpes vulpes), sheep and ptarmigan (Dalerum et al. 
2009, p. 249). One study year found stomach contents contained a large portion of muskoxen 
(Ovibos moschatus) and Dall’s sheep (Ovis dalli) (Dalerum et al. 2009, p. 249). Gustine et al. 
(2006, pp. 13–14) found that wolverines were the main predator of caribou calves (less than 14 
days of age) in northern British Columbia, Canada. Magoun (1987, entire) evaluated wolverine 
diets in winter (scat analysis) and summer (primarily direct observation) in northwestern Alaska. 
Results from that study indicate a large number of Arctic ground squirrels were eaten in summer, 
while winter diet consisted primarily of caribou and Arctic ground squirrels (Magoun 1987, p. 
393). Scavenging was found to be an important feeding strategy in winter, including remnants of 
caribou buried carcasses or bone/hide in tundra (Magoun 1987, p. 396). 
 
Yates and Copeland (in prep) documented food habits of wolverines from 2002 to 2007 in 
Glacier National Park by reviewing prey remains and scat samples, or direct observations of 
feeding behavior. Their scat analysis found that 72 percent of samples contained more than one 
prey species, and 89 percent contained plant material, primarily conifer needles (Yates and 
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Copeland, in prep). The latter may be related to scent-marking behavior of territories, either by 
defecation after chewing on twigs/shrubs or terpenes released during urination, or the result of 
stomach contents found within their consumed herbivorous prey (Yates and Copeland, in prep). 
Overall, deer and elk represented the most frequent prey item (37 percent), but hibernating 
rodents were also common in scats (36 percent).  Other prey items included mice, voles, 
lemmings, bovids (e.g., bighorn sheep, mountain goat), birds, and hares (Yates and Copeland, in 
prep). Temporal differences in the occurrence of prey were also observed. 
 
Snow tracking in Montana found that wolverines hunted in brush piles, log jams, and heavy 
cover, and routinely entered "tree wells," areas immediately under dense, low growing conifers 
where snow does not accumulate, that provide easy access to small, ground-dwelling mammals 
(Hornocker and Hash 1981, p. 1298). Wolverines have been described as moving and lifting 
large stones in order to access human-cached meat (Freuchen 1935, p. 98). 
 
Several foraging strategies have been described for wolverines. Predation behavior on reindeer 
(Sweden) was detailed by Haglund (1966, p. 275). A study of elk in Siberia, Russia, noted that, 
in most instances, wolverines will attack young, pregnant females, young of the year, and 
wounded or sick animals (Knorre 1959, p. 27). Elk were chased, sometimes by two wolverines 
during periods of heavy snow (Knorre 1959, pp. 10, 27) and wolverines have been observed 
feeding in groups on large animal carcasses (Cardinal 2004, p.21). However, wolverines have 
been described as neither an effective predator of large game animals, nor a serious competitor 
with other predators (Cardinal 2004, p. 21).  
 
Based on studies in Alaska, Dalerum et al. (2009, p. 251) suggested that wolverines occupying 
this region are large ungulate specialists, but use a generalist feeding strategy by switching 
between ungulate food sources (e.g., caribou and moose) depending on their availability. Thus, 
during periods of low caribou abundance, wolverines can switch from caribou (migratory) to 
moose (non-migratory) while still maintaining their ecological role as a scavenger on ungulate 
carcasses (Dalerum et al. 2009, p. 251).  
 
A study of wolverine diet using scat samples in Finland found that breeding female wolverines 
opportunistically used carrion and hunted less on small prey as compared to males and non-
breeding females (Koskela 2013, p. 35). In addition, in areas with low densities of mid-size 
ungulates, smaller prey and carcasses may be important in the wolverine diet (Koskela 2013, p. 
35). These results supported an optimal foraging theory; that is, wolverines will opportunistically 
use foods that are the most energy-efficiently available (Koskela 2013, p. 41). In other words, 
hunting ungulates or smaller prey (rabbits, birds) may incur greater energetic costs than 
scavenging for food, but searching for wolf- or human-killed carcasses will take more time 
(Koskela 2013, p. 41).  
 
Finally, Mattisson et al. (2016, entire) evaluated diet and feeding strategies of wolverines in 
Scandinavia. They found that wolverine feeding strategies were flexible and temporarily shifted 
from scavenging to predation and heavily influenced by seasonal dependent responses to 
availability of prey and the supply of carrion (Mattisson et al. 2016, p. 9). Predictable 
anthropogenic food sources (i.e., remains from hunted ungulates) also influenced wolverine 
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feeding strategies in their study area by increasing scavenging behavior relative to predation 
(Mattisson et al. 2016, p. 10). 
 
Aboriginal traditional knowledge holders (Canada) have reported wolverines as being largely 
dependent on wolves or another large predator to obtain large mammal carrion such as caribou, 
but also scavenge off polar bear (Ursus maritimus) and grizzly bear (summer) kills (Cardinal 
2004, p. 20). Wolverines were observed following the tracks of lynx and then scavenging on 
prey left behind from lynx kills (Haglund 1966, pp. 272-273). Myhre and Myrberget (1975, p. 
756) noted that the hunting abilities of wolverine and lynx are not the same and that the two 
animals use the meat of their prey differently, which, together, may allow the two carnivores to 
coexist in the same environment.  
  
In Sweden, Mattisson et al.’s (2011b, p. 1,326) study of Global Positioning System (GPS)-
collared wolverines found that they spent three times longer scavenging ungulate carrion as 
compared to feeding on wolverine-killed prey, and more than half of the reindeer carcasses 
scavenged by wolverines were killed by lynx. That study concluded that lynx can increase the 
availability of food for wolverines and other scavengers and that lynx behavior around kill sites 
minimizes potential encounter conflicts (Mattisson et al. 2011b, p. 1,328). In their study area, 
lynx do not appear to pose a significant threat to wolverines, neither by exclusion in space or 
time (Mattisson et al. 2011a, p. 79) nor from mortality (Persson et al. 2009, p. 327). We are not 
aware of similar evaluations for North American populations of wolverines and lynx. Fisher et 
al. (2013, p. 712) remarked that this lack of study on interspecific processes in the more 
predator-diverse North American landscape is an important gap in our understanding of 
wolverine distribution. 
 
Large carnivores can act as “sympatric ungulate predators” (Dalerum et al. 2009, p. 251), 
generating carrion at kill sites, particularly during winter months, but also as competitors and 
potential source of mortality (cf. White et al. 2002, p. 132; Krebs et al. 2004, p. 497; Koskela et 
al. 2013b, p. 221). Scrafford et al. (2017, p. 32) concluded that wolverines balanced their 
exposure to the risk of predation with foraging opportunities. Thus, even though wolverines may 
not be dependent on lynx or other sympatric predators for their survival or reproduction, an 
increase in the availability of carrion likely has a positive influence on the reproductive rate (e.g., 
number of offspring) in wolverine populations (Mattisson et al. 2011b, p. 1,328). 
 
Caching of food is an important behavior of wolverines and is important component of wolverine 
population dynamics (Hornocker and Hash 1981, p. 1,297; Inman et al. 2012b, p. 640). Food is 
cached in both summer and winter, by both sexes, and allows for food to be available past the 
peak periods of mortality and predation (Inman et al. 2012b, pp. 639). Wolverines will typically 
move between carcasses and cache sites and are able to remove large parts of a carcass in a short 
time (Mattisson et al. 2011, p. 1,327). Haglund (1966, p. 274) (Sweden) reported caching 
behavior most commonly in snow, as well as crevices in rock piles, and found that wolverines 
carried food to cache sites over long distances (8 and 10 km (5 and 6 mi)). Bjӓrvall (1982, p.319) 
reported a female wolverine carried a reindeer head (with antlers) about 22 km (13.67 mi) back 
to a den site in Sweden. In northwestern Alaska, wolverines fed on cached ground squirrels 
during winter (Magoun 1987, p. 395).  
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A study of wolverine caching behavior in boreal forest habitat in Canada reported that cache 
sites varied from simple caches, a single feeding site or excavation, to cache complexes, which 
included feeding stations, latrines, resting sites, and climbing trees dispersed over varying spatial 
landscapes (Wright and Ernst 2004b, pp. 61–62). All cache sites included bones and hides of 
moose, which were likely scavenged from wolf kills (Wright and Ernst 2004b, p. 62). Cache 
sites were often excavated in snow, but also in the ground under boughs of large spruce (Picea 
spp.) trees (Wright and Ernst, 2004b, p. 62). Wolverines also appeared to select cache sites and 
resting areas that offered good visibility of approaching competitors or predators (Wright and 
Ernst 2004b, pp. 63–64). 
 
Wolverine energetic demands and food requirements are related to their foraging strategies. 
Caching provides important energy for female wolverines during the lactation period and helps 
ensure survival of newborns (Inman et al. 2012b, p. 640). Young et al. (2012, p. 2,252) reported 
that wolverines have high energetic needs compared to other mammalian carnivores, which is 
similar to results previously presented by Iverson (1972a, p. 343), who concluded the basal 
metabolism of mustelids weighing over 1 kg (2.2 lbs) is approximately 20 percent higher than for 
other mammals. Andrén et al. (2011, p. 36) estimated a 1.2 kg/day (2.65 lbs/day) (range: 1.0–1.4 
kg/day (2.2–3 lbs/day)) food requirement for wolverines, while Young et al. (2012, p. 223) 
estimated a male wolverine would require an average of 0.85 kg (1.87 lb) of prey/day in winter 
and 0.95 kg/day (2.1 lbs/day) in “snow-free” periods.” Based on energy equivalent value of 
various prey sources, Young et al. (2012, pp. 223, 225) estimated that a winter diet for a male 
wolverine would include the equivalent of 1.8 ungulates, 70.7 sciurids (squirrels), 20.6 
lagomorphs (rabbits), and 832.7 small mammals, while in snow free season this would include 
the equivalent of 0.9 ungulates, 122.9 sciurids, and 3362.1 small mammals. 
 
Young et al. (2012, p. 225) concluded that wolverines consume 0.1 kg (0.22 lb) of prey per day 
more outside winter season, but that prey expected to be consumed in winter had a higher caloric 
content than other season; thus, the mass requirement is lower. As an example, they cite the 
higher proportion of ungulates consumed in winter, which provide about 1.3 times more energy 
(kilojoules per kilogram) than squirrels (Young et al. 2012, p. 225). Inman et al. (2012b, pp. 
640–642) also noted that food during the summer is just as important as the availability of 
cached ungulate food in the winter (e.g., during the energy demanding lactation period). Inman et 
al. (2012b, p. 640) identified the post-weaning growth period (May–August) for wolverines as a 
high energetic demand for food by a wolverine family group. Taken together with the lactation 
period, the calories available to wolverines therefore likely reaches a maximum from March to 
April (Inman et al. 2012b, p. 640).  
 
Population Structure 
 
As discussed above, wolverines recolonized much of North America after periods of glaciation 
and then experienced heavy human persecution in much of their range. As shown in our current 
range map (Figure 3) and described below in our Population Abundance and Distribution section 
wolverines occur across a broad expanse of North America, where the contiguous United States 
represents the southern extent of the species’ range. A number of biological factors can affect 
wolverine populations, including the species’ low intrinsic rate of population increase, naturally 
low densities, and need for large, intra-sexual home ranges (Banci and Proulx 1999, p. 180). 
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Their extensive dispersal abilities make possible the recolonization of individuals into vacant 
habitats (cf. Vangen et al. 2001, p; 1,647; Aronsson 2017, p. 43). As noted above (Diet and 
Feeding), interactions with sympatric predators and the availability of prey and carrion can also 
directly and indirectly affect wolverine populations.  
 
Wolverines in the contiguous United States are considered to represent a metapopulation (set of 
local or subpopulations within a larger area and where migration is possible between patches 
(Hanski and Simberloff 1997, p. 11)) (Inman et al. 2013, p. 277) and occupy habitat in high 
alpine patches at low densities, dispersing into suitable areas (Inman et al. 2012a, pp. 782–784). 
Wolverine populations in Alaska are considered to be continuous with populations in the Yukon 
and British Columbia provinces of Canada based on genetic studies (COSEWIC 2014, p. 37). 
Similarly, studies of wolverines in the North Cascades region have documented movement of 
wolverines from Washington into British Columbia (Aubry et al. 2016, pp. 16, 20). The 2014 
COSEWIC Report indicated that rescue (immigration from another population) of Canadian 
wolverine populations along the Canada-Alaska international boundary was likely (based on 
nuclear DNA evidence), but was negligible from the contiguous United States (COSEWIC 2014, 
p. 37). Based on mitochondrial DNA studies, Tomasik and Cook (2005, p. 390) concluded the 
gene flow in wolverines in northwestern North America is likely male-mediated, and is primarily 
due to long distance dispersal between low-density populations. Genetic studies of North 
American wolverines conducted by Kyle and Strobeck (2002, entire) found high levels of gene 
flow across northern populations (Canada and Alaska).  
 
Genetics 
 
Evaluation of genetic material can provide an understanding of population dynamics (Cegekski 
et al. 2006, p. 209). The geographical genetic structure of wolverines is believed to be largely 
structured around the strong female philopatry characteristic of this species (Rico et al. 2015, p. 
2), and, given the species polygamous behavior, wolverine population distributions (at least in 
Scandinavia) are considered to be primarily limited by dispersal of the more philopatric sex 
(Aronsson 2017, p. 13). However, the extensive and often asymmetrical movement of male 
wolverines from core populations to the periphery of their range can result in the addition of 
nuclear genetic material to these edges (Zigoruis et al. 2012, p, 1553). Thus, the dispersal pattern 
for male wolverines may help explain why allelic richness (i.e., nuclear DNA) can be similar 
across regions, but haplotype richness (mitochondria DNA) is lower at the periphery of the range 
(Zigouris et al. 2012, p. 1,553). Additionally, the extensive dispersal movements of both male 
and female wolverines can produce gene flow among diverged populations, making it difficult to 
distinguish, without additional sampling and analysis, between long-distance dispersal and 
fragmentation based on the patchy distribution of some haplotypes (Zigouris et al. 2013, p.10).  
 
Studies evaluating the genetic structure of wolverines, primarily within its core range in North 
America, were presented in Chappell et al. (2004) and Kyle and Strobeck (2001, 2002). Using 
microsatellite markers, Kyle and Strobeck (2002) and Zigouris et al. (2012) found a greater 
genetic structure of wolverines toward their eastern and southern peripheries of their North 
American distribution, likely due to a west-to-east recolonization during the Holocene (Zigouris 
et al. 2013, p. 9). Similarly, based on mitochondria DNA, McKelvey et al. (2014, p. 330) 
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concluded that modern wolverine populations in the contiguous United States are the result of 
recolonization (following persecution from hunting and trapping) from the north.   
 
Cegelski et al. (2006, entire) examined genetic diversity and population genetic structure of a 
larger sample size of wolverines in the southern extent of their North American range using both 
microsatellite markers and mitochondrial DNA. They concluded that the wolverine populations 
in the contiguous United States were not sources for dispersing individuals into Canada 
(Cegelski et al. 2006, p. 208). The also concluded that there was significant differentiation 
between most of the populations in Canada and the United States (Cegelski et al. 2006, p. 208). 
However, they cautioned that their statistical analysis may not have been able to detect “effective 
migrants” and that sample size can affect the detection of dispersers (Cegelski et al. 2006, p. 
208). They concluded that some migration of wolverines was occurring between the Rocky 
Mountain Front region (northwestern Montana) and Canada as well as among wolverine 
populations in the United States, with the exception of Idaho (Cegelski et al. 2006, p. 208). In 
addition, results from testing of allelic differences among the populations were interpreted by the 
authors as likely inadequate to counter the effects of genetic drift due to low numbers of migrants 
(Cegelski et al. 2006, p. 208). They estimated that, based on genetic diversity observed at that 
time, two effective migrants from either Canada or Wyoming into the Rocky Mountain Front 
population would be needed to maintain the levels of genetic diversity in that population, and 
one effective migrant was needed to maintain levels of diversity in the Gallatin, Crazybelt, or 
Idaho populations (Cegelski et al. 2006, p. 209). The authors concluded that migration is 
essential for maintaining diversity in wolverine populations in the contiguous United States since 
effective population size may never be reached due to the naturally low population densities of 
wolverines (Cegelski et al. 2006, p. 209). 
 
Effective population size (Ne) (see Box 2.0) is defined as “the size of an idealized population that 
would experience the same amount of genetic drift and inbreeding as the population of interest. 
In popular terms, Ne is the number of individuals in a population that contribute offspring to the 
next generation.” (Hoffman et al. 2017, p. 507). It represents a metric for quantifying rates of 
inbreeding and genetic drift and is often used in conservation management to set genetic viability 
targets (Olsson et al. 2017, p. 1). It is not the same as the more commonly used metric, census 
population size (N), but is often assumed to represent the genetically effective population size.  
 
An effective population size analysis for wolverines in the contiguous United States was 
presented in Schwartz et al. (2009, p. 3,225) using wolverine samples from the main part of the 
Rocky Mountains populations. Excluded in this analysis, were subpopulations from Crazy and 
Belt Mountains (based on suggestion by Cegelski et al. (2003) that they represented separate 
groups) (Schwartz et al. 2009, p. 3,225). Samples were divided into three time frames and the 
computer program ONeSAMP was used to estimate effective population size in each time frame 
[sample size appears to be between 142 and 210]. The summed effective population size was 
estimated at 35, with credible limits from 28–52, and the summed values for the three time 
frames was reported as follows: Ne 1989–1994 = 33, credible limits 27–43; Ne 1995–2000 = 35, credible 
limits 28–57; Ne 2001–2006 = 38, credible limits 33–59 (Schwartz et al. 2009, p. 3,226).  
 
However, Cegelski et al.’s (2006, p. 203) evaluation of nuclear DNA population structure in 
wolverines in Canada (sample size of 101) and the contiguous United States (sample size of 
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116), as depicted by a principle component analysis plot and dendrogram, found that all of the 
Canadian wolverine populations clustered together. In the contiguous United States, the Rocky 
Mountain Front subpopulation clustered with the Wyoming subpopulation, the Crazybelts area 
subpopulation clustered with the Gallatin (Montana) population, and the Idaho population was 
highly differentiated (Cegelski et al. 2006, p. 203). That study concluded that some exchange of 
migrants is occurring between the Gallatin and Crazybelt wolverine populations (Cegelski et al. 
2006, p. 207), but noted that this grouping is more genetically differentiated and isolated from 
the other populations they sampled when compared to the Rocky Mountain Front population 
(Cegelski et al. 2003).  
 
In addition, the map presented in Schwartz et al. (2009, p. 3,223) depicting the locations of the 
wolverine samples used in preparing their effective population size estimate shows significant 
gaps within the wolverine’s range in Idaho and parts of Montana (e.g., interior of the Bob 
Marshall Wilderness area). Thus, other wolverine subpopulations and/or individuals were likely 
missed for this analysis. Studies within the Southwestern Crown of the Continent (SWCC) in 
northwestern Montana have detected cross-valley movements of wolverines, which researchers 
believe is an indication of good connectivity in this region (SWCC Wildlife Working Group 
2016, pers. comm.).  Current efforts to collect additional wolverine hair samples for genetic 
analyses are underway through a multi-state occupancy survey project (see Population 
Abundance and Distribution section below). 
 
Francis (2008, p. 12) evaluation of mitochondria DNA found an overall lack of regional 
(geographic) genetic structure for North American wolverines, but noted that a few populations  
(Crazybelts (Montana), Southeast Alaska, Nunavut  (Canada), and Kenai Peninsula) appeared to 
be isolated from the others. However, statistical testing did not identify any genetically defined 
sampling localities (Francis 2008, p. 13). Minimal differences were found between core and 
peripheral wolverine populations, as grouped in that analysis (Francis 2008, p. 21; Table 4). 
Conversely, Zigouris et al. (2012, p. 1,554; Table 5) did find support for genetic clusters for 
wolverine populations in Canada, and Zigouris et al. (2013, p. 5; Table 3) identified several 
worldwide regional genetic groups. In addition, an analysis of estimated population growth 
found signals of population expansion in several wolverine populations (Francis 2008, p. 13; 
Table 5) including Rocky Mountain Front, Wyoming, Central, South, and Northwestern Alaska, 
British Columbia, Northwest Territories, and Nunavut. 
 
[Update here with any new genetic studies] 
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It can be difficult to make inferences about the relationship between population size and point 
estimates of genetic diversity without continued genetic monitoring and an understanding of the 
demographic history of a species’ population (Hoffman et al. 2017, p. 507), including factors 
that have influenced movement patterns and connectivity. It’s also important to note that genetic 
diversity can be a reflection of favorable adaptations (natural selection) and is necessary for 
species to locally adapt to environmental stressors or to facilitate range shifts (Zigouris et al. 
2012, p. 1,544). Genetic distinctiveness in peripheral populations may play a role in both 
maintaining and generating biological diversity for a species (Zigouris et al. 2012, p. 1,544; 
citing results presented in Channell and Lomolino 2000, p. 84). Genetic variation that is adaptive 
is a better for predictor of the long-term success of populations as compared to overall genetic 
variation (Hoffman et al. 2017, p. 510). The challenge is to be able to determine whether genetic 
variation is adaptive and is a reflection of remnants of high genetic diversity from ancestral 
populations, or whether that variation is a reflection of accumulated deleterious, nonadaptive 
genes due to genetic drift in small populations (Hoffman et al. 2017, p. 509).  
 
In summary, the currently known spatial distribution of genetic variability in wolverines in North 
America appears to be a reflection of a complex history where population abundance has 
fluctuated since the time of the last glaciation, and insufficient time has passed since human 
persecution for a full recovery of wolverine densities (cf. Cardinal 2004, pp. 23–24; Zigouris 
2012, p. 1,554). Zigouris et al. (2012, p.1,545) noted that the genetic diversity reported in 
Cegelski et al. (2006) and Kyle and Strobeck (2001, 2002) for the southwestern edge of the 
North American range represented only part of the diversity in the northern populations of 
wolverines. The authors believe that the irregular distribution of wolverines in the southwestern 
periphery and the genetic diversity observed in those analyses is a result of population 

Box 2.0: Effective Population Size and Genetic Variation 
The concept of effective population size (Ne) (see review by Wang et al. 2016) and, relatedly, minimum 
viable population, has been a topic of debate, particularly the 50/500 rule, which was developed over 30 
years ago. As noted by Laikre et al. (2016, p. 280), the concept and guidelines for genetically effective 
population size were developed for single, isolated populations, but it’s unclear which of the various Ne 
metrics was referenced in the original concept proposed by Franklin (1980) (i.e., inbreeding effective size, 
realized effective size, total inbreeding effective size of a metapopulation, or eigenvalue effective size 
(Laikre et al. 2016, p. 288)). 
 
There are differing interpretations of the values proposed for effective population size. For example, 
should the minimum viable effective population size be derived genetically to set a threshold for a 
minimum viable population? Here, the rule is interpreted as 50 being the short-term number (for 
inbreeding depression) and 500 as the long-term number (for retention of genetic variation). Or should the 
Ne value of 500 can be interpreted as a long-term goal for maintaining a healthy, genetically robust 
population, and not a threshold trigger that predicts extinction risk? In addition, some view the 500 value 
to be a global reference value rather than a local value, and that it may not be necessary to maintain a local 
Ne of 500 as long as there is some gene flow into a population (Jamieson and Allendorf 2012, p. 580).  
 
Finally, others have recommended changes to the 50/500 rule. Laikre et al. (2016, entire) presented an 
analysis of the metapopulation effective size for the Fennoscandian wolf population and recommended 
that long-term conservation genetic target for metapopulations (NeMeta) ≥ 500, but also a realized effective 
size of each subpopulation (NeRx) ≥ 500. Frankham et al. (2014, p. 59) have recommended modifying the 
50/500 rule to 100/1000. 
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bottlenecks that were caused by range contractions from a panmictic (random mating) northern 
core population approximately 150 years ago (Zigouris et al. 2012, p. 1,545). Demographic 
studies as well as additional genetic analyses from contemporaneous wolverines currently 
occupying the contiguous United States are needed to evaluate the current status of wolverine 
populations in North America. In addition, ecological, phenotypical, and environmental 
information should be used to complement genomic data when interpreting the strength of 
conclusions or inferences of spatial patterns of adaptation or for adaptively divergent populations 
(Jamieson and Allendorf 2012, p. 492). 
 
Summary 
 
In this e SSA Report, we have incorporated information from several new studies related to the 
wolverine published since our 2013 proposed rule and previous studies that were not considered 
(e.g., Magoun et al. 2017;). We have also reviewed new publications and publications in 
preparation from wolverine researchers in Scandinavia (e.g., Aronsson 2017; Bischof et al. 2016; 
Makkonen 2015; Mattisson et al. 2016; Myhr 2015; Persson et al. 2017, in prep). This 
information informs our assessment of the most current information regarding the description of 
the wolverine and its life history and ecology across its North American range. We have included 
in this SSA Report detailed discussions of wolverine physiology, and spatial and temporal 
patterns and trends related to reproduction and diet/feeding. We also prepared a revised current 
range map (see Figure 3) based on information we received from Federal, State, and others, 
including Canada. 
 
Overall, the best available information indicates that the wolverine’s physical and ecological 
needs include:  

(1) large territories in remote landscapes; at high elevation (1,800 to 3,500 meters (5,906 
to 11,483 feet)) within the contiguous United States  
(2) access to a variety of food resources, that varies with seasons; and 
(3) reproductive behavior linked to both temporal and physical features. 

 
Biological Status – Current Condition 
 
This section provides an overview of the wolverine’s current condition, including those stressors 
that may be impacting the species or its habitat. In this SSA Report, we have identified stressors 
based on impacts that may negatively affect the ecological needs of the species, including 
temporary or permanent impacts to habitat features that the species relies on for survival and 
reproduction.   
 
Population Abundance and Distribution 
 
Since our 2013 proposed rule, we have received additional reports of wolverine observations 
including Utah, Colorado, and Oregon, an updated Canadian status review for the wolverine has 
been prepared (COSEWIC 2014, entire). Additional studies have also been published related to 
wolverine populations in British Columbia and Alberta (e.g., Regehr and Lacroix 2016; Stewart 
et al. 2016; Webb et al. 2016). As noted above, we developed a Current Range map for the North 
American wolverine (see Figure 3). For the conterminous United States, this map was based on 
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several resources, including the primary habitat model developed by Inman et al. (2013), EPA 
Ecoregion mapping (2010), Forest Service NRIS data, and information received from State 
agencies. We used the 2014 COSEWIC Assessment and Status Report’s current range map for 
Canada and Alaska. For Canada , the range of occurrence includes the Yukon, Northwest 
Territories, Nunavut, British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Québec, 
Newfoundland, and Labrador (COSEWIC 2014, p. vii).  
 
Contiguous United States 
 
Inman et al. (2013, entire) identified areas in the western contiguous United States suitable for 
wolverine survival (long-term survival; used by resident adults, or primary habitat (Inman et al. 
2013, p. 279), reproduction (used by reproductive females), and dispersal (female and male) of 
wolverines using resource selection function habitat modeling based on telemetry data collected 
in the Yellowstone region (see methodology in Inman et al. 2013, pp. 279–280; Figure 2). From 
these results, the researchers estimated potential and current distribution and abundance of 
wolverines in the western contiguous United States (Inman et al. 2013, p. 282). They estimated 
current population size of wolverines to be 318 (range 249–626) located within the Northern 
Continental Divide (Montana) and areas within the following ecoregions: Salmon-Selway 
(Idaho, portion of eastern Oregon), Central Linkage (primarily Idaho, Montana), Greater 
Yellowstone (Montana, Idaho, Wyoming), and Northern Cascades (Washington) (Inman et al. 
2013, p. 282). Potential wolverine population capacity was estimated to be 644 (range: 506–
1881) (Inman et al. 2013, p. 282). However, these estimates did not consider spatial 
characteristics related to behavior, such as territoriality, of wolverine populations. The discussion 
below provides a summary of recent studies of wolverine detections and observations in the 
western United States; however, no comprehensive surveys have been conducted across the 
species’ entire range. 
 
