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ABBTRACT

This report summarizes activities of the Washington
Department of Fisheries' Lower Snake River Hatchery Evaluation
Program from 1 April 1992 to 31 March 1993. This work was funded
by the U. §. Fish and Wildlife Service under the Lower Snake
River Fish and Wildlife Compensation Plan (LSRCP). In this
report we describe the Spring Chinook Salmon Program at Lyons
Ferry and Tucannon Fish Hatcheries (FH). Mandated adult return
objective to the Snake River is 1,152 adult spring chinook
salmon, Tucannon River stock. '

Spring chinook salmon escapement to the Tucannon River weir,
located at the Tucannon FH, was 547 salmon. We collected 50
hatchery and 47 wild salmon for broodstock at Tucannon FH.
Prespawning mortalities of salmon collected for broodstock
decreased substantially this year apparently because we held
fish at Lyons Ferry FH prior to spawning. Only two hatchery
males and four wild females died in the raceways at Lyons Ferry
FH prior to spawning. Jaundice caused by toxic reaction to
Erythromycin appears to the cause of death in three of the four
females. Peak of spawning at Lyons Ferry FH was 8 September for
both hatchery and wild fish which coincided well with natural
spawning in the river. Forty-five females were spawned; 27
hatchery and 18 wild. Eggtake totaled 156,359 eggs; 86,983 from
hatchery females, and 69,376 from wild females. Mortality prior
to hatching was 2,765 eggs (1.8% of total) for a total of 153,594
fry that hatched. We continued to build a sperm bank using
cryopreservation techniques. Semen from nine males were frozen
for future use.

Tucannon FH released 85,797 yearling salmon (1990 Brood) to
volitionally emigrate from the acclimation pond from 30 March to
10 April 1991. Mean fork length (with coefficient of variation)
and total poundage of released smolts were 140.7 mm (8.5) and
7,798 1lbs, respectively. Egg-to-smolt survival was 58.1% for the
1990 brood. Tucannon FH released 74,058 yearling salmon (1991
Brood) to volitionally emigrate from the acclimation pond from 6-
12 April 1992. Egg-to-smolt survival was 81.1% for the 1991
brood.

Nine thermographs were stationed throughout the Tucannon
River to measure daily minimum and maximum water temperatures.
Periodic stream discharge measurements were taken at the smolt
trap (RK 21) and at other locations within the Tucannon River
basin.

Evaluation staff conducted salmon parr production surveys
using snorkel and electrofishing techniques. We estimate there
were 56,000 to 58,000 subyearling and 3,000 to 7,000 yearling
chinook salmon in the Tucannon River in 1992. We operated a
downstream migrant trap intermittently from 20 November 1991 to 4
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June 1992, We trapped 3,837 wild and 974 hatchery spring chinook
salmon smolts during this period. Based on mean monthly trap
efficiency estimates, we estimate 49,481 wild juvenile spring
chinook salmon emigrated from the Tucannon River during the
1991/1992 season. Trapping was limited to mid-winter during the
1992/1993 smolt trapping season because of a delay in receiving
our Section 10 Permit. We therefore cannot make a population
estimate on migrating smolts from the Tucannon River from
199271993,

Radio transmitters were inserted into 29 salmon (15 hatchery
and 13 wild) collected and released upstream of the Tucannon FH
welr. Fifteen of the 29 radio tagged salmon died prior to
spawning. Five tags were regurgitated within a few days of
tagging. Five tags apparently quit working during the season,
and only four of the 29 radio tagged salmon were verified to have
spawned. Circumstantial evidence indicates that seven radio
tagged fish may have been poached. Radio tagged salmon generally
held in pools or runs that had undercut banks or woody debris.

We observed one radio tagged male spawning with multiple females.
Evaluation staff also tracked 15 spring chinook that were radio
tagged by the University of Idaho at Ice Harbor Dam. Seven of
these tags were found without a carcass. Four of the 15 radio
tagged salmon were confirmed prespawning mortalities. Three of
the 15 salmon survived into the spawning season. One tag was
located in a deep pool and never recovered.

Prespawning mortality in the river was substantially higher
than we observed during previous years. Eighty one salmon
carcasses were recovered prior to spawning season. Fifty-four of
the 81 prespawning mortalities were hatchery salmon. Sixty-seven
percent of the prespawning mortalities were females (50% of all
prespawning mortalities were hatchery females).

Program staff surveyed spawning grounds from August to
October. A total of 200 spring chinock salmon redds were counted
in the Tucannon River in 1992. Forty-six hatchery and 82 wild
salmon carcasses were recovered during spawning ground surveys.
Spawning ground surveys were also conducted on Asotin Creek
(tributary of the Snake River), and Butte Creek (tributary of the
Wenaha River).

We calculated (or revised) our adult escapement estimates to
the river for 1985-1992 to account for salmon spawning downstrean
of the weir. We estimate 784 salmon escaped to the Tucannon
River in 1992. Four of 97 CWT were recovered from stray spring
chinook salmon in 1%%2. Expanded smolt-to-adult survival of 1987
brood hatchery salmon is estimated to be 0.16%, with 0.38%
survival estimated for wild salmon. This estimate does not
include 1992 sport and commercial catch (data were not available
for this report). Expanded smolt-to-adult survival of 1988 brood
hatchery and wild salmon through age 4 1s estimated at 0.36% and
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0.77%, respectively. Smolt-to-adult survival estimates for 1987
and 1988 brood (incomplete) hatchery and wild salmon are below
the LSRCP design objective of 0.87%. Survival rates from egg-to-
fry, egg-to-smolt, and egg-to-returning adult is much higher for
hatchery salmon than wild salmon.

Stock profile analyses of wild and hatchery spring chinook
salmon was continued. Average fecundity of wild and hatchery
females spawned for broodstock was 3,854 and 3,295 eggs,
respectively. Sex ratio of wild and hatchery salmon in the
Tucannon River was 0.82, and 1.8 females per male, respectively.
Eighty-six percent of all fish sampled (wild and hatchery) were
classified as age 4.

Tissue samples from collections were analyzed by the WDF
Genetics Unit to investigate temporal patterns of allele
frequencies, and determine if significant changes in gene
frequency are occurring. As a group, allele frequencies for
hatchery fish are basically similar to those of their wild
counterparts.

Meristic analyses of samples collected in 1985-1989 are
provided. No significant differences were detected in mean total
counts of paired meristic traits for either wild or hatchery
salmon. Differences in pectoral or pelvic fin counts in wilad
salmon were not detected. A significant difference in pectoral
fin counts was detected among the 1986 to 1989 brood hatchery
fish. Pelvic fin counte for hatchery salmon were not
significant.

We provide nine recommendations to improve performance of
the Tucannon chinook salmon hatchery and evaluation programs, and
to improve natural production and survival of Tucannon River
salmon. We recommended the following:

- establish a wild escapement goal

- continue to evaluate prespawning mortalities in. the river

- reevaluate spawning use of Cummings, Panjab, and Asotin
Creeks

- modify the trap and trapping procedures to reduce injuries
and stress to salmon

- outplant adult and juvenile salmon to improve spawning
distribution in the Wilderness Stratum

- increase sampling and monitoring of progeny from
controlled matings study

- decrease morphometric and meristic sampling

- continue evaluation of snorkel techniques

- change dosage of Erythromycin injections to reduce drug
related mortalities.
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TUCANNON RIVER SPRING CHINOOK SALMON
HATCHERY EVALUATION PROGRAM

1992 REPORT
S8ECTION 1: INTRODUCTION

i,1: Compensation Objectives

Congress authorized the Lower Snake River Fish and Wildlife
Compensation Program (LSRCP) in 1976. As a result of that plan,
Lyons Ferry and Tucannon Fish Hatcheries (FH) were designed,
constructed and are currently under operation. A partial
objective of these hatcheries is to compensate for loss of 1,152
adult spring chinook salmon , Tucannon River stock (USACE 1975).
An evaluation program was initiated in 1984 to monitor the
success of these hatcheries in meeting this goal, and to identify
any production adjustments required to improve hatchery
performance. Washington Department of Fisheries (WDF) has
identified two broad based goals in its evaluation program:

1) monitor hatchery practices at Lyons Ferry and Tucannon FH to
ensure quality smolt releases, high downstream migrant survival,
and sufficient contribution to fisheries with escapement to meet
the LSRCP compensation goals, and 2) gather genetic information
which will help maintain the integrity of Snake River Basin
salmon stocks (WDF 1993). A list of the evaluation program's
objectives is outlined in Appendix A.

This report summarizes all work performed by the WDF LSRCP
Spring Chinook Salmon Evaluation Program for the period 1 April
1992 through 31 March 1993. A report on the fall chinook salmon
evaluation program for the same period is presented separately.

§ on of Facilities [

Lyons Ferry FH is located at the confluence of the Palouse
‘River and Snake River at river kilometer (RK) 920, and 5 km from
the mouth of the Tucannon River (Figure 1). Lyons Ferry FH has a
single pass well water system which flows through the incubators,
two adult holding ponds (divided into four ponds in 1992), and 28
raceways. A satellite facility is maintained on the Tucannon
River (RK 61; Figure 2) for adult salmon collection and
subsequént release of yearling progeny. Tucannon FH has an adult
collection trap and one holding pond, which has been used for
both broodstock collection and yearling releases.

Returning adult salmon are trapped at Tucannon FH and hauled
to Lyons Ferry FH for holding and spawning. -Eggs are fertilized,

Throughout this report, the term "salmon" refers to Tucannon River spring
chinook salmon, unless otherwise noted in the text.
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Figure 1. Location of Lyons Ferry and Tucannon Fish Hatcheries
within the Lower Snake River Basin.
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incubated, and the fry reared to parr size at Lyons Ferry FH,
then returned to Tucannon FH for acclimation and subsequent
release in the Tucannon River. The 1992 Tucannon spring chinook
salmon hatchery production goal was 88,000 fish for release as
yearlings at 10 fish per pound (fpp; 8,800 lbs). This goal was
primarily based on a density index at release of 0.18 lbs/ft’/in
in the acclimation pond.

BECTION 2: HATCHERY PERFORMANCE
: Breodstoc on

Hatchery and evaluation personnel operated the permanent
adult trap wi;h a floating weir adjacent to the Tucannon FH to
collect wild ', and hatchery salmon for broodstock. The trap was
operated daily from late April through mid-October. In general,
one fish was collected for every four or five fish allowed to
pass upstream of the weir for natural spawning. The objective
was to collect 50 wild and 50 hatchery salmon for broodstock
throughout the duration of the run (See Appendix B). This number
was developed in 1991 using previous years broodstock survival,
egg and fry loss, growth rate, feed conversion, and projected
time and size at release. All hatchery salmon have adipose-fins
removed and are coded-wire tagged (CWT), allowing their
recognition as adults.

We collected 88 adults and nine jacks ¢ (50 hatchery; 43
adults and seven jacks; and 45 wild adults, two jacks) for
broodstock. Broodstock were captured between 5 May and 10 June,
except one wild and one hatchery fish that were collected on 28
August. We passed 410 adults and 29 jacks upstream of the weir.
Another 11 adults died in the trap. Total escapement to the weir
was 509 adults and 38 jacks, of which 234 adults and eight jacks
were hatchery and 275 adults and 30 jacks were wild (Table 1).
Jacks were categorized by fork length (<61 cm) . when collected.
Coded-wire tag and scale analyses have revealed that salmon
categorized as jacks in the Tucannon River dQuring all years were
actually age 3 adults. We have nc record of age 2 jacks
returning to the Tucannon River since initiation of this project
in 1984.

! Throughout this report, the term "wild salmon" refers to fish that have no
hatchery parentage or to salmon which may be the progeny of either wild or
hatchery fish that spawned in the river.

.2 This paragraph presents the data with some salmon as jacks (based on fork
length, regardless of sex or age) to be consistent with hatchery records and
preliminary data reports to other agencies. These fish are adults baeed on
actual age (coded-wire tag or scale analyses).



Table 1. Escapement and collection of salmon to the Tucannon FH
trap in 1992.

Week Esggggg to trap _Passed upstream - Collected
ending wild hatchery wild hatchery wild hatchery
09 May 18 25 9 15 9 10
16 May 38 34 30 24 8 10
23 May 66 54 56 46 10 8
30 May 32 59 24 49 8 10
06 Jun 21 57 14 50 7 7
13 Jun 10 34 6 30 4 4
20 Jun 1 5 1 5

27 Jun 5 12 5 12

04 Jul 1 1

11 Jul

18 Jul

25 Jul 3 3

01 Aug

08 Aug 1 1

15 Aug

22 Aug 3 1 3 1l

29 Aug 10 4 9 3 1 1
05 Sep 13 5 13 5

12 Sep 12 5 12 5

19 Sep 11 4 11 4

26 Sep 1 2 1 2

Totals 242 305 195 255 47 50

Eleven fish died while entering the Tucannon FH trap. They are counted as
fish passed upstream (includes eight wild males; one each on 2, 16, 18, and
21 September, and two each on 31 August and on 9 September, and three
hatchery fish; one hatchery female on 26 May, and two hatchery males on 7
and 31 August.

In 1992, a year of severe drought and warm water
temperatures, the first salmon arrived at the trap on 4 May; the
last fish arrived on 22 September. Peak of salmon arrival was
18-21 May. Salmon run timing was earlier than in 1991 (3-8 June)
but similar to 1990. Peak arrival for hatchery salmon in 1992
was from 26-28 May while wild salmon returns peaked on 18-20 May.
In 1991, peak arrival for hatchery salmon was 4 June; wild fish
peaked on 11 June, compared to 23 May for hatchery fish and 22
May for wild fish in 1990.

In 1992 few fish arrived at the trap from late June to mid-
August (Figure 3). This trapping lull is more pronounced than we
observed in 1991, and earlier than in 1990. As in past years we
observed a second peak of arrival at the trap just prior to, and
during, spawning (21% of the wild fish, 7% of the hatchery fish).
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Wild salmon consistently return to the trap near spawning time at
a higher rate than hatchery salmon (38% of wild and 4% of
hatchery in 1991, and 40% of the wild and 11% of hatchery in
1990).

Duration of salmon capture at the Tucannon FH trap was 142
days in 1992, compared to 110 days for wild fish and 90 for
hatchery fish in 1991, and 111 days for both hatchery and wild
fish in 1990. Prior to 1990, a temporary trap was used and
removed in July each year so we do not have comparable run
duration data for previous years.

70(] ElHatchery (n=305)
Elwild (n=242)

80|

50|

30|

Mumber of salmon

20|

10

0 ddaf..’....a.!f:_ﬁ.j
2 162330 6 132027 4 1118256 1 8 152228 b 121__926

May June July August September

Figure 3. Weekly arrivals of wild and hatchery salmon to the
Tucannon FH weir, 1992.



H ons Fer on Hatche act
2.2.1: Adult holding and spawning

In 1992 salmon captured for broodstock were hauled from the
Tucannon FH trap to Lyons Ferry FH each day they were collected.
This was the first year of transporting the fish immediately
after capture to Lyons Ferry FH and holding them there until
spawning. We made this operational change to hold salmon in
cooler water than was available at the Tucannon FH in an effort
to reduce prespawning mortalities.

Prespawning mortality of fish held in the hatchery decreased
substantially from previous years to 6% (six fish) in 1992 (Table
2). This compares to a mean prespawning mortality for the
previous seven years (1985 to 1991) of 34% (SD= 14.08, range 18-
43%).

Two hatchery males and four wild females died in the pond
prior to spawning in 1992 (Table 3). The mortality of females
(8%), particularly hatchery females, was much lower than previous
years. Jaundice caused by toxic reaction to Erythromycin appears
to be the capse of death in three of the four wild female pond
mortalities .

Table 2. Preliminary numbers of salmon collected and prespawning
mortalities at either the Tucannon or Lyons Ferry FH, 1985-1992.

Number Collected '
hatchery wild hatchery
Year male female jack male female jack male female jack male female jack

1985 - - - 7 15 4] - - - 3 1 0
1986 - - = 58 58 0 - - - i5 9 0
1987 - - - 44 56 1 - - - 10 8 0
1988 3 0 6 46 70 9 3 - 6 7 22 0
1389 7 18 76 38 3l 0 5 8 22 9 3 ¢]
1880 24 44 6 32 27 1l 14 22 3 12 6 i
1981 21 29 39 22 17 2 7 15 28 O 0 1l
1992 is 28 6 23 22 2 2 0 0 0 4 0

! Tami Black, Washington Department of Fisheries, 610 N. Mission St., Suite

B8, Wenatchee, WA 98801



All salmon were spawned at Lyons Ferry FH in 1992.
Spawning occurred from 28 August to 22 September, with peak
eggtake on 8 September (Table 3). Peak of spawning was the same
for wild and hatchery salmon. Total eggtake was 156,359 eqgs
with 1.8% lost before eye up, for 153,594 eggs remaining (Section
2.2.4). Eggs and semen were bagged (oxygen added to semen),
labelled, and kept cool until CWT were read from each of the
parents. Spawning protocol was similar to that used in 1991
(Appendix B). Eggs from each female were mixed with semen from
individual males (semen from a backup male was added 30 seconds
later). All marked broodstock contained CWT from Lyons
Ferry/Tucannon FH, therefore, all fertilized eggs were kept: for
hatchery production.

Table 3. Spawning and holding mortalities of hatchery and wild
salmon at Lyons Ferry Hatchery in 1992.

Hatchery Salmon Wild Salmon

Week mortality awned mortality
Ending male” female male female male female male female

23 May 2
20 Jun

04 Jul

11 Jul

18 Jul

25 Jul

01 Aug 1
08 Aug

15 Aug 1

22 Aug

29 Aug

05 Sep 3

12 Sep 13 ' 13
19 Sep 17 9 12
26 Sep 3 _gb
Totals 20 28

\O O =

0 25 18 o 4

ol

® Males were live-spawned and tallied as spawned when they were killed, 5 wild
males, 1 wild jack and 2 hatchery jacks were killed, but not spawned.
Includes one hatchery female that had spawned in the raceway.