In the northern Cascades region of Washington and Canada, researchers tracked activity areas for 
14 wolverines via satellite telemetry from 2007 through 2015 (Aubry et al. 2016, entire). This 
study demonstrated that the region supports a resident population, with 9 of 11 study animals 
documented primarily with Washington (Aubry et al. 2016, p. 40). 
 
The Oregon Department of Fish and Wildlife (ODFW) reports that wolverines have been found 
on Three-fingered Jack in Linn County on the Steens Mountain in Harney County, Broken Top 
Mountain in Deschutes County, in the Eagle Cap Wilderness Area in the Wallowa Mountains of 
northeastern Oregon, and, more recently (2012), in Wallowa County, northeast Oregon (ODFW 
2017). 
 
In California, the California Department of Fish and Wildlife (CDFW) has received reports of 
wolverine detections from the public over past several years, particularly the region near Carson 
Pass, as well as near Meeks Bay, Lake Tahoe (Stermer 2017, pers. comm.). CDFW researchers 
are conducting multi-species predator surveys, targeting the potential occurrence of Sierra 
Nevada red fox and wolverine using camera trapping with hair snares in an effort to determine 
occupancy, detection probability, distribution, and habitat associations (Stermer 2017, pers. 
comm.).  
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A pilot study to evaluate wolverine occupancy was conducted in Wyoming from February 
through June in 2015 (Inman et al. 2015, entire). Results from that survey (hair snares and 
camera traps in 18 stations across 5 mountain ranges) indicated at least three individual 
wolverines (at five stations) with at least one individual in the Gros Ventre and Wind River 
mountain ranges, and at least two individuals in the Southern Absaroka mountain range (Inman 
et al. 2015, p. 9). Occupancy modeling estimated a probability of occupancy for sampled sites of 
62.9 percent (Inman et al. 2015, p. 8). 
 
In an effort to assess wolverine occupancy in the western United States, the Western Association 
of Fish and Wildlife Agencies (WAFWA), in coordination with Tribal partners, have formed a 
multi-state, multi-agency working group (Western States Wolverine Working Group) to design 
and implement the Western States Wolverine Conservation Project (WSWCP)–Coordinated 
Occupancy Survey (see Bjornlie et al. 2017 for details of protocol). The primary objectives of 
the WSWCP include: 1) implement a monitoring program to define a baseline wolverine 
distribution and genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, 
and Washington, 2) model and maintain the connectivity of the wolverine metapopulation in 
western United States, and 3) develop policies to address socio-political needs to assist wolverine 
population expansion as a conservation tool, including translocation of wolverines (IDFG 2016, 
pers. comm.; Montana Fish, Wildlife, & Parks (FWP) 2016, pers. comm.;Wyoming Game and 
Fish Department (WGFD) 2016, pers. comm.).  
 
The WGFD began implementation of the survey in Wyoming in the Greater Yellowstone 
Ecosystem region and the Bighorn Mountains (25 grid cells) in the winter of 2015–2016 (Smith 
2016, pers. comm.). That initial survey detected, based on unique fur markings, at least two 
unique wolverines in the Wind River and southern Absaroka Mountain Ranges (Smith 2016, 
pers. comm.). The WGFD reported 26 independent wolverine visits, and detections at least once 
within their study area during each of the four sampling periods (December 2015 through March 
2016) (Bjornlie et al. 2017, pp. 4–5). Genetic analyses of collected hair samples, including sex 
and individual identification, are underway. 
 
The monitoring effort was expanded in the winter of 2016–2017 to 187 cells (cell area of 225 
km2 (87 mi2)) across four states (Washington, Idaho, Montana, and Wyoming). Preliminary 
results for the 2016–2017 winter detected wolverines in 85 survey cells (WAFWA 2017). 
Photographic detections of wolverine include 18 from Idaho, 48 in Montana (including detection 
of wolverines in all 10 cells surveyed in the SWCC region (Davis 2017, pers. comm.)), 10 in 
Washington, including detections south of Interstate 90 (Davis 2017, pers. comm.), and 9 in 
Wyoming; genetic analyses, to date, have reported a total of 157 wolverine samples (WAFWA 
2017). It has not yet been determined from the camera-trap images and hair samples how many 
of these detections are the same individual. Appendix B contains a map illustrating these 
preliminary detections (as of July 2017).  
 
Heinemeyer (2016, pers. comm.) suggested that, based on a 6-year study of resident wolverines 
in central Idaho and the western Yellowstone region, subpopulations of the species at the 
southern periphery of their North American range are still unstable with low rates of recruitment 
and bBased on monitoring (live trapping and camera stations), the researchers suggested that 
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there was some instability in subpopulations in their study areas (Heinemeyer 2017, pers. 
comm.). 
 
We therefore requested additional information from State and Federal agencies regarding the 
most recent wolverine detections in the Winter Recreation Project study areas of Idaho and 
Wyoming. In the Teton Mountains region, two wolverines were detected in March 2017, in two 
different areas (Dewey 2017, pers. comm.). In addition, at least one wolverine was detected on 
the east side of the Teton Mountains during the winter of 2016-2017, as part of the Western 
States Wolverine Conservation Project–Coordinated Occupancy Survey monitoring and 
occupancy study, and a member of the public reported wolverine tracks within Grand Teton 
National Park in March 2017, while skiing (Walker 2017, pers. comm.). In Idaho, IDFG reports 
5 wolverine detections in the Salmon Mountains in Central Idaho in the winter of 2016 (Mack 
2017, pers. comm.). These recent detections are displayed in Appendix C relative to the study 
areas of the Winter Recreation Project study areas for the McCall, Idaho, and Teton Mountains. 
A wolverine was also detected in the winter of 2016-2017 in the Gravelly Range in southwestern 
Montana about 25 km (15.5 mi) north of the Centennial Mountains area surveyed during the 
winter recreation project (Inman 2017b, pers. comm.).  
 
Alaska 
 
The 2016 ADF&G Trapper Questionnaire Annual Report includes the estimates of relative 
abundance and trends of wolverines and other furbearers as reported by trappers (Parr 2016, p. 
38). Table 3 below provides a summary of those reports by region. 
 
Table 3.  Relative Abundance and Trend of Wolverine Populations, Alaska (as reported by 
trappers), 2015–2016.  Source: Parr, 2016. 
 

Region Relative Abundance Trend 
Region I – Southeast Alaska Scarce Decrease 
Region II – Southcentral Alaska Scarce Decrease 
Region III – Interior Alaska Scarce Decrease 
Region IV – Central and Southwest Alaska Scarce Decrease 
Region V - Northwest Scarce Decrease 

 
However, relying exclusively on trapping reports is likely to present an incomplete assessment of 
wolverine populations. The accuracy of information provided in the most recent report is 
dependent on how many trappers reply to the annual survey; for 2016 the response rate was only 
11.7 percent (Parr 2016, p. 3). Trapping effort was reported to have increased by some trappers 
(45 percent of those reporting) during the 2015–2016 season, and 80 percent of those who 
increased their efforts reported an increased in their overall catch (Parr 2016, p. 15). However, 
this assessment does not consider how this increased trapper effort relates to harvest levels for 
wolverine, nor does it account for an unknown and unreported number of wolverines taken for 
subsistence purposes (Gardner et al. 2010, p. 1,894). Estimates of density, described below, 
provide a better depiction of wolverine population status in Alaska. 
 
Canada 
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Similar to Alaska, determining wolverine population abundance and trends in Canada is difficult 
as numbers are developed from harvest activity (COSEWIC 2014, p. 25). Wolverine harvest 
trends are also difficult to estimate given the temporal and spatial variability in trapping effort 
and reporting of harvest, and not all regions use mandatory pelt sealing, compulsory reporting, or 
fur export permits/fur dealer records (COSEWIC 2014, p. 26). Aboriginal traditional knowledge 
(the knowledge Aboriginal Peoples have accumulated about wildlife species and their 
environment) indicate that wolverine is widespread and stable across northern Canada, and is 
now found in areas where they occurred in past; however, they are still considered naturally 
uncommon (Cardinal 2004, pp. iii– iv, 10).  
 
According to the most recent COSEWIC Assessment and Status Report on the Wolverine, Gulo 
gulo in Canada (COSEWIC 2014, entire), the population size of wolverines in Canada is 
unknown, but is estimated to be over 10,000 adults (COSEWIC 2014, p. 36). Population trends 
across all of Canada are not known, but wolverine populations have been stable over areas within 
the country’s northern range for the last three generations (22.5 years) (COSEWIC 2014, p. v). 
In northern Manitoba and Ontario, wolverines may be increasing in number as aerial surveys in 
northern Ontario have indicated an eastward reoccupation of its former range (towards James 
Bay and Québec) (COSEWIC 2014, p. v). However, although observations of wolverines 
continue to be reported within Québec and Labrador (the eastern sub-population), there have 
been no verifiable observations since 1978, and wolverines are likely extirpated from much of 
southern and eastern Canada (COSEWIC 2014, p. v). In addition, declines in the southern 
regions (within parts of British Columbia and Alberta) may be occurring (COSEWIC 2014, p. 
36). Table 3 presents a more detailed summary of wolverine populations in Canada. 
 
The total wolverine population in Canada is estimated at over 10,000 adults (COSEWIC 2014, p. 
36). Canada’s western sub-population has been estimated at 15,688 to 23,830 adults, though this 
value is based on several assumptions (consistent trapping effort and uniform densities across the 
species’ range); the eastern population is estimated at less than 100 individuals or may be 
extirpated (COSEWIC 2014, p. 36). Table 4 provides a summary of estimates by Territory.  
 
Table 4. Wolverine Population Estimates for Canadian Territories.  Source: COSEWIC, 2014. 
 

Territory Number of wolverines 
Yukon Territory 3,500–4,500 
Northwest Territories 3,430–7,325 (with an additional 220–470 juveniles) 
Nunavut Estimated at 2,000–2,500 
British Columbia 2,700–4,760 
Alberta  Estimated at 1,500–2,000 
Saskatchewan Less than 1,000 
Manitoba 1,100–1,600 
Ontario 458–645 
Québec Very rare, at non-detectable level, or extirpated 
Labrador (including mainland Newfoundland) Very rare or extirpated 
 
In addition to the 2014 COSEWIC summary, Cardinal 2004 (entire) prepared a complimentary 
summary report of wolverine trends in Canada based on Aboriginal traditional knowledge. 
Trends reported indicate: (1) high, relatively stable levels of wolverines in the Yukon; (2) high 
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levels of wolverines in the North Slave region of the Northwest Territories, though  population 
levels are estimated to be stable to decreasing; (3) high levels of wolverine along forested areas 
in the northern portions of the mainland within the Inuvialuit Settlement Region (ISR) (located in 
the northwest corner of the Northwest Territories) and Kitikmeot region of Nunavut; (4) an 
increase in wolverines in the Kivalliq region of Nunavut, but at lower levels than populations in 
the Boreal and North Mountain ecological areas; and (5) least abundant in the northeastern 
corner of Nunavut and the Arctic Islands (Cardinal 2004, pp. 22–29). In sum, the majority of 
knowledge holders in Nunavut, Northwest Territory, and Yukon Territory described wolverine 
populations as either stable or increasing; only in Yellowknife did people report that wolverines 
might be decreasing (Cardinal 2004, p. 23).  
 
Other inventory and occupancy studies include an inventory of wolverines conducted by Regehr 
and Lacroix (2016, entire) in the winter of 2012 on the east side of the Coast Mountains in 
British Columbia using a multi-method approach. They identified six individuals using genetic 
analysis, and one additional individual by photography, which was higher than expected as 
compared to model predictions of density and habitat quality (Regehr and Lacroix 2016, pp. 
248–249). Estimates of wolverine occupancy were also evaluated for the Canadian Crown of the 
Continent ecosystem (central and southern Canadian Rockies) (Clevenger et al. 2016, entire). 
Occupancy estimates were found to vary from year-to-year and exhibited a north-south gradient, 
likely due to the differences in habitat quality among areas that were sampled by year (Clevenger 
et al. 2016, p. 4). For 2016, estimated wolverine occupancy was 0.40 for their British Columbia 
Rockies study area, with a declining pattern from north to south (Clevenger et al. 2016, p. 4). In 
general, their research has found that wolverines are more abundant in rugged, remote areas that 
have minimal human activity and landscape disturbance (Clevenger et al. 2016, p. 5). Clevenger 
et al. (2017, p. 6) projected an expected number of wolverines in their study area of about 28. To 
the south, in the Southwestern Crown of the Continent (SWCC) region (northwestern Montana, 
approximately 1.5 million acres), wolverine surveys (snow tracking, bait stations/hair snares) 
have been conducted since 2012 (SWCC Wildlife Working Group 2016, pers. comm.). These 
survey efforts have detected 22 unique wolverines (11 males, 11 females) across three U.S. 
Forest Service districts, and they reported an increase in the frequency of detections from 2012 to 
2015 (SWCC Wildlife Working Group 2016, pers. comm.). 
 
The 2014 COSEWIC report concluded that a climate-driven decline in wolverine populations in 
North America is not evident at this time in much of its range (COSEWIC 2014, p. 22). The 
report indicates that trends in wolverine populations in the northern range, while uncertain, 
appear to be stable or increasing, but also notes that there is some concern for populations in the 
southern areas of British Columbia and parts of the northern United States (COSEWIC 2014, p. 
22, and references cited therein).  
 
Estimates of Density 
 
Wolverine densities vary across North America, and have been described as “naturally low” (van 
Zyll de Jong 1975, p. 434) and “naturally uncommon” (Cardinal 2004, p. iii) given the species’ 
large home range, wide-ranging movements, and solitary characteristics. Inman et al. (2012a, p. 
789; Table 5) presented the most recent estimates (at that time) of density (number of wolverines 
per 1,000 km2 (386 mi2)) for North America. In the contiguous United States, density estimates 
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ranged from 3.5 for the Greater Yellowstone region (2001–2008) (areas above 22,150 m (7,054 
ft) (latitude-adjusted elevation), 4.5 for central Idaho (1992–1995), to 15.4 for northwestern 
Montana (1972–1977).  
 
In Alaska and Yukon, density estimates presented by Inman et al. (2012a, p. 789) range from 3 
to about 14 wolverines per 1000 km2 (386 mi2), using a number of methods. For example, Royle 
et al. (2011, p. 609) estimated wolverine densities for southeastern Alaska (Tongass National 
Forest; 2008) from 8.2 to 9.7 per 1000 km2 (386 mi2) (using mark-recapture), where the higher 
estimate incorporates a positive, trap-specific behavioral response. Density of wolverines were 
recently reported as an estimated 5–10 wolverines per 1000 km2 (386 mi2) (based on snow 
tracking) for southcentral Alaska, and approximately 10 per 1000 km2 (386 mi2) (based on DNA 
mark-recapture methods) for southeast Alaska (Golden 2017, pers. comm.). A wolverine 
occupancy study in 2015 within an area of central Alaska reported a density estimate of 9.48 
wolverines per 1,000 km2 (386 mi2) (ADF&G 2015a, p. 7).  
 
Wolverine density estimates for Canada varies across regions, from 5 to 10 per 1000 km2 (386 
mi2) in northern mountain and boreal regions to 1 to 4 per 1000 km2 (386 mi2) in southern boreal 
areas (COSEWIC 2014, p. 27). More recently, Clevenger et al. (2017, entire) presented a density 
estimate (using spatial capture/recapture models) for the Kootenay region of British Columbia of 
0.78 wolverines per 1000 km2 (386 mi2), for 3 study years (2014–2016), which they reported as 
lower than expected (Clevenger et al. 2017, p. 6).  
 
Stressors – Causes and Effects 
 
We reviewed the best available information to identify current conditions and potential stressors 
that may be affecting wolverine populations or its habitat. These include roads and other 
infrastructure, recreational activity and other human disturbances, wildland fire, disease or 
predation, and overutilization for commercial, recreational, scientific, or educational purposes.   
 
As an initial step, we reviewed the land ownership of the area defined as primary habitat by 
Inman et al. (2013, entire) in the contiguous United States, and determined that 96 percent of that 
modeled habitat is located on Federal land (see Appendix D). Lands managed by the Forest 
Service represent the largest portion of Federal lands (89 percent) within this modeled primary 
habitat. 
 
Effects from Roads 
 
As noted above (see Demography section), roads and rail lines can be a cause of mortality to 
wolverines and habitat models have identified road density as an important association 
(avoidance) for selection of habitat (e.g., Rowland et al. 2003; Bowman et al. 2010; Inman et al. 
2013). Road density has been listed as a threat to wolverines occupying the boreal/western 
mountain regions of Canada (Canadian Boreal Forest Agreement 2014, p. 2). An evaluation of 
road density by Dawson et al. (2010, p.142) in lowland boreal forest habitat in Ontario, Canada, 
suggested that road densities may have an effect on the selection of home range by wolverines. 
In the wolverine’s southern Canadian range, roads may be facilitating direct mortality by 
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improving motorized access of hunters, trappers, and recreational users into remote areas 
(COSEWIC 2014, p. 21).  
 
Roads may also affect den site selection (May 2012, p. 202), particularly areas within their range 
where they cannot select for high elevation habitat (e.g., central lowland forests of Canada) 
(Dawson et al. 2010, p. 143). In Norway, May et al. (2012, p 202) found that wolverine dens 
were generally located far from infrastructures (public roads and private roads and/or 
recreational cabins). However, despite this observation of a minimum threshold, the authors also 
reported that wolverines had a wide tolerance range, supporting conclusions from other studies 
that have found that, once a general area is used, it appears to be re-used in subsequent years 
including by successive individual wolverines that colonize the sites (May et al. 2012, p. 202). 
 
Wolverine road crossings were evaluated in the western Greater Yellowstone region through 
telemetered animals and visual observations of snow tracks, direct observations of crossings, and 
road-kill mortality (Packila et al. 2007, entire). That study documented 43 crossings of U.S. and 
State highways by 12 wolverines (Packila et al. 2007, p. 105). Within the Big Sky, Montana, 
area, they documented 67 crossing of MT64/Jack Creek Road by 4 wolverines (Packila et al. 
2007, p. 105). Most (76%) road crossings were made by subadult wolverines, dispersing or 
otherwise exploring new areas (Packila et al. 2007, p. 105). One road-caused mortality was 
observed and the authors report two others from additional sources during their study period 
(Inman et al. 2007, p. 89). The study results indicate that roads do not act as absolute barriers to 
movement by wolverines, but they can directly affect individuals (road kill) and may have 
secondary affects at the population level (Packila et al. 2007, p. 105). 
 
In an effort to evaluate the potential impact of major roads to wolverine (individuals and 
populations), we conducted a spatial analysis of roads2 found within Inman et al.’s (2013, p. 
281) primary wolverine habitat and female wolverine dispersal habitat in the western United 
States, as measured by number of kilometers (miles). In our analysis, we identified four road 
classes: Interstate Highway, U.S. Highway, State Highway, and secondary roads. Secondary 
roads encompassed all roads not included in any of the first three categories. Our analysis found 
that secondary roads represented 97 percent (29,892 km (18,574 mi)) of all roads (30,805 km 
(19,141 mi)) within modeled primary habitat, and 97.5 percent (144,279 km (89,650 mi)) of all 
roads (148,029 km (91,980 mi)) within modeled female dispersal habitat.  
 
We then evaluated the type of roads at high elevation within our estimated Current Range 
(shown in Figure 3). Using the 2,300 m (7,546 ft) elevation as a benchmark (based on its use as a 
predictor variable for wolverine occurrence in Inman et al. 2013, and results from predictive 
models presented in Copeland et al. 2007, p. 2,205), we evaluated the length of roads above and 
below this elevation, and also the type of roads at or above 2,300 m (7,546 ft). The results are 
illustrated in Appendix E. Overall, we found that approximately 85 percent of all roads were 
below 2,300 m (7,546 ft). Of the roads located at or above 2,300 m (7,546 ft), 95 percent are 
secondary roads (see charts in Appendix E). 
 

                                                 
2 Using U.S. Geological Survey National Transportation Dataset Downloadable Data Collection based on 
TIGER/Line data provided through U.S. Census Bureau and supplemented with ‘HERE’ road data to create tile 
cache base maps 
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Using the same dataset, we evaluated road density (km/km2) based on regional blocks of primary 
wolverine habitat in the western United States delineated by Inman et al. (2013; Figure 3). Those 
results are shown in Table 5. With the exception of the Southern Rockies (at 0.47 km/km2), the 
mean road densities at elevations equal to or greater than 2,300 m (7,546 ft) are very low. 
 
Table 5.  Mean Road Density in Wolverine Primary Habitat, by Region. 
 

Geographic Region Mean density (km/km2), 
all roads 

Mean density (km/km2),  
all roads ≥ 2,300 m (7,546 ft) 

Northern Cascade 0.54 0.00 
North Continental Divide 0.54 0.00 
Salmon-Selway 0.70 0.03 
Central Linkage 0.84 0.06 
Greater Yellowstone 0.24 0.06 
Southern Rockies 0.55 0.47 
Sierra Nevada 0.09 0.03 
Uinta 0.15 0.12 
Bighorn 0.00 0.00 
Great Basin 0.06 0.03 
Oregon Cascade 0.72 0.00 
 
We also reviewed den site locations (natal, maternal, or unknown dens) within our database 
relative to roads (see map in Appendix E). Our results indicate that wolverine dens are located 
in areas with minimal roads, including secondary roads; however, we caution that this analysis is 
based on a limited den site dataset and should be viewed in the context of other abiotic and biotic 
variables including landscape features at the den site scale and availability of food. Additionally, 
most den locations in much of the wolverine’s range in the contiguous United States are at high 
elevations and roads in these areas would likely be impassable or closed entirely to vehicles 
during the time of denning (January–March). 
 
In summary, wolverines are associated with habitat found in high elevation areas, but are known 
to disperse across great distances. Major highways can present mortality risks to dispersing 
individuals and affect immigration to open territories, but roads do not represent absolute barriers 
to wolverine movements. Wolverines den during winter months in remote locations that are often 
inaccessible or restricted to motorized vehicles, though, secondary roads and trails are used for 
winter recreational activity. Although we recognize there are likely additional events that have 
not been reported, we estimated the total number of wolverine mortalities due to roads-rails from 
1972 to 2016 in North America was 20, at least 11 of which are from Canada (see citations in 
Mortality section above). As discussed above, we calculated a low proportion of major highways 
in both modeled primary habitat and female dispersal habitat, and a low mean density of roads at 
high elevations where wolverines have been observed, with the exception of the southern Rocky 
Mountains. Roads present a low risk to wolverines in most of its current contiguous U.S. range, 
affecting wolverines at the individual and population level. 
 
Disturbance due to Winter Recreational Activity 
 

Formatted Table
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Wolverine behavior patterns, such as denning, rearing of young, movement and dispersal, and 
foraging/scavenging, may be affected by recreational activities (COSEWIC 2014, p. 42). As 
noted above, in Norway, May et al. (2012, p. 201) found, at the home range scale, a minimal 
threshold distance of approximately 1.5 km (0.93 mi) for wolverine den sites from private roads 
and/or recreational cabins. Krebs et al. (2007, entire) evaluated habitat use associations for 
wolverines in two multiple use areas in British Columbia, Canada. Using logistic regression 
models, the authors found that in an area of active recreation (Columbia Mountains), female 
wolverines were negatively associated with helicopter and backcountry skiing in their winter 
models (Krebs et al. 2007, p. 2,187–2,188). However, in summer months, Copeland et al. (2007, 
p. 2,210) reported that wolverines in their study area of central Idaho were not uncommonly 
found near maintained trails and active campgrounds.  
 
The Wolverine–Winter Recreation Study represents an on-going project to evaluate the potential 
effects of backcountry winter recreation on wolverines (Heinemeyer 2017, pers. comm.). The 
multiyear study areas include central Idaho and areas in the western Yellowstone region (‘Island 
Park’ and Teton Mountains) (Heinemeyer and Squires 2015, p. 3). The study monitored 19 
wolverines using GPS collars using movement rates and percent of time active (vs. resting) as 
indicators of potential responses of wolverines to winter recreation activities (Heinemeyer 2013, 
pers. comm.). Backcountry winter recreation activities were monitored through GPS units 
voluntarily carried by recreationists (Heinemeyer 2017, pers. comm.). Early analysis of the data 
suggest that wolverines demonstrate a behavioral response to recreation activities, such as 
increased movement rates and a reduction in resting periods in areas of high recreation activity, 
especially high recreation days (Saturday and Sunday) (Heinemeyer and Squires 2013, pp. 5, 7–
8). 
 
However, this research has also found that wolverines maintained their home ranges within areas 
with relatively high winter recreation activity over several years of monitoring, including some 
areas found to contain the highest recreational activities (Heimemeyer 2017, pers. comm.). The 
study has not been able to determine whether these resident wolverines are reproductively 
successful (Heinemeyer 2017, pers. comm.).  
 
Conservation measures that address the effects of roads currently being implemented in the 
Teton Mountains include winter closures in certain areas (generally from November 1 through 
May 1), including road closures in the Bridger-Teton and Caribou-Targhee National Forests and 
in Grand Teton National Park as shown in Appendix F (additional details for Grand Teton 
National Park are described in Superintendent’s Compendium (National Park Service 2017; pp. 
8–9); see also maps at https://jhalliance.org/campaigns/dont-poach-the-powder/ Jackson Hole 
Conservation Alliance 2017). These closures are being implemented to help minimize 
disturbance to wildlife (e.g., migration pathways).  
 
State Wildlife Action Plans prepared for individual western States identify recreation 
management strategies within wolverine habitats. For example, in the State of Oregon, the 
ODFW Conservation Strategy identifies management of winter recreation use in order to avoid 
impacts to wolverines (ODFW 2016). In Montana’s State Wildlife Action Plan, conservation 
actions are identified for potential impacts from recreation, such as consideration of seasonal 
closures during breeding season (Montana FWP 2015, p. 63). The IDFG Management Plan for 
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the Conservation of Wolverines in Idaho also includes conservation strategies related to winter 
recreation (e.g., characterizing wolverine response to recreational activities (IDFG 2014, p. 35), 
and the State continues to support the Wolverine-Winter Recreation Study. Appendix F provides 
additional details on individual State conservation strategies. 
 
In summary, wolverine behavior (movement) can be affected by winter recreational activity. 
Results from one long-term study in parts of the wolverine’s range in the contiguous United 
States have found that wolverines can maintain residency in high winter recreational use areas. 
Wolverines have recently been detected in areas that experience winter recreational activity. 
Conservation strategies and actions have been identified in several western States’ Wildlife 
Action Plan to address potential impacts of this stressor to wolverines. Based on the best 
available scientific and commercial information, the effect of winter recreational activityroads 
represents a low stressor to the wolverine in the contiguous United States at the individual and 
population level. 
 
Other Human Disturbance 
 
Infrastructure, such as pipelines, active logging or clearcuts, seismic lines, and activities 
associated with mining (e.g., producing mines, mines under development, mineral exploration 
areas), may also affect individual wolverine behavior or wolverine habitat. As discussed above 
(see Habitat Use section), Johnson et al. (2005, entire) evaluated habitat relationships for the 
wolverine and other arctic wildlife, including the cumulative effects of human activities and 
associated infrastructure on the distribution of wolverines in the Canadian central Arctic using 
RSF modeling. However, because human disturbance factors (i.e., major developments, mineral 
explorations, seasonal outfitter camps) were mostly absent from the range of monitored 
wolverines that were monitored, the researchers were not able to reliably model their effects 
(Johnson et al. 2005, p. 23). 
 
The 2014 COSEWIC status review identified several potential stressors to wolverines and their 
habitat in Canadian territories. They indicated potential permanent, temporary, and functional 
losses to wolverine habitat from forestry; oil, gas and mineral exploration and development; and 
large hydroelectric reservoirs (COSEWIC 2014, p. 21). As discussed above, Scrafford et al. 
(2017, entire) evaluated habitat selection of wolverines in response to human disturbance in the 
western Canadian boreal forest in both winter and summer months. Their analysis found that 
wolverines were attracted to some industrial infrastructure (older seismic lines exhibiting latter 
stages of regeneration) and disturbance (areas of active logging), likely related to foraging 
opportunities (e.g., small prey), but avoided interior areas of intermediate-aged cutblocks (areas 
authorized for logging) (Scrafford et al. 2017, pp. 32–34). Their results found evidence of road 
avoidance, but wolverines were attracted to all-season road sections with borrow pits, which they 
suggest was related to foraging opportunities at these pits (e.g., presence of beavers in water-
filled pits) and less predation risk, since wolves avoid these roads (Scrafford et al. 2017, p. 34). 
In sum, these authors concluded that wolverine selection patterns relative to industrial activity 
and infrastructure in their study area represent a balance between exposure to predators and 
foraging opportunities (Scrafford et al. 2017, p. 32).  
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Additional studies of wolverine behaviors related to the effects of disturbance due to 
infrastructure and other human activities are needed. Based on the best available scientific and 
commercial information, these effects are site- and temporally-specific, and appear to represent a 
trade-off between foraging opportunities in areas that provide minimal risk of predation and 
avoidance of open areas and/or higher predation risk (Scrafford et al. 2017, pp. 33–34). 
 
Effects from Wildland Fire 
 
Wildland fire can produce both direct and indirect effects to wildlife. Direct effects include 
injury and mortality as well as escape or emigration movement away from fires (Lyon et al. 
2000, pp. 17–21). Small mammals will generally find refuge underground or within sheltered 
places within the burning area, while larger mammals will move to safe areas in unburned 
patches or outside the burn (Lyon et al. 2000, p. 18). For animals that emigrate during fire 
events, the length of time before they return is dependent on the degree to which fire has altered 
habitat structure and food supply (Lyon et al. 2000, p. 20). 
 
We are unaware of any studies evaluating direct effects of wildland fire to wolverines. Wildland 
fire is likely to temporarily displace wolverines, which could affect home range dynamics.  
Given that wolverines can travel long distances in a short period of time, individuals would be 
expected to move away from fire and smoke (Luensmann 2008, p. 14). In addition, because 
young are born during winter months, fire risk at that critical time life stage is very low 
(Luensmann 2008, p. 14). 
 
Indirect effects of wildland fire can include habitat-related effects or effects to prey and 
competitors/predators; however, we are unaware of empirical studies evaluating these potential 
effects as they relate to wolverines. In a study area within the Yukon (Canada), wolverines were 
reported occupying regenerating forested habitat that contained remnants of mature timber which 
had burned 30 years prior (Slough and Mowat 1996, p. 948). Additionally, fire suppression in 
conjunction with logging activities in boreal forests (northwestern Ontario) can increase the 
prevalence of deciduous tree habitats, at least at a regional level, which is negatively associated 
with wolverine occurrence (Bowman et al. 2010, p. 464).  
 
A study in northern Idaho of the effects of multiple wildland fires over several years, including 
very large fires, to forest habitat occupied by another mustelid, the American marten (Martes 
americana) found that fire events had created a mosaic of vegetation that supported a diverse 
assemblage of cover and food resources that was favorable to this species (Koehler and 
Hornocker 1977, p. 503). Similar to wolverines, the summer and fall diet of the American marten 
is represented by diverse prey, and wildland fire events can create and maintain forest openings 
for ground squirrels and voles (Koehler and Hornocker 1977, p. 504). The development of these 
types of mosaic forest communities following certain wildland fire events also provides 
discontinuous fuel loads, which in turn should result in smaller and cooler wildland fires, with 
less replacement of marten habitat (Koehler and Hornocker 1977, p. 504). However, large, 
uniform burns would be expected to result in more severe impacts to American marten habitat 
(Lyon et al. 2000, p. 21).  
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Studies of the effects of wildland fire to a key prey species for the wolverine in parts of its North 
American range, the caribou, was reviewed by Klein (1982, entire). This review highlighted the 
importance of separating short-term effects of wildland fire in boreal forests to caribou ecology 
from long-term effects (Klein 1982, p. 393). Given that long-term benefits to the species’ 
ecology can be disproportionate to the short-term detrimental effects on populations and herds, 
(including the species’ lack of reproductive plasticity), caribou may be more appropriately 
considered as fire-influenced, rather than fire-adapted (Klein 1982, p. 393). Other ungulate 
species respond more positively to fire. An increase in spring and summer grasses following fall 
burns can provide forage for elk and deer, and sprouting of deciduous trees, such as aspen, birch 
and willow, following burns provides forage for moose (Luensmann 2008, p. 18). 
 
Management measures to address this potential stressor are identified in USDA Forest Service 
National Forest Land Management Plans. Examples of these goals and objectives are described 
in Appendix G. In addition, the Idaho State Wildlife Action Plan includes measures to address 
fire threats to the wolverine and its habitat, including removal of perceived barriers to allow 
more prescribed natural fire on State and private forest lands and promoting/facilitating the use 
of prescribed fire as a habitat restoration tool, on both public and private lands where 
appropriate, and leaving fire-killed trees standing as wildlife habitat if they pose no safety 
hazard, all in an effort to restore a more natural fire interval that allows for return to historical 
forest conditions (IDFG 2017, pp. 91, 134, 180).  
 
Given the diversity of habitats occupied by wolverines, their occupancy of high elevations, and 
extensive mobility, wildland fire represents a limited short-term stressor to wolverine habitat and 
its prey.  
 
Disease or Predation 
 
Disease 
 
We are unaware of comprehensive surveys evaluating the prevalence of diseases in wolverines in 
the contiguous United States. Early accounts of endoparasites species and their prevalence in 
wolverines include a review by Erickson (1946, p. 503), and a report by Rausch (1959, entire), 
who documented 7 species of helminths in 86 percent of wolverines examined from trapper-
supplied carcasses in Alaska. In 1994, Copeland (1996, p. 26) collected a single specimen of the 
parasite Toxascaris sp. from wolverine scat in Idaho. In Alaska, carcasses sampled (during 
necropsy or predator control activities) in 2012–2014 to determine the prevalence of Trichinella 
and its genotypes reported one wolverine with T6 genotype in that single sample (ADF&G 
2015b, p. 8). Results from Alaska trapper questionnaires for the prevalence of ectoparasites on 
wolverines were either scarce or not present across all reporting regions in 2015–2016 (Parr 
2016, p, 21). 
 
Rabies is endemic to Alaska in Arctic and red fox along north and west coasts of Alaska 
(ADF&G 2013). Under the ADF&G enhanced rabies surveillance program, the agency 
confirmed rabies in one wolverine (out of 49 sampled) in 2012, a female found dead in the North 
Slope region (Woodford and Beckman 2012). This was the first confirmed case of rabies in 
wolverines in North America (Woodford and Beckham 2012).  
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The 2014 COSEWIC Assessment and Status Report for the wolverine presented a summary of 
reported parasitic species observed in wolverines in Canada (COSEWIC 2014, p. 25). These 
observations included: parasitic nematode roundworms (Trichinella spp.) in 88 percent of 
wolverine samples tested from Nunavut and 26 percent from the lower MacKenzie region; 
helminth parasites (trematodes, cestodes and nematodes) in wolverine digestive tracts from the 
lower Mackenzie River valley; and, from the Nunavut region, protozoan parasites infections 
including Sacrosystis spp. (80 percent) and Toxoplasma gondii (41 percent) (citations omitted). 
Banci (1987, pp. 81, 110) reported parasitic pneumonia as a cause of mortality in southwest 
Yukon Territory, a female thought be nutritionally-stressed following the raising of young.  
 
An evaluation of trapper-submitted wolverine carcasses harvested was conducted for the Yukon 
Territory in the fur trapping seasons 2005–2006 through 2011–2012 (Jung and Kukka 2013, 
entire). No samples tested positive for rabies (Jung and Kukka 2013, p. 17). Another study of 
intestinal parasites of wolverine carcasses from both the Yukon and Northwest Territories 
reported Trichinella spp. in 74 percent of carcasses and several intestinal parasites, including 
cestodes (parasitic flatworms) such as Taenia spp. (Luck et al. 2016, no page number). 
 
Other than these accounts of prevalence of parasitic infections, including one rabies case, and a 
reported parasitic pneumonia mortality event, we are not aware of any studies documenting 
impacts of disease to wolverines in North America. At this time, based on the best available 
scientific and commercial information, disease is not a stressor to the wolverine in the 
contiguous United States or within its range in North America. 
 
Predation 
 
As discussed above (Diet and Feeding section), a number of potential natural predators, have 
been identified for wolverines across its North American range, including intraspecific predation. 
However, we have no information that suggests this predation represents a significant stressor to 
the wolverine at either an individual or population level.  
 
In summary, the best scientific and commercial information available indicates that disease or 
predation is not a stressor the wolverine. We are unaware of any management or conservation 
measures currently in place to reduce potential impacts associated with disease or predation. 
 
Overutilization for Commercial, Recreational, Scientific, or Educational Purposes 
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
In Montana, wolverines were a legally harvested furbearer in Montana up until 2012; however, 
the trapping season is currently suspended with a zero statewide quota (Montana Natural 
Heritage Program and Montana FWP 2017). Unlike populations in Eurasia, wolverines rarely 
prey on livestock in North America (cf., domestic sheep predation in Wyoming reported (Mead 
2013, pers. comm.)) and therefore they are not directly targeted for predator control (COSEWIC 
2014, p. 41). However, incidental trapping can result in the capture of non-target species such as 
wolverine. In Idaho, the IDFG has a mandatory furtaker harvest report that requests all live 
incidental catches be reported by species (IDFG 2013, pers. comm.). Since 1965, over a period 
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of over 40 years, 16 incidentally-trapped wolverines were reported during the State’s furbearing 
seasons, with 6 animals known to be released alive and 6 mortalities (IDFG 2013, pers. comm.; 
IDFG 2016, pers. comm.). This total includes four wolverines caught during the 2013-2014 
furbearer season, with three released alive and one mortality (IDFG 2014, p. 26). Within the 
State of Wyoming, there are two confirmed reports of incidental take of Wyoming in 1996 
(Mead 2013, pers. comm.) and 2006; the 2006 animal was released unharmed (Inman 2012, pers. 
comm.). In Montana, since the closing of trapping season for wolverine in 2013, three animals 
have been incidentally trapped (Montana FWP 2016, pers. comm.). 
 
Krebs et al. (2004, p. 499) modeled several population growth rate scenarios for North American 
wolverines, including trapped and untrapped populations. Estimated (logistic) rates of population 
growth (λ) were found to be lower for trapped populations (λ = 0.878) as compared to untrapped 
populations (λ = 1.064) (Krebs et al. 2004, p. 499). Harvesting is considered to be an additive 
mortality in the populations studied and is likely sustained by dispersal from untrapped areas that 
provide refugia (Krebs et al. 2004, pp. 499–500). Of note, at the time of this study, wolverines 
were considered furbearer or game animals and trapped or hunted in 8 of their 12 study areas in 
North America, including Montana (Krebs et al. 2004, p. 495; Table 1). 
 
Predator control programs targeting wolves, including poison and incidental trapping, can result 
in incidental losses of wolverines (COSEWIC 2014, p. 41). Specific to wolf control for livestock 
protection in Idaho, three wolverines have been trapped incidental to authorized wolf control 
activities since 1995, with two released alive and one animal euthanized (IDFG 2014, p. 26). 
Additional preventive measures have been adopted to reduce these incidental captures (IDFG 
2014, p. 26). The IDFG has also implemented educational programs to minimize incidental 
capture of wolverines during trapping seasons and licensed wolf trappers are required to 
complete a Wolf Trapper Education course with specific instruction for reducing incidental 
trapping of wolverine, lynx, and other non-target species (IDFG 2014, p. 27). In addition, the 
U.S. Department of Agriculture Wildlife Services (Wildlife Services) agency has also 
temporarily stopped (as of April 2017) using cyanide predator control devices in the State of 
Idaho (Moeller 2017). 
 
Wolverine hunting and trapping is permitted in the State of Alaska. For the 2015–2016 reporting 
period, wolverine harvest, based on furbearer sealing records, totaled 527 animals (Parr 2016, p. 
42). This level of harvest has been fairly consistent since 2010, as shown in table below: 
 
Table 6.  Number of wolverines harvested in Alaska, as reported from regulatory year sealing 
records, 2010–2015. Adapted from Parr (2016, p. 42; Table 10). 
 

Alaska 
Region 2010 2011 2012 2013 2014 2015 

I 25 20 25 31 14 15 
II  25 29 50 31 16 37 
III  233 235 261 358 268 214 
IV  180 160 170 158 99 150 
V  140 110 135 133 109 111 
Total 603 554 641 711 506 527 
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In Canada, wolverines are harvested in the northern and western territories–Manitoba, 
Saskatchewan, Alberta, British Columbia, Yukon, Northwest Territories, and Nunavut 
(COSEWIC 2014, p. 43). Non-aboriginal harvest of wolverines has not been permitted since 
2001–2002 in Québec, Labrador, or Ontario, though incidental harvest has been reported in 
Ontario (COSEWIC 2014, p. 43). The management of wolverine harvest in Canada incorporates 
spatial and temporal elements such as season length, quotas, limited entry, and trapline 
management by trappers (reviewed by Slough et al. 1987). Wolverine harvest levels in Canada 
are monitored using mandatory pelt sealing, annual harvest reporting, or through monitoring of 
fur exports (COSEWIC 2014, p. 43). In some northern communities, wolverine pelts are used 
locally and harvests are monitored through carcass collection programs (COSEWIC 2014, p. 43).  
 
The COSEWIC Assessment and Status Report for the wolverine also noted that range 
contraction and habitat trends of wolverines in Canada are not solely the result of habitat or 
trapping pressure (COSEWIC 2014, p. 20). Reductions in ungulate (e.g., caribou) populations, 
which provide an important winter food resource, were also likely an important factor in range 
contractions of wolverines in its northern range (COSEWIC 2014, p. 20), and likely continue to 
influence populations today. Although the table above shows relatively stable numbers of harvest 
in Canada, snowmobiles have allowed for better access for hunters and trappers and may be 
increasing the number of wolverine harvested in its northern North America range; however, the 
areas of exploitation are still relatively small concentrated areas, and large areas of refugia 
continue to be found (Cardinal 2004, p. 31). That report concluded that harvest pressure is 
sustainable in most areas as young wolverines migrate from these areas of refugia that, if left 
undisturbed, into empty home ranges of wolverines lost to harvest or other mortality events 
(Cardinal 2004, p. 31).  
 
We evaluated trapping of wolverines in British Columbia and Alberta regions of Canada in an 
effort to document potential impacts to dispersing wolverines along the U.S.–Canada border. As 
described above (Population Abundance and Distribution), the population of wolverines in British 
Columbia is estimated to be 2,700–4,760 and 1,500–2,000 animals in Alberta (COSEWIC 2014, p 
36). We obtained 9 years (2007-2015) of harvest data for southern BC wildlife management units 
from the British Columbia Ministry of Environment, Ecosystems Branch for our analysis. Twenty 
seven years (1989–2015) of harvest data was obtained for Alberta in addition to locations of 
wolverines from a run pole study (2012–2015) and other sources (Webb et al. 2016, p. 1,465; 
Webb 2017, pers. comm.). 
 
Figure 5 presents the results from our spatial analysis and indicates a total of 77 wolverines were 
trapped in British Columbia wildlife management units within 110 km (68.35 mi) of the U.S.–
Canada border from 2007–2015 (average of 8.5 animals per year). We used this distance since it’s 
similar to both the average maximum distance per dispersal movement of 102 km (63 mi) for 
male wolverines reported by Inman et al. (2012a, p. 784) for the Greater Yellowstone region of 
Montana, and a reported 100 km (62 mi) dispersal distance for a juvenile male for Ontario, 
Canada (COSEWIC 2014, p. 24, citing unpublished data from Dawson et al. 2013). As shown 
below, one management area contains nearly one-third (23 individuals) of this total number. The 
other management units along the international border indicate very few animals harvested over 
this 8-year period. For Alberta, we identified a total of 15 wolverines harvested by trappers and 
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data presented in other studies within 110 km (68.35 mi) of the U.S.–Canada border from 1989–
2014 (average of less than 1.0 animal per year).  
 

 
Figure 5. Numbers of wolverines harvested in British Columbia and Alberta, Canada.  
Sources: British Columbia Ministry of Environment; Webb et al. 2016; Webb 2017, pers. 
comm.  
 
Based on this analysis, trapping effort along the United States–Canada border does not represent 
a significant barrier to wolverine movement and dispersal along the international border. As 
noted above, Regehr and Lacroix’s (2016, entire) multi-method inventory of wolverines within 
an area located in the eastern side of the Coast Mountains of British Columbia (see black star in 
Figure 5 above) found unexpectedly high numbers of wolverines, which may have been the 
result of the rugged landscape features in this mountainous area and abundant food resources 
(both winter and summer) (Regehr and Lacroix, pp. 249–250). 
 
Legal Status/Protection 
 
In the western United States, the wolverine status is as follows: a state-threatened species in 
Oregon (ODFW 2016) and California (CDFW 2017a); state-endangered species in Colorado 
(Colorado Parks and Wildlife 2015a) ; a candidate species in Washington (Washington 
Department of Fish and Wildlife 2013); a protected nongame species and species of greatest 
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conservation need in Idaho (IDFG 2014); a protected animal and species of greatest conservation 
need in Wyoming (WGFD 2017); a species of greatest conservation need in Utah (Utah Division 
of Wildlife 2015); a furbearer and species of concern in Montana (Montana Natural Heritage 
Program and Montana FWP 2017); and, in Nevada, the Nevada Administrative Code lists 
wolverines as a protected mammal (NAC 503.030), which provides full legal protection. There is 
no protected status for wolverines in the State of Alaska. The State of New Mexico Department 
of Game and Fish does not recognize the wolverine as a native mammal. Additional discussion 
regarding State regulatory mechanisms that provide protections for wolverines is provided in 
Appendix G. 
 
The Idaho Department of Fish and Game issues permits allowing live capture, handling, and 
release of wolverines for scientific studies, which usually involved log box-traps that do not 
cause physical injury to the captured animals (IDFG 2014, p. 27). The agency also issues 
scientific collection permits to various agencies and organizations and to IDFG biologists that 
can include the capture, chemical immobilization, and placement of radio-collars/radio-markers 
on wolverines (IDFG 2014, p. 27). These permittees (and IDFG staff) are required to comply 
with animal trapping and handling protocols approved by IDFG’s Wildlife Health/Forensic 
Laboratory and other animal welfare and research institutions. Over the past 20 years, there have 
been two documented wolverine deaths due to live capture activities in Idaho (IDFG 2014, p. 
27). 
 
In Wyoming, the Wyoming Game and Fish Commission (Commission) Regulation Chapter 52, 
Nongame Wildlife, authorizes take of wolverine only for scientific or educational purposes as 
regulated by Commission Regulation Chapter 33 (Regulation Governing Issuance of Scientific, 
Research, Educational, or Special Purpose Permits). We received information from the State of 
Wyoming indicating that a search of electronic records of Chapter 33 permits (issued since 1997) 
found (as of May 2013) three permits have been issued for scientific purposes to further 
understanding of wolverine ecology in Wyoming (Mead 2013, pers. comm.). 
 
In California, research permits for State-listed, State-candidate, and fully protected species in 
California are issued as a Memorandum of Understanding (MOU). Currently, there are no active 
MOUs for research on wolverine in California (Burkett 2017, pers. comm.). 
 
In Canada, provincial designations for the wolverine include Endangered in Labrador, and 
Threatened in Ontario and Québec (‘Threatened’ is equivalent to Endangered in Québec), with 
the remaining provincial designations ranging from no ranking to Sensitive or Special Concern 
and the Vancouver Island population designated as Imperilled (COSEWIC 2014, p. 44).  
Recovery planning for the wolverine is focused on the eastern population (Canadian Boreal 
Forest Agreement Secretariat 2015, p. 3). 
 
In summary, overutilization does not represent a threat to the wolverine the contiguous United 
States. Wolverine populations in the contiguous United States are currently protected under 
several State laws and regulations. Hunting and trapping activities for wolverines are currently 
suspended or closed entirely for animals within the contiguous United States, though incidental 
trapping can occur. Trapping in Alaska and Canada has been and appears to be sustainable given 
large areas of available refugia in these regions. Trapping or harvesting of wolverines along the 
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contiguous United States–Canada border does not represent a stressor to wolverines migrating 
into the contiguous United States at the individual or population level. In addition, wolverine 
populations along the Alaska–Canada border are continuous with the Yukon region of Canada, 
which suggests a rescue effect for Canadian populations along this international boundary 
(COSEWIC 2014, p. 37). 
 
Summary of Current Conditions 
 
Wolverine populations in much of North America are still recovering from large losses of 
individuals from intensively hunting and persecution pressures in the late 1880s into the mid-20th 
century. Although there is limited rangewide survey information, based on the best available 
information, wolverines continue to be detected across suitable habitat within the contiguous 
United States. Studies are currently underway to estimate the species’ current distribution and 
genetic characteristics of the metapopulation across Montana, Idaho, Wyoming, and Washington. 
In Canada, the total wolverine population is estimated at over 10,000 adults (COSEWIC 2014, p. 
47). In Alaska, estimates of populations are best evaluated based on density, which are naturally 
low for this species. Recent density estimates are generally about 10 wolverines per 1000 km2 
(386 mi2) for Alaska. 
 
Based on our collection of observations and detections of wolverines in the contiguous United 
States and the 2014 status review for Canada, we prepared a Current Range map to illustrate the 
species’ North American range (Figure 3). We estimated that the proportion of the current North 
American range of the wolverine encompassed within the contiguous United States is 
approximately 6 percent.  
 
We determined that 96 percent of the previously modeled primary habitat (Inman et al. 2013) in 
the lower United States is considered to be lands owned or managed by the Federal government 
(see Appendix D). We also estimated that this 41 percent of this modeled primary habitat is 
located in designated wilderness areas. Appendix G, Regulatory Mechanisms and Conservation 
Measures, provides a more detailed summary of management actions. 
 
We evaluated several potential stressors that may be affecting wolverine populations or its 
habitat, including effects from roads, disturbance due to winter recreation and other activities, 
effects from wildland fire, disease and predation, and overutilization for (primarily) commercial 
purposes. We determined that the effects of roads (evaluated by number of miles, density, and 
location) and disturbance represent low level stressors to the wolverine in the contiguous United 
States. Wildland fire was determined to be a short-term stressor to wolverine habitat and its prey. 
Disease and predation are not considered stressors to the wolverine. 
 
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States. 
Incidental trapping of wolverines is infrequent in the contiguous United States, and, in Idaho, 
education programs are being implemented to reduce this stressor. In Alaska, the level of harvest 
of wolverines has been fairly consistent since 2010, and, as noted above, density estimates 
indicate no declining trend in wolverine populations.  
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Wolverines are harvested in several Canadian provinces with management and monitoring 
oversight based on spatial and temporal elements. We reviewed trapping information from 
Canada (within 110 km (68.35 mi) of the contiguous U.S.–Canada border) to assess potential 
impacts to dispersing wolverines into the United States. We found that, in Alberta, 15 wolverines 
were harvest over a 25 year period (average of less than 1.0 animal per year), and, for British 
Columbia, we found an average of 8.5 animals per year, though one management area contained 
nearly one-third (23 individuals) of this total. Based on the best available commercial and 
scientific information, overutilization does not represent a stressor to the wolverine in the 
contiguous United States. 
 
Status – Future Conditions  
 
The future timeframe evaluated in our analysis is approximately 40 to 50 years, which captures 
the range of time periods for proposed projects within the species’ range, as well as our best 
professional judgment of the projected future conditions related to trapping/harvesting, climate 
change, or other potential cumulative impacts. 
 
After considering the current conditions for the wolverine and its habitat, we describe here one 
circumstance that could potentially result in the most likely future conditions scenario:   

• Climate change effects (i.e., significantly elevated temperatures resulting in decline in 
snowpack) may modify suitable habitat, which could also change the scope of the 
wildland fire stressor. 
 

Based on our review of the best available information, we determined that there were no other 
scenarios that were likely to occur for this species. 
 
Climate Change Effects 
 
In this section, we consider climate changes that may affect environmental conditions that the 
wolverine relies on. As defined by the Intergovernmental Panel on Climate Change (IPCC), the 
term “climate” refers to the mean and variability of different types of weather conditions over 
time, with 30 years being a typical period for such measurements, although shorter or longer 
periods also may be used (IPCC 2013a, p. 1450). The term “climate change” thus refers to a 
change in the mean or the variability of relevant properties, which persists for an extended 
period, typically decades or longer, due to natural conditions (e.g., solar cycles) or human-caused 
changes in the composition of atmosphere or in land use (IPCC 2013a, p. 1,450).  
 
Scientific measurements spanning several decades demonstrate that changes in climate are 
occurring. In particular, warming of the climate system is unequivocal and many of the observed 
changes in the last 60 years are unprecedented over decades to millennia (IPCC 2013b, p. 4). The 
change in temperature reported in the Northern Hemisphere in recent history (past 150 years) at 
+0.6°C (1.08°F) is twice the change reported for the Southern Hemisphere (+0.3°C (0.54°F)) and 
there is much year-to-year variation (Post 2013, p. 4). With regard to precipitation over land, 
there has been a decline in global total annual precipitation, but the variability between years in 
total precipitation has increased since about the 1970s (Post 2013, p. 9). The Palmer Drought 
Severity Index (PDSI) compares the actual amount of precipitation received in an area during a 
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certain time period with the normal or average amount expected during that same period 
(National Weather Service (NWS) 2015) and is generally used as a measure of water stress. 
Time series analysis of the PDSI indicates worsening persistent drought-like or drought-potential 
conditions across the globe since 1980, a reflection of the influence of temperature on 
atmospheric dynamics (Post 2013, pp. 10–11).  
 
Comprehensive assessments of other observed and projected changes in climate and associated 
effects and risks, and the basies for them, are provided for global and regional scales in recent 
reports issued by the IPCC (2013c, 2014), and similar types of information for the United States 
and regions within it can be found in the National Climate Assessment (Melillo et al. 2014, 
entire). Results of scientific analyses presented by the IPCC show that most of the observed 
increase in global average temperature since the mid-20th century cannot be explained by natural 
variability in climate and is “extremely likely” (defined by the IPCC as 95 to 100 percent 
likelihood) due to the observed increase in greenhouse gas (GHG) concentrations in the 
atmosphere as a result of human activities, particularly carbon dioxide emissions from fossil fuel 
use (IPCC 2013b, p. 17 and related citations).   
 
Scientists use a variety of climate models, which include consideration of natural processes and 
variability, as well as various scenarios of potential levels and timing of GHG emissions, to 
evaluate the causes of changes already observed and to project future changes in temperature and 
other climate conditions. Model results yield very similar projections of average global warming 
until about 2030, and thereafter the magnitude and rate of warming vary through the end of the 
Century depending on the assumptions about human population levels, emissions of GHGs, and 
other factors that influence climate change. Thus, absent extremely rapid stabilization of GHGs 
at a global level, there is strong scientific support for projections that warming will continue 
through the 21st century, and that the magnitude and rate of change will be influenced 
substantially by human actions regarding GHG emissions (IPCC 2013b, 2014; entire).  
 