2.2.2: Bperm cryopreservation and evaluation

In 1992 we continued to develop a sperm bank. These sperm
will be used to fertilize ripe eggs when we have a shortage of
semen from live males. Frozen semen also increases the number of
males available as broodstock in the future and increases the
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available gene pool. Additionally, it enables us to genetically
compare future broods with historical genotypes in our
collection.

We selected nine males and froze semen (eight age 4, and one
age 5) to preserve the wild genome. We evaluated sperm quality
by observing motility of sperm from each fish.  Cryocextender was
mixed with sperm at a ratio of 3:1 (Wheeler and Thorgaard 1991).
The mixture was then pulled into 4 ml straws and the ends were
sealed. The straws were frozen on dry ice, then transferred into
a liquid nitrogen tank. An inventory of cryopreserved semen for
1992 is listed in Appendix C. Cryopreservation procedures were
as previously described (Bugert et. al, 1992 - Appendix C).

On 9 December, we performed an experiment to evaluate semen
cryopreserved in previous years. Semen from two spring chinook
salmon were included in this experiment. Results of the
experiment will be included in our Lyons Ferry Fall Chinook
Hatchery Evaluation Program Report for 1992-93.

2.2.3: Hatchery matings (controlled matings study)

We continued an experiment begun in 1990 to examine
genotypic and phenotypic differences between separate matings of
hatchery and wild salmon. Eggs from hatchery females were
fertilized with hatchery males and eggs from wild females were
fertilized with wild males. The objective of this study is to
determine if measurable differences occur in early survival,
growth, or rate of return, as a result of one generation of
hatchery rearing. We used the spawning protocol (Appendix B) of
dividing the eggs into two lots and using a separate primary male
for each lot. Semen from a backup male was added 30 seconds
later. Both lots of eggs from the same female were incubated
separately, but constituted one "family". Data for individual
matings are presented in Appendix D.

Forty-six females were spawned; 28 hatchery (one had spawned
in the raceway) and 18 wild salmon. Hatchery staff shocked and
counted the eggs (at eye up) from each family. A total of 86,983
eggs were collected from hatchery parents and 69,376 eggs from
wild parents. Egg mortality was slightly higher in hatchery
progeny (x=2.2%, SD= 2.34, range 0.5-13.0%) compared to progeny
from wild salmon (x= 1.2%, SD= 0.62, range 0.3-2.6%). A total of
85,067 eggs from hatchery parents (97.8% of total) and 68,527
eggs from wild parents (98.8% of total) survived to eye up.

2.2.4: Incubation and rearing (contrelled matings study)
A summary of the numbers of eggs incubated and fish reared
at Lyons Ferry FH during 1985-1989 is presented for comparison

with the 1990-1992 Controlled Matings Study data (Table 4). The
1988 and 1989 broods included hatchery parents, whereas the
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earlier broods were entirely from wild parents.

Egg-to-smolt

mortalities averaged 20% (SD = 4.84) from 1985-1989, with a
general increase over the years (Figure 4, Table 5).
mortality occurred during the early egg stage prior to eye-up.

Table 4.

Ferry/Tucannon FH during brood years 1985-1989.

Most of the

Numbers of salmon incubated and reared at Lyons

Brood Year

1985 1986 . 1987 1988 1989
Eggtake 14,843 187,958 196,573 182,438 133,521
Picking 13,633 184,165 168,287 152,743 _ 106,321
Ponded 13,401 177,277 164,630 150,677 ° 103,420
Tagged 13,244 159,188 156,981 153,900 99,839
Acclimation 13,000 156,526 156,138 152,817 99,433
Released 12,922 153,725 152,165 145,146 99,057

. Apparently an underestimate cccurred during ponding because an overage of
5,285 was reported after tagging in April.

Table 5. Mean fecundities and percent mortalities between life
stages for salmon at Lyons Ferry/Tucannon FH during brood years
1985-1%89.

Percent mortality

Brood Mean Eggtake Egg to Fry to Presmolt Egg to
Year fecundity to picking fry * presmolt b o smolt ° smolt
1985 2,969 ¢ 8.1 1.7 3.0 0.7 12.9
1986 3,916 2.0 3.7 11.7 1.8 18.2
1987 4,095 14.4 2.2 5.2 2.5 22.6
1988 3,882 16.3 - = - -° 5.0 20.4
1989 3,608 20.4 2.7 3.9 0.4 25.8

; From egg picking at eyeup until ponding as fry.
From time of ponding until acclimation at Tucanncon FH.
From eggtake (before picking) to release as smolts.
Some females collected from broodstock on the spawnilng grounds. Two
o Dartially spawned femalea are included in the 1985 mean fecundity.
No estimate was possible because of an error in the estimate of the
number of fish ponded.
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Figure 4. Percent mortality between life stages for salmon at
Lyons Ferry FH, 1985-1989 broods.

1990 brood: Rearing information for this brood was presented
previously (Bugert et al. 1992), but we have modified how the
data is summarized (Table 6). We began using single pair matings
in 1990 (without the use of back up males) to keep track of the
success of variocus matings and to ensure that as many individual
fish as possible contributed to the gene pool. If ripe mates of
the same origin (eg. wild/wild) were not available on a
particular spawning day, fish of mixed origin (hatchery/wild)
were spawned together. These progeny were later uniguely marked
to identify the group.

Fertilized eggs from each mated pair were incubated
separately. Families were grouped together by origin during
ponding. Each group received a unique CWT code for subsequent
identification and tracking of survival. Hatchery and wiild
groups also received blank wire tags in the left or right cheeks
for external identification.

1991 brood: In 1991 we fertilized eggs using semen from a second
male 30 seconds after the semen from the first male was added to
the eggs. This was an attempt to continue with single pair
matings as in 1990, but it was also an attempt to reduce the
possibility of egg loss caused by the use of infertile males.
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Table 6. Estimated number of salmon from wild/wild,
hatchery/hatchery, and mixed wild/hatchery crosses of 1990 brood.

Weight
Hatchery wild Mixed Totals (1bs)
To river " 343 402 - 745
To trap 214 251 - 465
Collected 63 63 - 126
Matings i9 19 6 44
Eggtake 51,784 74,634 20,975 147,583
Picking 25,962 53,988 15,656 g5, 684
Ponded 22,151 52,275 14,079 89,519 66
Tagged 21,386 51,664 13,620 86,679 1,024
To Tucannon FH 21,161 51,208 13,548 85,919 3,089
Released 21,168 51,149 13,480 85,797 7,798

; Estimated adult escapement, see section 3.3.4.
Hatchery records listed these individual and total eggtakes.
The listed total is assumed to be correct.

As in 1990, progeny from individual matings were incubated
in separate trays and families were combined by origin as they
were ponded. Progeny from wild fish constituted the majority of
this brood (Table 7). Fry were ponded from 17 December 1991 to 8
January 1992, and CWT from 15-22 September. All progeny were CHWT
with unique tag codes and externally marked with a red elastomer
visual tag (VI) in the clear tissue behind the eye to designate
their parental origin. Progeny from hatchery/hatchery crosses
were VI tagged on the right side while progeny from wild crosses
were VI tagged behind the left eye. The hatchery/hatchery
progeny were handled immediately after tagging and had a 13.3%
tag loss. Wild fish were tagged later and not handled '
immediately after tagging. Their tag loss was 1.8%. All fish
were taken to the Tucannon FH acclimation pond on 7 December
1992. They were scheduled for a volitional release from 1 March
to 10 April 1993. However, by the scheduled release date we 4did
not have a Biological Opinion/Section 7 from National Marine
Fisheries Service (NMFS). Release was delayed until 6-12 April.

1992 broeod: Mating and rearing procedures were similar to those
used for the 1991 brood. Most of the matings and progeny in 1992
were hatchery/hatchery (Table 8). There were no mixed matings.
Fish were ponded from 22 to 28 December. These fish are
scheduled to be marked in August 1993.
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Table 7. Estimated number of salmon from wild/wild,
hatchery/hatchery, and mixed wild/hatchery crosses of 1991 brood.

Weight
Hatchery wila Mixed Totals (1bs)

To river *° 350 189 - 539
To trap 202 109 - 311
Collecte 91 42 - 133
Matings 11 17 - 28
Eggtake 27,683 63,592 - 91,275
Picking 19,130 60,466 - 79,596
Ponded 18,377 58,848 - 77,232 53
Tagged 17,739 57,113 - 74,858 1,871
To Tucannon FH 17,635 56,899 - 74,534 ¢ 2,381
Release 17,552 56,506 - 74,058 4,937

; Estimated adult escapement, see section 3.3.4.
Includes eggs from one freshly dead female (55% survival).
We used numbers of fish at the hatchery at the end of November, one week
prior to transfer to the acclimation mite (12 fish less).

Table 8. Estimated number of progeny of wild/wild, and
hatchery/hatchery crosses of 1992 brood salmon.

Weight

Hatchery wild Mixed Totals (1bs)
To river ° 440 349 - 789
To trap 305 242 - 547
Collected 50 b 47 - 97
Matings 27 18 - 45
Eggtake 86,983 69,376 - 156,359
Picking 85,067 68,527 - 153,594

Ponded 83,907 67,820 - 151,727 106

® Estimated adult escapement, see section 3.3.4.
Does not include one female that was already spawned out in the pond, but it
includes a partly spawned out female that contributed eggs.
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c son of broods for co olled 8 8 H
Hatchery/hatchery crosses consistently had lower fecundities and
higher mortalities than progeny produced by wild/wild crosses
(Table 9). We believe that mean fecundity for hatchery fish is
lower than for wild fish primarily because of the difference in
fish size and age (See section 4.1.1).

Survival from eggtake to smolt (at release) for progeny of
hatchery, wild and mixed parent crosses was 40.9%, 68.5%, and
64.3%, respectively for the 1990 brood. Survival was
substantially improved to 63.4% and 88.9% for progeny of hatchery
and wild crosses for the 1991 brood. Egg handling techniques
were improved in 1991, and again in 1992. Beginning in 1991,
eggs and semen were placed in coolers with ice immediately after
collection. 'Then in 1992, fish were spawned and egygs fertilized
at Lyons Ferry FH instead of collecting gametes at the Tucannon
FH and transporting them to Lyons Ferry FH where they were
fertilized.

Table 9. Mean fecundities and mortalities between various life
stages for the Controlled Matings Study, brood years 1990, 1991,
and 1992.

Brood Percent mortallty
Year Mean . Eggtake Egg toh Fry to c Presmolt Egg to
{origin) Fecundity to picking fry presmolt to smolt smolt
1890
hatchery 2,725 459.9 10.8 7.6 1.0 §9.1
wild 3,928 27.7 3.2 1.2 1.0 31.5
mixed 3,496 25.4 10.1 3.3 1.0 35.7
1991
hatchery 2,517 30.9 3.9 3.5 1.¢ 36.6
wild 3,740 4.9 2.7 2.9 1.1 11.1
1992
hatchery 3,226 2.2 1.4
wild 3,854 1.2 1.0

: From asctual individual egg counts, not estimates as in previous years.
o From egg picking at eyeup until ponding as fry.
From time of initial ponding until acclimation at the Tucannon FH.

From eggtake (before picking} to release as smolts.
2.2.5: Disease incidence and trsatments
The 1991 brood salmon were given two 21-day Gallimycin
feedings during rearing: in March, and October 1992. These

feedings were prophylactic treatments for Bacterial Kidney
Disease (BKD).
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The 1992 adult salmon were injected with 0.5 cc/4.5 kg (10
lbs) of both Erythromycin and Liquimycin when trapped, and twice
again with erythromycin prior to spawning, to treat BKD and
Flexibacter columnaris. Flush treatments of formalin (1:7,000
dilution rate for 2 hours) were applied to adults every other day
to control fungus infection.

2.2.6: Acclimation

Lyons Ferry FH staff transported 74,522 yearling (1991
brood year) salmon to the adult holding pond at Tucannon FH on 7
December 1992. We continued to use river water mixed with 50%
well water to maintain warmer water temperatures than the river.
This strategy enables us to control disease and improve fish
growth. 1In early February, well water was reduced over a period
of several days until fish were entirely on river water. This
was done to imprint fish to the Tucannon River instead of the
hatchery water supply for a month prior to scheduled release.
Cold water and ice on the pond in January and February reduced
growth and feed conversion rates, but conversions increased in
March when water temperatures moderated.

2.2.7: 8molt releases

1990 brood: Fish were allowed to volitionally migrate from 30
March to 10 April, 1992. An estimated 85,797 smolts (7,798 lbs;
11 fish/lb) were released. Mean fork length, standard deviation,
coefficient of variation and condition factor of smolts at
release were 140.7 mm, 12.0, 8.5, and 1.2, respectively (Figure
5). The pre-release sample exhibits a single modal distribution
this year which is different than the bimodal distribution
observed in previous pre-release samples. Overall feed
conversion rate for these fish was 1.65 1lbs of feed to 1.00 1lb of
weight gain. Mortality during acclimation was 0.1 % of the
population. All releases of spring chinook salmon since the
Lyons Ferry/Tucannon FH program began in 1985 are listed in
Appendix E.

Many fish escaped the acclimation pond and were captured in
March at the downstream migrant trap 40 km downstream of the
hatchery (Section 3.2.5). We did not know when they left the
pond so we could not monitor travel time to the trap. We caught
escaping fish as early as 12 December. By 27 March, 75 hatchery
migrants were captured at the downstream migrant trap. Hatchery
fish numbers at the trap peaked on 12 April. Only one hatchery
fish was caught after 7 May 1992. We captured 973 hatchery
migrants (1.13% of total hatchery smolts released), although we
made an effort to minimize our capture of hatchery salmon.
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Figure 5. Length frequency distribution of 1990 brood salmon
released from Tucannon FH in 1992.

1991 brood: We planned a one month volitiocnal release period
beginning the first part of March 1993. However, the release was
delayed until 6-12 April when we received our Section 7 permit
from NMFS. This early and extended release was meant to allow
early migration. We had documented fish escaping the acclimation
pond in 1992 that appeared to be very smolted and in good
condition. Therefore, we wished to duplicate that type of
release. Fish began circling the pond about a week prior to
initiation of the release. Most of the fish moved out quickly
after the volitional release began, but about one third of the
fish were forced out of the pond on 12 April.

2.2.8: Harvest

Legal and reported harvest of Tucannon River hatchery
spring chinook salmon has been consistently less than 5% of the
cbserved CWT recoveries for the 1985-1988 broods (Appendix F).
Most harvest occurs in the Columbia River in the test net or
treaty fisheries, as reported by Oregon Department of Fisheries.
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S8ECTION 3: RIVERINE EVALUATIONS

From 1985 to 1988, program staff collected biological
information on wild salmon in the Tucannon River prior to
hatchery enhancement. We are now collecting bioclogical
information from both hatchery and wild salmon. This information
is part of a study to assess the short and long term effects of
supplementation.

We are evaluating the effects of supplementation through two
complementary strategies: 1) stock profile analysis, using a
combination of electrophoresis, morphometrics, meristics, and
quantifiable measures of fish demographics (presented in Section
4), and 2) observation of the population dynamics of wild and
hatchery salmon spawned in the Tucannon River. The following
discussion pertains to research on the population dynamics
aspects of this program.

Watershed description; The Tucannon River is a third-order
stream that flows through varied habitat conditions that restrict
distribution of salmonids in the watershed. To compare
differences in spring chinook salmon production within the
Tucannon River, we designated five strata, based upon the
predominant land use adjacent to the stream, landmarks, and river
habitat conditions:

Lower (RK 0.0 - RK 20.1),
Marengo (RK 20.1 - RK 39.9),
Hartsock (RK 39.9 - RK 55.5),
HMA (RK 55.5 - RK 74.5),
Wilderness (RK 74.5 - RK 86.3).

The Lower, Marengo, and Hartsock strata are within
agricultural bottomland that receives limited water diversion for
summer irrigation. Sections of the stream within these strata
have a poorly defined or braided stream channel, stream banks are
often unstable with limited riparian areas, and water
temperatures often exceed the upper threshold of salmon
tolerance. The upstream reach of Hartsock Stratum has tolerable
water temperatures for salmon during most of the summer rearing
period. The HMA Stratum is within Washington Department of
Wildlife (WDW) and U.S. Forest Service (USFS) owned and managed
land that is forested, has relatively stable banks, and maintains
water temperatures tolerable for salmon at all stages of the life
cycle. The Wilderness Stratum is in the Wenaha-Tucannon
Wilderness Area, a part of Umatilla National Forest.

Total watershed area is about 132,000 ha. Stream elevation
rises from 150 m at the mouth to 1,640 m at the headwaters.
Annual precipitation ranges from 25 cm in the lower reaches to
100 cm in the higher elevations.
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3.1: Stream Temperature/Discharge Monitoring

Program staff deployed nine continuous-reading thermographs
to record daily maximum and minimum water temperatures in the
Tucannon River to monitor heat loading throughout the year.
Locations of thermographs were as follows: 1) near the
downstream outlet of Big 4 Lake (RK 65), 2) near the downstream
outlet of Beaver-Watson Lakes (RK 62), 3) near the downstream
outlet of Deer Lake (RK 60), 4) 100 m downstream of the Cummings
Creek confluence (RK 56), 5) Bridge 14 (RK 52), 6) Bridge 12 (RK
47), 7) Marengo Bridge (RK 40), 8) WDF smolt trap (RK 20), and 9)
Power's Bridge (RK 4). Miscellaneous river discharges (using a
current meter and modified USGS techniques), and temperature
data, are presented in Appendix G.