Global climate projections are informative, and, in some cases, the only or the best scientific 
information available. However, projected changes in climate and related impacts can vary 
substantially across and, as noted above, within different regions and hemispheres (e.g., IPCC 
2013c, 2014; entire) and within the United States (Melillo et al. 2014, entire). Therefore, we use 
“downscaled” projections when they are available and have been developed through appropriate 
scientific procedures, because such projections provide higher resolution information that is 
more relevant to spatial scales used for analyses of a given species (see Glick et al. 2011, pp. 58–
61, for a discussion of downscaling). We note here that multiple lines of evidence, not just 
projections derived from quantitative models, should be examined when conducting climate 
vulnerability assessments (Michalak et al. 2017, entire). Thus, we provide below projected 
effects from climate change in the western United States relative to both abiotic (e.g., 
temperature, precipitation, snow cover) and biotic (e.g., phenology, behavior) factors.  
 
Abiotic Factors 
 
California 
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Regional temperature and precipitation observations for assessing climate change are often used 
as an indicator of how climate is changing. For evaluating climate trends in California, the 
Western Regional Climate Center (WRCC) has defined 11 climate regions (Abatzoglou et al. 
2009, p. 1,535). The relevant region for our assessment is the north/north-central Sierra Nevada 
region (Tahoe National Forest) currently occupied by a male wolverine is the northeast region. 
 
Two indicators of temperature, the increase in mean temperature and the increase in maximum 
temperature, are important for evaluating trends in climate change in California. For the climate 
region that encompasses the Tahoe National Forest region, the 100-year linear trends provided 
by the WRCC indicate an increase in mean temperatures (Jan–Dec) of approximately 0.92°C/100 
yr (± 0.29°C/100 yr) (1.66°F ± 0.53°F/100 yr) since 1895 from present day; 1.55°C/100 yr (± 
0.67°C/100 yr ) (2.79°F ± 1.21°F/100 yr) since 1949 to present day; and 2.41°C/100 yr 
(±1.54°C/100 yr ) (4.33°F ± 2.78°F/100 yr) since 1975 to present day (WRCC 2017). Thus, the 
increase in mean temperature has not been constant—the rate of increase over the past 42 years 
in this region has been 2.6 times higher than the past 122 years. We assume the rate of 
temperature increase for this region is higher for the second and third time periods (since 1949 
and 1975, respectively) than for the first time period (since 1895) due to the increased use of 
fossil fuels in the later part of the 20th and early 21st century. 
 
Although these observed trends provide information as to how climate has changed in the past, 
climate models can be used to simulate and develop future climate projections based on this 
information. Pierce et al. (2013, entire) presented both state-wide and regional probabilistic 
estimates of temperature and precipitation changes for California (by the 2060s) using 
downscaled data from 16 global circulation models and 3 nested regional climate models. The 
study looked at a historical (1985–1994) and a future (2060–2069) time period using the IPCC 
Special Report on Emission Scenarios A2 (Pierce et al. 2013, p. 841), which is an IPCC-defined 
scenario used for the IPCCs Third and Fourth Assessment reports, and is based on a global 
population growth scenario and economic conditions that result in a relatively high level of 
atmospheric GHGs by 2100 (IPCC 2000, pp. 4–5; see Stocker et al. 2013, pp. 60–68, and Walsh 
et al. 2014, pp. 25–28, for discussions and comparisons of the prior and current IPCC approaches 
and outcomes). Importantly, the projections by Pierce et al. (2013, pp. 852–853) include daily 
distributions and natural internal climate variability.  
 
Simulations using these downscaling methods project an increase in yearly temperature for the 
area that encompasses the Tahoe National Forest (Sierra Nevada) ranging from 2.1°C (3.78°F) to 
3.2°C (5.76°F) by the 2060s time period (Pierce et al. 2013, p. 844), compared to 1985–1994. 
The simulations indicated a yearly upper temperature increase of 2.5°C (4.5°F) from 1985–1994 
to 2060–2069 (averaged across models) for this area, and an increase of 1.9°C (3.42°F ) for the 
December–February period (Pierce et al. 2013, p. 842).  
 
In California (Griffin and Anchukaitis 2014, p. 9020), beginning in 2012 and continuing into 
2016, California experienced a severe drought throughout most of the state. Although three year 
droughts in California are not unusual when evaluated over the past 1000 years, the severity of 
these drought conditions during this period was demonstrated in the 2014 summer PDSI, 
which was estimated to be the lowest on record (1901–2014) (Williams et al. 2015, p. 6,823). 
Griffin and Anchukaitis (2014, entire) investigated how unusual this drought event was in the 
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context of the last millennium using blue oak (Quercus douglasii) tree ring data from four 
sampling sites (with additional tree sampling following the 2014 growth season). Their 
paleoclimate drought and precipitation reconstructions for Central and Southern California show 
that, although the precipitation during this drought has not been anomalously low, it was not 
outside the range of variability (Griffin and Anchukaitis 2014, p. 9,017). However, the 2014 
drought was the worst single drought year of at least the last 1,200 years in California and the 
2012–2014 drought was the most severe of three consecutive drought years, based on three 
events found in the record for the last 1,200 years (Griffin and Anchukaitis 2014, pp. 9,020–
9,021). The study concluded that low precipitation combined with high temperatures was 
responsible for creating this worst short-term drought episode (Griffin and Anchukaitis 2014, pp. 
9,021–9,022). 
  
Williams et al. (2015, entire) recently estimated the anthropogenic contribution to California’s 
drought during 2012–2014. They found that the intensifying effect of high potential 
evapotranspiration on this drought event (measured by summer PDSI) was almost entirely the 
result of high temperatures (18–27 percent in 2012–2014; 20–26 percent in 2014) (Williams et 
al. 2015, p. 6,825). Another study evaluating the influence of temperature on the drought in 
water year 2014 in California found that, although the low level of precipitation was the 
primary driver for the drought conditions, temperature was an important factor in exacerbating 
the drought, noting that the water year 2014 was the third year of the multiyear drought event 
and therefore conditions were drier than normal at the beginning of the water year (Shukla et al. 
2015, p. 4,392).  
 
In sum, these projections indicate that increased temperatures are likely to occur in the Tahoe 
National Forest region by the 2060s due to the effects of climate change. 
 
Precipitation patterns can also be used as an indicator of potential climate change. We obtained 
yearly snowfall data for the Tahoe City station located in the northern Sierra Nevada region from 
the Western Regional Climate Center (https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca8758) since 
that dataset was the most complete for the area. We then conducted a nonparametric 
correlation test, the Mann-Kendall statistical test (Hipel and McLeod 1994, pp. 63–64, 856–
858), which is commonly used for analyzing climatic time series (e.g., Ahmad et al. 2015, 
entire), to evaluate trends in snowfall over time. This analysis was conducted using the R and 
R Studio software programs (Version 3.1.2; R Development Core Team, 2014) with the 
“Kendall” package (Version 2.2) (McLeod 2011). We found that annual snowfall amounts 
showed no statistically significant trend (increasing or decreasing) from 1909–2017 (tau = –
0.0289, two-sided p-value of 0.6705) for the Tahoe City station.  
 
State-wide and regional probabilistic estimates of precipitation changes for California were also 
evaluated by Pierce et al. (2013, entire). When averaged across all models and downscaling 
methods, a small annual mean decreases in precipitation were found for the Sierra Nevada region 
of California, but an increase in precipitation for the December through February period (wetter 
winters) (Pierce et al. 2013, pp. 849, 855). However, there was significant disagreement across 
the models, with percent changes ranging from a12 percent decrease to a 9 percent increase 
(Pierce et al. 2013, p. 851).   
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Columbia River Basin Region  
 
This region covers a large area within Washington, Oregon, and Idaho, and parts of British 
Columbia, Canada, and includes portions of the current range of the wolverine. Rupp et al. 
(2017, entire) used simulations from 35 Global Climate Models (GCMs) to provide projections 
of climate in the Columbia River Basin into the 2080s under two with two emissions scenarios 
of? Representative Concentration Pathways (RCP) (RCP 4.5, which represents moderate 
reduction in GHG emissions (“intermediate emissions”), and RCP 8.5, which represents a 
continued increase in GHG emission “high emission”). The results of their multi-model 
ensemble for the RCP 4.5 scenario indicate mean annual temperature increases (above 
Bonneville Dam), above the 1970–1999 baseline average, of 1.3°C (2.34°F) for the 2010–2039 
period, 2.3°C (4.14°F) for the 2040–2069 period, and 2.8°C (5.04°F), for the 2070–2099 future 
period (Rupp et al. 2017, p. 1,788). By season, the winter period (December–February) mean 
change result indicates an increase of 1.1°C (2.52°F) for 2010–2039, 2.2°C (3.96°F) for 2040-
2069, and 2.7°C (4.86°F) for 2070–2099, as compared to the 1970–1999 baseline average (Rupp 
et al. 2017, p. 1,788).  
 
For the RCP 8.5 scenario, the multi-model ensemble projections indicate mean annual 
temperature increases, above the 1970–1999 baseline average, of 1.4°C (2.34°F) for the 2010–
2039 period, 3.1°C (5.58°F) for the 2040–2069 period, and 5.0°C (9.0°F), for the 2070–2099 
period (Rupp et al. 2017, p. 1,788). For the winter season (December–February) mean change 
increase of 1.4°C (2.34 °F) for 2010–2039, 2.9°C (5.22°F) for 2040-2069, and 4.7°C (8.46°F) for 
2070–2099, as compared to the 1970–1999 baseline average (Rupp et al. 2017, p. 1,788). The 
anthropogenic-forced change for these projections is higher than the annual variability; thus, by 
the year 2050, it is very unlikely that the temperature for this year or any year following during 
this century would be as low as the historical average (Rupp et al. 2017, p. 1,788). 
 
Precipitation projections were much less robust; the multi-model ensemble mean precipitation 
projections indicate an increase above baseline of up to 8 percent by 2099 for RCP 8.5 and 
slightly less for RCP 4.5 (Rupp et al. 2017, p. 1,788). When viewed seasonally, for the winter 
season, the ensemble projections indicate precipitation increases for all three future time periods 
for both the RCP 4.5 and RCP 8.5 scenarios (ranging from 3 to 14 percent) as compared to the 
baseline period (1970–1999) (Rupp et al. 2017, p. 1,788). The anthropogenic-forced change for 
these projections is lower than the annual variability; however, the authors indicate that years of 
anomalously low precipitation relative to baseline would be expected with high frequency 
throughout the 21st century (Rupp et al. 2017, p. 1,788). 
 
Sheehan et al. (2015, p. 20; Table 4) also found that, within three subregions of the Pacific 
Northwest, when compared to a historical baseline (1971–2000), all future climate projections 
(RCP scenarios 4.5 and 8.5; 2036–2066, 2071–2100) indicate a rise in both minimum and 
maximum monthly temperatures, and a generally positive change in mean annual precipitation, 
though the latter results varied across projections.  
 
Upper Snake River Basin 
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The Upper Snake River Tribe Foundation and its Tribal members prepared a climate change 
vulnerability assessment for the Upper Snake River Watershed (Petersen et al. 2017, entire). The 
assessment the assessment covers large areas of southern Idaho and eastern Oregon, and small 
areas of northern Nevada, northern Utah, and western Wyoming (Petersen et al. 2017, p. 15). 
Within three geographic/model domains of this larger region, downscaled climate projections 
were created from 20 GCMs run with two emissions scenarios (RCPs 4.5 and 8.5) and these 
outputs were then used to calculate potential future changes in temperature and precipitation 
(Petersen et al. 2017, pp. 15–16). The projections were analyzed in reference to a baseline period 
(1950-2005) for three future time periods—the 2030s (2020–2049), the 2050s (2040–2069), and 
the 2080s (2070–2099) (Petersen et al. 2017, p. 16). 
 
For temperature, their projections indicated an increase in average annual temperatures in both 
future emission scenarios and across all time periods. Under RCP 8.5 (high emissions scenario), 
the ensemble mean temperature increase was about 6.11°C (11ºF), and 2.78°C (5ºF) under the 
RCP 4.5 lower emissions scenario across all three geographic/model domains (Petersen et al. 
2017, Appendix A, p. 2). For the North and East domains (areas with greater topographical 
variability), there was some indication of a small increase in total annual precipitation by the end 
of the century, though there was less agreement among the models (Petersen et al. 2017, 
Appendix A, p. 2). 
 
For all geographic/model domains, the average temperature is projected to increase under both 
emissions scenarios for all seasons (Petersen et al. 2017, Appendix A, p. 2). For the winter 
months (December, January, February), for RCP 4.5, the average seasonal temperature is 
projected to increase by 3.89 to 5°C (7 to 9ºF) by the end of the century, and an increase of 
approximately 2.22 to 3.33°C (4 to 6ºF) for the other seasons (Petersen et al. 2017, Appendix A, 
pp. 2, 6). The winter season projections for RCP 8.5 add an additional 1.67 to 2.22°C (3 to 4ºF) 
by the end of the century (Petersen et al. 2017, Appendix A, pp. 2, 6).  
 
Rocky Mountain Region (Colorado) 
 
Lukas et al. (2014, entire) presented an assessment of observed and future projections of climate 
change effects for Colorado. They reported that, statewide, annual average temperatures have 
increased by 1.1°C (2.0°F) over the past 30 years, and 1.4°C (2.5°F) over the past 50 years 
(Lukas et al. 2014, p. 11). These warming trends have been observed in much of the State (Lukas 
et al. 2014, p. 11). They report no significant long-term trends in annual precipitation (30-, 50-, 
and 100-year trends) through 2012, but they indicate an observed trend towards more severe soil-
moisture drought conditions in Colorado, based on the PDSI, over the past 30 years (Lukas et al. 
2014, pp. 12, 21).  
 
This report also presents results from climate change modeling using an ensemble of CMIP5 
model projections, run with RCP 4.5 and 8.5 scenarios (Lukas et al. 2014; Section 5). The results 
indicate future warming in Colorado for all of the climate model projections (Lukas et al. 2014, 
p. 59). By 2050, for the RCP 4.5 (intermediate) emissions scenario, the statewide average annual 
temperatures are projected to increase by 1.4 to 2.8°C (2.5 to 5°F) (relative to a 1971–2000 
baseline), and increase by 1.9 to 3.6°C (3.5 to 6.5°F) under the RCP 8.5 (high) emissions 
scenario (Lukas et al. 2014, p. 59). For precipitation, they report that climate model projections 
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show less agreement regarding future precipitation change for Colorado, but most projections 
indicate increasing winter precipitation by 2050 (Lukas et al. 2014, p. 59). 
 
Summary 
Observed trends and future climate model projections indicate warming temperatures for much 
of the western United States. The degree of future warming varies by region and is dependent 
upon the future emission scenario used during the modeling process. Future precipitation trends 
are less certain for many regions, in part, due to naturally high, inter-annual variability; some 
regions are projected to experience greater winter precipitation. 
 
Biotic Factors 
 
In addition to evaluating changes in these abiotic factors, biotic interactions should be considered 
in evaluating species’ response to climate change (reviewed by Post 2013). Although abiotic 
changes drive ecological processes, the alterations in biotic interactions (e.g., competition among 
conspecifics, interactions with competitors, resources, and predators) represent the ecological 
responses that result from those changes (Post 2013, p 1). Changes in certain abiotic factors, such 
as snow and ice cover, should also be considered in an ecological context since they represent 
habitat for many species (Post 2013, p. 11). 
 
Ecological studies evaluating the effects of climate change often evaluate phenology, the timing 
of life history events and how they vary in space and time, generally at the population or site-
specific level, though phenological variation at the individual level may also be important (Post 
2013, p. 54). Previous meta-analyses of the rate of phenological advancement have suggested 
advances of between 2–5 days per decade, across taxa, and between low-mid to mid-high 
latitudes (Post 2013, p. 59). A more recent meta-analysis from Cohen et al. (2017, p. 4) found, 
on average, significant advancement in the phenology of animals since 1950, advancing by about 
2.88 days per decade and 3.08 days per degree Celsius.  
 
Within the Pacific Northwest region, Ford et al. 2016 (entire) modeled the timing of growth 
initiation in coast Douglas-fir trees (Pseudotsuga menziezii var. menziezii) within the species’ 
range in Washington and Oregon to evaluate its ability to track changes in climate with changes 
in phenology. This study found that, for high latitudes and elevations, growth initiation was 
predicted to occur earlier in the year, which allows trees to track the beginning of favorable 
growing conditions, without exposure to frost risk (i.e., adaptive phenological response) (Ford et 
al. 2016, pp. 3718, 3,721). Conversely, their model predicted that at lower latitudes and 
elevations, growth initiation will lag behind climate change shifts due to reduced chilling with 
lower productivity, which suggested that coast Douglas-fir has an obligate chilling requirement 
for height (but not diameter growth initiation) (Ford et al. 2016, pp. 3,717–3,719). 
 
Another study reported on the effects of encroachment of woody plants (willows (Salix sp.)) in 
alpine environments to alpine wildflowers and their pollinators due to temporal overlap in 
flowering phenology, which may result in establishment of plant species with broader 
environmental tolerance in high alpine ecosystems (Kettenbach et al. 2017, p. 6,969). Similarly, 
in Sweden, Wilson and Nilsson (2009, entire) reported on encroachment of woody vegetation in 
arctic-mountain habitat, though primarily at lower elevations in response to observed 
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temperature increase of 2.0°C (3.6°F) over 20 years, though this increase in cover was observed 
primarily at lower elevations (Wilson and Nilsson 2009, p. 1,682). 
 
A high-latitude, North American study evaluated the effect of weather and broad-scale climate 
variables and vegetation productivity on the timing of spring and fall migrations of migratory 
caribou herds in northern Québec and Labrador, Canada (Le Corre et al. 2017, entire). That 
study found that, since 2000, except for the spring arrival, migrations occurred earlier, and were 
affected by resource availability, likely through intraspecific competition factors (Le Corre et al. 
2017, p. 266).  
 
In addition to phenological changes related to habitat variables or reproduction patterns, the 
effects of climate change may affect food resources important to wolverine, either directly (e.g., 
survival) or indirectly (e.g., effects to their habitat). An early study by Wang et al. (2002, p. 217) 
projected a potential increase in ungulate populations in Rocky Mountain National Park 
(Colorado) under future climate scenarios due to enhanced survival and recruitment of juvenile 
animals in response to less severe winters. The authors note that their results should be 
interpreted qualitatively given the uncertainties in applying climate change scenarios based on 
global models to ecological systems at the local scale (Wang et al. 2002, p. 217). In addition, 
they report that vegetation response (e.g., succession) in response to climate change effects may 
result in changes to ungulate habitat (Wang et al. 2002, p. 219). Overall, the study concluded that 
their results were consistent with those reported in other studies that have evaluated the 
relationships between the effect of weather and density dependence and ungulate population 
dynamics (Wang et al. 2002, p. 219). 
 
Summary 
 
The results presented above indicate biotic effects resulting from climate change, varying from 
phenological changes to shifts in vegetation and vegetation succession. We are unaware of 
studies that have directly evaluated these types of effects to the North American wolverine or its 
habitat. 
 
Climate Change and Potential for Cumulative Effects  
 
Threats can work in concert with one another to cumulatively create conditions that may impact 
the wolverine or its habitat beyond the scope of each individual threat. Given an expected 
increase in temperature in the western United States, the best available information indicates 
that, if there are any cumulative impacts in the future, the most likely could be changes in 
snowpack from the combination of increased temperature and changes or from combination of 
wildland fire potential and snowpack. 
 
Snowpack/Snow Cover 
 
Upper Snake River Watershed (Pacific Northwest region) 
 
The Upper Snake River Tribal Foundation assessment (discussed above) included projected 
changes in snowpack for three locations in the Upper Snake River watershed, including areas 
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locatedion within our estimated Current Range of the wolverine (from Climate Impacts Group 
Pacific Northwest (PNW) Hydroclimate Scenarios Project (2860); 
http://warm.atmos.washington.edu/2860/products/sites/). Model results, based on snow water 
equivalent (SWE) (the water content of snowpack, expressed as depth), indicate a projected loss 
in April 1st snowpack of 36 percent for the 2030–2059 period and 64 percent for the 2070–2099 
period for the Salmon River at White Bird location (average of percent change across all models 
relative to the long-term average for 1916–2006 (“historical period”)). For the Snake River at 
Brownlee Dam location, the projected loss is 37 percent for the 2030–2059 period and 64 percent 
for the 2070–2099 period (summary presented in Petersen et al. 2017, p. 20). These projected 
changes were found to be consistent with overall changes projected for the Columbia River 
Basin snowpack in an earlier study. Hamlet et al. (2013, p. 404; Figure 7) found that, relative to 
the long-term average for 1916 to 2006, the April 1st snowpack in the Columbia River Basin is 
projected to decline by 29% for the 30-year period spanning 2030-2059 and decline by 52% for 
the period spanning 2070-2099 for the A1B emissions scenario. [Note: the A1B emission 
scenario represents a more balanced energy portfolio than RCP 8.5, with GHG emissions 
leveling off by the middle of the 21st century]. 
 
Sierra Nevada 
 
Walton et al. (2017, entire) developed snow cover projections for the Sierra Nevada region in 
California, incorporating snow albedo feedback using a hybrid downscaling approach to develop 
future climate projections. This feedback loop is known to be important for regional climate 
change (Thackeray and Fletcher 2016, p. 395) and occurs when warming causes snow pack to 
shrink at margins and the exposed ground absorbs more sunlight than snow, which enhances the 
warming, and resulting in more melting of snow (Walton et al. 2017, p. 1,417). This study (using 
3 km (1.86 mi) resolution) found that, by the end of the 21st century (2081–2100), warming and 
loss of snow cover is expected to occur, though the degree varies depending on the GHG 
scenario (Walton 2017, p. 1,430). Under the RCP 8.5 (high emissions) scenario, the study found 
that the total area covered by snow during the typical month of April decreases by 48 percent, as 
compared to historical average (1981–2000) (using ensemble mean) (Walton et al. 2017, p. 
1,432). Under the RCP 4.5 (moderate emissions) scenario, snow cover losses were projected at 
about half of those for RCP 8.5 (Walton et al. 2017, p. 1,434; Figure 13).Warming was more 
pronounced with lower? elevations, and was most severe in May and June (Walton et al. 2017, p. 
1,431; Figure 12). For the months of March and April, the highest elevations were found to have 
nearly complete snow covered (measured as snow covered fraction) for all GCM simulations 
(Walton et al. 2017, p. 1,431; Figure 12).  
 
Northern and Southern Rocky Mountains–Glacier and Rocky Mountain National Parks 
 
The effects of climate change on snow persistence has been suggested as an important negative 
impact on wolverine habitat and populations by the mid-21st century (McKelvey et al., 2011, 
entire). The Service therefore pursued a refined methodology to provide insights into the 
potential impacts of climate change on snow persistence. 
 
The Service engaged the National Oceanic and Atmospheric Administration (NOAA) 
laboratories and University of Colorado in Boulder, Colorado (CU) regarding their ability to 

http://warm.atmos.washington.edu/2860/products/sites/


North American Wolverine Species Status Assessment Report  DATE 

71 
 

evaluate and model fine scale persistence of snow in occupied and potential wolverine habitat in 
the contiguous United States. Those discussions revealed significant progress in fine scale 
modeling approaches since the early 2000s. and Tthe Service provided funding for an assessment 
of snow extent and depth to assess the effects of climate on snow persistence in two areas of the 
western United States, Rocky Mountain and Glacier National Parks (Ray et al. 2017, entire). The 
primary objective of this study was to refine the spatial and temporal scale of snow modeling 
efforts and improve the scientific understanding of the extent of spring snow retention currently 
and into the future under a changing climate (Ray et al. 2017, p. 9). The objectives of the study 
included (Ray et al. 2017, p. 10): 
 

• Use of fine-scale models to analyze the topographic effects of snow, including slope and 
aspect (compass direction that slope faces)  

• Use of a range of plausible future climate change scenarios to assess snow persistence 
• Analysis of extremes and year-to-year variability by selecting representative wet, dry, 

and near normal years (using observed conditions) and then modeling changes for those 
base years under several future climate scenarios 

• Assessment of changes in snow persistence by elevation 
 
The study was designed to parallel as much as possible and thereby refine the previous 
assessment of snow cover persistence in the western United States presented in McKelvey et al. 
(2011). However, an exact replication of the McKelvey et al (2011) study was not possible given 
the time, funding, and computational constraints needed to develop a fine-scale assessment. The 
current study was limited to two study areas (approximately 1,500 to 3,000 km2 (579 to 1,158 
mi2) each) in the northern and southern Rocky Mountains (see Appendix H for maps). The two 
study areas were selected because they encompass the latitude and elevational range of 
wolverines within the contiguous United States. Glacier National Park (GLAC) is representative 
of a high latitude and relatively low elevation area currently occupied by wolverines. The Rocky 
Mountain National Park region (ROMO) is a lower latitude and higher elevation area within the 
wolverine’s historical range, which was recently occupied by a wolverine from 2009 to at least 
2012. 
 
Methods: We provide here a brief summary of the methods used in this study. Additional details 
are contained in the full report authored by Ray et al. (2017). The initial step of the analysis was 
a review of the observed climate and variability to provide context for trends and year-to-year 
variability. Next, historical snow cover extent and variability were analyzed using satellite 
remote sensing (MODIS) data from 2000 to 2016 to calculate a snow disappearance date for 
each year at each pixel. Summary statistics include total snow covered area (total area covered 
by snow), representation of snow pack by aspect (percent of land areas covered by snow for each 
of the 17 years in the historical record by topographic aspect based on compass direction that the 
slope faces), and elevation dependence for wet, near-normal, and dry years (with median of all 
years used as reference). Future snow pack projections were then generated using the Distributed 
Hydrology Soil Vegetation Model (DHSVM), for the historic period 1998-2013, and then 
validated against SNOTEL observing stations and MODIS satellite data.  

Both Ray et al. (2017) and McKelvey et al. (2011) used the delta method to estimate future snow 
persistence. The NOAA-DHSVM delta method uses historical observed weather (1998–2013) as 
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the baseline and applies future changes in temperature and precipitation from the chosen GCMs 
(approximately Year 2055) to estimate future snow persistence on the landscape. Five future 
scenarios (GCMs) were selected from CMIP5 global climate model projections to capture 
variability in temperature and precipitation, using the RCP 4.5 (moderate) and RCP 8.5 (high) 
emissions scenarios. Representative wet, near normal, and dry years were analyzed for the 
historical simulations and evaluated for the five future scenarios. The number of years (out of 16) 
with snow depth greater than 0.5 m (20 in) was also analyzed as was the change in Snowcovered 
Area (SCA) with depth greater than 0.5 m (20 in). This snow depth was selected based on an 
analysis of the snow depth at documented wolverine den sites in Glacier National Park (Ray et 
al. 2017; Table 5-2). Results were reported for “light snow cover” (snow depth greater than 1.25 
cm (0.5 in)) and “significant” snow (snow depth > 0.5 m (20 in)) for April 15, May 1, and May 
15 for previously defined representative years. The term “light snow cover” was incorporated as 
the most directly comparable parameter to McKelvey et al.’s “light” snow cover. The average 
change in SCA and SWE was analyzed as a function for both study areas of elevation and was 
overlaid with the elevations of documented wolverine den sites (2003–2007) in GLAC.  

Comparison with McKelvey et al. (2011): Although the methods used in this study have 
similarities with those presented in McKelvey et al. (2011), there are several key differences. 
Ray et al. (2017) used a finer spatial resolution model (DHSVM) than McKelvey et al. (2011) 
(0.0625 km2 vs. 35 km2) that incorporated slope and aspect. The grid cells represented in 
McKelvey et al. (2011) were assumed to be flat (i.e., north-facing slopes treated as identical to 
south-facing slopes). McKelvey et al. (2011) focused on May 1st snow depth as a proxy for May 
15th snow disappearance, while Ray et al. (2017) focused directly on May 15th snow 
disappearance and produced results for the presence or absence of deeper snow (nominally 
greater than or equal to 0.5 m (20 in) depth) on May 1st and April 15th.3 Because of the increased 
resolution of this study, Ray et al. (2017) was able to consider whether any pockets of snow with 
depth greater than 0.5 m (20 in) will persist in these areas. Additional comparisons are outlined 
below in Table 7 and in Ray et al. (2017, p. 6). 
 
Table 7. Comparison of Methods, Ray et al. (2017) vs. Copeland et al. (2010)/ McKelvey et al. 
(2011) 
 Ray et al. (2017) Copeland et al. (2010)  

and McKelvey et al. (2011) 
Spatial Resolution 250 m x 250 m = 62,500 m2 or 0.0625 km2  

(0.24 mi2) 
~5 km x 7 km = 35 km2  

(13.51 mi2) 
Geographic Area Glacier and Rocky Mountain National Parks, 

300 m below treeline and above 
Western United States, except 
California and Great Basin 

Topography Slope, aspect, and shading were used Slope and aspect were not used 
Validation SNOTEL (ground stations) and MODIS 

(satellite data) 
None 

Future Scenario 
Method 

Delta Method, used to project 2000-2013 
conditions out to Year 2055 

Delta Method (Years: 2045, 2085, 
2070-2099) 

Future Scenarios 
(GCMs) 

miroc, giss, fio, cnrm (both study areas); 
canesm (Glacier National Park only) 
hadgem2 (Rocky Mountain National Park only) 

Ensemble of 10 GCMs, pcm1, and 
miroc 3.2 

                                                 
3 The NOAA/CU study originally focused on May 15th to compare to the McKelvey et al. (2011) study, and June 1st 
to bracket the snowmelt season. However, April 15 and April 30 dates were added to the evaluation of snowcovered 
areas to align with temporal reproductive patterns of the wolverine (see Life History section above).   
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Time-related Results Long-term means and year-to-year variability 
(i.e., wet, near normal, and dry years)  

Changes in long-term mean snowpack 
only 

Snow Detection and 
Measurements 

Snow or no snow (1.25 cm (0.5 in) threshold), 
snow depth (0.5 meter (20 in) threshold for 
"significant snow"), and snow water equivalent  

Snow or no snow (13 cm (5.12 in) 
threshold) 

Number of Years of 
MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 
Snow Cover Dates 
Analyzed 

April 15, May 1, and May 15 May 1, May 15 (derived from May 1), 
May 29 (derived from May 1) 

 
Results: While there are challenges in comparing the results from McKelvey et al. (2011) 
directly to the NOAA/CU study due to differences in methodology and focus, the qualitative 
picture can be summarized as follows: projected warming has a larger effect at lower elevations 
whereas projected precipitation changes may dominate the springtime snowpack in the high 
country. We present below a summary of the main results from Ray et al. (2017). 
 
MODIS Observed Historic Snowpack Variability Analysis:   
 

● In GLAC, SCA varies considerably by year, including wet years such as 2011 with very 
persistent snow, years with strong melt in early May, such as 2012, or in late May (2009, 
2001), and dry years (2004, 2005) (Ray et al. 2017, Section 4.3).  

● Even in dry years, northeast-facing slopes in GLAC tend to hold more snow and melt 
later in the season.  

● More than 80 percent of the GLAC study area above approximately 2,000 m (6,562 ft) 
elevation on May 1 has snow cover during dry years, and more than 95 percent has snow 
cover above approximately 1,200 m (3,937 ft) during wet years.  

● In ROMO, the SCA also varies considerably by year. 
● The northwest-facing slopes in ROMO tend to hold more snow even during dry years. In 

very dry years, snow cover peaks at intermediate elevations, suggesting that the high-
altitude snowpack may be particularly vulnerable in this region under warm/dry 
conditions. 

 
Future Snowpack Projections: The area-wide SCA results include snow cover changes in both 
forested and above-treeline (alpine) terrain, which may have different implications for wolverine 
biology. 
 
Glacier National Park (GLAC): 
 

• Projections for April 15th, May 1st, and May 15th SCA and area with snow depth greater 
than 0.5 m (20 in) show declines on average in all scenarios, compared to the 2000–2013 
historic average, except for small increases in the Warm/Wet scenario and for almost all 
years.  

o For April 15th, light SCA area is reduced by 3 to 23 percent and significant snow 
cover (greater than 0.5 m (20 in)) declines by 7 to 44 percent.  

o For May 15th, light SCA is reduced by 10 to 36 percent, and the area with 
significant snow cover declines by 13 to 50 percent. 



North American Wolverine Species Status Assessment Report  DATE 

74 
 

• All projections show declines in the number of years with significant snow (equal to or 
greater than 0.5 m (20 in)). Areas with frequent availability (at least 14 out of 16 years) 
of significant snow become concentrated in smaller high elevation areas. Lower elevation 
areas had the largest decreases in the number of years with significant snow cover.  

• Most of the known den sites are located between 1,800 m (5,906 ft) and 2,000 m (6,562 
ft) in GLAC. Below that elevation band, large snow losses are predicted (40 to 70 percent 
decrease for two of the scenarios, 16 to 20 percent for the other three). Above that 
elevation band, there is little change in SCA for four of the five scenarios (2 to 8 percent) 
except in maximum warming scenario (decline of 40 percent (Ray et al. 2017; Figure 5-
22). In the 1,800–2,000 m (5,906–6,562 ft) band, the snowpack change is sensitive to 
elevation and to the future climate scenario used. 

• For representative wet years, for May 15th, the higher elevations of the study areas 
experience only 2 to 7 percent loss of snowpack under the scenarios with “least” change 
and the “central” change, although for the dry years, losses range from 18 to 57 percent. 

o The implication is that the wet, cold climate of the GLAC study area could act as 
a “buffer” to change in areas with of 0.5 m (20 in) of deep snow on May 1st, at 
least for elevations above 1,800 m (5,906 ft). 

 
Rocky Mountain National Park (ROMO):  
 

• Projections of May 15th SCA in ROMO decline on average in all scenarios, except for 
small increases in the Warm/Wet scenario, and for almost all years. 

o For April 15th, light SCA (depth ≥ 5 mm (0.2 in)) declines by 3 to 18 percent and 
significant SCA (depth > 0.5 m (20 in)) changes from −1 to +16 percent for the 
five scenarios considered (compared to the 2000-2013 historical average).  

o For May 15th, the area with light snow cover declines 8 to 35 percent and the area 
with significant snow cover declines 6 to 38 percent. 

• All projections show declines in the number of years with significant snow. The areas 
with frequent availability (at least 14 out of 16 years) of significant snow (equal to or 
greater than 0.5 m (20 in)) become concentrated in smaller high elevation areas. In 
contrast, lower elevation areas had the largest decreases in the number of years with 
significant snow cover.  

• Although no dens have been documented in ROMO, the elevation band for denning, 
modeled by regression analysis, is estimated at 2,700 to 3,600 m (8,858 to 11,811 ft). On 
May 1st, modest declines in SWE of about 15 percent and less for areas at 3,400 m 
(11,155 ft) or above result in losses of only about 10 percent snow cover.  

o The implication is that the wet, cold climate of the higher parts of the ROMO 
study area could also act as a “buffer” to change in the area of 0.5 m (20 in) deep 
snow on May 1st.  

 
Elevation Dependence of Change: In general, and supported by the literature, the snowpack in 
the higher elevations of both areas is more responsive to precipitation change, while lower 
elevations are more responsive to temperature change. For GLAC, most of the observed den sites 
are located within the zone where temperature dominates the future effects of change. For the 
elevation of den sites in GLAC (i.e., above 1800 m (5,906 ft)), loss of SCA on May 1st spans the 
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range of 5–40 percent, with a 70 percent decrease for the Hot/Wet (miroc GCM) scenario. Above 
2,200 m (7,218 ft), the losses are less than 5 percent for all but the Hot/Wet scenario.  
 
Current results may be a reasonable estimate for the high mountain ranges within the Rockies 
that lie between GLAC and ROMO. However, without further study, we cannot reasonably 
extend these results to say whether or not snow refugia will persist in the Central Rockies below 
our study elevations (approximately 1,000 m (3,281 ft)). These lower elevations are where 
McKelvey et al. (2011) predicted the greatest losses in snowpack. The NOAA/CU results also 
cannot be extrapolated to mountain ranges outside of the Rockies (i.e. the Cascade Range) that 
have different climates (temperature and precipitation). We note here that we have no 
documented wolverine den sites in the contiguous United States below 1,500 m (4,921 ft) 
elevation; that is, no documented den locations in the areas where McKelvey et al. (2011) 
predicted the greatest loss in snowpack. 

 
Interpretation and additional analysis relative to wolverine den site scale: The Service was 
interested in exploring the question, “If snow cover is required for wolverine denning, will there 
be a sufficient amount of significant snow cover in the future in areas wolverines have 
historically used for denning in the contiguous United States?” The Service integrated future 
DHSVM projections (2000–2013 averages) of snow covered area (greater than 0.5 m (20 in) 
depth) on May 1st for GLAC and ROMO with new information obtained from a spatial analysis 
of documented den sites in the contiguous United States. This spatial analysis indicated 31 of 34 
documented den sites in the contiguous U.S. were located in areas with slope less than 25 
degrees. Avalanche risk increases significantly in areas with slope greater than 25 degrees (Scott 
2017; pers. comm.) and wolverines may avoid these areas for denning due to this risk.  
 
Using the projections prepared by Ray et al. (2017), we present in Figures 6 and 7 the spatial 
distribution of significant snow covered area with slopes less than 25 degrees and within the 
elevation bands indicated above for three future scenarios in each study area. The three scenarios 
for GLAC (miroc, cnrm, and giss) and for ROMO (hadgem2, fio, and giss) were chosen to span 
the range of GCM uncertainty regarding temperature and precipitation, and by extension 
significant SCA (see Figures 6a and 7a). We found that large portions of the study areas meet all 
three criteria— greater than 0.5 m (20 in) snow depth on May 1st, at elevation 1,514–2,252 m 
(4,967–7,389 ft), and with a slope less than 25 degrees—across both study sites in the future.   
 
The GLAC miroc simulation shows the greatest decrease in future snow covered area in the 
elevation band historically used for denning (orange line in Figure 7a). Figure 6b shows the 
spatial distribution of significant SCA with slope less than 25 degrees and elevation of 1,514–
2,252 m (4,967–7,389 ft) for the miroc simulation on May 1st (approximately Year 2055). 
Approximately 494 km2 (191 mi2) of area meet the three criteria with an additional 803 km2 (310 
mi2) of area retaining significant snow covered area, primarily at higher elevations. Moreover, 
we determined that large tracts of significant SCA are projected in close proximity to 
documented historical den sites across all three scenarios (Figures 6b–6d). A shown in Table 8, 
wolverines would not have to travel far, or at all, relative to either distance or elevation to reach 
areas with significant snow covered area in the future.  
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A similar analysis was performed for the ROMO study area and the results indicate that large 
portions of the study area meet all three criteria identified above. The hadgem2 (Figure 7b) and 
cnrm scenarios were found to have the greatest decrease in significant snow covered area of the 
five scenarios analyzed. Figure 7b (hadgem2 simulation) shows the spatial distribution of 
significant SCA (greater than 0.5 m (20 in) depth), elevation of 2,700–3,600 m (8,858–11,811 
ft), and slopes less than 25 degrees where denning would be expected to occur. Total area 
meeting these three criteria was 339 km2 (131 mi2) (dark blue in Figure 7b), with an additional 
446 km2 (172 mi2) with snow depth greater than 0.5 m (20 in) (light blue in Figure 7b), mostly at 
higher elevations. Figures 7c (fio scenario) and Figure 7d (giss scenario) show a similar 
distribution, albeit larger areas of significant snow retention in the future (see map legends in 
Figures 7c and 7d for area estimates). 
 
Table 8. Distance of historical GLAC dens (Years 2003–2007) from projected significant snow 
covered area in the future (approximately Year 2055) (using 2000–2013 average). A 0 (zero) 
value indicates the den site location meets all three criteria in the future (greater than 0.5 m (20 
in) snow depth on May 1st, at elevation 1,514–2,252 m (4,967–7,389 ft), and with a slope less 
than 25 degrees).   
 

Den Site Elevation, m 
(ft) 

Distance from den site to nearest model cell, m (ft) 
GCM scenario 

miroc cnrm giss 
1 2,252 (7,389 ft) 0 0 0 
2 2,093 (6,867 ft) 0 0 0 
3 1,995 (6,545 ft) 0 0 0 
4 1,977 (6,486 ft) 210 (689 ft) 0 0 
5 1,973 (6,473 ft) 208 (682 ft) 0 0 
6 1,928 (6,326 ft) 0 0 0 
7 1,922 (6,306 ft) 9 (29.5 ft) 8 (26 ft) 8 (26 ft) 
8 1,912 (6,273 ft) 170 (558 ft) 0 0 
9 1,893 (6,211 ft) 110 (361 ft) 0 0 
10 1,851 (6,073 ft) 87 (285 ft) 0 0 
11 1,843 (6,047 ft) 74 (243 ft) 0 0 
12 1,823 (5,981 ft) 56 (184 ft) 0 0 
13 1,807 (5,929 ft) 0 0 0 
14 1,514 (4,967 ft) 574 (1,883 ft) 571(1,873 ft) 296 (971 ft) 
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Wildland Fire  
 
California 
 
Keeley and Syphard (2016, entire) analyzed fire-climate relationships to predict future fire 
regimes in California. Their review concluded that: (1) Climate is not a major determinant of fire 
activity across all landscapes; (2) hotter and drier conditions for areas at lower elevations and 
lower latitude were found to have little or no increase in fire activity as vegetation types in these 
regions are ignition limited; (3) increasing annual temperatures by themselves are not good 
predictors of increased fire activity; seasonality, especially spring and summer temperatures, are 
more important; and (4) fire-climate models need to be scaled to vegetation types; broad-scale 
models may produce over-predictions of the total increase in future fire regimes (Keeley and 
Syphard 2016, pp. 1, 10). Additionally, drought is a key factor in defining fire regimes and 
annual precipitation is the primary driver of drought variability (Williams et al. 2015, p. 6,819), 
but, at the present time, it is difficult to separate current droughts in California from natural 
cycles of drought (Keeley and Syphard 2016, p. 6). 
 
Pacific Northwest 
 
Sheehan et al. (2015, entire) used downscaled CMIP5 projections to model vegetation and fire 
changes, with and without fire suppression, within three subregions of the Pacific Northwest. 
Emission scenarios RCP 4.5 and 8.5 emission scenarios were used for future climate projections. 
The resulting trends varied by geographic region. In the Western Northwest subregion (from the 
crest of the Cascade Mountains west), the mean fire interval (MFI) averaged over all climate 
projections decreased by up to 48 percent, an increase in annual percent area burned (PAB), and 
the predominant conifer forest is replaced by mixed forest under future climate under both RCP 
scenarios, with and without fire suppression; thus, climate, rather than fire was found to be the 
primary influence in this subregion (Sheehan et al. 2015, pp. 22–26). In the Eastern Northwest 
Mountains (ENWM) subregion (mountainous areas east of the Cascade Mountains), the MFI 
(averaged across all climate projections) decreased by up to 81 percent, there was a project 
increase in mean annual PAB, and, while subalpine communities are projected to be lost, conifer 
forests were projected to continue to dominate this subregion (Sheehan et al. 2015, pp. 22–24). 
When modeled using a without fire suppression regime, the future projections for ENWM 
indicated a lower MFI and higher mean annual PAB as compared to the with fire suppression 
regime (Sheehan et al. 2015, p. 22; Table 5). However, the eastern portion of the ENWM 
subregion was found to show a differing response based on elevation; that is, higher elevations 
were found to have a higher MFI and a lower mean annual PAB during the 20th century as 
compared to lower elevations (Sheehan et al. 2015, p. 23). 
 
Gergel et al. (2017, entire) evaluated the effects of climate change on snowpack, and soil 
moisture and fuel moisture (fire potential) in the western United States. This study used a 
statistical downscaling approach, using an ensemble of 10 GCMs across several mountainous 
regions known to be occupied by wolverines, with a 6.25 km (3.88 mi) spatial resolution 
hydrologic model. The authors report significant declines in snowpack (measured as SWE) in all 
mountain ranges for all future scenarios (using RCPs 4.5 and 8.5) and GCMs (Gergel et al. 2017, 
p. 295).This study found that spring snowpack in mountains along the Pacific Coast is quite 
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sensitive to warmer temperatures, but in the continental mountain ranges (Northern and Southern 
Rocky Mountains) spring snowpack is more sensitive to changes in precipitation (Gergel et al. 
2017, p. 295). Differences were observed based on elevation (Gergel et al. 2017, p. 292). The 
study reported on future projected declines of summer soil moisture in forested areas (e.g., 
Northern Rockies) and the likelihood of increased risk of drought and therefore an increase in 
wildland fire risk for forested areas (e.g., Northern Rocky Mountains), though they recognize 
there is significant uncertainty in these future projections in high-elevation areas (Gergel et al. 
2017, pp. 295–296). 
 
Other Cumulative Effects 
 
Finally, we note here that the effects of climate change on snowpack are projected to negatively 
affect the season lengths for winter recreational activities, such as skiing and snowmobiling 
(Wobus et al. 2017, entire), thus, potentially reducing this stressor to the wolverine in the future. 
Wobus et al. (2017) modeled potential changes in snowpack at locations across the contiguous 
United States using output from five GCMs, two representative pathways (RCPs) that represent a 
future scenario with continued high emissions growth with limited efforts to reduce GHGs (RCP 
8.5) and a future scenario with global GHG mitigation (RCP 4.5), and two future time periods 
(2050 and 2090) (Wobus et al. 2017, pp. 2, 5). Although there was some inter-annual variability 
in 2050 for some model projections, in general, the Rocky Mountains and Sierra Nevada regions 
had smaller reductions in season length than other locations due to higher elevation, though for 
the RCP 8.5 scenario coupled with the 2090 future time period, the smallest projected reduction 
in season length was 15 percent (Wobus et al. 2017, p. 9). 
 
Summary of Future Conditions  
 
Models represent tools to describe basic physical and biological behaviors using the best 
available science, and, by presenting a range of plausible future outcomes, they can help generate 
hypotheses while also identifying knowledge gaps where greater accuracy is needed (Batchelet et 
al. 2016, p. 23). Detecting a species’ response to climate change in a single population, and 
sometimes multiple populations, may not always indicate the response throughout its range given 
the variation in annual mean surface temperatures over the past century (Post 2013, p. 5). In 
addition, inter-annual variability in temperature can be as important to a species’ ecological 
needs as the actual temperature itself (Post 2013, p. 7). 
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Precipitation patterns into the future are less clear as the climate models show 
significant disagreement in their many regional projections. Although drought conditions in the 
western United States are not unusual, drought duration and intensity have the potential to be 
exacerbated by projected temperature increases. Projected temperature and precipitation changes 
will affect future snow cover and the persistence of snow on the landscape. 
 
Snow cover is projected to decline in response to warming temperatures and changing 
precipitation patterns, but this varies by elevation, topography, and by geographic region. 
Simulations of natural snow accumulation at winter recreation locations have found that, overall, 
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higher elevation areas (e.g., Rocky Mountains, Sierra Nevada Mountains) are more resilient to 
projected changes in temperature and precipitation as compared to lower elevations (Wobus et 
al. 2017, p. 12). In general, models indicate higher elevations will retain more snow cover than 
lower elevations, particularly in early spring (April 30/May1).We presented above results 
(above) from several recent climate models projecting snowpack declines in the western United 
States. More specifically, we reviewed a new analysis from NOAA/CU that modeled future 
snow persistence for Glacier and Rocky Mountain National Parks (areas that encompass the 
latitudinal and elevational range of the wolverine in the contiguous United States) at high spatial 
resolution (Ray et al. 2017, entire). Their results indicate significant areas (several hundred 
square kilometers (miles) for each site) of future snow (greater than 0.5 m (20 in) in depth) will 
persist on May 1st at elevations currently used by wolverines for denning. This is true, on 
average, across the range of climate models used out to approximately Year 2055. 
 
Although it has been assumed that wolverines have an obligate relationship with snow for natal 
denning, the key variables or combination of variables, that defined this relationship have not 
been empirically analyzed. As discussed above (Box 1.0), depth of snow cover and its duration 
increases with elevation; even minor elevation differences are noticeable (Formozov 1961, p. 
123). The spotty distribution of snow cover is also affected by unequal distribution of snow 
precipitation on slopes with different exposures, transport of snow by wind, melting of snow on 
sun-exposed slopes, avalanche or rolling down of snow from steeper areas, and vegetation 
(Formozov 1961, p. 123). In addition, very few studies to date have evaluated the importance of 
denning habitat to reproductive success, or the key physiological and ecological characteristics, 
including avoidance and/or protection from predators, prey availability, availability of caching 
habitat, that define denning behavior and den site selection.   
 
We also considered temperature and precipitation projections from climate change models in 
conjunction with wildland fire risk. This risk is likely to increase across the western United 
States, but patterns and trends are dependent on several factors (e.g., degree of warming and 
drought conditions, fuel and soil moisture) and geographic region. 
 
As described above (see Life History and Ecology section), across their North American range, 
wolverines are found in a number of habitats, and exhibit wide-ranging movements. In 
conjunction with behavioral responses (e.g., dispersal over great distances, prey switching), 
physiological adaptations, including observed seasonal changes in the insulative capacity of fur, 
allow wolverines to occupy a variety of habitats throughout the year. Physiological adaptations at 
the cellular and biochemical level are also important in adapting to projected increases in 
temperature due to climate changes, though we are unaware of studies evaluating these types of 
responses in wolverines. 
 
Risk Assessment or Viability Analysis 
NOTE: The structure presented in the following sections has been adopted in other SSA Reports 
in Region 8. If this needs to be revised, please let me know. 
Introduction 
 
In order to characterize a species’ viability and demographic risks, we consider the concepts of 
resilience, representation, and redundancy. We also consider known and potential stressors that 
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may negatively impact the physical and biological features that the species needs for survival and 
reproduction. Stressors are expressed as risks to its demographic features such as abundance, 
population and spatial structure, and genetic or ecological diversity. We consider the level of 
impact a stressor may have on a species along with the consideration of demographic factors 
(e.g., whether a species has stable, increasing, or decreasing trends in abundance, population 
growth rates, diversity of populations, and loss or degradation of habitat). The following 
discussion provides a representation of the demographic risks for the wolverine. 
 
Abundance/Representation? 
 
Accurate historical and current estimates of abundance are not available for the wolverine at the 
present time. As noted above, recent surveys (winter 2015, winter 2016-2017) conducted as part 
of an occupancy estimate in the western United States across four States recorded 85 
observations, including in locations where they have not been recently detected (e.g., south of 
Interstate 90 in Washington, Teton Mountain Range/Grand Teton National Park). At this time, 
the best available information does not indicate that the species’ abundance is significantly 
impacted by human-caused stressors. The best available information does not indicate either 
increasing or declining numbers of the wolverine in North America, including the contiguous 
United States.  
 
We recognize that there is limited information on population sizes for the wolverine in the 
contiguous United States, and no comprehensive studies to indicate what a viable (or minimal) 
wolverine population size should be across its North American range. Regardless, surveys 
conducted in the winter of 2016–2017 continue to document its presence across its range in the 
contiguous United States. Wolverine populations in Canada and Alaska are considered stable. 
Therefore, the total abundance across the wolverine’s North American range is not likely to be at 
or near a level that would significantly affect the species demographic stochasticity. 
 
Population or Spatial Structure Resiliency  
 
The geographical range limits of species result from a complex interactions including species-
specific physiological, phenological, and ecological characteristics, dispersal ability, and biotic 
interactions, as well as phylogenetic history (Bozinovic et al. 2011, p. 156).   
 
A recent evaluation of behavioral plasticity, as an adaptive response to climate change effects, 
was presented by Beever et al. (2017, entire) using the American pika (Ochotona princeps; 
pika), as a case study. As with the wolverine, this species is known to use several behavioral 
responses to variability in climate including changes in foraging strategies, use of habitat, and 
thermoregulation (Beever et al. 2017, p. 302). The pika was recently detected in heavily shaded 
rainforest habitat adjacent to talus patches at lower elevation (Columbia River Gorge) not typical 
of the talus-type habitats commonly used in many alpine areas of the western United States 
(Beever et al. 2017, p. 302). The authors suggest that, in the Columbia River Gorge region, this 
species is selecting microclimates in nearby shaded forests that provide insulation from warm 
summer temperatures (Beever et al. 2017, p. 302).This study also included results from a review 
of available literature related to behavior as a response to changing environmental conditions. 
They found that behavioral responses to climate change effects were most commonly observed 
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in longer-lived species, and the most common response, across all taxa, was a change in 
reproductive behavior, followed by dispersal or migration (Beever et al. 2017, p. 300). Most of 
the studies they evaluated identified temperature as the climate metric that was responsible for, 
or correlated with, changes in behavior; however, about 14 percent of the examined literature 
included responses to indirect (biotic) factors, such as changes in food resources (Beever et al. 
2017, p. 300).  
 
The authors also note that there are tradeoffs (e.g., reduction in time for foraging due to 
sheltering) that may impact long-term persistence and population viability (Beever et al. 2017, 
pp. 301–302), and the pika’s flexibility in habitat selection has not been observed in populations 
in the Great Basin (Beever et al. 2017, p. 302), where some populations have been extirpated 
(Beever et al. 2016, p. 1,498; Table 1). A recent study concluded that the pika has been 
extirpated from an interior portion of its geographic distribution in the Sierra Nevada region 
(California) due to climate effects (i.e., increase in temperature, decline in snowpack), and 
although sites surrounding this core area still harbor the species, the net effect has been 
fragmentation of habitat and species distribution (Stewart et al., 2017, entire).  
 
However, the pika continues to be found at sites that are outside of areas contained within 
bioclimatic envelop models (Jeffress et al. p. 253). Jeffress et al. (2017, entire) found previously 
undocumented extant populations of the American pika in a region of the Great Basin 
(northwestern Nevada) that has been described as extirpated. Relative to wolverine, the authors 
note that these results highlight the need for monitoring programs, particularly at remote and 
isolated locations, and the importance of evaluating occupancy at multiple scales (Jeffress et al. 
2017, p. 266). In addition, the study noted the inconsistency of modeled climate factors in 
explaining occupied/unoccupied sites, and the likely importance of the pika’s talus (micro) 
habitat as well as the scale in which environmental variables are examined (Jeffress et al. 2017, 
p, 264). Resilience of pika populations is therefore likely related to these types of landforms, 
which act to decouple surface temperatures, with the talus rock habitat providing cool refugia 
(Jeffress et al. 2017, pp. 253, 264–265), but additional microsite data is needed as well as 
analyses of physiological variables are needed to develop predictions of persistence (Jeffress et 
al. 2017, pp. 265-266). In sum, these studies indicate that small mammals exhibit adaptive 
responses to changing climate provided that refugia are available to support life history 
requirements. 
 
As indicated above, population size, growth rate, and current population trends are unknown for 
the wolverine due to the lack of abundance information. The range of the wolverine occurs 
within a large area of northern North America (see Figure 3). The most recent estimate for 
Canada indicates over 10,000 adult wolverines, and expansion into historically occupied areas in 
both Canada and the contiguous United States.  
 
We are unaware of studies of the wolverine that have formally evaluated the species’ responses 
(e.g., reproductive success) in response to warming temperatures or other climate change effects. 
As reported above, the best available information indicates confirmed observations of wolverines 
denning in areas with patchy snow cover in Alaska, Canada, and Scandinavia. Given their high 
rate of movement, large dispersal, and other observed life history traits (e.g., behavioral 
plasticity), we do not predict a significant loss of resiliency to the species. 
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Diversity 
 
As discussed above (Status–Future Conditions), both direct and cumulative effects of climate 
change (e.g., higher temperatures, loss of snow cover, wildland fire) may affect the resilience of 
the wolverine by creating an environment that is less favorable to its physiological and 
ecological needs. 
 