In 1992 river flows were low and water temperatures were
high during the spring and summer. For example, mean maximum
water temperatures were as much as 3-5 °C higher at Bridge 14 and
Marengo in May and June 1992 than in 1991 (note: monthly maximum
and minimum ranges were reported in Bugert et al. 1992, not mean
maximums and minimums as indicated: the revised mean maximums and
ninimums for 1991 are presented in Appendix G). The Marengo
thermograph recorded a hlgh temperature of 28.9 °c on 23 June
1992. Temperatures of 20 °c or above were recorded regularly
from 3 May to 22 September during 1992, Maxlmum water
temperature at Powers Bridge reached 26.7 °c (80 °F) on 19 June
and 29.4 °C (85 F) on 23 June 1992: a period when salmon may
still be entering the lower Tucannon River during some years.

In general, stream temperatures in June through September
increased in varying increments from the furthest upstream
location to the furthest downstream (Tables 10 and 11). Mean
maximum temperatures increased consistently from Bridge 14
downstream to Powers Bridge, but temperatures did not
consistently increase at each station from Big 4 Lake to Bridge
14.
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Table 11. Mean monthly ranges (minimum to maximum) of water
temperatures at four lower Tucannon River sampling locations from
October 1991 to February 1993. Temperatures are listed in
degrees Celsius.

Bridge Marengo Smolt Powers
Month 14 Bridge Trap Bridge
oct 1991 - - 8.7-10.6° - - - -
Nov 1991 - - 6.4- 8.0 - - - =
Dec 1991 - = 4.4- 5.4 - - - =
Jan 1%92 - - 4.3- 5.3 = b - -
Feb 1992 - - b 4.3- 5.8 7.3— 7.8 - - b
Mar 1992 5.9-10.8 6.6-10.2 6.7-10.1 8.6-13.9
Apr 1992 7.1-10.7b 8.3-12.0 8.9-12.7b 10.4-14. b
May 1982 9.3-14.3 11.6-16.9 11.3-16.8b 12.6—20.3b
Jun 19%2 13.6-19.0 15.2-20.4 15.9-21.8 16.9-24.1
Jul 1992 14.1-19.6 15.9-20.8 16.6-22.4 17.5-24.4
Aug 1992 13.7-19.6 15.6-20.2b 15.9-20.2 16.6-23.5
Sep 19852 10.9-15.2 9.9-]2.8 12.6-16.6 13.6-18.3
Oct 1952 8.7-11.7 9.6— 9.8 9.8-12.4 10.8-13.9
Nov 1992 5.1- 6.6 5.4- 6.3 5.7=- 7.1 7.5= 9.0
Dec 1982 2.5- 4.1 3.1- 4.3 2.2- 3.7 4.0- 5.4
Jan 1993b l.4- 3.2 l1.2- 2.8 1.1- 2.1 2.8- 4.2
Feb 1993 2.7- 7.1 3.3~ 4,9 1.8~ 3.0 3.5~ 4.9

# Bridge 12 Thermograph was used for only part of January 1991, mean minimum—-
maximum was 4.2-5.9.

Data available for only part of the month.

3.2: Juvenile Pepulation Dynamics

We conducted parr production surveys at index sites to
estimate salmon parr densities in the Tucannon River. We used
both a modified line transect sampling method (Emlen 1971) and a
total count snorkel method (Griffith 1981, Schill and Griffith
1984, Hillman et. al. 1992) for comparison of techniques.
Snorkeling was conducted during mid day (1000 - 1600 hrs) on
sunny days to take advantage of the best light conditions.
Electrofishing was conducted a2t some of the same sites as the two
snorkel methods, but on different days, to provide a comparison
of the three juvenile density estimation methods. Summer snorkel
and electrofishing surveys were conducted between 10 July and 26
August.

The modified line transect (LT) method consists of one
snorkeler surveying along a diagonal transect. A lead line, or
rope, was placed as a transect line diagonally across each site.
Snorkeling started at the downstream end of the transect on the
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right bank. Fish were identified by species and age class and
their estimated perpendicular distance from the transect line was
recorded. The decimeter marks on the transect line provided a
means to estimate distances. All index sites were snorkeled
using the LT method on two or three separate occasions (by at
least two different snorkelers to reduce bias) to estimate the
average densities of salmon parr per site. Duration of the
survey was noted, and snorkelers attempted to standardize the
time taken to complete a survey. Sites were snorkeled no more
than once per day. Most sites were snorkeled again within five
days of the first snorkel survey.

We calculated the area surveyed by multiplying the mean
greatest distance salmon parr could be detected (perpendicular
distance from the transect in decimeters) by 2 (fish could be
detected on both sides of the transect) by the mean transect
length. We calculated rearing density by dividing the number of
salmon observed by the area surveyed. A mean value (with
standard error) was determined from two or three replicates.
Population estimates were derived by multiplying the mean density
of each habitat type by the total area of that habitat type (from
the most recent habitat inventory) within each stratum.

The total count snorkel method (TC) consisted of one or two
snorkelers counting all salmon observed as they moved upstream
through a site. Total counts were conducted within a few days of
the counts with the LT counts. Estimated area surveyed for each
site was derived from the area calculated during electrofishing
in the Wilderness and Hartsock strata. Inadvertently, widths
were not measured at sites snorkeled with the TC method in the
HMA Stratum. We therefore used area measurements for each site
from electrofishing surveys in 1990 to calculate salmon parr
densities in 1992.

Electrofishing surveys were conducted with a Smith-Root Type
12 backpack electrofisher. Block nets were erected at the upper
and lower boundaries of each site prior to electrofishing. Each
electrofishing pass consisted of methodically shocking and
collecting stunned fish starting at the lower end of the site
workihg upstream to the upper net and then back towards the
bottom net. Two electrofishing passes were used at each site
unless reductions of numbers of salmon captured were less than
60% between pass one and pass two. Up to four electrofishing
passes were used per site. All salmon were anaesthetized with
MS8222 and measured (fork length), and a small sub-sample of fish
were also weighed.

3.2.1: Wilderness Stratum parr production

Some of the index sites established in 1985 were selected at
random for salmon parr production surveys in 1992. Sixteen
sites, four sites of each habitat type (riffle, run, pool, side
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channel) were snorkel surveyed by program staff using the MLT
method from 16 July to 30 Ju}y. Total area snorkeled in the
Wilderness Stratum was 456 m'.

Mean densities (£ish/100 nf) from snorkel surveys were
highest in side channels and lowest in runs and riffles (Table 5
12). Mean density of salmon parr in pools was 10.84 fish/100 n°,
which was less than half the densities observed at the same sites
in 1991 (Bugert et al. 1992). Only one of four pools contained
salmon parr (Appendix H). In 1992 we conducted snorkel surveys
in side channels within the Wilderness Sfratum for the first
time. Mean density was 37.79 fish/100 m" with the LT method, but
salmon subyearlings were found in only one of three side channels
surveyed. The ong site that contained fish had an estimated
151.1 fish /100 m" with the LT method. Both the TC and
electrofishing surveys produced lower density estimates. No
salmon parr were observed in either riffles or runs in 1992 with
any of the estimation methods. We estimate that approximately
2,700 subyearling parr reared in the Wilderness Stratum in 1992
by using either TC or electrofishing surveys. This estimate is
higher than the estimate derived in 1991 from LT surveys (1,861
salmon) for this stratum, and much lower than the estimate in
1990 (6,578). The number of adult salmon spawning in this
stratum in 1991 decreased dramatically from levels of previous
years (Bugert et. al 1992). Adult salmon spawned only in the
lower portion of this stratum in 1991 and in 1992 subyearlings
were found in only the lower-most sites.

During 1992 surveys we frequently observed salmon yearlings
in pools and side channels throughout tpe stratum (Table 13).
Mean densities were 9.38 and 3.38/100 m", respectively. No
yearlings were observed in riffles or runs. We estimate
approximately 700 salmon yearlings reared in the Wilderness
Stratum.

Total count surveys were conducted at 15 index sites. Four
sites of three distinct habitat types (riffle, run, pool) plus
three side channel sites were surveyeg between 16 July and 28
July. Total area snorkeled was 606 m . Subyearling salmon parr
were observed in pools and side channels, but not in riffles or
runs, These results are identical to those obtained with the LT
method.

We did electrofishing surveys at eight index sites from 21
to 28 July. Two sites of each habitat type (riffle, run, pool
and side channel) were surveyed. Total area surveyed was 606 m .
Subyearling and yearling salmon parr were captured in pools and
side channels only, identical to both LT and TC surveys.
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Table 12. Density (mean number of fish per 100 m2, number of
sites) and population estimates for salmon subyearlings using
various techniques (section 3.2) by habitat type in the Tucannon
River, 1992.

Stratun Line Transect Total Count Electrofishing
Habitat type Peneity Pepulation Density Population Density Population
Wilderness

Riffle 0, 4 0 0, 4 0 0, 2 0
Run 0, 4 0 0, 4 0 0, 2 0
Pool 10.84, 4 288 29.25, 2 388 23.4, 2 620
Side Channel 37.79, 4 6,040 29.34, 2 2,345 11.41, 2 2,084
Total 6,328 2,733 2,704
HMA

Riffle 1.51, 5 1'885 6.19' 4 7'728 - -
Run 16.43, 6 13,243 12.44, 3 15,403 - -
Pool 24.64, 5 1,378 26.84, 3 1,501 - -
Boulder 3.89, 5 824 6.6, 2 1,398 - -
Side Channel 68.38, 5 13,954 31.25, 3 6,377 - -
Total 31,284 32,407 -
Hartstock

Riffle 5.31, 3 5,971 6.96, 3 7,826 6.53, 3 7,346
Run 14.91, 4 11,685 17.57, 4 13,770 12.4, 4 8,542
Pool 10.89, 2 587 28.85, 2 1,554 3.47, 2 187
Total 18,242 23,150 16,075

3.2.2: HMA Stratum parr production

In 1992 we surveyed index sites which were randomly
established in 1986. These index sites consisted of five
distinct habitat types within the HMA Stratum: riffles, runs,
pools, boulders, and side channels. We snorkeled five to six
replicates of each habitat type for a total of 26 index sites.
Surveys were conducted in this stratum from 10 July tozzs August.
Total area snorkeled }n the 26 index sites was 1,171 m". Mean
densities (fish/100 m") were highest in side channels and poocls
(Table 12). We estimate that 31,284 salmon parr reared in this
stratum in 1992 from the LT method. This is a 23% decrease in
the rearing populiation estimate derived through LT snorkel
surveys in 1991 (40,467 salmon).

Salmon yearlings were found in runs, pools and side
channels (Table 13). Mean densities (£fish/100 m") were 0.54,
3.17 and 4.68; respectively. No yearlings were found in boulder
or riffle sites. We estimate 2,258 salmon yearlings reared in
the HMA Stratum in 1992 from the LT method.

Total count snorkel surveys were conducted in the HMA

Stratum from 13 July to 15 July. Fifteen index sites were
surveyed, three of each habitat type (riffle, run, pool, boulder
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and sid? channel). Total area snorkeled in the fifteen sites was
2,143 m. Mean densities were highest in side channels and
pools. We estimate 32,407 subyearling salmon parr reared in the
HMA Stratum in 1992. Salmon yearlings were also found in runs,
pools and side ghannels. Mean densities were 3.24, 15.03 and
5.43 £ish/100 m" respectively. No yearlings were observed in
boulder or riffle sites. We estimate 5,870 yearling salmon
reared within the HMA Stratum during 1992. However, densities
were calculated using 1990 area measurements. Thus, we believe
the LT estimates are more credible. No electrofishing surveys
were conducted in this stratum in 1992.

Table 13. Density and population estimates for salmon yearlings
using various technigques by habitat type in the Tucannon River,
1992.

Stratum Line Transect Total Count Electrofishing
Habitat type Density Population Density Population Density Population
Wildexness

Riffle 0, 4 ] 0, 4 0 0, 2 1]
Run 0, 4 v} 0, 4 0 0, 2 0
‘Pool 9.38, 3 187 3.68, 4 44 3.61, 2 130
8ide Channel 3.83, 4 611 1.0%8, 4 577 1.64, 2 174
Total 798 621 304
BMA

Riffle 0, & 0 0, 3 ) - -
Run 0.54, 6 1,100 3.24, 3 3,921 - -
Pool 3.17, 5 204 15.03, 3 841 - -
Boulder 0, 5 0 0o, 3 0 - -
Side Channel 4.68, 5 954 5.43, 3 1,108 - -
Total 2,258 5,870 -
Hartstock

Riffle 0, 3 0 0, 3 0 0, 3 0
Run 0.13, 4 65 0.34, 4 529 0, 4 0
Pool 0, 2 0 0.79, 2 43 0, 2 0
Total 65 572 0

3.2.3: Hartsock Stratum parr production

Several previously established index sites were surveyed for
parr production estimates. We snorkeled nine index sites (three
riffles, four runs, and two pools) from ; to 18 August. Total
area snorkeled in this stratum was 291 m. Mean density was
highest in runs (Table 12). We estimate that 18,242 subyearling
salmon reared in the Hartsock Stratum during the summer of 1592
from the LT method. This estimate is 13% less than our 1991
estimate (21,024 salmon). Salmon year1§ngs were observed only in
runs. Mean density was 0.13 fish/100 m°, for an estimate of 65
yearling fish.
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~ Total count snorkeling was conducted on 30 July.z All nine
index areas were surveyed for a total area of 1,401 m“. We
estimate 23,150 subyearling salmon parr reared in the Hartsock
Stratum in 1992. Salmon yearlings were found in pools and runs.
Mean densities for subyearlings and yearlings were highest in the
pools. We estimate from TC that 572 salmon yearlings reared in
the Hartsock Stratum in 1992. This estimate encompasses the
largest area surveyed and therefore we assume it provides a

better estimate than that derived from LT surveys.

Electrofishing surveys were conducted in the nine inde¥
sites from 8 to 13 August. Total area surveyed was 1,401 m".
Mean densities were highest in runs. We estimate from
electrofishing that 16,075 subyearling salmon parr reared in the
Hartsock Stratum in 1992. No salmon yearlings were captured
while electrofishing.

3.2.4: Marengo Stratum

We snorkeled six index sites (two riffles, two runs, two
pools) in the Marengo Stratum from 29 July to 25 August 1992.
Total area sampled was 100.7 m'. Subyearling salmon were
cbserved only at the uppeymost site (riffle) for An estimated
density of 2.5 fish/100 m". We estimate 47,964 m" of riffle
habitat were available in this stratum, therefore we estimate the
total standing crop at 120 subyearling salmon. No sites were

electrofished in this stratum in 1992.
3.2.5¢: Downstream migrant trap operations

An important objective of our study is to estimate the
magnitude, duration, periodicity, and peak of wild salmon
emigration from the Tucannon River. To do this, we maintain a
floating inclined plane downstream migrant trap at RK 20. We
cperated the trap intermittently from 20 November 1991 to 4 June
1992. The trap was operated three days in November, 15 in
December, 19.5 in January, 19.5 in February, 22 in March, 21 in
April, 18 in May, and two days in June. We stopped trapping in
June because low discharge and velocity made trapping
ineffective.

To calibrate trapping efficiency, we systematically marked
{(clipped the tip of a pelvic or caudal fin) wild smolts and
transported them 10 km upstream of the trap for release. The
percentage of marked fish re-captured was used as an estimate of
trapping efficiency to estimate the total downstream migrants
trapped. We used a modified form of the standard Peterson mark-
recapture method described in Bugert et al. (1991). In 1992 we
modified our trapping procedures by conducting intensive (24
hour/day) trapping for 10 day to two week blocks per month that
were randomly selected. Our intent was to be able to obtain
estimates of trapping efficiency from mark groups during each
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month. We supplemented our intensive trapping efforts with
intermittent trapping intervals. These periods lasted several
days to a week each month. This allowed us to determine the
number of fish captured daily at the trap. Out of necessity, we
assumed that estimated monthly trap efficiencies adequately
reflected the average trap efficiencies for those respective
months. We estimated the number of fish trapped per hour during
our trapping efforts each month and applied the estimate to each
time interval during that month that we did not trap.

We conducted one mark/recapture trial per month for January,
and February, two each in December and May, three trials in
April, and four in March to estimate trap efficiency. We caught
3,837 wild salmon (including 89 recaptures) and 974 hatchery
salmon during the 1991/1992 season. Based upon the mean monthly
trap efficiency estimates we estimate 49,481 wild salmon
juveniles emigrated past the downstream migrant trap between 1
December 1991 and 4 June 1992 (Table 14). Toao few fish were
captured to estimate juvenile passage in November.

We classified 82.9% of 2,689 wild salmon caught as parr-
smolt transitionals, while 16.5% were classified as smolts, and
0.6% were parr (Table 15). Condition factors were 1.78 (n=3),
1.14 (n=760), 1.30 (n=208), and 1.18 (n=971) for parr,
transitional, smolt, and total fish, respectively. Virtually all
salmon enigrants were assumed to be yearlings based on fork
length (Figure 6). Scale analysis of some of the largest fish we
collected indicated they were yearlings, not age 2 fish as we had
assumed. Most parr were recently emerged fry in the 35-45 mm
range. Most fish over 140 mm were classified as smolts.

In the seven month trapping period, 170 wild salmon (6.3%)
were descaled, compared with 3% in 1990/91 and 10.2% in the
1989/1990 season. Salmon parr were not descaled, 5.5% of the
2,227 fish classified as transitional and 10.6% of the 445 smolts
were descaled. Two mortalities were recovered in the trap during
the seven month period of operation.

The major migration period was from late February through
the end of May 1%992. The peak of migration of wild salmon
occurred in late April and a much smaller pulse of migrants were
captured in December and early January (Figure 7). Most fish
clasgsified as smolts were observed in April and May (Figure 8).

Composition and numbers of incidental species caught in the

downstream migrant trap in 1991/1992 changed little from previous
years (Bugert et al. 1992).
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Table 14. Estimated wild juvenile emigrants passing the
downstream migrant trap in the Tucannon River from 1 December
1991 to 4 June 1992,

‘Estimated number Percent of

Month of migrants total
December 8,543 17.3
January 683 1.4
February 1,606 3.2
March 13,116 26.5
April 14,940 30.2
May 10,547 21.3
June ° 46 0.1

© Total 49,481 100.0

° Trap was operated only two days this month.