Currently, we are unaware of any documented specific risks for the wolverine related to a 
substantial change or loss of diversity in life history traits, population demographics, 
morphology, behavior, or genetic characteristics. Rates of dispersal or gene flow are not known 
to have changed. Additionally, there is no currently available information to indicate that the 
current abundance of the wolverine across its current range is at level that is causing inbreeding 
depression or loss of genetic variation. Nor is there any information to indicate that this species 
is unable to adapt or adjust to changing conditions (e.g., potential reduction in snow cover). 
 
Overall Assessment 
 
The wolverine’s current range extends across the west-northwestern United States, large areas of 
Canada, and Alaska. In the contiguous United States, potentially suitable habitat (i.e., primary 
habitat), as determined by the physical and ecological features and the ecological needs of the 
wolverine, has been estimated at 164,125 km2 (63,369 mi2) (Inman et al. 2013, p. 281). The 
species is found in a variety of habitat, but generally occurs in remote locations.  
 
In the contiguous United States, the wolverine is represented as a metapopulation, although its 
genetic structure relative to its entire North American range has not been comprehensively 
evaluated. Wolverine populations in Alaska are considered to be continuous with populations in 
the Yukon and British Columbia provinces of Canada based on genetic studies (COSEWIC 
2014, p. 37). Similarly, studies of wolverines in the North Cascades region have documented 
movement of wolverines from Washington into British Columbia (Aubry et al. 2016, pp. 16, 20). 
 
Based on our review of available relevant literature for similar species, we identified the physical 
and ecological needs of the species as follows: large territories in remote landscapes; at high 
elevation (1,800 to 3,500 meters (5,906 to 11,483 feet)) within the contiguous United States; 
access to a variety of food resources, that varies with seasons; and reproductive behavior linked 
to both temporal and physical features. 
 
Wolverines select den sites for different characteristics depending on location. Dens located 
under snow cover may be related to wolverine distribution based on other life history traits, 
including morphological, demographic, and behavioral adaptations that allow them to 
successfully compete for food resources (Inman 2013, pers. comm.). Structure (e.g., uprooted 
trees, boulders and talus fields) appears to be essential for natal den sites. However, reproductive 
success of wolverines has not been evaluated relative to the depth and persistence of snow cover, 
or in combination with these or other important characteristics, including prey availability and 
predator avoidance. Recent studies of wolverine populations and distribution in Sweden have 
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observed wolverine populations and reproductive den sites outside areas with persistent spring 
snow cover (Aronsson and Persson 2016; Persson 2017, pers. comm.). 
 
We identified several potential stressors that may be affecting the species’ and its habitat 
currently or in the future, including impacts associated with climate change effects. We 
recognize there is limited information available for the wolverine, including population estimates 
and abundance trends. Based on the best available information, demographic risks to the species 
from either known or most likely potential stressors (i.e., effects from roads, disturbance due to 
winter recreational activities, effects of wildland fire, and overutilization) are low based on our 
evaluation of the best available information as it applies to current and potential future conditions 
for the wolverine and in the context of the attributes that affect its viability.  
 
Climate change model projections for the range of the wolverine within the contiguous United 
States indicate increases in temperature by the mid-21st century as compared to early to mid-20th 
century values. Our evaluation of climate change indicates that snow cover is projected to 
decline in response to warming temperatures and changing precipitation patterns, but this varies 
by elevation, topography, and by geographic region. In general, models indicate higher 
elevations will retain more snow cover than lower elevations, particularly in early spring (April 
30/May1). If spring snow is critical to wolverine survival, our review of projected snow 
persistence (to approximately Year 2055) within the Northern and Southern Rocky Mountains, 
indicates that several hundred kilometers (miles) of deep snow will persist on May 1st at 
elevations used by the wolverine for denning. 
 
Legal protections include State listing in California and Oregon (as threatened), endangered in 
Colorado (as endangered), as a candidate species in Washington, and protection as a non-game 
species in Idaho and Wyoming. In Canada, provincial designations range from endangered to 
threatened in eastern provinces, and sensitive/special concern to no ranking in other provinces.  
Legal trapping or hunting of wolverines is currently prohibited in the contiguous United States.  
Trapping effort along the United States–Canada border does not represent a significant barrier to 
wolverine movement and dispersal along the international border.   
 
Approximately 96 percent of modeled wolverine primary habitat is located on Federal lands, 
with 41 percent located in designated wilderness areas. Management actions for conservation of 
the wolverine and its habitat are included within State Wildlife Action Plans, the Idaho 
Wolverine Conservation Plan, and USDA Forest Service Land and Resource Management Plans 
(see Appendix G), and other Federal and Tribal partners, and include winter road closures, fire 
management, land acquisition or conservation easements. These management measures, 
currently and in the future, will alleviate potential effects associated with impacts related to 
potential stressors discussed in this report.   
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Appendix A – Ecoregions of North American within Estimated Current Range of North 
American Wolverine 
(Adapted from EPA 2010)  
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Appendix B – Wolverine Detections, Winter 2016–2017 (as of July 2017)   
Source: Inman 2017b, pers. comm. 
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Appendix C – Recent Wolverine Detections, Idaho and Wyoming  
Sources: Dewey 2017, pers. comm.; Evans Mack 2017, pers. comm.; IDFG 2017; Walker 2017, pers. comm. 
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Appendix D – Land Ownership of Modeled Wolverine Primary Habitat in Contiguous United 
States 
(based on model from Inman et al. 2013) 

 
Ownership  
(% of total) 

Agency or other Entity Total  
(acres) 

Total 
(hectares) 

Federal Lands Bureau of Indian Affairs 453,866 183,673  
 Bureau of Land Management 498,977 201,929  
 Bureau of Reclamation 1,868 756  
 Forest Service 34,331,515 13,893,471  
 U.S. Fish and Wildlife Service 5,528 2,237  
 National Park Service 3,791,491 1,534,362  
 Other U.S. Department of Agriculture 13,312 5,387  
 Other Federal 0.05 0.02  
Total Federal  
 (96.4%) 

 39,096,557 15,821,815 

State Lands  
(0.68%) 

Arizona, California, Colorado, Idaho, 
Montana, Nevada, New Mexico, Oregon, 
Utah, Washington, Wyoming 

277,181 112,171 

Local 
Government 
(0.12%) 

 49,464 20,017 

Private Lands 
(2.63%) 

 1,064,858 430,933 

No Code (“99”) 
(0.15%) 

 60,380 24,435 

Undetermined 
(0.02%) 

 7,598 3,075 

Total (100%)  40,556,038 16,412,446 
 
Note: Numbers may not total to 100 percent due to rounding. 
 



North American Wolverine Species Status Assessment Report  DATE 

118 
 

Appendix E – Results from Spatial Analysis of Roads within Current Range of Wolverine 
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Appendix F – Road Closure Map, Grand Teton National Park 
Retrieved from:  https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-
content/uploads/2015/11/GTNP-closure-map.pdf  

 
  

https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-content/uploads/2015/11/GTNP-closure-map.pdf
https://2v9usu38jb9t3l8big1ialsn-wpengine.netdna-ssl.com/wp-content/uploads/2015/11/GTNP-closure-map.pdf
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Appendix G – Existing Regulatory Mechanisms and Voluntary Conservation Measures 
 
Federal Mechanisms 
 
Organic Administration Act of 1897 and the Multiple–Use, Sustained–Yield Act of 1960 
 
The USFS Organic Act of 1897 (16 U.S.C. § 475–482) established general guidelines for 
administration of timber on USFS lands, which was followed by the Multiple–Use, Sustained–
Yield Act (MUSY) of 1960 (16 U.S.C. § 528–531), which broadened the management of USFS 
lands to include outdoor recreation, range, watershed, and wildlife and fish purposes. 
 
National Forest Management Act 
 
The National Forest Management Act (NFMA) (16 U.S.C. § 1600 et seq.) requires the Forest 
Service to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. § 528–
531). The NFMA outlines the process for the development and revision of the land management 
plans and their guidelines and standards (16 U.S.C. § 1604(g)). 
 
A new National Forest System (NFS) land management planning rule (Planning Rule) was 
adopted by the U.S. Department of Agriculture Forest Service (Forest Service) in 2012 (77 FR 
21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision 
of land management plans for all units of the NFS to maintain and restore NFS land and water 
ecosystems while providing for ecosystem services and multiple uses. Land management plans 
(also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and 
resources; (2) meet the need for forest restoration and conservation, watershed protection, and 
species diversity and conservation; and (3) assist the Forest Service in providing a sustainable 
flow of benefits, services, and uses of NFS lands that provide jobs and contribute to the 
economic and social sustainability of communities (77 FR 21261, April 9, 2012). A land 
management plan does not authorize projects or activities, but projects and activities must be 
consistent with the plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of 
plant and animal communities including species-specific plan components in which a 
determination is made as to whether the plan provides the “ecological conditions necessary 
to…contribute to the recovery of federally listed threatened and endangered species…” (77 FR 
21265; April 9, 2012). 
 
The Record of Decision for the final Planning Rule was based on the analyses presented in the 
Final Programmatic Environmental Impact Statement, National Forest System Land 
Management Planning (77 FR 21162–21276; April 9, 2012), which was prepared in accordance 
with the requirements of the National Environmental Policy Act (NEPA) (discussed below). In 
addition, the NFMA requires land management plans to be developed in accordance with the 
procedural requirements of NEPA, with a similar effect as zoning requirements or regulations as 
these plans control activities on the national forests and are judicially enforceable until properly 
revised (Coggins et al. 2001, p. 720). 
 
A Species of Conservation Concern (SCC) is defined in the 2012 Planning Rule and in 
regulation (36 CFR 219.9(c)), as “a species, other than federally recognized threatened, 
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endangered, proposed, or candidate species, that is known to occur in the plan area and for which 
the regional forester has determined that the best available scientific information indicates 
substantial concern about the species' capability to persist over the long-term in the plan area.” 
The 2012 Planning Rule requires Regional Foresters to identify SCC for plan revision, and, when 
identified for a National Forest, monitoring plans are changed as needed (77 FR 21250, 21267; 
April 9, 2012). Wolverine is considered a SCC in the Rocky Mountain Region (Region 2). It is a 
considered a Sensitive Species in the Intermountain Region (Region 4) and Northern Region 
(Region 1). 
 
Within our estimated Current Range of the wolverine (see Figure 3), we identified 49 National 
Forests or Scenic Recreation Areas in the contiguous United States, and 2 within the State of 
Alaska. These areas are contained within 6 Forest Service Regions across the western United 
States and Alaska.  
 
National Forest Land Management Plans (Forest Plans) 
 
We reviewed several Forest Plans or related planning documents in an effort to describe how 
these plans provide conservation management for the wolverine and its habitat, including 
wildland fire management practices. The sections below are, in most cases, taken directly from 
relevant documents. However, this discussion is not intended to be inclusive of all NFS 
management strategies and activities across the entire Current Range of the wolverine in the 
contiguous United States. 
 
Sierra Nevada Forest Plan Implementation 
 
The 2004 Sierra Nevada Forest Plan Amendment (referred to as the Sierra Nevada Framework) 
amended the Land and Resource Management Plans (LRMP) for the eleven National Forests in 
the Sierra Nevada range to improve protection of old forests, wildlife habitats, watersheds and 
communities in the Sierra Nevada Mountains and Modoc Plateau. This amendment applies to the 
Tahoe National Forest, which has been occupied by a single male wolverine since at least 2008 
(Moriarty et al. 2009, p. 150). The emphasis of the 2004 Sierra Nevada Framework is to adopt an 
integrated strategy for vegetation management that is aggressive enough to reduce the risk of 
wildfire to communities in the wildland urban interface, while modifying fire behavior over the 
broader landscape. Direction is provided as management goals and strategies, desired conditions, 
management intents and objectives, and management standards and guidelines. The 2004 
Framework addressed five problem areas: old forest ecosystems and associated species; aquatic, 
riparian and meadow ecosystems and associated species; fire and fuels management; noxious 
weeds; and lower west side hardwood ecosystems (Forest Service 2013, p. 13).  
 
Kootenai National Forest 
 
The Kootenai National Forest is located in the northwest corner of Montana along the Canadian 
border and includes about 2.2 million acres of public land (Forest Service 2015, p. 7). The Forest 
Service published a Revised Land Management Plan for the Kootenai National Forest in 2015 
that identifies forestwide direction includes goals, desired conditions, objectives, standards, and 
guidelines for physical and biological elements including wildlife such as management activities 
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that promote connectivity and avoiding or minimizing disturbance at known active denning sites 
for sensitive, threatened, or endangered species not covered under other forestwide guidelines. It 
also outlines objectives and guidelines related to the use of fire to maintain or improve habitat 
and maintaining unlogged conditions in some portions of areas burned by wildfires for 5 years 
post-fire (Forest Service 2015, pp. 28–32).  
 
The Kootenai National Forest Land Management Plan also identifies proposed or possible 
actions for wildlife management that includes establishing and maintaining the vegetation 
diversity necessary to provide food, cover, and security for wildlife species native to the 
Kootenai National Forest in cooperation with federal, state, and other organizations. For 
wolverine, those management activities might include maintaining, managing, and protecting 
lands known or suspected to contribute to landscape linkages for wolverine (and other 
carnivores) in order to promote genetic dispersal and healthy populations (Forest Service 2015, 
p. 128). 
 
Beaverhead-Deerlodge National Forest 
 
The Beaverhead-Deerlodge National Forest covers 3.38 million acres in southwest Montana 
(Forest Service 2009, p. 2). The Beaverhead-Deerlodge National Forest Land and Resource 
Management Plan identifies goals, objectives, and standards for wildlife management (Forest 
Service 2009, pp. 45–49). Of relevance to the wolverine, wildlife security management goals 
include securing areas and connectivity for ungulates and large carnivores and managing the 
density of open motorized roads and trails by landscape region (Forest Service 2009, p. 45). 
Objectives include management of habitat conditions for elk security and winter habitat integrity 
for wolverine and mountain goat relative to changes in abundance of these Management 
Indicator Species (Forest Service 2009, p. 47). Monitoring elements are defined in the Land and 
Resource Management Plan that link goals and objectives to elements of the National 
Monitoring and Evaluation Framework (Forest Service 2009, pp. 273–280). For wildlife 
security, three performance measures relative to determine whether management activities are 
effectively protecting high elevation winter habitats for wolverines and mountain goats are 
defined: (1) presence or absence of wolverines in high elevation habitats, (2) populations of 
mountain goats (from Montana Fish Wildlife & Parks), and (3) number of snowmobile entries 
into non-motorized high elevation units protected for wolverines and mountain goats (Forest 
Service 2009, p. 277). In addition, in order to evaluate objectives related to road and trail 
densities, a performance measure related to changes in open motorized road and trail density for 
both seasons by landscape is included (Forest Service 2009, p. 277). 
 
The Forest Service is monitoring the Mount Jefferson Recommended Wilderness boundary for 
illegal snowmobile intrusions into the wolverine habitat closure; that is, illegal use will be 
monitored and recorded (number and distance of intrusions) during the period open to 
snowmobiles December 2 to May 15 and any other time of the year snow conditions make 
snowmobiling possible (Forest Service 2009, p. 277). A reassessment of the decision to allow 
snowmobile use will be triggered if: (1) illegal intrusions are documented throughout the closure 
period; (2) illegal intrusions into the closed area, or (3) illegal intrusions that extend as far as the 
Bureau of Land Management (BLM) Wilderness Study Area (Forest Service 2009, p. 277). 
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Flathead National Forest 
 
The Flathead National Forest is located in the northern Rocky Mountains in western Montana 
and includes approximately 2.4 million acres of public land (Forest Service 2016a, p. 3). This 
National Forest is surrounded by the Kootenai, Lewis and Clark, and Lolo National Forests, 
Glacier National Park, and Canada and includes large areas of designated wilderness (e.g., Bob 
Marshall Wilderness Complex, Mission Mountains Wilderness), Crown of the Continent 
Ecosystem, and wild and scenic river systems (Forest Service 2016a, pp. 3–4).  
 
A Draft Revised Forest Plan was prepared for the Flathead National Forest in 2016 (Forest 
Service 2016b, entire). The Draft Revised Forest Plan identifies components to guide future 
projects and activities and the plan monitoring program, though these components are not 
commitments or final decisions approving projects or activities (Forest Service 2016b, p. 3). 
These components include desired conditions, objectives, standards, guidelines, suitability, and 
monitoring questions and monitoring indicators (Forest Service 2016b, p. 3). [A desired 
condition is a description of specific social, economic, and/or ecological characteristics of the 
plan area, or a portion of the plan area, toward which management of the land and resources 
should be directed, while an objective a concise, measurable, and time-specific statement of a 
desired rate of progress toward a desired condition or conditions (Forest Service 2016b, p. 4). A 
standard is a mandatory constraint on project and activity decision making, established to help 
achieve or maintain the desired condition or conditions, and a guideline is a constraint on project 
and activity decision-making that allows for departure from its terms, and are established to help 
achieve or maintain a desired condition or conditions, to avoid or mitigate undesirable effects, or 
to meet applicable legal requirements (Forest Service 2016b, pp. 4–5).] 
 
Relative to wolverine, plan components for the revised forest plan include two guidelines that are 
protective of wolverine habitat; one that would protect modeled wolverine maternal denning 
habitat with respect to new projects or activity authorizations involving helicopter use and one 
that stipulates no net increase in the percentage of modeled wolverine maternal denning habitat 
where motorized over-snow vehicle use would be suitable on National Forest System lands. 
Additionally, as described in the Final EIS, management area allocations for Alternatives A, B 
modified and C include recommended wilderness areas that would add to existing wilderness. 
Desired conditions related to maintaining connectivity for wolverine and other wildlife are also 
identified within several geographic areas (Kuennen 2017, pers. comm.). 
 
Federal Land Policy and Management Act (FLPMA) of 1976 
 
FLMPA (43 U.S.C. 1711-1712) represents the BLM’s “organic act” for public lands 
management under the principles of multiple use and sustained yield. Its implementing 
regulations give BLM regulatory authority over activities for protection of the environment, 
including mining claims. Under FLPMA and BLM policy, public lands must be managed so as 
to protect the quality of scientific, scenic, historical, ecological, environmental, air and 
atmospheric, water resource, and archaeological values (BLM 2005, p. 1). 
 
Land Use and Resource Management Plans  
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BLM land use planning requirements are established by Sections 201 and 202 of FLMPA and 
regulations at 43 CFR 1600 (BLM 2005, p. 1). A Land Use Planning Handbook (BLM 2005, 
entire) provides guidance for implementing land use planning requirements established under 
FLMPA and implementing regulations. Land use plans prepared by BLM include resource 
management plans (RMPs) and management framework plans (BLM 2005, p. 1). The RMPs 
establish the basis for actions and approved uses on the public lands and are prepared for areas of 
public lands, called planning areas (BLM 2005, pp. 1, 14). These plans are periodically evaluated 
and revised in response to changed conditions and resource demands (BLM 2005, pp. 33–34).  
 
National Environmental Policy Act (NEPA) 
 
All Federal agencies are required to adhere to the NEPA of 1970 (42 U.S.C. 4321 et seq.) for 
projects they fund, authorize, or carry out. Prior to implementation of such projects with a 
Federal nexus, NEPA requires the agency to analyze the project for potential impacts to the 
human environment, including natural resources. The Council on Environmental Quality’s 
regulations for implementing NEPA state that agencies shall include a discussion on the 
environmental impacts of the various project alternatives (including the proposed action), any 
adverse environmental effects that cannot be avoided, and any irreversible or irretrievable 
commitments of resources involved (40 CFR part 1502). The public notice provisions of NEPA 
provide an opportunity for the Service and other interested parties to review proposed actions 
and provide recommendations to the implementing agency. NEPA does not impose substantive 
environmental obligations on Federal agencies—it merely prohibits an uninformed agency 
action. However, if an Environmental Impact Statement is prepared for an agency action, the 
agency must take a “hard look” at the consequences of this action and must consider all 
potentially significant environmental impacts. Federal agencies may include mitigation measures 
in the final Environmental Impact Statement as a result of the NEPA process that may help to 
conserve the wolverine and its habitat.   
 
Although NEPA requires full evaluation and disclosure of information regarding the effects of 
contemplated Federal actions on sensitive species and their habitats, it does not by itself regulate 
activities that might affect the wolverine; that is, effects to the subspecies and its habitat would 
receive the same scrutiny as other plant and wildlife resources during the NEPA process and 
associated analyses of a project’s potential impacts to the human environment. The Service 
receives notification letters for Draft and Final Environmental Impact Statements prepared by the 
Forest Service, BLM and other Federal agencies pursuant to NEPA for specific proposed 
projects including those within National Forests or National Parks, and preparation of Forest 
Service Land and Resource Management Plans, as discussed above.   
 
Wilderness Act 
 
The Wilderness Act of 1964 (16 U.S.C. 1131–1136) provides protection of habitat from most 
forms of development, though no single agency is responsible for administration of lands 
provided this designation, which are designated (or modified) by Congress. The Wilderness Act 
prohibits commercial enterprises and permanent roads within wilderness area and restricts 
temporary roads, motorized and mechanical transport, and structures, but does not prohibit all 
commercial uses (e.g., grazing). Within the portion of our estimated Current Range of the 
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wolverine in the contiguous United States and Alaska, approximately 15 percent is designated as 
wilderness areas under the Wilderness Act. We also evaluated wilderness contained within 
modeled wolverine primary habitat from Inman et al. (2013). We found 41 percent of this 
suitable habitat was designated as wilderness areas. 
 
State Mechanisms 
 
California  
 
As noted above, the wolverine is a threatened species under the California Endangered Species 
Act or CESA, which prohibits the take of any species of wildlife designated by the California 
Fish and Game Commission as endangered, threatened, or candidate species (CDFW 2017b). 
CDFW may authorize the take of any such species if certain conditions are met through the 
issuance of permits (e.g., Incidental Take Permits) (CDFW 2017b). The wolverine is also a 
Species of Greatest Conservation Need (SGCN) in the State’s Wildlife Action Plan4 and is a 
focal species of conservation strategies for conservation targets in the Southern Cascades and 
Sierra Nevada Ecoregions, and in the Mono Ecoregion of the Deserts Province section (Big 
Sagebrush Scrub (CDFW 2015, pp. 5.2-16, 5.4-23, 5.6-19). 
 
In 2011, the CDFW (formerly California Department of Fish and Game) prepared an 
assessment/briefing document, California Wolverine Population Augmentation Considerations, 
in response to a Feasibility Assessment and Implementation Plan for Population Augmentation of 
Wolverines in California (November 2010) submitted to the Department by the Institute for 
Wildlife Studies (California Department of Fish and Game, 2011). As of August 2017, no action 
has been taken by CDFW toward implementation of augmentation of wolverines in California. 
 
Oregon 
 
The wolverine has been listed as threatened species in Oregon since 1975, under the Oregon 
Endangered Species Act, and is fully protected under management authority of the ODFW 
(Anglin 2013, pers. comm.).  
 
A Conservation Strategy for conserving the State’s fish and wildlife has been prepared by the 
ODFW. The Conservation Strategy identifies 294 Strategy Species, which are Oregon’s SGCN, 
(including wolverine) and are defined as those species having small or declining populations, are 
at-risk, and/or are of management concern (ODFW 2016). For each of the Strategy Species, the 
Conservation Strategy identifies information on the special needs, limiting factors, data gaps, and 
conservation actions. For wolverine, conservation actions include management of recreational 
use to avoid impacts to the species (ODFW 2016). Other Strategy Species identified in the 

                                                 
4 The U.S. Congress created the State Wildlife Grant (SWG) funding program in 2000 (Title IX, Public Law 106-
553 and Title 1, Public Law 107-63). SWG funds are to be used "…for the planning and implementation of [States 
and territories] wildlife conservation and restoration program and wildlife conservation strategy, including wildlife 
conservation, wildlife conservation education, and wildlife-associated recreation projects.” Congress stipulated that 
each State or territory applying for this funding program must develop a wildlife conservation strategy (State 
Wildlife Action Plan (SWAP)) by October 1, 2005. All 56 states and territories submitted SWAPs by 2005 and 
made commitments to review and/or revise their SWAP at least every 10 years. 



North American Wolverine Species Status Assessment Report DATE 

128 
 

State’s Conservation Strategy are prey species important to wolverine, including the Rocky 
Mountain bighorn sheep and Columbian white-tailed deer (ODFW 2016). 
 
Washington 
 
The wolverine is a candidate species for listing in the State of Washington and, since 2006, the 
Washington Department of Fish and Wildlife (WDFW) has been collaborating with wolverine 
researchers in the Cascades of northern Washington and southern British Columbia to better 
understand the status, distribution, and general ecology of wolverines in this region (WDFW 
2013). It is also considered a SGCN, and is identified as a species whose population is in critical 
condition (WDFW 2013, p. 3-7). 
 
Washington’s State Wildlife Action Plan (updated in 2015) identifies several major conservation 
strategies to address the conservation of fish and wildlife habitat and biodiversity in Washington, 
on both public and private lands (WDFW 2015, pp. 2-12–2-28). The wolverine is included in 
several identified ecological systems of concern such as alpine scrub, forb meadow, and 
grassland vegetation, cliff, scree and rock vegetation, and temperate forests (WDFW 2015, pp. 4-
19, 4-27, 4-98). The State’s Wildlife Action Plan identifies major stressors and key actions 
needed to maintain habitat quality for each of these ecological systems. 
 
Of relevance to wolverine, the WDFW and its partners have been targeting land acquisition and 
conservation easements with high habitat or biodiversity values such as mixed-conifer forests as 
well as areas that support winter range and connectivity for wolverine and other carnivores (e.g., 
Methow River and Okanogan River Watersheds projects) (WDFW 2015, pp. 2-15–2-17). Other 
landscape conservation efforts highlighted in the State’s Wildlife Action Plan include a Federal-
State partnership with Washington’s Department of Transportation to implement the Interstate-
90 Snoqualmie Pass East Project to enhance wildlife connectivity that includes wildlife 
underpasses under the highway along creeks and rivers and two 150-foot wide wildlife bridges 
over the highway (WDFW 2015, p. 2-26). 
 
Idaho 
 
In Idaho, the wolverine is a protected nongame species and SGCN in Idaho (IDFG 2014). The 
Idaho State Wildlife Action Plan, 2015 is a statewide plan for conserving and managing Idaho’s 
fish and wildlife and their habitats, and provides a framework for conserving Idaho’s 205 SGCN 
and their habitats, which includes the wolverine, (IDFG 2017, pp. xv–xviii). The wolverine is 
identified as a Tier 1 SGCN, which indicates it represents a species of most critical conservation 
need (IDFG 2017, p. xvi). The statewide plan presents a species assessment for each SGCN and 
ecological section plans. Each of the ecological section plans presents a conservation target (e.g., 
habitat, species assemblage) that summarizes its viability as well as prioritized threats and 
strategies (IDFG 2017, p. xv). A section outlining species designation, planning, and monitoring 
is also provided. The wolverine is included in three of the defined conservation targets—forested 
lowlands, subalpine-high montane conifer forest, and low density forest carnivores (IDFG 2017, 
p. 76). Along with objectives and strategies, these summaries identify actions for the SGCNs 
included in the defined conservation targets. Examples include: develop and implement a long-
term multi-taxa monitoring program; determine high risk areas for wildlife crossings; construct 
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highway over- and underpasses; promote and/or facilitate the use of prescribed fire as a habitat 
restoration tool, on both public and private lands where appropriate; determine best management 
practices to maintain cool microsites and benefit cool air associated species; and implement 
strategies to minimize disturbance from winter recreation activities as outlined in the 
Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 (IDFG 2017, pp. 79, 
80, 91, 94, 110). 
 
The Management Plan for the Conservation of Wolverines in Idaho, 2014–2019 (Management 
Plan) (IDFG 2014, entire) represents a framework for proactive efforts to ensure the long-term 
persistence and viability of wolverine populations in Idaho (IDFG 2016, pers. comm.). The 
Management Plan is described as a voluntary guidance document to lead conservation efforts at 
the State and local level, as well as to facilitate communication and collaboration efforts among 
wildlife and land managers (IDFG 2014, p. v). 
 
Conservation issues and management actions are described in the Management Plan and the 
appropriate section plans of the Idaho State Wildlife Action Plan. The recommended strategies 
include development of finer-scale climate projections, research regarding wolverine-snow 
relationships, characterizing wolverine response to recreational activities, developing predictions 
of the potential overlap of wolverine and high levels of snow-sports recreation, and educating 
trappers to minimize incidental trapping of nontarget species, including the wolverine (IDFG 
2014, pp. 32–39; IDFG 2017, p. 1058). Seven conservation and management objectives are 
outlined in the Management Plan (IDFG 2014, pp. 32–39) and, as outlined in a November 2016 
response letter, there has been progress on all of these objectives (IDFG 2016, pers. comm.). As 
an example, the agency (under the Multi-species Baseline Initiative) has developed and 
implemented a baseline micro-climate monitoring protocol for collecting environmental 
parameters in an effort to identify areas that serve as cool-air refugia (IDFG 2016, pers. comm.). 
As described above (Overutilization for Commercial, Recreational, Scientific, or Educational 
Purposes), the IDFG has prepared educational materials to promote best management practices 
for minimizing non-target wolverine captures and continues to educate trappers under legislative 
mandate passed in 2016 (State of Idaho House Bill 378) (IDFG 2016, pers. comm.).  
 
In addition, the management of prey species important to the wolverine diet are outlined in the 
Idaho Elk Management Plan 2014-2024 (IDFG 2014a), the Mule Deer Management Plan 2008-
2017 (IDFG 2008), and the Bighorn Sheep Management Plan (IDFG 2010). 
 
Montana 
 
In the State of Montana, the wolverine is classified as a furbearer and species of concern. Since 
2013, there has been a zero quota for trapping or harvest of wolverine and trappers that capture a 
wolverine must notify a designated Montana FWP employee within the relevant trapping district 
within 24 hours for collection if the animal cannot be released uninjured (Montana FWP 2016, 
pers. comm.).  
 
There are two broad-scale wildlife conservation efforts that provide conservation benefits to the 
wolverine. Montana’s State Wildlife Action Plan (updated and revised in 2015) identifies the 
wolverine as one of 128 SGCN (Montana FWP 2015, Appendix N). The State’s Wildlife Action 
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Plan identifies priority community types, focal Areas, and species to help informing Montana 
FWP’s priorities and decisions and to assist other agencies and organizations in making 
decisions as to where to focus their conservation efforts (Montana FWP 2015, p. 2). Community 
types and focal areas are designed to identify and direct attention to specific geographical areas 
in the State that have the greatest conservation need (Montana FWP 2015, p. 5). For the 
wolverine, Montana’s State Wildlife Action Plan identifies wolverine habitats in seven 
community types, all designate Tier I (or those with greatest conservation need), and in all focal 
areas (also Tier I) within those community types (Montana FWP 2016, pers. comm.). For each 
community type, impacts, threats, and corresponding conservation actions are identified, as well 
as specific impacts and threats such as habitat fragmentation (e.g., prioritize land acquisition, 
provide wildlife under- and overpasses), land management (e.g., management to address altered 
fire regimes), recreation (e.g., consider seasonal closures during breeding season), and climate 
change (e.g., collection of baseline data to document shifting range limits of SGCN and 
Community Types of Greatest Conservation Need) (Montana FWP 2015, pp. 59–63). 
 
The second conservation effort in the State of Montana is a Crucial Area Assessment to identify 
crucial areas and fish and wildlife corridors, and development of a Crucial Areas Planning 
System (URL: http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html). This 
is a Montana FWP mapping application and planning tool designed to assist in future planning of 
development and conservation (Montana FWP 2016, pers. comm.). 
 
The State of Montana is also conserving wildlife habitat through land acquisition and 
conservation easements (Montana FWP 2016, pers. comm.). In western Montana, including areas 
known to be occupied by the wolverine, 425 properties for a total 310,523 ha (767,320 ac) have 
been either acquired (e.g., State Parks, Wildlife Management Areas) or protected by conservation 
easements, as of November 2016, as shown in figure below (Montana FWP 2016, pers. comm.). 

 

http://fwp.mt.gov/fishAndWildlife/conservationInAction/crucialAreas.html
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Wyoming 
 
The wolverine is a protected animal and SGCN in Wyoming (WGFD 2017). The Wyoming 
Game and Fish Department State Wildlife Action Plan directs the activities of the WGFD and 
serves as guide in conserving Wyoming’s SGCN through the combined efforts of government 
agencies, conservation organizations, academia, tribes, and others (WGFD 2017, p. I–1-1). As 
noted above, the wolverine is identified as a SGCN, a designation intended to identify species 
whose conservation status warrants increased management attention and funding, and 
consideration in conservation, land use, and development planning in the State (WGFD 2017, p. 
IV– i-1). The State Wildlife Action Plan incorporates the wolverine as a SGCN in several 
terrestrial habitat types or ecological systems, including cliffs, canyons, and rock outcrops, 
montane and subalpine forests, and mountain grasslands and alpine tundra (WGFD 2017, pp. III–
2-5, III–5-7, III–6-5).  
 
In 2015, Wyoming funded a pilot project (through The Wolverine Initiative) to evaluate 
wolverine detection and monitoring of the species in the State and is a contributing collaborator 
in the Multistate Wolverine Working Group implementing a monitoring strategy (the WSWCP) 
in the winter of 2016–2017 across four western states (WGFD 2017, p. IV–5-357). Results of 
those studies (e.g., Inman et al. 2015) are summarized above (Population Abundance and 
Distribution). The WSWCP is also updating and refining connectivity models for the wolverine 
in an effort to focus and prioritize habitat conservation and management (WGFD 2016, pers. 
comm.). 
 
Colorado 
 
The wolverine is a state-endangered species in Colorado (Colorado Parks and Wildlife 2015a); 
however, there is no known current resident or reproducing wolverine population.  
 
The Colorado State Action Plan (Colorado Parks and Wildlife 2015b) provides a blueprint for a 
collaborative effort to conserve Colorado’s at-risk wildlife and their habitats, with a primary goal 
for securing wildlife populations in order to avoid protections implemented via from so that they 
do not require protection via federal or state listing regulations (Colorado Parks and Wildlife 
2015b, p. 1). The wolverine is designated as a Tier 1 (highest conservation priority; up from Tier 
2) SGCN (Colorado Parks and Wildlife 2015, p. 19). The primary conservation action for 
wolverine described in the 2015 State Action Plan is to continue discussions among wildlife 
managers, conservation partners and stakeholders of the social and political aspects regarding 
reintroduction of wolverine populations into the southern Rocky Mountains (Colorado Parks and 
Wildlife 2015, p. 186). The State has not yet prepared a potential restoration program for the 
species (Broscheid 2016, pers. comm.). 
 
Other Conservation Mechanisms 
 
Tribes 
 
Nez Perce Tribe 
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Wolverines are found with the aboriginal territory of the Nez Perce Tribe in north-central Idaho, 
and conservation and restoration of the species within the Nez Perce homeland is important to 
the Nez Perce Tribe (Miles 2017, pers. comm.). The Nez Perce Tribe is currently preparing an 
Integrated Resource Management Plan (IRMP), a Plant and Wildlife Conservation Strategy, and 
a Forest Management plan with the wolverine defined as a species of conservation concern in all 
three draft plans (Miles 2017, pers. comm.). The planning area for the IRMP, which is being 
prepared in partnership with the Bureau of Indian Affairs, incorporates the approximately 
311,608 ha (770,000 ac) Nez Perce Reservation, located within portions of Nez Perce, Lewis, 
Clearwater, Latah, and Idaho Counties in north-central Idaho (http://www.nezperce.org/irmp/; 
accessed August 24, 2017). The preparation of the IRMP is currently at the scoping stage in the 
NEPA process for development of a Programmatic Environmental Impact Statement 
(http://www.nezperce.org/irmp/; accessed August 24, 2017). 
 
The Shoshone-Bannock Tribes 
 
The Shoshone-Bannock Tribes are currently conducting climate change modeling for the 
Northern Rocky Mountains as part of its preparation of a Climate Change Adaptation Plan 
(Edmo 2016, pers. comm.). The Upper Snake River Tribes Foundation (USRT), which is 
comprised of four member tribes—the Burns Paiute Tribe, Fort McDermitt Paiute-Shoshone 
Tribe, Shoshone-Bannock Tribes of the Fort Hall Reservation, and Shoshone-Paiute Tribes of the 
Duck Valley Reservation—within the Upper Snake River Watershed region, prepared a Climate 
Change Vulnerability Assessment in February 2017 (Petersen et al. 2017, entire). The assessment 
is the first of three steps the USRT and its member tribes plan activities over the next several 
years as part of a comprehensive climate change effort, and will include an Adaptation Plan 
(expected to be completed in 2017–2018), and, depending on future funding, a process for 
development of Implementing Adaptation Actions and Monitoring (Petersen et al. 2017, p. 7). 
 
 
 
  

http://www.nezperce.org/irmp/
http://www.nezperce.org/irmp/
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Appendix H–NOAA/CU Study Areas Used to Evaluate Future Snow Persistence  
(from Ray et al., 2017)   
 
Glacier National Park Study Area 
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Rocky Mountain National Park Study Area 

 
 



From: Bush, Jodi
To: Grizzle, Betty
Subject: Re: Final Draft of Wolverine SSA Report
Date: Monday, October 23, 2017 3:11:38 PM

ok.  whatever makes sense. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Oct 23, 2017 at 3:10 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
I understand.  I should clarify that there is a difference between what is on Federal land and
what habitat is at high elevation.  Inman's modeled habitat was selected for elevations above
2300 m.

On Mon, Oct 23, 2017 at 2:06 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
First.  Dont wait on states.  We can always resolve in next reiteration.  
Second on my comment, I was just thinking we should remind folks that it is high
elevation.  Something like below in red (from page 84 not 89).  Not hugely important. 
Change as you wish.  

Lets finalize this version asap.  Thanks. JB

Approximately 96 percent of modeled wolverine primary habitat is located on Federal
lands at high elevations (1,800 to 3,500 meters (5,906 to 11,483 feet)),[JB1]  with 41
percent located in designated wilderness areas.

 [JB1]And at elevations above X feet..  SEE PAGE 89

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Oct 23, 2017 at 2:57 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Jodi - I have not received responses back from IDFG and WY Game and Fish for
answers to some of your questions.  Also, can you explain your comment on page 85
regarding elevation?  (I think this number is in Inman et al. 2013)

I have addressed your other comments but I need to reformat the document again (e.g.,
update table, pagination, etc.). How long do you want me to wait for the State agencies

mailto:jodi_bush@fws.gov
mailto:betty_grizzle@fws.gov
mailto:betty_grizzle@fws.gov
mailto:jodi_bush@fws.gov
mailto:betty_grizzle@fws.gov


to respond before finalizing?

On Mon, Oct 23, 2017 at 7:40 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Ok.  I am going to send you document with my comments.  They are the from the first
version.  I held them because you were trying to wrap up and thought they might have
been caught by others.  They weren't ( I looked at your latest version, and these
comments remain).  After you have looked at them (there isn't a ton) perhaps we could
have a conversation and work thru them as necessary.  Once we are done we can put
into a pdf and get to Peer Reviewers and others.  Thanks.  We are still waiting on
confirmation from the Contractor on the timeline.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Oct 23, 2017 at 8:30 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Hi Jodi - I am back in the office.

On Thu, Oct 19, 2017 at 11:38 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
So I have a few comments I'd like to talk to you about before we make final.  Let
me know when you are back in.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Oct 17, 2017 at 11:36 AM, Grizzle, Betty <betty_grizzle@fws.gov>
wrote:

Justin - Here is the final draft in pdf format after reviewing your changes and
addressing the questions from your last review, as well as final formatting. 
Do either of you also want the Word version?

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008

mailto:jodi_bush@fws.gov
mailto:betty_grizzle@fws.gov
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760-431-9440, ext. 215
760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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From: Bush, Jodi
To: Grizzle, Betty
Cc: Shoemaker, Justin
Subject: Re: Final (today) draft of Wolverine SSA Report
Date: Monday, October 23, 2017 4:10:09 PM

Thanks Betty !  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Oct 23, 2017 at 3:37 PM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
See final (PDF) draft attached, dated today.  Still waiting for answers from State agencies on
two of your comments, but we can incorporate those responses into the next version.   

If you also need a Word version, please let me know.

I will create DVDs of the references.

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

mailto:jodi_bush@fws.gov
mailto:betty_grizzle@fws.gov
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From: Shoemaker, Justin
To: Jodi Bush
Cc: Grizzle, Betty
Subject: Re: Wolverine Draft SSA Report review - Canada?
Date: Wednesday, October 25, 2017 10:08:35 AM

After talking w/ folks in the RO, sounds like we'd rather not send it to Canada for review.    

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Oct 25, 2017 at 10:15 AM, Jodi Bush <jodi_bush@fws.gov> wrote:
I don’t think so. We send it to the states, and Feds and tribal partners because they have a
role in Mgmt and esa.  I think sending it to Canada opens up the box a little wider than we
had thought of for SSAs. Justin what do you think? JB

Sent from my iPhone

On Oct 25, 2017, at 8:48 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:

Jodi/Justin - Are we sending the draft SSA Report to Canada?  If so, I have two
suggested contacts. Let me know and I will send you those.

Also, has the document been sent out to States, Tribes, etc.?  One USFS wildlife
biologist (Flathead NF) asked me to send this to her.

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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From: Stephanie Potter
To: Justin Shoemaker
Cc: Marjorie Nelson
Subject: RE: Wolverine rec meeting
Date: Thursday, October 26, 2017 12:18:28 PM

Will do.  I will also reserve the wolf conference room.
 
From: Shoemaker, Justin [mailto:justin_shoemaker@fws.gov] 
Sent: Thursday, October 26, 2017 12:16 PM
To: Stephanie Potter <stephanie_potter@fws.gov>
Cc: Marjorie Nelson <marjorie_nelson@fws.gov>
Subject: Re: Wolverine rec meeting
 
Stephanie,
 
In addition to those already on the wolverine invite, please invite the following:
 
Betty Grizzle
Caitlin Snyder
Bryon Holt
John Guinotte
Josh Hull
Madeline Drake
Gregg Kurz
Kit Hershey
Jodi Bush
Mike Thabault
Marj Nelson
Dana Jacobsen
 
Thanks for your help in getting this scheduled.
 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
 
On Wed, Oct 25, 2017 at 8:56 AM, Stephanie Potter <stephanie_potter@fws.gov> wrote:

Hi Justin,

Can you please send me the list of attendees for wolverine? I’m sending the invite out for
1/10 and 1/11.

Thank you,
 
Stephanie Potter
Executive Assistant

mailto:stephanie_potter@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
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Office of the Regional Director
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-7920
 

 



From: Grizzle, Betty
To: Bush, Jodi
Subject: Re: Draft Wolverine SSA for review
Date: Thursday, October 26, 2017 9:34:42 AM

We do not have a California FWS State Supervisor.  Maybe send to Mike Fris, ES-ARD in our
Regional Office. michael_fris@fws.gov

On Thu, Oct 26, 2017 at 8:25 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Who is the FWS Field OFfice Supervisor for CA that I should cc (I have cc'd the other state
FWS Supervisors)

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Oct 26, 2017 at 8:55 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
I think it's fine.  Most of the reviewers should be familiar with this process.
Thanks.

On Thu, Oct 26, 2017 at 7:50 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Betty.  I am about to send the Draft SSA out to our State and Federal partners.  Here is the draft email.  Any
revisions?  JB

_______________________________________________

Dear Wolverine Conservation Partners:

Attached please find the DRAFT Species Status Assessment (SSA) for the North American Wolverine.  As
you may be aware, the draft report is currently undergoing peer review.  

We are providing this draft to your agency for review by members of your organization with expert knowledge of the
species and its habitat.  Your review will help us ensure that we have appropriately considered the best scientific and
commercial information when evaluating the current status and future viability of the North American wolverine.  We
request your independent scientific perspectives on the comprehensiveness and logic of the document, as well as how
well the technical conclusions are supported by the data and analyses.

As the literature cited is lengthy, if you need a copy of any document cited in the draft report, please contact
Betty Grizzle at the email address below.

The Draft SSA is not intended to solicit public comment and will be revised after this scientific review. The SSA does
not predetermine any future agency decision under the Endangered Species Act.

In general we ask that your comments on the Draft SSA report focus specifically on whether the best available
information was used, the quality of the scientific information, and our interpretation and analyses of the data with
regard to the species’ viability in the contiguous United States.  We request that you direct your review to the
scientific issues and assumptions related to your expertise.

General Information about SSAs:

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve

mailto:betty_grizzle@fws.gov
mailto:jodi_bush@fws.gov
mailto:michael_fris@fws.gov
mailto:jodi_bush@fws.gov
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transparency while conducting listing determinations and other Act actions, and peer review of our analyses of the
viability of species is part of that new process.  The attached draft SSA report is a rough draft; we are seeking
comments at this stage to ensure that we have time to incorporate any substantial comments as we finalize the report.

 

In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by the
Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a characterization of
the viability species’ viability in the contiguous United States. As a reminder, all reviews and comments submitted to
the Service will become public documents and part of our administrative record for this document.  

We welcome consolidated comments from your organization by November 30, 2017.  Please send comments by that
date to Betty_Grizzle@fws.gov. Thank you for your interest and assistance.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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From: Bush, Jodi
To: Betty Grizzle
Subject: Fwd: Wolverine DIP letter - listing determination/SSA
Date: Thursday, October 26, 2017 5:50:45 PM
Attachments: image005.png

20161122_LTR_Interested Party Wolverine Initiation of Status Review.docx
20161122_LTR_Interested Party Wolverine Initiation of Status Review.pdf

I am trying to complete an assignment for tribal consultations.  I am wondering if you ever got
notice from tribal liasons on who they sent the IP letters for wolverine to?  if you know which
ones can you respond via email?  I need this info by tomorrow or I will just guess.   Thanks.
JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Baker, Serena <serena_baker@fws.gov>
Date: Tue, Nov 22, 2016 at 11:23 AM
Subject: Fwd: Wolverine DIP letter - listing determination/SSA
To: Justin Shoemaker <justin_shoemaker@fws.gov>, Betty Grizzle
<betty_grizzle@fws.gov>, "Jodi L. Bush" <jodi_bush@fws.gov>

Hello Team,

I've asked our Tribal Liaison to assist. I'll report back progress. Thanks!

___________________________

Serena Baker
Public Affairs Specialist
U.S. Fish & Wildlife Service
Mountain-Prairie Region 6
134 Union Boulevard, Suite 400
Lakewood, CO  80228
Desk: 303.236.4588
Cell: 720.391.6583
Serena_Baker@fws.gov

---------- Forwarded message ----------
From: Baker, Serena <serena_baker@fws.gov>
Date: Tue, Nov 22, 2016 at 11:21 AM

mailto:jodi_bush@fws.gov
mailto:betty_grizzle@fws.gov
mailto:serena_baker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:betty_grizzle@fws.gov
mailto:jodi_bush@fws.gov
http://www.fws.gov/mountain-prairie
mailto:Serena_Baker@fws.gov
https://www.facebook.com/USFWSMountainPrairie
https://twitter.com/USFWSmtnprairie
http://www.flickr.com/photos/usfwsmtnprairie/
http://www.youtube.com/usfws
http://instagram.com/usfws
mailto:serena_baker@fws.gov


Subject: Fwd: Wolverine DIP letter - listing determination/SSA
To: Ivy Allen <ivy_allen@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>, Anna Muñoz <anna_munoz@fws.gov>

Hi Ivy,

Please see the "ask" below. Thanks!

___________________________

Serena Baker
Public Affairs Specialist
U.S. Fish & Wildlife Service
Mountain-Prairie Region 6
134 Union Boulevard, Suite 400
Lakewood, CO  80228
Desk: 303.236.4588
Cell: 720.391.6583
Serena_Baker@fws.gov

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Tue, Nov 22, 2016 at 10:43 AM
Subject: Wolverine DIP letter - listing determination/SSA
To: Seth Willey <seth_willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, "Grizzle, Betty"
<betty_grizzle@fws.gov>, Caitlin Snyder <caitlin_snyder@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Steven Detwiler <steven_detwiler@fws.gov>, Kim Turner
<kim_s_turner@fws.gov>, "Jacobsen, Dana" <Dana.Jacobsen@sol.doi.gov>
Cc: Kit Hershey <kit_hershey@fws.gov>, "Russell, Daniel" <daniel_russell@fws.gov>,
Serena Baker <serena_baker@fws.gov>, "Dikeman, Hayley" <hayley_dikeman@fws.gov>

Team,

We need your help in getting wolverine DIP letters sent out to States, Federal Agencies, and
Tribes as soon as possible.  Attached is a PDF of the DIP letter for the wolverine status
determination/SSA signed by Jodi at the MTFO.  You can either send that out or take the word
version attached that can be revised with letterhead from your offices and signed accordingly. 
Please do not send out a word file to counterparts, send a signed PDF only. 

We are leaving it up to core team members to coordinate within your regions, FOs, and
external affairs programs as necessary to get this done. If you have questions or concerns you
can reach out to Betty Grizzle. 

We hope to have a core team call in a few weeks, plan to report back on the status of the DIP
letters in your regions at that time. 

Thanks.
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Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

mailto:justin_shoemaker@fws.gov




United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 
Name of Office 

Address 
City, State Zip 

Phone: (xxx) xxx–xxxx Fax: (xxx) xxx–xxxx 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Reply Refer To: 
FWS/RX/XXXX/wolverine 

November 22, 2016 
 
Dear Interested Party: 
 
The U.S. Fish and Wildlife Service (Service) is in the process of determining the status of the 
distinct population segment (DPS) of the North American wolverine (Gulo gulo luscus; 
wolverine) in the contiguous United States.   
 
On February 4, 2013, we published a proposed rule to list the DPS of wolverine occurring in the 
contiguous United States as threatened, under the Act, with a proposed rule under section 4(d) of 
the Act that outlines the prohibitions necessary and advisable for the conservation of the 
wolverine (78 FR 7864). We also published on February 4, 2013, a proposed rule to establish a 
nonessential experimental population area for the North American wolverine in the Southern 
Rocky Mountains of Colorado, northern New Mexico, and southern Wyoming (78 FR 7890). On 
August 13, 2014, based on our conclusion that the factors affecting the DPS as identified in the 
proposed rule were not as significant as believed at the time of the proposed rule's publication in 
2013, we withdrew the proposed rule to list the DPS of the North American wolverine as a 
threatened species under the Act (79 FR 47522). In October 2014, complaints were filed in the 
District Court for the District of Montana by several organizations challenging the withdrawal of 
the proposal to list the North American wolverine DPS. As a result of the court order (issued 
April 4, 2016), the August 13, 2014, withdrawal was vacated and remanded to the Service for 
further consideration consistent with the order. 
 
In effect, the court's action returns the process to the proposed rule stage, and the status of the 
wolverine under the Act has effectively reverted to that of a proposed species for the purposes of 
consultation under section 7 of the Act. On October 18, 2016, we published a Federal Register 
Notice reopening the comment period for 30 days on our February 4, 2013, proposed rule to list 
the distinct population segment of wolverine and announcing our initiation of a new status 
review of the wolverine, to determine whether this distinct population segment meets the 
definition of an endangered or threatened species under the Act, and request new information to 
inform our status review (81 FR 71670). 

 
The wolverine is a medium-sized mammal that resembles a small bear with a bushy tail. 
Wolverines in North America occupy a wide variety of alpine, boreal, and arctic habitats. The 
wolverine in the contiguous United States is distributed across parts of the northern Rocky 
Mountains in Idaho, Montana, and Wyoming, and the Northern Cascades in Washington. 
Previously gathered biological and threat assessment information for the wolverine can be found 
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2 
 

in our February 4, 2013, proposed rule, available online at 
http://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=A0FA.  
 
For this status review, we will be using the Species Status Assessment (SSA) framework to guide 
our evaluation of the wolverine. The SSA framework is an analytical approach that characterizes 
a species’ ability to sustain populations over time based on the best scientific understanding of 
current and future abundance and distribution, taking into consideration any threats, stressors, or 
conservation efforts that could influence or affect the species’ status. An SSA is grounded in 
conservation biology principles and is a transparent and explicit analysis based solely on the best 
available science. We complete the SSA before any policies are applied or decisions are made, 
which provides greater flexibility for us to engage with our partners and solicit peer review. The 
SSA generates clear, logical analyses that not only supports our decisions under the Endangered 
Species Act (Act), but provides foundational, biological information to help guide species 
conservation.   
 
As we develop the SSA, we encourage our conservation partners and all interested parties to 
provide any new information regarding the status of the wolverine. Additionally, we may contact 
your species experts directly for additional information on the species, request reviews of draft 
documents, and if needed, ask for their participation in coordination meetings or expert 
workshops. We greatly appreciate the expertise, involvement, and time of your staff.  
 
Over the next several months, we will be gathering and analyzing available information on the 
wolverine as part of our process to determine their status. We are required to use the best 
scientific and commercial data available in our status review, which ensures any potential listing 
determination is as accurate and effective as possible. Following the status review, the Service 
will either publish a rule that proposes protections under the Act for the wolverine, or a not-
warranted listing determination in the Federal Register in late 2017. A final listing rule, if 
appropriate, would be published in the Federal Register in 2018. 

 
With this letter we are providing early notification to interested parties that we are initiating the 
status review process for wolverine and are seeking your input to ensure we have the best 
available information upon which to inform the status review. At this time, we are seeking 
information and data regarding the following items: 

 
• General information concerning the taxonomy, biology, ecology, genetics, and status of 

the wolverine; 
 

• Specific information on the conservation status of the wolverine, including information 
on distribution, abundance, and population trends; 
 

• Specific information on threats to the wolverine, including:  (i) the present or threatened 
destruction, modification, or curtailment of its habitat or range; (ii) overutilization for 
commercial, recreational, scientific, or educational purposes; (iii) disease or predation; 
(iv) the inadequacy of existing regulatory mechanisms; and (v) other natural or manmade 

http://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=A0FA
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factors affecting its continued existence;  
 

• Habitat selection, use, and any changes or trends in the amount and distribution of 
wolverine habitat; 
 

• Habitat requirements for feeding, breeding, and sheltering, including particular physical 
or biological features that are essential to the conservation of the wolverine and where 
such physical or biological features are found; 
 

• Whether any of these features may require special management considerations or 
protection; 
 

• Specific areas outside the geographical area occupied by the wolverine that may be 
essential for the conservation of the species; 
 

We will accept new information throughout this process; however, we respectfully request that 
you provide any pertinent information as soon as possible and not later than December 30, 2016, 
to ensure we have adequate time to consider it during our status review. Please be aware that all 
data and information submitted to us including names and addresses will become part of the 
decisional record for this package and may be made public.   
 
Information should be submitted to Betty Grizzle of the Carlsbad Fish and Wildlife Office at: 

 
U.S. Fish and Wildlife Service 
Carlsbad Fish and Wildlife Office 
Attn: Betty Grizzle 
2177 Salk Ave, Suite 250 
Carlsbad, CA 92008  

 
Thank you for your interest in the conservation of the wolverine. If you would like additional 
information or have questions about the species, please contact Betty Grizzle at (760) 431–9440, 
extension 215, or betty_grizzle@fws.gov. 
 

 
 
Sincerely, 
 
/Signed/ 
 
Name 
Title 

 



United States Department of the Interior 
Fish and Wildlife Service 

Ecological Services 

Montana Field Office 

585 Shepard Way, Suite 1 

Helena, Montana 59601-6287 

Phone: (406) 449-5225  Fax: (406) 449-5339 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

In Reply Refer To: 
FWS/R6/MTESO/wolverine 

November 22, 2016 

 

Dear Interested Party: 

 

The U.S. Fish and Wildlife Service (Service) is in the process of determining the status of the 

distinct population segment (DPS) of the North American wolverine (Gulo gulo luscus; 

wolverine) in the contiguous United States.   