Table 15. Mean lengths and weights for wild salmon weighed at
the Tucannon River downstream migrant trap November 1991 through
4 June 1992.

Mean Mean
Parr/smolt length (mm) Sample weight (g) Sanmple
transformation (SD) size (SD) size
Parr 41.0 16 - - 3
(11.4)
Transitional 96.9 2,222 10.6 760
(11.8) (4.1)
Smolt 107.6 445 15.3 196
(18.8) (9.1)
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Figure 6. Length frequency distribution of wild salmon caught at
the Tucannon River downstream migrant trap, 1991/1992 season.
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Figure 7. Trap collection timing of wild juvenile salmon in the
Tucannon River, November 1991-June 1992.

(Note: dates where the number of salmon captured is zero
indicates dates of no trapping).
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Figure 8. Migration timing of juvenile salmon by parr-smolt
classification in the Tucannon River, November 1991-June 1992.

We continued the study initiated in 1989 to evaluate
mevement, prespawning mortality, mate and habitat selection, and
overall spawning success of adult salmon using a combination of
upstrean trapping, radio telemetry, snorkel surveys, and spawning
ground surveys. '

In 1992, as in 1991, the weir remained in the river and was
checked on weekdays only from May through September. We did not
conduct snorkel surveys to estimate the number of adults holding
downstream of the weir because of the poor results we obtained in
past years (Bugert et al 1992). We snorkeled downstream of the
weir in June in an attempt to locate salmon carcasses and to
obtain a relative index of salmon dying in the river. Several
live adult salmon were observed, but no carcasses were observed
or recoverad.
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3.3.1: Radio telemetry

Fish taaged at the Tucannon FH trap in 1992: Upon arrival to the
Tucannon FH trap, we randomly anesthetized salmon with carbon

dioxide and inserted radio tags into the esophagus prior to
releasing them upstream. Twenty-nine salmon (15 hatchery, 13
wild, and one fish with unrecorded origin) were tagged between 8
May and 8 June, 1992 (Appendix I). We limited our tagging to the
beginning of the migration period to minimize mortality that -
could be caused by increasing water temperatures or atrophy of
the esophagus or stomach. Fork length, post-orbital to hypural
plate length, general condition, and if possible, sex of each
fish were recorded. Each radio transmitted a unique frequency
code enabling us to track individual fish. Fish were tracked at
approximately three-day intervals while they were least active,
but intensified as spawning time approached. Tracking was
conducted from vehicles on the road. Salmon holding for long
periods of time in one location were precisely located in the
river by snorkeling. This verified if the radio tag was still in
the salmon or had been regurgitated. We attempted to determine:
prespawning movements, spawning time, redd location, number of
redds per female, and interactions with other salmon for each
radio tagged fish. In August, after salmon kype development, we
attempted to verify the sex of tagged fish by underwater
observation. Sex was also verified when carcasses were recovered
after spawning.

Two wild tagged salmon (tags 19 and 61 code 54b) and one
hatchery tagged salmon (tag 20a) regurgitated their tags the same
day they were implanted. We suspect one wild salmon (tag 60 code
60) and another salmon of unrecorded origin (tag 61 code 63)
requrgitated their tags. These radios were recovered within 20
days after insertion. No carcasses were recovered with these
transmitters.

Six wild salmon died 12 to 37 days after tagging (mean 25.2
days, SD=10.0), prior to spawning. Nine hatchery fish also died
prior to spawning. They were recovered 17 to 112 days after
tagging (mean 31.2 days, SD=33.0). Of all these prespawning
mortalities, one fish was a verified tagging mortality (recovered
15 days after tagging), five had circumstantial evidence
indicating they were poached (see below), and nine died of
unknewn causes.

Five fish and transmitters were never recovered: three wild
tagged salmon and two hatchery tagged salmon. Of these, two had
tag malfunctions (tags 11 and 25), two were possibly poached
{tags 24 and 57 code 52), and we do not known what happened to
the fifth fish (tag 13). It is possible that three of these
salmon survived to spawn (tags 13, 57 code 52, and 11) because
they were last located just prior to spawning and their
transmitters may have failed (some indication of at least two of
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these transmitter signals fading and becoming erratic). Of the
29 fish tagged, only four were verified as having spawned: three
wild and one hatchery fish.

Poaching on the Tucannon River:; As in previous years,
circumstantial evidence indicated possible poaching of radio
tagged salmon from the Tucannon River. In 1992, seven salmon
were suspected of being poached, four of them (tags 24, 61 code
74, 57 code 52, and 61 code 59) were last tracked, or their
transmitters recovered, near a popular fishing hole associated
with a campground. Up to 40 tagged and untagged salmon were
observed holding in this pool from 22 May to 8 September.
Fishing or snagging tackle was found in this area as well.

Four tagged salmon were suspected of being taken prior to
spawning (one wild and three hatchery salmon). The spine and fin
of a salmon were found 100 m below Rainbow Lake outlet prior to
spawning season. One day later, a transmitter (tag 19) and part
of a salmon fin was found 50 m up Rainbow lLake outlet (which
drains into the Tucannon River) in an area not suited for salmon
usage. This fish had been observed five days before in good
condition. Another fish was found 1aying on a rip rap bank with
it's transmitter (tag 61 code 74) five feet away on the
shoreline, between the rocks in the water. Another tagged salmon
(tag 60 code 69) was found dead with a hole through its back and
a punctured kidney. Finally, the last tracked location of
another tagged salmon (tag 24) was near a campground fregquented
by fishermen. The signal had been strong the day before it
vanished prior to spawning season.

Three more tagged salmon could have been poached, although
the evidence is less compelling (they could have died of other
causes or had tag malfunctions). All of these fish were tracked
to campgrounds fregquented by fishermen. A wild tagged salmon
(tag 57 code 52) was last located at a popular fishing hole
(hatchery intake) six days before it disappeared. Two tagged
hatchery fish were found dead, one of which was located at the
shoreline with the transmitter (tag 12) laying beside it. The
other hatchery fish (tag 61 code 59) had been dead a couple of
weeks when it was recovered near the shore. This salmon was
tagged just 20 days before its carcass was recovered however,
which indicates it was a possible tagging mortality.

Salmon movements and spawning: The severe drought in 1992 cauled

lover river flows, higher water temperatures, and higher
mortalities of tagged and untagged salmon than in previous years.
Due to high prespawning mortalities, only nine tagged fish
provided us with substantial tracking data. Some radio tagged
wild salmon moved farther upstream in their initial movements
(Figure 9 and 10) than tagged hatchery fish (Figures 11 and 12).
All tagged salmon "staged", or "held" (remained relatively
stationary for weeks or months with only relatively short
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movements between holding areas), during most of the summer. Two
tagged wild fish moved upstream into the Wilderness Stratum (RK
74.5). Both salmon remained in this stratum until we recovered
their carcasses (one salmon died prior to spawning). As in
previous years no radio tagged hatchery salmon were observed in
the Wilderness Stratum.

Tagged fish generally held in a pool or run associated
with undercut hanks, or woody debris, for up to 106 days
(compared to a maximum of 101 days in 1991, 90 days in 1990, and
77 days in '1989). We were unable to compare hatchery and wild
holding behavior in 1992 because of the small number of fish that
survived until spawning season. We lost contact with a wild
salmon (tag 57 code 52) that held for 106 days prior to spawning.
Two of the tracked fish were observed using boulder sites
(habitat improvements) for holding. A wild radio tagged female
(tag 15) held for seven days in a boulder site prior to spawning.
A hatchery female (tag 12) also used a boulder site for six days
before moving to another holding location.

As in 1991, the influence area of a spring was used for
salmon holding during the summer. A hatchery male salmon (tag
21) was observed holding (83 days) beneath an undercut bank in an
area immediately downstream of the inflow of a spring. In 1991,
a wild male held at the same location for 79 days. The spring
continued flowing throughout the summer . in 1991 and decreased
river water temperatures by about 1.2 e (range of 0-3.3 C) where
the fish held. In 1992, the spring started drying up in June and
was completely dry by July 14.

Spawning: Spawning of radio tagged salmon occurred from 21
August to 8 September. Seven fish were tracked into the spawning
season. This includes two wild males (tags 13 and 57 code 52)
and one hatchery female (tag 11) that we lost contact with before
we could confirm whether these fish spawned.

Spawning was confirmed for four radio tagged salmon; three
wild females, and one hatchery male. We were unable to locate
where one wild female (tag 18) spawned, because of a tag
malfunction. Her spent carcass was recovered in the HMA Stratum
(RK 73.9). Another wild tagged female (tag 15) spawned in the
HMA Stratum (RK 70.9) and one wild tagged female (tag 23) spawned
in the Wilderness Stratum (RK 77.8). We saw one hatchery male
(tag 21) spawn several times at RK 59.6 and 61.6 in the HMA
Stratum. We did not observe any radio tagged fish spawning with
fish of different origin (hatchery/wild), although we did observe
untagged salmon mating with fish of different origin as far
upstream as Panjab Bridge (RK 74.5).
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Figure 9. Movements of three radio tagged wild male spring
chinook salmon (tags 13, 57 code 52, and 8 code 7) past the
Tucannon FH in 1992. Channel 8 code 7 was radio tagged by the
University of Idaho and released at Ice Harbor Dan.
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Figure 10. Movements of four radio tagged wild female spring
chinook salmon (tags 23, 18, 15, and 8 code 3) in the Tucannon
River in 1992. Channel 8 code 3 was radio tagged and released at
Ice Harbor Dam by the University of Idaho.

33



River kilometers above the mouth

T T

LR S A A A A

e T T S S S S S S S S S S A S R o Y
: Ch 24 :

60" ..?.;';]E:..-:---T--:..i-l.:-.----:...h.. R
2 : ¢ ¢ Tacenmonpweir i : i ot i b

50 '1. "'Elnusou-§|a-Euncsnccencc;n..E--oEnnngnt-E---E---E--.‘:.--E--.:z*:.snawned .

. " ) » -4 0 . . ) " a ) . " » [
-
. L] a - L] - L " " L] L - a L L *
. . . v ]
N . . . . . . . . . . . . . .
A ¥ F -l : ? 2 ? i 7 i 3 rs
40 | — 1:: - - - £ — - 4 L i : = - —. - r e I_;r‘"
' ]

i .I ¥ ] [] L T .a ¥ = |‘. ] L]
6/19 7/10 7131 8/21 9/11 10/1

Date

5/8 5729

Figure 11. Movements of two radio tagged hatchery male spring
chinook salmon (tags 21 and 24) past the Tucannon FH in 1992.
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Figure 12. Movements of two radio tagged hatchery female spring
chinook salmon (tags 12 and 11) past the Tucannon FH in 1992.
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Discussion: This was our fourth year of radio telemetry, but
only our third year of tracking hatchery fish. Tagged wild and
hatchery salmon behaved as in past years (Bugert et al. 1992).
Some regurgitation occurred (as much as 17.2%), as in previous
years. Tagged hatchery fish had a higher overall mortality (9
fish, 31.0%) than tagged wild fish (6 fish, 20.7%). Generally
fish reduced their movements and began to "stage" or "hold" in
mid-May or early-June. Tagged fish limited their movements until
mid-August or early September, often increasing the frequency of
movement and noticeably changing their locations just prior to
spawning., Wild and hatchery salmon usually selected pools and
runs with undercut banks or overhanging logs and root wads to
provide cover during holding. Boulder sites constructed in 1984
(Hallock and Mendel, 1985) were used for holding to a lesser
degree; one wild and one hatchery salmon in 1992 (7 and 6 days),
one wild fish in 1991 (20 days), two wild fish in 1990 (44 and 54
days), and one wild fish in 1989 (6 days).

Tagged wild females spawned in the Wilderness and HMA strata
in 1992. No tagged hatchery females were observed spawning (due
to the small sample size). The one radio tagged male (hatchery)
we observed spawning was in the HMA Stratum (RK 59.6). We did
not observe tagged females spawning over previously dug redds, as
we did in 1990. However, redds were often found clumped together
(possibly the result of multiple redd bullding). Observations of
individual males spawning with several females were noted several
times, a behavior observed in coho salmon by Gross (1984, 1985).
Once spawning began females tended to stay in the vicinity of
their redd (mean of 9.5 days), while males covered large areas
seeking mates. Carcasses of females were usually found within
200 m of their respective redds.

University of Idaho radio tagged salmon: 1In 1992, we also .
tracked 15 spring chinook salmon that were radio tagged by the

University of Idaho at Ice Harbor Dam. We collected few data
regarding run timing for fish entering the Tucannon River because
of an error in receiver programming. On 13 August, the receivers
were modified to correctly monitor all University of Idaho tagged
salmon.

We recovered seven tags without finding the carcasses.
Quite often no movement was documented from the time we initially
received signals from these tags until recovery. The tags could
have been requrgitated or the fish taken from the river because
many tags were recovered without any sign of a carcass. Two
radios (tags 5 code 35 and 10 code 7) were recovered in the Lower
Stratum (RK 4.5 and 5.0) and two radios (tag 10 code 12 and 10
code 28) were recovered in the Marengo Stratum (RK 24.1 and 22.9)
prior to spawning. One transmitter (tag 8 code 19) was recovered
in the Hartsock Stratum (RK 54.6) and another two tags (tags 8
code 8 and 2 code 1) were recovered in the HMA Stratum during
spawning season, but we do not know if these fish spawned.
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Pre-spawning mortality was confirmed for four salmon. Three
of these carcasses were recovered in the Lower Stratum. Only
bones were found of one tagged hatchery carcass (tag 5 code 39;
RK 0.2) and two other recoveries (wild fish; tags 2 code 3 and 2
code 35) had substantial evidence indicating they were poached.
The other hatchery salmon (tag 2 code 19) traveled into the HMA
Stratum, past the Tucannon FH weir and died at RK 58.2 of unknown
causes. Another tag was located in a deep pool but we were
unable to recover it. No movement was documented during tracking
and we do not know whether this fish spawned or regurgitated its
tag.

Of the 15 fish tagged by the University of Idaho only three
fish were verified alive during spawning. One wild tagged salmon
(tag 9 code 3; sex unknown) was recovered in the Hartsock Stratum
(RK 46.3) with redds present nearby. However, it is unknown if
this fish spawned. One tagged wild female salmon (tag 8 code 3)
spawned somewhere below the Tucannon FH weir and was recovered at
(RK 57.6). The redd location of this fish is unknown although
there were redds in the area where she was recovered. One wild
tagged male (tag 8 code 7) passed the weir between 8-11 September
and was observed on a redd at RK 68.9, in the HMA Stratum.

Due to problems with receiver programming, we obtained
little tracking data from spring chinook salmon tagged by the
University of Idaho. An extremely high percentage of tags were
recovered without carcasses. Next year we will begin tracking
earlier to document run timing of spring chinook into the -
Tucannon River and evaluate their migration timing and what
happens to these salmon as they move through the lower river.

3.3.2: Pre-spawning mortality

All fresh salmon carcasses found were examined externally
and internally to determine the cause of death. We collected
blood, gills, hind gut and kidney samples from several fresh
carcasses and sent them to WDF pathologists for examination.
Generally, all efforts to determine the causes of death were
inconclusive. Some samples were unusable and others did not
indicate any parasites or disease organisms that may have caused
mortalities. However, it was noted that gill samples from one
fish collected on 9 June did contain two different bacteria

(Epithelialcystis sp. and Tricidina sp.), but it is unknown if
they caused the fish's death.

In 1992 we noted substantial pre-spawning mortality of
salmon in the Tucannon River during May and early June. We often
found dead or dying fish on the weir. By 1 June we had
documented nine hatchery females and one wild female that were
found dead on the weir. Most of these carcasses were: healthy
looking and did not show any internal or external signs of
disease or injury that could have caused death. We did note that
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a day or so prior to death some fish upstream of the weir seemed
weak and lethargic.

The number of carcasses we recovered from the weir in May
and early June in 1992 was substantially higher than our
observations during previous years. Few prespawning mortalities
had been recovered from the weir or elsewhere in the river in
past years. Therefore, in June 1992 we initiated surveys of
portions of the river upstream and downstream of the weir to
collect and document prespawning mortalities and to collect
biological samples in an effort to determine the cause of death.
Surveys were conducted upstream of the weir (RK 59.8 to the weir
at RK 57.8) on 5 June and during our frequent radio tracking
surveys. We surveyed from the weir downstream to Bridge 14 (RK
51.5) on 11, 17, and 30 June, and from Bridge 14 to Bridge 13 (RK
48.9) on 18 June. Two decomposed carcasses were located during
the 11 June survey downstream of the weir, while no carcasses
were found during other carcass surveys. The 17 June survey was
conducted by snorkeling from the weir to Bridge 14.
Approximately 50 live salmon were seen, but no dead fish. _
Additional salmon carcasses were located in the river during our
radio tracking efforts. Many live salmon upstream of the weir
were observed with fungus several days prior to their death and
recovery on the weir. We believe that fungus may have been
responsible for many deaths of salmon we recovered in late June
and July, when flows were low and temperatures increased.

- A total of 81 salmon carcasses were found prior to spawning
season. By mid June we had recovered 25 hatchery fish (24
females and one male) and seven wild salmon carcasses (five
females, one male and one of undetermined sex). By the end of
June the numbers had increased to 37 hatchery fish (34 females)
and 11 wild fish (nine females). Few carcasses of wild fish were
recovered between the end of June and late August, but dead
hatchery fish continued to be recovered throughout the summer.
The high incidence of hatchery females dying prior to spawning
was consistent with our observations of salmon held in the
hatchery for broodstock in past years. A total of 54 hatchery
salmon carcasses were found in the river prior to spawning in
1992 {41 females, 11 males, and two of unknown sex). Of these
carcasses, 25 females, four males were found dead on the weir,
one female and two males were found dead in the trap, 10 females
and one male were recovered between the hatchery weir and the
hatchery intake, three females and four males were recovered
above the hatchery intake, one female was recovered below the
welr, plus one female and two fish of unknown sex were found in
the lower river. Nine of the fish that were recovered had been
radio tagged, one of which died directly as a result of the
tagging.
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Twenty-seven wild salmon were found dead prior to spawning
(13 females, nine males and five unknown sex). Of these 27 fish,
six females and one male were recovered on the hatchery weir,
eight males were found dead in the trap in late August and
September, four females were recovered between the hatchery weir
and the hatchery intake, two females and one male were recovered
above the hatchery intake, one female and three unknown sex were
recovered in the lower Tucannon, and one unknown sex and origin
fish was found during a carcass survey below the weir. Ten of
these carcasses had been radio tagged (four by University of
Idaho and six by WDF).

3.3.3: Spawning ground surveys

Tucannon River: Program staff surveyed salmon spawning grounds
on the upper Tucannon River to determine the temporal and spatial
distribution of spawning and to assess the abundance and density
of spawners. Eight weekly spawning ground surveys were conducted
over ten days; 19, 27 August, 2 and 3, 9, 16, 23 and 29
September, and 6 and 7 October.

We found 200 redds in the Tucannon River in 1992 (Table 16).
The number of redds sighted this year increased from the previous
five-year mean of 136 redds (Table 17). The Tucannon River
tributaries were not surveyed in 1992 because we saw little
evidence of spawning there in previous years.

We found carcasses from 46 hatchery and 82 wild salmon
during spawning ground surveys (Table 16). We examined 37 wild
female carcasses; 35 were completely spawned out, one was 98%
spawned out and one was 70% spawned out. We examined 31 hatchery
female carcasses; 24 were completely spawned out, three were
found containing 100% of their eggs, and we were unable to
deternine the percentage of eggs retained for the remaining four
fish (carcasses decomposed).

Most salmon spawned in the HMA and Hartsock strata as in
1991 (Tables 16 and 17). Redd densities increased in the
Wilderness, HMA and Hartsock strata, but decreased in the Marengo
Stratum (one survey only). Our surveys of the Marengo Stratum
were limited to the upper six km as in previous years.
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Table 16. Numbers of salmon redds observed and general locations
of hatchery and wild carcasses recovered during spawning ground
surveys on the Tucannon River 1992.

— Carcassee recovered

Number Hatchery wild
Stratum River km of redds male female Jack male female
Wilderness 86-78 6
78-75 11 1
HMA 75-735 15 2 1
73-68 a6 6 1 9 8
68-66 14 6 4 -} 1
6662 19 3 2 6
62-59 20 2 8 5 1
59-58 9 4 7 7 2
58-56 as 1 3 7 14
Hartsock 56-52 15 3
52-47 9 1 2 2
47-43 5 1
43~40 2
Marengo 40-34 1
Totals 200 i3 31 2 45 37

® Does not include carcassee recovered prior to spawning season or during
p radio tracking surveys.
Supplemental index area.
Higtorical index ares.
Revised river distances (km) in 1992, area descriptions are in appendix J.

Carcasses of wild salmon were recovered from every stratum
except the Marengo Stratum; no hatchery carcasses were found in
the Wilderness or Marengo strata during spawning ground surveys
in 1992. However, live hatchery fish were observed in all
strata.

Peak of salmon spawning varied among strata. Peak spawning
activity in the Wilderness and HMA strata was approximately 9
September, but 16 September in the Hartsock Stratum. Two redds
were observed in the Wilderness Stratum on 27 August and one new
redd was dug in the Marengo Stratum on 7 October, indicating the
duration of spawning to be at least 42 days, compared to 35 days
in 1991, and 44 days in 1990.
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Table 17. Comparison of Tucannon River salmon redd densities in
redds/km, (redds/ha), and total redds by stratum and year °.

1985 1986 1987 1988 1989 1990 1991 1992
redde/km  redds/km redds/km redds/km redds/km redds/km redds/km  redds/km
Stratum (/ha} (/ha) (/ha) (/ha) (/ha) ¢/ha) (/ha) (/ha)
redds redds redds redds redds redds redds redds
Ui lderness 7.10 449 1.27 1.53 2.44 1.69 0.25 1.44
(9.45) (5.96) (1.69) (2.02) (3.26) (2.25) €0.34) (1.9
84 53 15 18 29 20 3 17
HMA 5.33 6.16 7.37 4.16 2.84 4.95 2.95 7.95
(46.78) (5.32) (6.37) (3.59) (2.48) (4.28) (2.55) (6.87)
105 17 140 79 54 9% &7 151
Hartsock - - 1.86 1.92 1.28 1.47 4.10 1.86 1.99
(1.50) {1.56) €1.04) €1.20) (3.33) (1.51) ¢1.61)
29 30 20 23 64 18 31
Marengo - - 0.00 - - - - - - 0.34 0.34 0.17
(0.26) (0.26) €0.13)
0 2 2 1
Total redds 189 200 b 185 17 106 180 90 200

Digtance measurements were modified in 1992, therefore the entire table is
revised from previous reports.
Includes one redd observed in Panjab Creek in 1986.

Historical Index: Spawning surveys have been conducted in an
index area (from Cow Camp Bridge downstream to Camp Wooten Bridge
- RK 72.9-68.1) in the HMA Stratum since 1954 (See Appendix J for
a description of the Historical Index Area and how the survey
dates are currently selected). Thirty-six redds were observed in
the historical Index Area in the HMA Stratum in 1992 (Figure 13).

A Supplemental Index area was established in 1980 which
includes additional portions of the HMA Stratum from Panjab
Bridge (RK 74.6) to Cow Camp Bridge (RK 72.9). Fifty-one redds
were found in the combined Index and Supplemental Index areas in
1992.

The number of redds observed in the historical index area
has declined substantially over the years, with a noticeable
reduction since.1985. A similar reduction in redd counts is also
obvious in the supplemental index area in the upper portion of
the HMA Stratum, as well as throughout the Wilderness Stratum
(Table 17, Figure 14). Additionally, the proportion of the total
redds counted annually in the Tucannon River that were contained
within these two index areas (during specific index survey dates)
has declined. These reductions appear to be caused by a change
in the spawning distribution of salmon in the Tucannon River.
This is further documented by an increase in the proportion of
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Figure 13. Revised salmon redd counts (one survey/year) within a
4 km index area (Cow Camp Bridge to Camp Wooten Bridge) 1954-1992
(Temporary adult trap was used in 1986-1989, permanent trap used
for 1990=-1992). Line shown is trend line.
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Pigure 14. Redd densities in the Wilderness Stratum of the
Tucannon River, 1985-1992.
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the total redds that occurred downstream of the welr since 1986
(Table 18, Figure 15). Redd counts below the weir have increased
every year since 1986, except in 1992. One hundred=-thirty redds
were documented above the Tucannon Hatchery weir in 1992, while
70 redds were found below the weir. However, the noticeable
reduction in redds in the index area can be partially explained
because a significant number of fish were collected at the trap
for broodstock each year since 1986. The shift in proportions of
redds upstream and downstream of the weir can also be partially
explained by trapping broodstock and increased surveys downstream
of the weir since 1986.

Table 18. Redd distribution in relation to the hatchery weir,
1986-1992 (not surveyed below the weir site in 1985).

Redds Redds Total Percent of total
Year above weir below weir redds below weir
1986 163 37 200 18.5
1987 149 36 185 19.5
1988 20 27 117 23:1
1989 74 32 106 30.2
1990 96 84 180 46.7
1991 40 50 90 55.6
1992 130 70 200 35.0

25-

oo+

15 ik £ £ Z Z Z
1068 | 1987 1988 1089 1960 1991 1992

Year

Figure 15. Percentage of the annual total of salmon redds found
below the Tucannon FH weir, 1986-1992.

Percent of total redds below the weir
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Asotin Creek: O©On 17 September we surveyed the North Fork of
Asotin Creek from 0.8 km above Lick Creek upstream 5.6 km, for
spring chinook salmon redds. No redds were found in 1992, or in
1991. Two redds were observed in 1990, none in 1989, one in
1988, three in 1987, one redd in 1986, and eight redds in 1985.

Wenagha tributaries: Tributaries of the Wenaha River that extend
into Washington State and contain spring chinook salmon are the
North Fork Wenaha River and Butte Creek. No survey was conducted
on the North Fork Wenaha River in 1992. We surveyed Butte Creek
from the confluences of Dickinson Creek and West Fork Butte Creek
downstream to the Oregon/Washington border on 13 and 14
September. Fourteen redds were observed in approximately 6.4 km
for a density of 2.2 redds/km. Two live females were observed
and one dead hatchery female was recovered. The CWT from the
carcass indicated the fish was a stray from Lookinglass FH.

3.3.4: Adult escapement

In general, redd counts are directly related to escapement
to the Tucannon FH weir (Bugert et al. 1991). We estimated the
total escapement to the Tucannon River (salmon known upstream of
trap/weir, plus salmon estimated downstream) for 1985-1952 (Table
19). These estimates are an expansion and revision of the
escapement estimates contained in previous reports.

The number of females above the weir is based on the female-
to-male ratio of broodstock and carcasses collected and the
number of salmon released upstream of the weir. We then used the
number of females estimated to be above the trap and redds
counted above the weir to estimate female-to-redd ratios upstream
of the trap. This value, multiplied by the number of redds
counted downstream of the trap, yields the estimated number of
females downstream. Based on the female-to-male ratio of
broodstock and carcasses we can extrapolate the number of males
downstream of the trap as well. Total estimated escapement is
the sum estimated number of males and females above and below the
weir, and the fish collected for broodstock. The estimated
escapement is separated into hatchery or wild origin based on the
annual proportion of hatchery-to-wild salmon escaping to the
trap.

Revised escapement estimates for 1989-1991 are substantially
higher than estimates given in previous reports. We now account
for escapement downstream of the weir as well as those fish that
passed the trap site after the temporary weir had been removed
prior to 1990.
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Table 19. Estimated adult salmon escapement to the Tucannon
River from 1985 through 1992.

Female Total Female Estimated Salmon Estimated
/male, number /redd. salmon . collected total Percent
Year ratio of redds ratio in river (broodatock) escapement wild
(A) (B) (C)

1985 1.1 189 1.80 649 15 664 100.0
1986 1.1 200 1.80 687 116 803 100.0
1987 1.2 185 1.80 611 101 712 100.0
1988 1.8 117 1.80 328 119 447 97.3
1989 0.8f 105 1.80 425 92 517 47.2
1990 1.0 181 1.73 626 126 752 54.0
1991 0.7 90 1.87 408 130 538 35.0
1992 1.19 200 1.80 687 97 784 44.2
: Female/male ratio calculated from broodstock and carcass collections.

1985-1989 female/redd ratio based on 19%0-1992 average because during these
years the weir was removed while fish were still arriving and numbers
above the weir would be an underestimate.

Caiculated as (BxC)/A eguals number of males, plus BxC (number of females).
Percent wild fish returns calculated from fish counted at the trap.

1985 redd counts are from Wilderness and HMA strata only.

1989 female/male ratio based on wild salmon only. Inclusion of hatchery
fish would have biased the data since all hatchery fish were collected.
Female/male ratic calculated from broodstock collection and carcasses from
gpawning ground surveys. Prespawning mortality in 1992 was high, and
contained a high proportion of females which would bias the female/male
ratio.,

o Q0

3.3.5: 8tray returns

We extracted and read CWT prior to fertilizing the eggs to
prevent inclusion of genetic material from stray stocks into the
Tucannon River stock. Forty-five CWT were read; no tags from
stray fish were recovered from broodstock collected in 1992.

Four of 97 CWT were recovered from stray spring chinook
salmon in the Tucannon River in 1992. Two 1989 brood year (BY)
from Meacham Creek {(7~51~«11, 7-50-63) and two (1989 BY) from
Bonifer Ponds (7-51-7), tributary to the Umatilla River. These
recoveries expand (based on mark rate) to six marked fish from
each release location (12 total) expected to have escaped to the
Tucannon River in 1992. No stray tags were recovered in the
Tucannon River or at the hatchery in 1991, but in 1990 we
recovered CWT from two fish from Meacham Creek, Umatilla River,

44



two NMFS McNary release groups, and one CWT from Lookingglass FH,
Grande Ronde River. No other stray fish with CWT have been
recovered from the Tucannon River since the inception of this
progran.

3.4: Burvival Rates

Smolt-to-adult survival estimates prior to 1991 were based
only on actual salmon counts at the Tucannon FH weir. Redd
counts conducted since 1990 show a high number of salmon spawning
downstream of the permanent weir. We believe few adult salmon
move downstream over the weir. Therefore, trap counts do not
accurately reflect the total number of salmon escaping to the
Tucannon River because salmon remaining downstream of the weir
are not included. Similar to last year's report we have revised
our escapement estimates to include all known salmen in the
Tucannon River (Section 3.3.4). Total annual estimated
escapement is then separated into wild or hatchery based on the
proportion of hatchery-to-wild salmon that escaped to the weir
for that year.

Using our revised escapement estimates and proportions of
hatchery and wild returns each return year, we are able to
calculate smolt-to-adult and egg-to-adult survival for hatchery
and wild salmon. Comparisons of survival rates between salmon
produced naturally in the river and the hatchery are now
possible.

3.4.1: Hatchery salmon

Survivals to various life stages were calculated (Table 20)
from data presented in Section 2.2. Mean survival from egg-to-
fry (parr) for 1985-91 broods is 79.1% (S8D=10.0). Mean survival
from fry-to-smolt and egg-to-smolt is 97.5% (SD=1.8) and 77.0%
(8D=9.2), respectively. Estimates of survival from smolts to
returning adults can be calculated by using CWT recoveries.

Hatchery salmon have been returning to the Tucannon River
since 1988. Known returns from the 1989 release (1987 brood)
through age 5 is 87 fish (0.05%). Returns for 1990 and 1991
releases are not complete (Table 21). Appendix F lists specific
CWT recoveries for all release years.
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Table 20. Summary of survival rates by brood year for Tucannon
River spring chinook salmon spawned and reared at the
Tucannon/Lyons Ferry FH.

Percent Percent Percent
Brood egg to fry to egg to
year fry smolt smolt
1985 89.2 97.6 ' 87.1
1886 84.7 96.6 81.8
1987 79.9 96.9 77.4
1988 84.4 94.3 79.6
1989 74.8 99.2 74.2
1990 58.7 99.0 58.1
1991 82.0 98.9 81.1

Table 21. Known and expanded returns (based on escapement
estimates and age composition) of hatchery salmon to the Tucannon
River for brood years 1985-1989. Ages are from coded-wire tag
recoveries and fitted ages by length or scale analysis through
1992.

Year Number of Escapement Percent
released smolts returns
(brood) released Age 3 Age 4 Age 5 (expanded)
1587 12,922 9 (12) 24 (64) 0 (0) 0.26 (0.59)
(1985)

1988 153,725 79 (209) 104 (321) B (22) 0.12 (0.36)
(1986)

1989 152,165 8 (25) 72 (200) B (22) 0.06 {0.18)
(1987)

1990 146,239 46 (129) 139 (397) - - 0.13 (0.386)
(1988)

1991 99,057 7 {(20) - - - - 0.01 (- =)
(1989)
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3.4.2: Wila salmon

We have estimated salmon populations in the river at various
life stages since the 1985 brood (Table 22). From these
population estimates we calculated survival rates from egg-to-
smolt (Table 23) to compare between salmon produced in the
hatchery in the river. All escapements and survival estimates
reported here are revisions of estimates reported previously.
Mean egg-to-fry survivals for 1985-1991 broods is 7.6% (SD=1.7),
while mean survival rates for fry-to-smolt and egg-to-smolt for
1985-1990 broods are 54.5% (SD=13.1) and 3.8% (SD=0.8),
respectively. These mean survival rates are approximately 10-56%
of the mean survival rates documented for salmon spawned and
reared at either Lyons Ferry or Tucannon FH.

Table 22. Estimates of wild Tucannon spring chinook salmon
abundance by life stage for 1985 through 1992 broods.

Brood Number of Femalesb Mean Number .of Number of Number of ;
year redds in river fecundity eggs fry smolte
1985 189" 340 4,006° 1,362,040 90,200 35,600
1986 200 360 3,916 1,409,760 102,600 58,200
1987 185 333 4,095 1,363,635 79,100 44,000
1988 117 211 3,882 819,100 69,700 37,500
1985 105 189 3,608 681,910 58,600 25,900
1990 181 313* 3,507 1,076,650 64,100 49,500
1991 90 168* 3,260 524,860 54,800 -
1992 200 360° 3,524 1,078,340 - - - -

p Wilderness and HMA redd counts only (does not Include Hartstock or Marengo)

Adult estimates from 1985-1989 based on & female/redd ratio of 1.8

{average of 1990-1992), and expansiona from that ratio with total redd

counts. Adult estimates for 1990-%2 based on annual female/redd ratios and

total redd counts.

Average of 1986 and 1987 fecundities because of small sample of females in
1985,

. Number of females (from female/male ratio in Table 1%) multiplied by mean

fecundity.

¢ Number of fry (parr) estimated from electrofishing and snorkel surveys.

Number of smolts estimated from smolt trapping.

Minus female prespawning mortalitlies (6 in 19%0, 7 in 1991, and 54 in 1992).

Prior to 1990 prespawning mortalities observed in the river was negligible.
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Table 23. Summary of survival rates by brood year for wild
salmon in the Tucannon River.

Percent Percent Percent
Brood egyg to fry to egg to
year fry smolt smolt
1985 6.6 35.5 2.6
1986 7.3 56.7 4.1
1987 5.8 55.6 3.2
1988 8.5 53.8 4.6
1989 8.6 44.2 3.8
1990 6.0 77.2 4.6
1991 10.4 - - - -

Smolt-to-adult survival estimates are based on annual
estimated escapements for wild fish and estimated age structure
(Table 24). Age structure was estimated from annual broodstock
collections and carcass recoveries. Known recoveries from all
age groups for a particular return year were multiplied by the
estimated wild salmon escapement to the river for that year.