 

On February 4, 2013, we published a proposed rule to list the DPS of wolverine occurring in the 

contiguous United States as threatened, under the Act, with a proposed rule under section 4(d) of 

the Act that outlines the prohibitions necessary and advisable for the conservation of the 

wolverine (78 FR 7864). We also published on February 4, 2013, a proposed rule to establish a 

nonessential experimental population area for the North American wolverine in the Southern 

Rocky Mountains of Colorado, northern New Mexico, and southern Wyoming (78 FR 7890). On 

August 13, 2014, based on our conclusion that the factors affecting the DPS as identified in the 

proposed rule were not as significant as believed at the time of the proposed rule's publication in 

2013, we withdrew the proposed rule to list the DPS of the North American wolverine as a 

threatened species under the Act (79 FR 47522). In October 2014, complaints were filed in the 

District Court for the District of Montana by several organizations challenging the withdrawal of 

the proposal to list the North American wolverine DPS. As a result of the court order (issued 

April 4, 2016), the August 13, 2014, withdrawal was vacated and remanded to the Service for 

further consideration consistent with the order. 

 

In effect, the court's action returns the process to the proposed rule stage, and the status of the 

wolverine under the Act has effectively reverted to that of a proposed species for the purposes of 

consultation under section 7 of the Act. On October 18, 2016, we published a Federal Register 

Notice reopening the comment period for 30 days on our February 4, 2013, proposed rule to list 

the distinct population segment of wolverine and announcing our initiation of a new status 

review of the wolverine, to determine whether this distinct population segment meets the 

definition of an endangered or threatened species under the Act, and request new information to 

inform our status review (81 FR 71670). 

 

The wolverine is a medium-sized mammal that resembles a small bear with a bushy tail. 

Wolverines in North America occupy a wide variety of alpine, boreal, and arctic habitats. The 

wolverine in the contiguous United States is distributed across parts of the northern Rocky 

Mountains in Idaho, Montana, and Wyoming, and the Northern Cascades in Washington. 

Previously gathered biological and threat assessment information for the wolverine can be found 
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in our February 4, 2013, proposed rule, available online at 

http://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=A0FA.  

 

For this status review, we will be using the Species Status Assessment (SSA) framework to guide 

our evaluation of the wolverine. The SSA framework is an analytical approach that characterizes 

a species’ ability to sustain populations over time based on the best scientific understanding of 

current and future abundance and distribution, taking into consideration any threats, stressors, or 

conservation efforts that could influence or affect the species’ status. An SSA is grounded in 

conservation biology principles and is a transparent and explicit analysis based solely on the best 

available science. We complete the SSA before any policies are applied or decisions are made, 

which provides greater flexibility for us to engage with our partners and solicit peer review. The 

SSA generates clear, logical analyses that not only supports our decisions under the Endangered 

Species Act (Act), but provides foundational, biological information to help guide species 

conservation.   

 

As we develop the SSA, we encourage our conservation partners and all interested parties to 

provide any new information regarding the status of the wolverine. Additionally, we may contact 

your species experts directly for additional information on the species, request reviews of draft 

documents, and if needed, ask for their participation in coordination meetings or expert 

workshops. We greatly appreciate the expertise, involvement, and time of your staff.  

 

Over the next several months, we will be gathering and analyzing available information on the 

wolverine as part of our process to determine their status. We are required to use the best 

scientific and commercial data available in our status review, which ensures any potential listing 

determination is as accurate and effective as possible. Following the status review, the Service 

will either publish a rule that proposes protections under the Act for the wolverine, or a not-

warranted listing determination in the Federal Register in late 2017. A final listing rule, if 

appropriate, would be published in the Federal Register in 2018. 

 

With this letter we are providing early notification to interested parties that we are initiating the 

status review process for wolverine and are seeking your input to ensure we have the best 

available information upon which to inform the status review. At this time, we are seeking 

information and data regarding the following items: 

 

 General information concerning the taxonomy, biology, ecology, genetics, and status of 

the wolverine; 

 

 Specific information on the conservation status of the wolverine, including information 

on distribution, abundance, and population trends; 

 

 Specific information on threats to the wolverine, including:  (i) the present or threatened 

destruction, modification, or curtailment of its habitat or range; (ii) overutilization for 

commercial, recreational, scientific, or educational purposes; (iii) disease or predation; 

(iv) the inadequacy of existing regulatory mechanisms; and (v) other natural or manmade 

http://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=A0FA
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factors affecting its continued existence;  

 

 Habitat selection, use, and any changes or trends in the amount and distribution of 

wolverine habitat; 

 

 Habitat requirements for feeding, breeding, and sheltering, including particular physical 

or biological features that are essential to the conservation of the wolverine and where 

such physical or biological features are found; 

 

 Whether any of these features may require special management considerations or 

protection; 

 

 Specific areas outside the geographical area occupied by the wolverine that may be 

essential for the conservation of the species; 

 

We will accept new information throughout this process; however, we respectfully request that 

you provide any pertinent information as soon as possible and not later than December 30, 2016, 

to ensure we have adequate time to consider it during our status review. Please be aware that all 

data and information submitted to us including names and addresses will become part of the 

decisional record for this package and may be made public.   

 

Information should be submitted to Betty Grizzle of the Carlsbad Fish and Wildlife Office at: 

 

U.S. Fish and Wildlife Service 

Carlsbad Fish and Wildlife Office 

Attn: Betty Grizzle 

2177 Salk Ave, Suite 250 

Carlsbad, CA 92008  

 

Thank you for your interest in the conservation of the wolverine. If you would like additional 

information or have questions about the species, please contact Betty Grizzle at (760) 431–9440, 

extension 215, or betty_grizzle@fws.gov. 

 

 

 

Sincerely, 

 

 
Jodi Bush 

Office Supervisor 

 



From: Johnson, Dawn
To: Grizzle, Betty
Subject: RE: Wolverine Draft SSA Report Lit Cited
Date: Friday, October 27, 2017 9:16:40 AM

I have them and will be getting them to reviewers today.
 
From: Grizzle, Betty [mailto:betty_grizzle@fws.gov] 
Sent: Tuesday, October 24, 2017 10:12 AM
To: Johnson, Dawn <dawn.johnson@woodplc.com>
Cc: Samaniego, Rita A <rita.samaniego@woodplc.com>
Subject: Re: Wolverine Draft SSA Report Lit Cited
 
Hi Dawn - We are sending these to you today.  Should be there tomorrow.  
 
 
On Mon, Oct 23, 2017 at 6:46 PM, Johnson, Dawn <dawn.johnson@woodplc.com> wrote:

Betty-
 
You can send to the address in my signature.
 
Sincerely,
 
Dawn Johnson PhD
Senior Biologist
Amec Foster Wheeler Environment & Infrastructure, Inc.
Now owned by Wood plc
104 West Anapamu Street, Suite 204A, Santa Barbara, CA 93101
D/M 805 252 4370   F 805 966 1706
dawn.johnson@wooldplc.com ­­      www.woodplc.com 

 
 
 
From: Grizzle, Betty [mailto:betty_grizzle@fws.gov] 
Sent: Monday, October 23, 2017 5:44 PM
To: dawn.johnson@woodplc.com
Subject: Wolverine Draft SSA Report Lit Cited
 
Hi Dawn - I have 5 separate DVDs containing the literature cited for the draft North
American Wolverine SSA Report, which you should have received today.
 
What address should I use to mail these (for the peer reviewers)?
 
--
 
Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office

mailto:dawn.johnson@woodplc.com
mailto:betty_grizzle@fws.gov
mailto:dawn.johnson@woodplc.com
mailto:dawn.johnson@wooldplc.com
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.woodplc.com_&d=DwMFaQ&c=ZWY66qCYUTYUcOev9C2GlDEcKuYKzoWDVNR_L93Z9mQ&r=JYV-YFDWQb10o25t_SAMLIDYuhtI5RNiDyeogUk8x1E&m=1TD93PdrEHAMsj3w_9kpXNo_kbKrdhf-xwYryW9j4ac&s=l9S6ELute-Cq_4MeZiW_-nl2Y0E47rlILF9phPC5fmA&e=
mailto:betty_grizzle@fws.gov
mailto:dawn.johnson@woodplc.com


2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
 

This message is the property of John Wood Group PLC and/or its subsidiaries and/or affiliates and is
intended only for the named recipient(s). Its contents (including any attachments) may be confidential,
legally privileged or otherwise protected from disclosure by law. Unauthorised use, copying, distribution
or disclosure of any of it may be unlawful and is strictly prohibited. We assume no responsibility to
persons other than the intended named recipient(s) and do not accept liability for any errors or
omissions which are a result of email transmission. If you have received this message in error, please
notify us immediately by reply email to the sender and confirm that the original message and any
attachments and copies have been destroyed and deleted from your system.

If you do not wish to receive future unsolicited commercial electronic messages from us, please
forward this email to: unsubscribe@woodplc.com and include “Unsubscribe” in the subject line. If
applicable, you will continue to receive invoices, project communications and similar factual, non-
commercial electronic communications.

Please click http://www.woodplc.com/email-disclaimer for notices and company information in relation
to emails originating in the UK, Italy or France.

 

 
--
 
Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

mailto:unsubscribe@woodplc.com
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.woodplc.com_email-2Ddisclaimer&d=DwMFaQ&c=ZWY66qCYUTYUcOev9C2GlDEcKuYKzoWDVNR_L93Z9mQ&r=JYV-YFDWQb10o25t_SAMLIDYuhtI5RNiDyeogUk8x1E&m=1TD93PdrEHAMsj3w_9kpXNo_kbKrdhf-xwYryW9j4ac&s=v8OGpsnOz7VAMBy-DbNKcZr6WJkZZvZgu9jc38E2Rl4&e=


From: Grizzle, Betty
To: John Guinotte
Subject: DRAFT powerpoint
Date: Tuesday, November 7, 2017 8:19:40 AM
Attachments: North American Wolverine PPT for Rec team mtg.pdf

Hi John - This is obviously not final yet, but wanted to get your feedback on this first draft,
particularly the climate change summary slides.  I am trying to keep this fairly general and
with less words (and more pictures/figures) as everyone will have read the SSA Report prior
to the meeting.

It's too big to send in PowerPoint format so had to send you a pdf.  Let me know if you want
to discuss; I'll be here all day.

Thanks,
Betty

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax

mailto:betty_grizzle@fws.gov
mailto:john_guinotte@fws.gov


North American Wolverine 
Gulo gulo luscus 

Prepared for Recommendation Team Meeting 
Mountain Prairie Regional Office 

January 10-11, 2017 

Photo credit: Mark Packila; used with permission. 



Timeline of Federal Actions 

1995, 2003: 90-day Not 
Substantial Findings 
• 2003 finding challenged; 

12-mo finding ordered by 
Court 

• 2008: Not Warranted 
Finding (no DPS in 
contiguous U.S.) 

• Challenged; FWS agreed 
to issue new finding 
 

2013: Proposed 
Rule, with DPS (using 
2010 analysis), 4(d) 
• Based primarily on 

synergistic effects of 
climate change, 
persistent snow 

• 2014: Withdrawal 
of proposed rule 

• Remanded back to 
FWS 

Current Action: 12-
month Finding 
• Listing options – Not 

warranted or 
Warranted  

• Using 4-Phase Approach,  
SSA Report 

• 4 peer reviewers 
• Withdrawal or Final 

Rule to publish FY 
2018 

2010: 12-month 
Finding 
•DPS warranted, but 
precluded by higher priority 
listing actions 

•MDL agreement – publish 
either proposed rule or 
withdraw warranted finding; 
agreed to publish in FY 2013 



Species Description & Needs 
 Taxonomy of No American & Eurasian wolverines 

– same species, subspecies unclear 
 Culturally important to Aboriginal Peoples and 

Native Americans 
 Curious, cautious, learned behaviors (e.g., avalanche rescue) 

 Unique fur properties – valuable for trade 
◦ Other morphological/physiological adaptations 

 Key physical/ecological needs 
◦ Large territories, remote areas, high elevations 
◦ Access to variety of food, seasonal variability 
◦ Physical/Structural habitat features (e.g., talus slopes) 
 Linked to reproductive behavior 

 



Species Description & Needs (cont.) 

 However, still many unknowns 
◦ Difficult animal to survey/study 
 Most studies conducted in winter months 

◦ Recent Scandinavian & Canadian studies 
providing new insights 

 Physiology (Arctic studies, 1950s-1970s) 
not well-documented in previous rules 
 Important to describe critical temperatures and 

elements of thermoneutrality for evaluating effects of 
climate change 

 



Physiology 



“Potential” Range 
 Using ALL available records (western U.S. only) 



Current Range 
 Developed from 

Ecoregions mapping 
(EPA); COSEWIC 
report; Inman et al. 2013;  
recent observations 

 Only 6% is within 
contiguous United States 
(75% Canada, 19% AK) 

 Using Inman et al. model 
◦ 96% on Federal lands 
◦ 41% in designated 

wilderness areas 



Habitat Use 
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Heinemeyer and  
Squires 2015 

WAFWA  2017 

wolverinepedia.zaxtor.net 



Summary of Habitat Use related to Life History 

 Broad, landscape scale vegetation associations 
◦ Arctic tundra, boreal forests, mixed forests 

 Other important habitat associations 
◦ At high elevations (esp. in lower 48), with talus slopes 
◦ Contains a “ruggedness” element (topographic heterogeneity) 
◦ Away from human footprint & predators (esp. while raising young) 
◦ Available food resources, including caching areas 
◦ Access to water (esp. in summer) 

 Large, exclusive territories  
◦ 54-148 mi2 for females; 201-610 mi2 for males (lower U.S.) 

 Extensive movement and dispersal capabilities 
 
 



Example of Movement Patterns 

 
 

Glacier NP; Copeland and Yates 2008 

Southern Alaska; Woodford 2014 



Reproduction and Growth 
 Polygamous behavior 
 Delayed implantation 
 Low reproductive rate (less than1 young 

per adult female per year) 
 Short gestation period 
 Denning behavior, altricial young 
 Extended period of maternal care, but 

young grow rapidly (fully grown at 8 
months) 
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Use of Dens 
 & Denning Habitat 

March 2 2017 den, Sweden 
 (lower left, under boulder) 

Entrance to natal den, Glacier NP,  
from Copeland and Yates 2008 

Denning “habitat” in Glacier NP,  
from Copeland and Yates 2008 



Wolverine habitat, denning, & snow  
– only one piece of the puzzle 

 Copeland et al. 2010 – assumed persistent wolverine populations is 
linked to availability of suitable reproductive den sites; thus, snow cover 
that persists throughout the denning period may be a critical habitat 
component limiting their geographic distribution 
◦ This (now 7-year old paper) was good, first effort to model where 

wolverines might be found; limitations w/ bioclimatic models) 
 But the snow cover depths and (late) dates of snow cover persistence 

were then used to predict wolverine distributions and population-level 
effects from CC (McKelvey et al. 2011) 

 This became narrative for evaluating effects of CC w/o understanding 
methods/limitations of these models 

 Two peer reviewers of 2013 proposed rule raised substantive concerns 
on this issue and the Service’s interpretation 

 New studies have indicated that the Copeland model does not always 
predict either wolverine occurrences or den sites 

 To discuss later – results of new CC modeling 



Summary points re denning 
 Very few studies have evaluated denning 

habitat relative to reproductive success 
 Denning habitat varies across Holarctic 

range 
 Young moved from natal den in late April; 
◦ Become mobile and more reliant on solid food 

brought by mother (rendezvous sites) 
 Many factors influence den locations and 

shifts in den locations (not just temp/snow 
depth or persistence) 

 Analysis of “melt-out” dates for natal den 
sites in U.S. – earliest was May 25 



Other Life History Elements 
 Diet and Feeding 
◦ Both scavengers and predators 
◦ Diet varies regionally, seasonally, yearly 
◦ Commonly “switch” food sources 

 Population Structure 
◦ Metapopulation in lower 48 
◦ Panmictic population in Canada 
◦ Naturally low densities across No America 

 Genetic diversity/structure – unclear answers 
◦ Wolverines still recovering from many decades of 

hunting and trapping pressures 
◦ Newer/more complete sampling/analysis and 

demographic studies needed 



Biological Status (current conditions) 

 Populations  
◦ 318 (range 249 to 626) in lower 48, this is a 

modeled estimate 
 Wolverine working group developing occupancy 

analysis 
 AK uses density estimate (5-10 per 386 mi2) 
 Canada – over 10,000 adults 
 Stable or increasing in northern part of range 

 But, still uncommon and at naturally low densities 

 Movement between AK and Canada, and 
between lower 48 and Canada 



Wolverine detections, Winter 2016-2017 
Western States Occupancy Study 

 86 cells (as of 7/2017) 
 157 genetic samples 
 Also, Teton Mtns 



Key Potential Stressors Evaluated 

 Effects from roads 
 Effects from wildland fire 
 Disturbance – winter recreational activity, 

other infrastructure 
 Disease and Predation 
 Overutilization 
◦ Research activities 
◦ Harvesting and incidental trapping 



Effects from roads 
(mortality, den site selection) 
 Mortalities 
◦ 1972 to 2001: 3 (No America) 
◦ 2004 to 2016: 6 (lower 48 States) 
◦ 2013 to 2015: 10 (Alberta, Canada) 

 Road miles/density (modeled habitat) 
◦ > 7,500 ft - high density in Southern Rockies 
   > 7,500 ft - 95% secondary roads 
   Den locations in remote areas  

US287, MT: road-kill death of M204 
as he utilized a road-killed elk 
carcass; from Packila et al. 2007 



Disturbance 
 Winter Recreation 

(heli-, cat-skiers, 
snowmobilers) 
◦ Wolverines maintained 

home ranges within high 
use areas, over several 
years 
◦ No evidence re effects on 

reproductive success 
◦ Winter road closures 

being implemented 
◦ Recent detections (2016, 

2017) in recreational 
study areas (Appendix C 
map) 

Heinemeyer and Squires 2013 



Overutilization (e.g., trapping) 
 No current trapping in lower 48 
 U.S.-Canada border (68 mi, avg max. dispersal distance) 

◦ Avg 8.5 animals/year 
◦ Current study in Canada, incl. genetics 



Additional stressors evaluated 
 Other human disturbance 
◦ Mixed results – wolverines dens found in clear 

cut areas, associated with some roads & 
infrastructure, but avoid others 
 May be associated with avoiding predation risk 

 Wildland fire – no empirical studies 
◦ Likely not a positive or negative 
◦ USFS implementing fire mgt practices 

 Disease and Predation 
 No evidence that these act as stressors beyond few 

individuals 



Future “Scenario”:  
Most likely condition 

 Effects of climate change 
◦ Elevated temperature 
◦ Decline in snowpack 
◦ Potential increase in wildland fire 

 No change expected in levels of other 
stressors 



Future Conditions: Climate Change 
Effects – California (Tahoe area) 
 Observed trends 
◦ Precipitation – no trend (increasing or decreasing)  
◦ Temperature – upward trend of 1.66°F since 1895; 

3.94°F since 1975 (mean temp.) 
 Projections 
◦ 5% increase in precipitation in winter,  
but slight (3%) decline yearly 
◦ 3.8 to 5.8°F warming  
(yearly average by the 2060s) 
◦ Increase in precipitation will likely be 
offset by warmer temperatures 

 
From Pierce et al.  2013 



Future Conditions: Climate Change 
Effects – Columbia River Basin 
 Projections 
◦ Temp increase:  
 2.34°F for 2010-2039 
 5.04°F by 2070-2099 

(mean annual, compared 
to 1970-1999 baseline; 
RCP 4.5 scenario) 

◦ Precipitation: 
 Increase up to 8.5% for 

RCP 8.5 by 2099 
 But projected increases 

lower than interannual 
variability 

 

 



Future Conditions: Climate Change 
Effects – Upper Snake River Basin 
 Observed trends  Projections 

◦ 5°F increase (RCP 4.5), 
higher in winter months 

◦ Slight increase in 
precipitation 



Future Conditions: Climate Change Effects – 
Southern Rocky Mtn region (Colorado) 
 Observed trends  
◦ Annual average temp 

increase by 2.0°F, past 30 
years 

◦ No significant trends in 
annual precipitation, but 
more severe drought 
conditions 

 Projections (2050) 
◦ Temp increase of 2.5 to 

5°F under RCP 4.5 
(annual avg for state; 
compared to 1971-2000 
baseline) 

◦ Precipitation increase in 
winter months  
 



Cumulative Effects with Climate Change 
– Snowpack/Snow Cover  

◦ Northern and Southern Rocky Mountains 
(NOAA/CU study) : 2 study areas to assess snow 
extent and depth (to evaluate snow persistence/CC) 

 



Comparison of Methods 
Feature Ray et al. (2017) Copeland et al. (2010)  

and McKelvey et al. (2011) 
Spatial Resolution 250 m x 250 m = 62,500 m2 or 0.0625 km2  

(0.24 mi2) 
0.125 degrees (~5 km x 7 km; 37 km2  
(14.29 mi2)) 

Geographic Area Glacier and Rocky Mountain National Parks, 300 m 
below treeline and above 

Western United States, except California 
and Great Basin 

Topography Slope, aspect, and shading were used Slope and aspect were not used 

Validation SNOTEL (in-situ observations) and MODIS (satellite 
remote sensing) 

None specific to the snow dataset used 

Future Scenario 
Method 

Delta Method, used to project 2000-2013 conditions 
out to Year 2055 (average of 2041–2070) 

Delta Method (Years: 2045 (2030–2059), 
2085 (2070-2099) 

Future Scenarios 
(GCMs) 

miroc, giss, fio, cnrm (both study areas); 
canesm (Glacier National Park only) 
hadgem2 (Rocky Mountain National Park only) 

Ensemble mean of 10 GCMs, pcm1, and 
miroc 3.2 

Time-related Results Long-term means and year-to-year variability 
(i.e., wet, near normal, and dry years)  

Changes in long-term mean snowpack 
only 

Snow Detection and 
Measurements 

Snow presence: 1.25 cm (0.5 in) snow depth 
threshold on May 15.   
“Significant snow”: snow depth (0.5 meter (20 in) 
threshold. Snow depth determined by conversion 
from Snow Water Equivalent using bulk snow 
density.  

Snow presence: 13 cm (5.12 in) snow 
depth threshold on May 1. 
Snow depth determined by VIC model. 

Number of Years of 
MODIS Data 

17 (2000-2016) 7 (2000-2006) 

Snow Model DHSVM (University of Washington) VIC (University of Washington) 

Snow Cover Dates 
Analyzed 

April 15, May 1, and May 15 May 15 (derived from May 1), May 29 
(derived from May 1) 



Key Results – Glacier NP 

 Average Snow 
Covered Area 
(depth ≥ 0.5 m (20 
in)) percent change 
at elevation bands 
for five future 
scenarios on May 1.  



Key Results – Rocky Mtn NP 

 Average Snow 
Covered Area 
(depth ≥ 0.5 m (20 
in)) percent change 
at elevation bands 
for five future 
scenarios on May 1. 

 



Key Results – Glacier NP 
 Spatial distribution of 

averaged (2000-2013) 
projected snow 
covered area (depth 
≥ 0.5 m (20 in)) for 
May 1; cnrm (Central) 
scenario.   

 Map identifies where 
slopes are less than 
25 degrees and 
elevations 1514–2252 
m (4,968–7,389 ft) 
(where dens have 
been documented). 



Key Results – Rocky Mtn NP 
 Spatial distribution of 

averaged (2000-2013) 
projected snow covered 
area (depth ≥ 0.5 m (20 
in)) for May 1; fio 
(Warm/Dry) scenario.  

 Map identifies where 
slopes are less than 25 
degrees and elevations 
2,700-3,600 m (8,858–
11,811 ft) (inferred 
elevations where dens 
would be expected if 
occupied). 

 



Snowpack/Snow Cover: 
General Conclusions for Northern & Southern Rocky Mtns 

 Large portions of the study areas meet all 
three criteria in future (Year 2055): 
◦ Greater than 0.5 m (20 in) snow depth on May 1; 
◦ At elevation 4,967–7,389 ft for Glacier NP or 

8,858 to 11,811 ft for Rocky Mtn NP; and 
◦ With a slope less than 25 degrees  

 Large tracts of significant snow-covered area 
are projected in close proximity to 
documented historical den sites across all 
three scenarios  



Future Conditions Summary 
 CC model projections for areas within 

wolverine’s range in contiguous U.S. 
◦ Increases in temperature by the mid-21th century 
◦ Drought duration/intensity could be made worse 

with increase temperatures 
◦ Snow cover projected to decline, but will vary by 

elevation, topography, region 
 Higher elevations more resilient 

 Wildland fire risk also site-specific, but likely 
to increase 

 Wolverines possess physiological and 
behavioral adaptations to respond to these 
changes 



Peer Review Comments  
(AMEC mgt oversight; report sent to 4 individuals) 

 First reviewer:  
 Second reviewer: 
 Third reviewer: 
 Fourth reviewer: 



Public,  Agency,  Other Parties’ Concerns 
 Public Comments – 
 SSA Report review  



Federal and State Mechanisms 
 National Forest Management Act 
◦ USFS – Forest Plans 

 Wilderness Act 
 Federal Land Policy and Management Act 
◦ BLM – Land Use and Resource Mgt Plans 
◦ BLM Manual 6840 (Special Status Species Mgt) 

 State permitting regulations for research 
 State Wildlife Action Plans 
◦ Wolverine is Species of Greatest Conservation 

Need (all western States) 
◦ Idaho Wolverine Conservation Plan 
 
 



Federal and State Mechanisms (cont.) 
 State Protections (currently, no legal trapping 

in lower 48) 
◦ Threatened in CA, OR 
◦ Endangered in CO 
◦ Candidate in WA 
◦ Non-game (protected) species in ID, WY 
◦ Species of concern in MT 

 Canada: varying provincial designations, from 
E to T (eastern areas), sensitive/special 
concern, or no ranking 

 AK and Canada regulate trapping/hunting 
 Recent settlements or agreements w/ Wildlife 

Services 
 
 



Other Conservation Mechanisms 

 Nez Perce Tribe 
◦ Wolverine – species of conservation concern 

in 3 draft conservation plans 
 IRMP, Plant and Wildlife Conservation Strategy, & 

Forest Mgt Plan 

 Shoshone-Bannock Tribes 
◦ Preparing Climate Change Adaptation Plan 
 To be used for developing adaptation actions and 

monitoring 
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From: Guinotte, John
To: Grizzle, Betty
Subject: Re: DRAFT powerpoint
Date: Thursday, November 9, 2017 5:50:08 AM

Hi Betty, They look good to me. I wonder if you could put in a table that summarizes slides
24-27 on the regional projections? Those slides are really busy, they might get lost. I'm going
to be in Denver next week. Do you mind if I look at these with Steve and then get back to you
on specific comments?
Thanks,
John

John Guinotte
Spatial Ecologist
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region 6
134 Union Blvd., Lakewood, CO 80228
303-236-4264
john_guinotte@fws.gov
                  

On Tue, Nov 7, 2017 at 8:19 AM, Grizzle, Betty <betty_grizzle@fws.gov> wrote:
Hi John - This is obviously not final yet, but wanted to get your feedback on this first draft,
particularly the climate change summary slides.  I am trying to keep this fairly general and
with less words (and more pictures/figures) as everyone will have read the SSA Report prior
to the meeting.

It's too big to send in PowerPoint format so had to send you a pdf.  Let me know if you want
to discuss; I'll be here all day.

Thanks,
Betty

-- 

Betty J. Grizzle, D.Env.
Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Carlsbad Fish and Wildlife Office
2177 Salk Ave, Suite 250
Carlsbad, CA  92008
760-431-9440, ext. 215
760-431-5901 fax
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