Expanded smolt-to-adult survival for 1987 brood salmon
produced in the Tucannon River was 0.38% (169 salmon) through age
5 (Table 24). This survival rate is 138% higher than for salmon
produced in the hatchery (0.16%, 1987 BY). Smolt-to-adult
survival of salmon produced in the river is double the survival
of hatchery salmon so far for the 1988 brood as well (incomplete
returns).

Table 24. Known and expanded returns (based on escapement
estimates and age composition) of wild (and natural-1988 and 1989
broods) salmon to the Tucannon River for brood years 1985-1989.
Ages are fitted by fork lengths based on scale impressions.

Percent Number of Escapement

Brood smolts returns
year emigrating * Age 3 Age 4 hAge 5 Age 6 {expanded)
1985 35,600 9 (22) 110 (185) 36 (96) - - 0.44 (0.85)
1s86 58,200 1 (2) 116 (310) 28 (65) 1 (2) 0.25 (0.65)
1987 44,000 0 (0) 52 (121) 21 (48) - - 0.17 (0.38)
1988 37,500 1 (2) 126 (287) - - - - 0.34 (0.77)
1989 25,900 5 (11) - - - - - - 0.02 (- =)

' Refer to Section 3.2.5 for smolt yield estimation.
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Overall, survival from smolt-to-adult is substantially
higher for wild salmon than for hatchery salmon for each brood
year. However, survival from egg-to-returning adult ranges from
0.01-0.03% (1985-1987 BY) for salmon produced in the river and
0.13-0.52% for salmon produced in the hatchery (1985-1987 BY).

3.4.3: Compensation progress

We estimate 784 salmon returned to the Tucannon River in
1992. This value reflects expanded escapements of both wild and
hatchery salmon. Our preliminary estimates show a hatchery
smolt-to-adult survival rate (0.16-0.59%) substantially below the
design objective of 0.87%. It appears, based on CWT recoveries,
that few salmon contribute to fisheries, or are recovered
elsewhere outside the Tucannon River Basin.

We have identified several other concerns with this program

beyond the total returns and return rates:

1) High annual prespawning mortalities either in the
hatchery or in the river during any given year.

2) High annual mortalities from eggtake to eyeup and from
egg-to-smolt within the hatchery, until 1992.

3) Adult returns that now differ in regards to spawning
distribution and age composition of spawners since
initiation of the hatchery program. Also, hatchery
salmon appear to be generally smaller at a given age than
wild salmon and are not well distributed in the upper
Tucannon River.

Over the years we have made several changes in an effort to
improve the hatchery program. The data suggest that survivals of
adults and eggs in the hatchery were dramatically improved by
transporting, holding, and spawning adult salmon at Lyons Ferry
Hatchery instead of at the Tucannon FH in 1992. Another major
change was to reduce the program from 132,000 yearlings to 88,000
yearlings, and to incubate the fish on chilled water.

BECTION 4: BTOCK PROFILE ANALYBIS

To monitor long-term trends in stock profile characteristics
of Tucannon spring chinook salmon, we collect stock
identification data for genotypic analysis using electrophoresis,
and various quantifiable measures of phenotypic expression such
as run timing, fecundity, age structure and growth (scales, CWTs,
and otoliths), adult body morphometry, juvenile body morphometry,
and meristics,
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4.1.1t Fecundity and egg sike

Eighteen wild and 27 hatchery females were spawned at Lyons
Ferry FH in 1992 (Table 3). Average fecundity and egg size -
(number/pound) were 3,475 eggs and 2,063, respectively (n=45).
This estimate includes one female that had partially spawned in
the raceway. Mean fecundity for females completely spawned
during eggtake (n=44) was 3,524 (SD=700.0).  Eggs/female was
determined by dividing the total number of eggs taken by the
number of females spawned. Mean fecundity based on1incubation
room counts for individual hatchery females (n=26) was 3,295
eggs (SD=634), and for wild females (n=18) 3,854 eggs (SD=694).
Fecundity is higher for wild females because they are generally
older and larger than hatchery females and fecundity increases
with size (Figure 16, Bugert et al. 1992). Wild females spawned
in 1992 consisted of 16 age 4 fish and two age 5 fish. Hatchery
females spawned consisted of 26 age 4 fish and one age 5 fish.

Yy = =4382.42 + 109.463x
n = 44
r = 0.5821
Number of aggs (Thousands)
8
= Wiid »
5_' Hatchery

oso &b 70 76 80 86 a0
Fork lsngth {cm)

Figure 16. Relationship of fork length to mean fecundity of
Tucannon River spring chincok salmon broodstock, 1992.

! One femala that had partially spawned and cne that had completely spawned in
the raceway are not included in this estimate (28 total).
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4.1.2: Bex and age structure

Wild salmon: The sex ratio for all wild salmon that returned to
the Tucannon River in 1992 was 0.9 females per male; this
includes all age classes recovered from the river, or as
broodstock at the hatchery (n=152 fish). The sex ratio for wild
salmon sampled in the river or at Lyons Ferry FH was 0.91 and
0.88 females/male, respectively. Based upon scale analysis and

salmon fitted by fork length, 3.3% of the recovered salmon were
age 3/, (total age/years in freshwater), 82.2% were age 4/,,
13.8% were age 5/,, and 0.7% were age 6/2 in 1992 (Table 25).
Salmon returning in 1992 at age 3 comprise the second year of
returns of adult salmon that may be progeny of hatchery parents
(hatchery/hatchery or hatchery/wild) that spawned in the river.
Age classification from 1985-1991 is 1.3% age 3/,, 67.4% age 4/,,
and 31.3% age 5/, (n=527, Bugert et al. 1992).

Table 25. Sex, mean fork length (cm), and age (from scale
impressions or fitted by fork length) for all wild salmon sampled
in the Tucannon River and Lyons Ferry FH, or just at Lyons Ferry
FH, 1992 (s=standard deviation, n=sample size).

Sex 3/; 4/, 5/, 6/, Totals
All Balmon
Female 54 69.2 81.3 88

(-, 1) (3.6, 58) (5.2, 12) (-, 1) 72
Male B2.7 68.9 84.0 - =

(7.4, 4) (4.9, 67) (2.6, 9) 80
Totals 5 125 21 1 152

Salmon at Lyons Ferry FH

Female - = 71.6 85.3 88
(2.8, 17) (1.6, 4) (-, 1) 22

Male 51.0 70.6 87.0 - -
(-, 1) (5.2, 22) (1.4, 2) 25
Totals 1 39 6 1 47
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Wild fish collected as broodstock were quite similar in age
to all wild fish sampled (Table 25). Age distribution for wild
fish collected as broodstock was 2.1% age 3/2, 83.0% age 4/2,
12.7% age 5/2, and 2.1% age 6/2, Based on fork length, wild
salmon collected for broodstock were less similar to wild salmon
recovered from the river (Figure 17).

- Carcasses (n=122)
[ ]| Broodstock (n=47)

Number of salmon
N
o

Fork length {om)

Figure 17. YLength frequency distribution of wild salmon adults
sampled as carcasses in the Tucannon River or at Lyons Ferry FH,
1992.

Hatcherv salmon: Sex ratio of all hatchery salmon that returned
to the Tucannon River in 1992 was 1.94 females per male; this
includes all age classes (n= 147 fish) as well as fish recovered
from the river, or as broodstock at the hatchery. The sex ratio
for hatchery salmon sampled in the river or at Lyons Ferry FH was
2.4 and 1.3 females/male, respectively. We recovered 41 hatchery
female prespawning mortalities in the river in 1992 which greatly
affects the female/male ratios calculated. Also, carcasses of
females probably have higher likelihood to be found than males
during spawning surveys. Based upon CWT and scale analyses, 4.8%
of the salmon recovered in 1992 were age 3/,, 89.8% were age 4/,,
and 5.4% were age 5/, (Table 26). Cumulative age structure for.
hatchery salmon from the Tucannon River (1988-1991) is 49.3% age
3/,, 49.6% age 4/,, and 1.1% age 5/, (Bugert et al. 1992).
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Returns of age 5 fish are limited to the 1991 and 1992 return
years (1985, 1986, and 1987 broods), therefore the cumulative age
structure is not comparable to cumulative returns of wild salmon.

Table 26. .Sex, mean fork length (cm), and age (from code-wire
tags and scale analysis) of all hatchery salmon sampled from the
Tucannon River and Lyons Ferry FH, or just at Lyons Ferry FH ,
1992 (s=standard deviation, n=sample size).

Mean length (s, n) at given age

Sex 3/, 4/, 5/, Totals
All Salmon
Female - - 68.9 77 .4
(3.8, 92) (3.6, 5) 97
Male 49.7 70.1 82.0
(4.4, 7) (4.1, 40) (11.3, 3) 50
Totals 7 132 8 147

S8almon at Lyons Ferry FH

Female - - 71.1 79.0
(2.74, 26) (1.4, 2) 28
Male 50.4 69.7 76.0
(5.2, 5) (4.5, 15) (=, 1) 21
Totals 5 41 3 49 °

9 Plus one male (63 cm) of unknown age; no readable scales or CWT; should be
age ¢ based on fork length.

Hatchery fish collected as broodstock were slightly
different in age compared to all hatchery fish sampled in 1992
(Table 26). Age distribution for hatchery fish collected as
broodstock was 10.2% age 3/2, 83.7% age 4/2, and 6.1% age 5/2.
Based on fork length, hatchery fish collected as broodstock
differed from the hatchery fish recovered from the river (Figure
18). We had attempted to collect fish at random from the trap to
eliminate any selection of broodstock. Age structure of all 1992
hatchery salmon recovered shows an increase (Figure 19) in the
proportion of fish age 5 compared with 1991, and more closely
approximates the proportions of wild returns (Bugert et al.
1992),
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[ ] Broodstock (n=50)
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Figure 18. Length frequency distribution of adult hatchery
salmon sampled in the Tucannon River or at Lyons Ferry FH, 1992.

AGE 4 89.8% AGE 3 4.8%

¥) AGES 6.4%

Figure 19. Age structure of hatchery fish (based on CWT or
scales-for lost CWTs) from recoveries along the Tucannon River or
at Lyons Ferry FH, 1992 (n=147 £ish). .
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In 1992, evaluation program staff collected 100
electrophoretic samples each from 1991 brood hatchery chinook
salmon of hatchery/hatchery parentage and wild/wild parentage
prior to release. We also collected samples from 43 wild and 47
hatchery adult salmon collected for broodstock.

Tissue samples came from four 1991 collections: a) 101 1989
Brood juveniles produced in the hatchery ("BY-89 Hatchery"), b)
101 1989 Brood juveniles produced by natural spawning in the
river ("BY-89 Wild"), c) 51 marked adults (from previous hatchery
spawnings) that returned to the hatchery ("1991 Hatchery"), and
d) 40 unmarked adults (from previous natural spawning in the
river) that were brought into the hatchery for spawning in 1991
("1991 Wild"). Two collections of juveniles from 1990 ("BY-88
Hatchery" and "BY-88 Wild) were also analyzed in 1992 by the WDF
Genetics Unit using horizontal starch-gel electrophoresis and
standard procedures for chinook salmon (appendixes 3-5 in
Marshall et al., 1991). Locus and allele designations follow the
system of Shaklee et al. (1990) and are consistent with those
used in our 1990 progress report, with the exception that the
enzyme previously identified as hydroxyacylglutathione hydrolase
("HAGH"; 3.1.2.6) is now recognized as formaldehyde dehydrogenase
(glutathione) - ("FDHG"; 1.2.1.1). Allele frequencies at the 24
loci exhibiting variation in one or more of these six collections
are presented in Appendix K.

As in past years, the Tucannon spring chinook stock was
monomorphic for many of the loci screened in these six
collections. The invariant loci in all six collections were:
SAAT-3%; ADA=2%; mAH-3%; GAPDH-2%; GPI-A%; GPI-Bl%*; GPIr*; GR*;
mIDHP-1%; MIDHP-2#%; sIDHP~2%; LDH-Bl%*; mMDH-3%*; gMDH-Al,2%; sMEP-

*; DEPD-2%; PGDH*; PGM=1%; PGM=2*%; TPI-1%; TPI-2%; and TPI-3*.
Two additional loci (CK-Al* and CK-A2*) were monomorphic in the
juvenile collections but were not screened in the adult
collections. Similarly, two loci (G3PDH-3* and G3PDH-4%) were
monomorphic in the adult collections but were not screened in the
juvenile collections. Eighteen of the 24 loci in Appendix K have
consistently exhibited variation in collections of Tucannon
spring chinook salmon. However, six loci (gAAT-1,2%; LDH-B2%;
sMDH-B1,2%: and PEP-LT*) that have frequently displayed little or
no. variation in past Tucannon collections exhibited rare
variation in one or more of the six recent collections.

Tests of genotype counts against Hardy-Weinberg equilibrium
expectations in all six collections yielded only three
statistically significant deviations (for loci where the observed
values of each genotype were three or greater): TPI-4* in both
1991 collections of juveniles (hatchery and wild) and sSOD-1* in
the 1991 collection of wild juveniles. Because at least this
number of significant deviations would have been expected by
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chance, given an alpha level of 0.05 and over 100 teste, we
conclude that the genotype distributions seen in these six
collections are consistent with Hardy-Weinberg expectations.

One of the primary purposes for the ongoing electrophoretic
monitoring of Tucannon spring chinook salmon is to investigate
temporal patterns of allele frequencies in this stock and to
determine if significant changes in frequency are occurring at
any of the specific gene loci being screened. The primary
concern here is whether or not the hatchery program is altering
the genetic characteristics of the original, wild stock. We have
now accumulated enough collections over a long enough time span,
both pre- and post-facility start-up, to begin addressing this
gquestion. Figure 20 shows plots of allele frequency trajectories
at 12 of the most variable loci in this stock. We have used this
descriptive, graphical approach to investigate the magnitude and
directionality of allele frequency variation. We believe that
the results depicted in this figure indicate five important
genetic features of these collections and this stock:

1) Allele frequencies are not identical among all
collections. Rather, frequencies vary among years,
among life history stages, and among environments
(hatchery vs. natural).

2) Despite the variation noted above, allele frequencies
in collections from different years are usually quite
geimilar, but can vary by as much as 0.25 in successive
years (e.g., MPI* in the BY-85 and BY-86 juvenile
collections).

3) In general, the Jjuvenile collections exhibit similar
allele frequencies to the adult collections.

4) Allele frequencies at a few loci seem to be somewhat
more variable among juvenile collections than among
adult collections (e.g., MPI*; s80D-1%*; and mSOD#*).

5) As a group, allele frequencies for the hatchery origin
fish are basically similar to those of their "wild"
counterparts [solid vs. open symbole in Fig. 20],
although there are a few notable differences for
individual loci in certain years.

The among-collection variation in allele frequencies noted
in #1 above is not unexpected and is derived from two primary
sources. First, sampling error when the collections are made
undoubtedly contributes some of the variation. This variation,
however, is not a characteristic of the population but rather a
consequence of our inability to sample the population perfectly.
The other source of the among-collection variation is presumably
attributable to real genetic changes in the population that occur
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due to some combination of selection, ‘immigration and/or
emigration, and drift. Of these three possible causes, we
believe that genetic drift, caused by small effective population
size, is most likely the major contributor to the observed
variation among samples. The relatively small size of this
population (average adult escapement from 1985-1992 was 647 fish,
see Table 19) is consistent with this explanation.

Support for the hypothesis that the small effective
population size of the Tucannon spring chinook stock is driving
much of the allele frequency variation documented by our
monitoring is provided by the theoretical considerations
summarized by Figure 21. This figure shows the expected range of
allele frequencies observed in populations derived from different
numbers of effective spawners (N,). It is important to emphasize
that this analysis considers the effects of genetic drift only
and does not include the additional variability expected due to
sanmpling error. The graph depicts the expected 95% confidence
intervals of observed allele frequencies for three different
values of N,: 25, 50, and 100. At allele frequencies from about
0.05 to 0. 45, a populatlon having N, equal to 25 would be
expected to exhibit 30-50% more genetic drift (variation in
allele frequencies) than one with Ny equal to 100. Given the
small escapement of the Tucannon spring chinook stock in recent
years, the range of values of N, used to generate Figure 21 would
seem to be appropriate for modeling the Tucannon population.
Thus, because the allele frequency variation observed in the
Tucannon stock (Figure 20) is included within the confidence
limits predicted based on small numbers of breeders each year
(Figure 21), it appears that genetic drift is both a likely and
an adequate explanation for the observed values.

Figure 20. (following three pages) Allele frequency trajectories
at 12 variable loci in the Tucannon River spring chinook stock.
Pates across the bottom of each panel indicate the brood year
(year fish were produced) for the juvenile collections whereas
they indicate the year of collection for the adult collections.
Solid symbols indicate naturally spawning ("wild") fish (adult
collections) and the progeny of naturally spawning ("wild%) fish
(juvenile collections) whereas open symbols indicate fish
produced by hatchery spawning. For each locus, squares indicate
the fregquency of the most common allele (*100 or *%-100Q; depending
on the locus) whereas the triangles indicate the frequency of the
second most common allele. Note that the 1989 adult collection
indicated by the open symbols consisted primarily of jacks (3-yr.
old male fish).
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—— Nb=25

= —— Nb=100

1l "' Np=25

Expected Allele Freq Range in Progeny

0 005 041 015 02 025 03 035 04 045 05
Allele Frequency

Figure 21. Theoretical expectations for allele frequency
variation in a single generation as a function of the effective
number of breeders (N,) in the population. The three pairs of
lines delineate the 95% confidence limits of expected allele
frequencies in the next generation for N, = 25, 50, and 100.

4.3: Organosomatics

We collected 20 organosomatic (Goede and Barton 1990) samples

each from 1990 brood and 1991 brood salmon prior to release from
the hatchery and from wild salmon collected at our smolt trap in
1992. We will present data for these fish in subseqguent reports.

4.4: Morphometric Analvsis

In 1992, evaluation program staff collected 100 morphometric
samples each from 1990 brood hatchery salmon prior to release and
wild fish collacted at our smolt trap (same fish as were used in
electrophoretic sampling). We will present results for these
fish in subsequent reports.
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4,5: Meristic pAnalysis

The objective of this study was to measure phenotypic
similarities of the right and left sides of individual fish as an
indicator of developmental stability (Van Valen 1962, Briickner
1976, Leary et al. 1984). We counted bilateral meristic
characteristics of wild juvenile salmon prior to significant
returns of hatchery salmon (the 1985 through 1989 brood years).
We made corresponding counts on hatchery reared juvenile salmon
from the 1986 through 1989 brood years. These initial analyses
provide a baseline to compare with when counts are done for
salmon after several generations of hatchery supplementation.

Methods:

- Techniques used for the meristic counts are similar to those
developed by Leary et al. (1985). We counted numbers of gill
rakers on the upper and lower parts of the first two gill arches
from the right and left sides, and numbers of fin rays in the
pectoral and pelvic fins from both sides. The mean total count
(left side plus right side) of each trait was compared between
groups. We determined bilateral traits by computing the mean
magnitude of asymmetry (absolute difference of right side and
left side), and used this value in conjunction with the mean
total count of bilateral traits.

Total counts: We summarized the total counts of paired body
parts two ways: 1) comparison of means between the treatment
groups (hatchery versus wild), and 2) analysis of trends between
brood years within a given treatment group.

i of as i In our initial analysis of these data,
we statistically compared the mean magnitude of asymmetry of only
the pelvic and pectoral fin counts. These variables contained
the most continuous data. All other variables will be analyzed
in subsequent years, when a larger data base is established.

Three separate analyses were performed: 1) variation between
brood years within all hatchery salmon, 2) variation between
brood years within all wild salmon, and 3) variation between wild
and hatchery salmon across all brood years. Data were analyzed
using Kruskal-Wallis (KW) one~way analysis of variance by ranks
(Daniel 1978) with the BMDP statistical program. The data were
transformed (square root of the sum of value plus 0.5) to
approximate a normal distribution more closely.

Results:

Total countsg: There appears to be little or no change in mean
total counts of paired meristic traits for either the wild or
hatchery origin salmon since Tucannon FH began production (Table
27, FPigure 22). No differences between the two treatment groups
within a given year were detectable either.
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Magnitude of asymmetrv: No difference was detected among the

1985 to 1989 broods wild salmon for the pectoral fin counts (KW
test statistic = 6.91, a = 0.14) or the pelvic fin counts (KW
test statistic = 6.55, @ = 0.16). Nor did We detect any
differences between individual brood years by multiple contrasts
(e = 0.10).

Table 27. Mean total counts (left plus right side, upper
number) and mean magnitude of asymmetry (absolute value of left
side minus right side, lower number) for four bilateral traits of
salmon juveniles. Sample size is 50 per group (wild and hatchery
origin).

Eirst Arch Second Arch
Lower Upper Lower Upper
Brood gill gill gill gill Pelvic Pectoral
Year Oorigin rakers rakers rakers rakers rays rays
1585 wild 22.61 i5.36 - - - - 20.46 31.88
(0.41) (0.58) - - - - (0.14) (0.28)
1986 wild 20.34 14.14 - - - - 20.22 31.70
{(0.50) (0.42) - - - - (0.06) (0.10)
hatchery 22.96 15.16 - - - - 20.62 31.52
(0.48) (0.51) - - - - (0.10) (0.36%
1987 wild 24.26 16.16 - = - - 20.50 32,16
(0.26) (0.28) - - - - {0.02) (0.12)
hatchery 23.96 14.88 - - - - 20.62 32.18
{0.40) (0.68) - - - - {0.10) (0.10)
1988 wild - - - - 23,52 16.40 20.20 31.02
- - - - (0.16) (0.16) (0.06) (0.08)
hatchery - - - - 21.32 15.81 20.19 32.16
- - - - {0.24) (0.14) (0.08) (0.11)
1989 wild 25.36 16.92 24.50 15.84 20.40 31.56
(0.46) (0.52) (0.36) {0.24) (0.08) (0.16)
hatchery 20.04 13.44 19.64 13.74 20.56 . 32.06
(0.88) (0.40) (0.48) (0.54) (0.12) (0.38%

* 8ignificantly different from 1987 and 1988 broods hatchery origin and pooled
wild origin (a = 0.000¢).
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Mean total counts
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B8 pelvic rays pectoral rays

Figure 22. Comparison of total counts of four bilateral meristic
traits of natural and hatchery salmon through time.

We detected a significant overall difference in pectoral fin
counts among the 1986 to 1989 broods hatchery salmon (KW test
statistic = 18.19, a = 0.0004). Based upon multiple comparison
tests, the 1986 and 1989 broods differed from the 1987 and 1988
broods (a = 0.05, Figure 22). For the 1986 brood, one of 50 fish
measured had a difference of two rays between the right and left
pectoral fin counts, 18 had a difference of one fin ray between
the left and right, the remaining 31 fish had no difference
between -the left and right pectoral fin counts. For the 1989
brood, two of 50 fish measured had a difference of two rays
between the right and left pectoral fin counts, 15 had a
difference of one fin ray between the left and right, and 33 fish
had no difference between the left and right pectoral fin counts.
No overall difference was found among pelvic f£in counts for
hatchery salmon (KW test statistic = 0.29, a = 0.96).
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To analyze the effect of origin on mean magnitude of
asymmetry, five brood years of wild salmon were combined
together, and compared with individual brood years of hatchery
salmon (1986-1989 Broods). We found a significant overall
difference in pectoral counts among the treatment groups (KW test
statistic = 26.34, a = 0.0000). Based upon multipie comparisons,
the 1986 and 1989 hatchery salmon differed from the 1987 and 1988
brood hatchery salmon and the pooled wild salmon (e = 0.05,
Figure 23).

Wild salmon by brood year:

Hatchery salmon by brood year:
Pectoral fins

Combined wild salmon versus hatchery salmon
Pectoral fi

Pelvic fins.

Figure 23 . Results of multiple comparisons between treatment
groups for bilateral asymmetry indices. A discontinuity in
shaded areas indicates a significant difference (a = 0.05).

Discussjion:

No differences were detected in pectoral or pelvic fin ray
counts for the 1985 through 1989 brood years of wild salmon.
This consistent data base may provide an appropriate baseline for
future analyses of the long-term effects of hatchery
supplementation on a wild population.

We believe the statistically detected difference within the
hatchery salmon was not a result of sampling bias. There was no
relation between individuals making the counts and variations in
data collection. Moreover, total counts for these brood years
did not differ from other years, and the pectoral fin count is
fairly straightforward relative to the other counts. We should
be able to determine if these results are spurious when complete
analyses of all bilateral characters are made in the future.
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Environmental stressors may affect developmental stability
of the pectoral fin rays in fishes (Valentine et al. 1973,
Valentine and Soule 1973). To investigate this possibility, we
compared mortality rates between all brood years, yet saw no
obvious trends in environmental stress during their development.
The 1986 brood had relatively low mortality in the early stages
of development, while the 1989 brood had high loss in early '
development (Table 5). No significant changes in fish husbandry
or disease prophylaxis occurred during this period.
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SECTION S5: RECOMMENDATIONS

We recommend the following actions to improve performance of
the Tucannon salmon hatchery and evaluation program. Some
additional recommendations provided in the FY 1991 report will be
implemented in 1992 also.

1) Establish a wild salmon escapement goal based on an estimate
of effective breeders (from our genetic analyses) to ensure the
wild salmon population is not replaced by hatchery salmon.

2) Continue to evaluate prespawning mortality at weir and for
radio tagged fish (tagged by University of Idaho) in the lower
Tucannon River. Determine source of losses, if possible.
Continue and expand monitoring of radio tagged spring chinook
salmon that enter the lower Tucannon River from the University of
Idaho radio telemetry study of the Snake and Columbia rivers.

3) Reevaluate spawning use of Cummings Creek because of increased
spawning below the weir. Also reevaluate spawning use of lower
Panjab Creek and Asotin Creek. Determine whether spring chinook
salmon still exist in Asotin Creek.

4) Improvements at the adult trap should be made to reduce
handling and trapping injuries and stress to adult salmon.

Salmon enumeration at the trap should be modified to reduce
handling by counting salmon passing the trap with a camera and
video tape system. A sprinkler system should be installed at the
trap to reduce fish jumping in the trap and to minimize injuries.
Picket spacing in the weir and trap entrance should be reduced to
prevent gilling. Change the attraction water for the trap for
fish wanting to go upstream. Provide a larger pool or a series
of pools above the weir to reduce the chance of salmon being
washed and trapped against the weir. Have hatchery or evaluation
personnel monitor the weir during all daylight hours to assist
any salmon trapped on the weir.

5) Outplant adults and juveniles to improve spawning distribution
in the Wilderness Stratum. Limit releases from the acclimation
pond to 8,800 lbs and outplant all excess juveniles in the upper
Tucannon River during the fall.

6) Increase sampling and monitoring of hatchery/hatchery and
wild/wild progeny in the hatchery to maintain similar incubation
and rearing conditions and to compare their survival and growth.

7) Temporarily decrease morphometric and meristic sampling.

Reinitiate sampling for two or three year intervals every three
years to determine long term trends.
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8) Continue to evaluate total snorkel count and modified line
transect count methods for estimating parr densities.

9) Change the dosage of Erythromycin injection to 0.5cc/4.5kg (10
lbs) fish weight to reduce drug related mortalities.
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APPENDIX A

Washington Department of Fisheries' objectives for the LSRCP
Hatchery Evaluation Program. These objectives are interrelated in
scope, and are not set in priority.

1) Document juvenile fish output for Lyons Ferry and Tucannon
FH. Records will be compiled and summarized by numbers of fish
produced at each facility and categorized by stock, size, weight,
and planting location. Fish condition and survival rates to
planting will be noted.

2) Maintain records of adult returns to the Snake River Basin for
each rearing program, categorized by stock and brood year. Data
are collected at hatchery weirs and spawning grounds by program
staff, and compared with escapement to other hatcheries and
streams throughout the Columbia River Basin.

3) Document contributions of each rearing program to the various
fisheries through coded-wire tag returns. Pacifi¢ Coast states,
Federal, and Canadian agencies cooperate in returning tags and
catch data to the agency of origin. We will attempt to tag
sufficient fish to represent each rearing program, and to avoid
duplication with contribution studies from other hatcheries.

4) Document downstream movement to Fish Passage Center and
National Marine Fisheries Service sampling points on the Snake
River and/or lower Columbia River for each rearing program.
Program staff will retrieve and summarize data for the Lyons
Ferry/Tucannon facilities. Survival rate comparisons for each
rearing program will be made. We will use these data to modify
hatchery releases to improve downstream migrant survival.

5) Quantify genetic variables that might be subject to
alteration under hatchery production strategies. We plan to
identify and quantify as many genetic variables as possible in
all available Snake River chinook salmon populations. Similar
data for other populations which may overlap with Snake River
chinook salmon in the lower Columbia River are being collected.
These data include qualitative loci analysis through electro-
phoresis, and quantitative analysis of such factors as meristics,
adult and juvenile body morphometry, adult size, run timing, and
disease susceptibility.

6) Maintain genetic integrity of indigenous Snake River salmon
stocks. Utilization and maintenance of native stocks is an
important goal of the LSRCP. We plan to protect these stocks
through two strategies: a) identify stray adults at Lyons Ferry
and Tucannon FH for removal from the broodstock, and b) mark all
hatchery raised smolts prior to release for their proper
identification upon return.
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7) Determine the success of any off-station enhancement pro-
jects, and determine the impact of hatchery fish on wild stock.
Our emphasis will be to evaluate changes in natural production in
response to hatchery enhancement, and to develop escapement goals
based upon optimum natural and hatchery production. We will
study interactions at both the juvenile and adult life stages.

We may use information obtained from Objective 5 to develop
genetic marks (qualitative or quantitative) which could provide
techniques for evaluating interactions of wild and hatchery fish
in the Tucannon River system.

8) Evaluate and provide management recommendations for major.
hatchery operational practices, including:

A. Optimum size and time-of-release strategies will bde
determined for both spring and fall chinook salmon.
Existing size, time and return data for other Columbia
River Basin programs will be reviewed to determine the
release strategies which would have the most likelihood
of success. Continual refinement may be necessary in
some cases.

B. B8election and maintenance of broodstock will be
done in conformance with LSRCP goals. Criteria will
be developed to program genetic management as
determined by Objectives 5 and 6, and in accordance
with tribal agreements.

C. Loading densities, feeding regimes, disease
investigations, or other spacial treatments on
experimental hatchery practices often require
mark-release~return groups to facilitate evaluation.
Program staff will develop the experimental designs,
direct the marking, and analyze the results.

9) Evaluate and provide management recommendations for Snake
River salmon distribution programs basin-wide. As Lyons Ferry FH
and Tucannon FH goals are reached, eggtake needs to supplement.
natural production in other streams will be specified. We will
set priorities for off-site distribution, based upon current
escapement levels, habitat quality, and agreements with co-
managing agencies and tribes. Evaluation and improvement of the
distribution plan will be an on-going process.

10) Coordinate research and management programs with hatchery
capabilities. Advance notice to the hatcheries for specific
study groups of marking programs will allow a more efficient use
of hatchery facilities and reduce handling and stress on the
fish. Research and management programs will be reviewed to
determine if the hatcheries will have the capabilities to meet
program goals.
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APPENDIX B.

LYONS FERRY HATCHERY
TUCANNON SPRING CHINOOK PROGRAM
BROODSTOCK COLLECTION PROTOCOL

Background
Productjon goal The current smolt production goal for Tucannon

Fish Hatchery (FH) is 88,000 fish for release as yearlings at 10
fish per pound (fpp; 8,800 pounds). This goal is primarily based
upon a density index at release of 0.18 pounds/cubic feet/inch.
This goal will be modified in subsequent years as a result of
several factors. The purpose of this document is to identify
those factors which affect the smolt production goal, and to
provide guidelines for broodstock collection and spawning in
1992. This protocol ie intended for the 1992 season but may be
applied in 1993.

Two major operational changes at Lyons Ferry FH may affect
changes in Tucannon spring chinook production goals:

1) Water chiller at Lyons Ferry FH. Fish are incubated and

reared in constant temperatures at Lyons Ferry FH, which
accelerates growth rates. For the first six years of
production (1985 through 1990 broods), smolts were released
at about 10 fpp. To reduce excessive growth rates, hatchery
staff feed these fish at, or near maintenance ration. 1In
October 1991, a water chiller was installed in the Lyons
Ferry incubation system to rectify this problem. The 1991
brood received partial benefit, and were delayed in ponding
by several weeks. The long-term goal for the program is to
transfer fish to the acclimation pond in November at 35 fpp
(instead of 18 fpp), with an eventual release in late March
through mid-April at 15 fpp.

2) Adult holding at Lyons Ferry FH., Beginning 1992, adults

will be held at Lyons Ferry FH in lieu of the Tucannon smolt
acclimation pond. Adults will be transported in a 1,135 L
tank aerated tank truck the day they are collected at the
weir. This plan was developed to mitigate prespawning and
incubation mortality. Adult holding water temperatures are
about 2°C cooler at Lyons Ferry than Tucannon FH, and
gametes can be fertilized and water hardened with no
transport delays.

Both of these factors will affect production: the former
will reduce poundage at release, the latter will conceivably
increase poundage, because of higher spawner and egg survival.
One cannot presently quantify these effects. It is therefore
prudent to program production at a low level to ensure that the
density index upon release is within acceptable limits,
regardless of final number at release.
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Eggtake requirementg To meet the current goal (produce 88,000
emolts at 10 fpp), 74 spawning adults are required, based upon

the following assumptions:
average fecundity of 3,700,
average sex ratio of 1.0:1.0,
average prespawning survival of females of 74%,
average egg to smolt loss of 35%.

Given this information, 135,385 eggs are needed to produce 88,000
smolts. This eggtake would require spawning of 37 females, which
requires the collection of 100 adults, based upon the prespawning
survival rate. Therefore, in this document, the collection goal
is 100 salmon (adults and jacks), which is required for the
production goal of 74 salmon.

Run size projections Broodstock goals will be adjusted downward
if the snake River spring chinook runsize is projected to be less
‘than 60% of the recent ten-year average as measured at Ice Harbor
Dam. The collection goal will remain unchanged if the Snake
River. run size exceeds 60% of the ten-year average. Based on
counts in 1982-1991, downward adjustments would occur 10% of the
years. Reductions in the goal, if necessary, will be
proportionate to the reduction in the overall Snake River run.
For 1992, a Snake River run projection and a decision on the
broodstock goal will be made on May 15. This date is the average
70% cumulative passage point during 1982-91. May 15 is late
enough into the run for a reliable projection and is early in the
Tucannon trapping period.

Collection methods On an annual basis, natural and hatchery-
origin spring chinook adults are collected for broodstock at a
floating weir, which is located adjacent to Tucannon FH at river
kilometer 61. This weir has a high trapping efficiency. An
undetermined number of salmon however, remain downstream of the
weir. All hatchery smolts are marked with coded-wire tag and
adipose clip, enabling one to distinguish hatchery vs wild
production upon recovery at the weir.

Controlled matings research In 1990, Washington Department of

Fisheries began an experiment to examine genotypic and phenotypic
differences between jinter ge matings of hatchery-origin and wild-
origin salmon at Tucannon FH. This study is to continue through
the 1993 eggtake. The objective is to determine if measurable
genetic differences occur in early survival, growth, or rate of
return as a result of one generation of hatchery rearing.

Specifically, wild-origin parents are mated individually,
and their progeny are incubated in discrete family units. These
juveniles are given a unique mark, allowing their recognition in
fisheries and as returning adults. The same protocol is then
applied for hatchery-origin salmon. In consultation with tribal
co-managers, several conditions were applied to this study. Two
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conditione which affect broodstock collection procedures are:

1) The number of salmon available for harvest and natural
production opportunities above the weir will not be
affected.

2) Progeny of these experimental crosses will be externally
marked. All of these fish will be passed upstream for
natural spawning when they return as adults.

Biological Information

Available habjtat Current estimates of natural production of
salmon in Tucannon River suggest that escapement of 400 salmon
upstream of the weir approaches full seeding. Combined upstream
escapement was 82% of full seeding in 1990 and 42% in 1991.

Run timing In spring, natural and hatchery-origin salmon arrive
at the Tucannon weir roughly the same time. Peak of arrival at
the weir is typically 20 May to 5 June; first migrants arrive in
early May. A significant number of salmon also arrive at the
weir in late August and September after a temporary lull in July.
Most of these late arrivals are sexually mature males. We assume
this late movement is a natural phenomenon.

Weir escapement For the period 1986- 1991, the average wild
salmon escapement to the Tucannon FH weir was 206 (range: 109-
261). Of this, an average of 120 wild salmon (range 67- 184)
have been passed upstream. In 1990 and 1991, 145 and 101
hatchery salmon were passed upstream, which accounted for 70% and
50% of trapped fish, for those respective years. Sixty-two
percent of those fish passed upstream in 1991 were hatchery
origin and 44% in 1990.

Prespawning mortality In 1990 and 1991, prespawning mortality of
hatchery-origin salmon held for broodstock has been significantly

higher than wild salmon. Adults from both groups were handled
the same and would have been expected to experience similar
prespawning mortality rates. . The reason for this disparity is
presently unknown. Relative prespawning mortality rates of
hatchery and wild salmon released above the weir is unknown.

Age compogition The natural and hatchery-origin salmon returning
to Tucannon River have different age structures. From 1985-
1991, average ages of natural salmon are 2% age 3, 69% age 4, and
29% age 5. These fish can be recognized by fork length at the
weir with a high level of accuracy. In 1990 and 1991, about 200
hatchery-origin salmon escaped to the weir; roughly a quarter of
these would be considered age 3, based upon size. The remainder
of the hatchery run is predominantly age 4. Age discrimination
of hatchery fish by fork length is not as reliable, however.
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Stray salmon An undetermined, but potentially significant number
of salmon released from non-local hatcheries stray as adults into
Tucannon River. This evidence was derived from coded-wire tags
in carcasses recovered at Tucannon FH. Starting with the 1990
brood, all Tucannon stock smolts have a blank-wire tag placed in
specified locations. This will allow hatchery staff to
distinguish them from non-local hatchery stocks.

Broodstock Collection Guidelines

Broodstock ceollection should be conducted to achieve the
following broad objectives:

1) No more than 50 natural salmon and 50 hatchery-origin salmon
will be retained for broodstock. (The exact goal will be set
about May 15 when Snake River runsize projections are made).

2) Throughout the trapping season, a minimum of 60% of
cumulative escapement to the weir (salmon of combined
origins) will be passed upstream.

3) Broodstock collected and, likewise, those passed upstream
are a representative sample of the size, age, sex, and run
timing of the overall population of hatchery or wild salmon
arriving at the weir. Jacks (fork length less than 26
inches) should be retained in proportion to their overall
abundance in the hatchery or wild run.

These objectives are similar to those guiding operations in 1990
and 1991. Based upon genetic and bioclogical concerns, it may be
necessary in subsequent years to set a maximum allowable
percentage of hatchery salmon in the spawning grounds.

Time frame The programmed number of broodstock (100 salmon) will
be collected until 1 August. Thereafter, salmon that enter the
trap will be allowed to pass upstream, unless one of three
conditions is met:

1) the ceiling percentage (60%) of hatchery-origin salmon
relative to natural salmon passed upstream is exceeded. In
this case, hatchery-origin salmon should be retained.

2) if at least 60% of all salmon are upstream, and prespawning
mortality in the hatchery has reduced the number of spawners
below the production goal (74 spawners).

3) if more than 10 salmon. of a given origin arrive after 1
August, one fish will be retained for every five passed.

Stray salmon In 1993, jack-size salmon collected at the Tucannon
weir that have an adipose clip, but no blank-wire tag, will be
retained for stock and age verification. In 1993 all salmon from
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the 1990 brood experimental crossings will be passed upstream.
These will be identified by having adipose clips, blank-wire
tags, and coded-wire tags. During the 1992 and 1993 eggtake, all
hatchery salmon will have their coded-wire tags read prior to
fertilization. Only known Tucannon stock will be used for
production. Gametes from stray fish will be destroyed, or
transferred to the hatchery of origin, if possible.

To ensure that broodstock collection is random, the hatchery
crew will determine before a given day whether the salmon trapped
would be collected or passed upstream. Collections will occur on
a systematic schedule, although some in-season adjustments may be
necessary. Hatchery evaluations staff will routinely notify
tribal co-managers of in-season escapement and broodstock
collection progress.

Bpawning cuids=lines

The following spawning plan was developed to meet three
criteria: 1) increased genetic contribution from all parents, 2)
high fertilization and survival rate, and 3) fitting the
experimental design of the hatchery matings study. This plan
will be implemented through 1993. These methods will be used
regardless of number of fish collected for broodstock.

Fertilizatjon methods When enough males and females are ripe on
a given day, eggs from females will be split approximately in
half, and sperm from males will be split in half. Matings will
follow a crossover format demonstrated below:

FEMALE A FEMALE B
MALE 1 A/l cross first B/1 cross first
A/2 cross second B/2 cross second
MALE 2 A/2 cross first B/2 cross first
L A/l cross second B/l cross second

In the upper left hand cell of the above box, eggs from
female A will get fertilized by sperm from male 1 first, then
from male 2 second. In the lower left hand cell, the other half
of eggs from female A will get fertilized from male 2 first, then
by male 1. The hatchery crew will wait 30 seconds between adding
sperm from the first and second male, and then stir the egg/sperm
mixture thoroughly during that period. The same scenario would
occur for female B.

If there are insufficient ripe females of a given origin in
a number that's not a multiple of 2, perform the cross mating
first, then mate the remainder to a male that's the same origin
(wild or hatchery) and hasn't been used yet. If that cannot be
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done, mate it with a male of different origin that hasn't been
used. If that cannot be done, use a male that has been used. In

all cases back up the first male with a second one, preferably
one that hasn't been used.

Gametes from age 3 and age 2 salmon will be used in
proportion to -the population of their origin. Ages of hatchery-
origin fish will be known at spawning by CWT analysis. All males
should be live-spawned, and given unique marks after their use.
The priority in male selection is a fish that hasn't contributed
yet; choosing a fish of same origin (wild or hatchery) comes
second. For those groups not ending up in the study because of
logistical reasons, splitting, fertilizing, backup fertilizing,
then recombining of eggs would be the ideal. '
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APPENDIX C

Summary of Tucannon River spring chinook salmon semen

cryopreservation in 1992.

Fork Spernm Number
Date Tag length Brood motility straws
Frozen number (cm) year* (%) frozen
9/15 b 22 67 88 80 10
9/22 56 86 87 90 5
9/15 58 76 88 75 5
9/22 59 75 88 75 5
9/15 * 63 75 88 75 10
9/22 93 69 88 75 5
9/15 173 70 88 90 5
9/22 716 68 88 70 5
9/22 718 70 88 70 2

' Brood year based on fork length verified using scale data.

b

® Five of these straws were frozen on Sep. 22.

percent by then.
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APPENDIX D

Table 1. Tucannon spring chinook salmon spawning crosses at
Lyons Ferry FH, 1992

FEMALE # MALE #2 MALE DEAD LIVE TOTAL EGG
DATE ORIGIN NUMBE GENETIC AGE NUMBER GENETIC AGENUMBER QENETIC AGEGGS EGGS EGGS WT
a5 wid 100¢ 92E1 4 58 PRESS8 & (-] QEI37 4 28 2585 2,608
801 hatch 1002 O2EKOT 6 185 Q2EK29 4 197 OLEKes 4 58 1,618 1,878 088
001  hateh 1002 92EKM & 197 ©O2EK28 4 135 O2EK20 4 31 1,838 1,800 004
901 hatch 1003 G2EKD2 4 195 O2EK20 4 197 92EKZ6 4 180 1324 1613 073
01  hatch 1009 S2EKD2 4 197 92EKR8 4 135 GREK20 4 53 1,645 1008 084
801  hatch 1004 O2EKDS 4 109 B2EKS0 4 188  GREKY 4 1,00 1,082 080
g0t hatoh 1004 S2EKDS 4 198 92EK31 4 101 G2EKS0 4 24 1,132 1,166 088
08 wid 1005 @2E02 4 29 PREJM 4 e P2EM33 4 18 1974 1660 1.04
808 wid 1005 ©2EJ02 4 [} O2EJ3S 4 58 P2EU34 4 13 1,281 1,244 0.64
508 wid 1008 @2EJ03 4 22 Q2EMS 4 50 G2EJ5 4 69 1,9 1,772 082
908 wid 1008 Q2ENY 4 = 92EJ35 4 22 G2EJ43 4 20 1,807 1,817 0.88
908 wild 1007 92EJO4 4 22 $2EMI 4 &0 QEJ35 4 18 2823 284 114
008 wid 1007 92504 4 5 GREJS 4 22 S2EMI 4 12 1,708 1,721 077
908 hatchery 1008 O2EKIS 4 ] G2EKS3 4 148 O2EK40 3 10 2,283 2288 1,14
908 hatchery 1008 O2EKIE 4 148  Q2EK4D 3 [ GOEK33 4 21 2550 257 149
0-08 hatchery 1000 OR2EKDS 4 2 92EKS4 4 121 92EK4a 4 27 1,813 1,840 008
908 hatchery 1000 ©02EKOB 4 191 G2EK44 4 2 OREKS4 4 18 1,670 1,807 088
908 hatchery 1010 ©02EK14 4 [ G2EK43 4 171 GREK32 4 18 1,481 1477 0.8
908 haichery 1010 92EK14 4 1M 92EK32 4 (] O2EK43 4 21 2015 2038 065
@08 haetchery 1011 B2EK12 4 187 O2EKS® & 177 - 8 a3 1,474 1,207 o682
08 hatchery 1011 92EK12 4 177 - 8 44 G2EKS5 4 24 1,054 1,078 059
§808 hatchery 1012 92EKO7 4 36 02EK28 4 o5 SPEKA? 4 28 1,808 1,820 0.81
008 hatchery 1012 ©2EKO7 4 ] Q2EKA7 4 s SZEK28 4 26 2220 2248 1.18
908 hatchery 1019 92EK00 4 o8 QEKAS 4 171 S2EKS2 4 B4 2,247 2311 1.02
908 hatchery 1018 G2EKOO 4 17 02EK32 4 (] 92EK43 4 0 1,817 1,358 061
908 hatohery 1014 02EK0S 4 7 02EK27 4 as P2EKE8 4 34 1,5% 1,579 065
908 hatohery 1014 ©2EKD8 4 a5 92EK28 4 7 92EK27 4 18 1,108 1,124 085
908 hatchery 1016 ©02EKOS 4 2 2EKS4 4 121 92EK44 4 34 1,980 1,433 067
908 hatohery 1015 ©2EKOS 4 121 GREK44 4 2 GOEK34 4 43 1,847 1900 083
908  wid 1018  92EJO5 4 53 SREJ34 4 ey 2EJ33 4 32 1548 1,680 082
08  wild 1018 ©2EJ5 4 83 92ES3D 4 sa G2EI34 4 38 1,567 1,805 084
9-08 hatchery 10i7 92EK13 4 85 SREK28 4 -3 R2EK37 4 68 4312 1,380 088
908 hatchery 1017 O2EKIZ 4 -] 92EKS? 4 % P2EK28 4 114 2,883 2477 1.31
908 haichery 1018 ©2EKD4 4 44 92EK3E 4 64 Q2EK3s 4 81 1,088 1,118 O0.&7
908 hatchery 1018 G2EKD4 4 84 P2EKSE 4 44 92EKSS "4 51 1,682 1613 083
908  wid 1019 ©2EJ08 4 12 92ES38 4 18t 92EJS0 4 20 2,187 2,207 1.3
908 wid 1019 O2E/08 4 131 S2EJ0 4 12 92EJ88 4 32 2072 2904 1.04
808  wid 1020 OREN07 4 84 QE1 8 173 92E2 4 T5 2986 2441 1,15
908 wid 1020 @REN? 4 173 62EJ32 4 84 92E)31 8 35 2050 2,088 088
08 wid 1021 92EJ08 4 12 PeEJE 4 1M 92E190 4 15 2,180 2,65 098
808 wild 1021 02EH08 4 194 926430 4 12 B2EJ98 4 18 1,351 1,387 0681
808 wid 1022 B2EN0 4 84 P2EJS1 3 {70 G2EJS2 4 21 2,078 2087 0.89
808  wid 1022 ©@2EJ09 4 173 B2ESN2 4 84 G2EJY S8 28 1,728 1,784 O.77
908 hatchery 1023 ©2EKit 4 44 G2EKSE 4 54 P2EK36 4 190 1,882 1,851 0.80
008 hatchery 1023 92EKiI1 4 54 B2EKSS 4 4“4 G2EK35 4 18 1,551 1,580 0.78
908 hatchery 1024 ©2EK10 4 [ B2EK3S 4 148 G2EKAD 8 16 1,900 1916 0.80
908 hatohery 1024 B2EKIO0 4 148  G2EK40 3 5 O2EK33 4 11 1,985 1,308 083
900 hatohery 1026 ©2EKi® 4 137 G2EXK® 3 177 - a 85 1887 1922 110
908 hatohery 1025 02EKie 4 1 - 8 & G2EKSS 4 £0 868 864 052
9156 hatchery 1026 ©2EK24 4 101 S2EK30 4 197 92EK28 4 13 1,219 1,292 079
016 haichery 1028 ©2EKMd 4 197 S2EK28 4 101 92EKS0 4 21 1845 1,008 0.95
15 hatchery 1027 B2EK22 4 7 S2EK27 4 85 QIEK28 4 25 1,628 1,853 004
815 Thatchery 1027 G2EK22 4 85 O2EK28 4 107 G2EK28 4 156 1,402 1417 077
815 wid 1028 @2EH1 4 701 QEJ2R 4 704 92EM24 4 18 1,207 1,228 057
16 wid 1028 02EHY 4 704 92Ej24 4 701 H2EJ2P 4 20 1,480 1500 0.77
§45 hatohery 1020 G2EK21 4 185 O2EK29 4 188 H2EKS1 4 21 1,868 1,870 088
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Appendix D

Table 1. continued.

945 hatchery 1020 SREK21 4 188 92EKS1 4 135 S2EK29 4 18 ;2 1,620 0.78
o156 wid 031 GEM? & 71 SaEI23 4 704 @EJ4 4 B2 277¢ 2828 130
&5  wid 108 ‘OQENMT & 704 e2Ea4 4 01 GEl2 4 41 28 2674 128
915 hatohery 1032 GPEKG0 4 7 S2EKEY 4 95  GOEKZ8 4 27 1388 1418 070
@45 hatchety 1032 B2EK20 4 S5 0aEKes 4 197 92EKes 4 25 1,287 1,282 0
8156 wid 033 92EM8 4 708 BEEJSS 4 709 G267 4 O 2252 2,258 .00
15 wid 1039 OIEME 4 2TO9 GeER7? 4 708 OREJG 4 7 1878 1,800 079
@15 hatchery 1034 GO2EKS5 4 136 O2EKS0 4 108 02EK®1 4 10 {84 18M 088
915 hatohery 1034 O2EK2S 4 198 G2EKS1 4 135 G2EKEE 4 10 147 148 0680
915 hatchery 1035 GZEKI7 4 101 OG2EKS0 4 197 @2EK26 4 40 1885 4725 115
016 hawchery 1035 9REKI7 4 197 92EK20 4 101 92EKS0 4 27 1018 1,08 07
015 hatohery 1036 OZEKIS 4 2 CO2EK34 4 6 92EKSS 4 12 551 ses 087
@15 hatohery 1038 2EKIB 4 5  02EKSS 4 2 92EK34 4 97 741 748 034
815 wild 1087 ©2EH0 5 12 9EI38 4 08 92EJE 4 @ 1,827 1,898 192
15 wid 1097 BSEJI0 5 708 S2EMS 4 12 92EM6 4 80 2292 2202 1.6
o158  wid 088 OREMS 4 2 TO5 BREJ20 4 07  92EJH 4 D 1,574 1,589 085
o6 wid 1038 OEME 4 707 GEEJ25 4 705 GEEJ0 4 18 2425 2143 085
816 wid 1030 S2EN13 & T08 92EJ28 4 700 B2EJ27 4 18 2,328 2,941 1.01
915 wid 080 @2EM8 4 TO® @2EI27 4 708 QeEJoe 4 1428 1432 004
815 wid 1040 G2EHB 4 702 G258 4 703 B2EJ 5 28 2347 237 1.8
o016 wild 1040 92EJ1B 4 703 G2EJ21 -] 702 02EJ23 4 22 1,434 1458 0.80
815  wild - 1041 92EH2 4 702 S2EJ23 4 T3 g2E21 & 1 1,870 1,881 1.02
0-16 wild 1041 928442 4 703 S2ENR1 ] 702 G2EJ23 4 0 2127 2167 147
815 wid 1042 92EJ14 4 705 P2E.J20 4 J07 gERs 4 1] 1,775 1,79¢ 082
15 wid 1042 P2EJ14 4 707 BREJ25 4 T085 S2EJ0 4 20 2,610 2830 1.18
@15 hatchery 1050 B2EKIE 4 2 G2EKM 4 6 92EKSS 4 &3 1,387 1,400 0.2
@15 hatchery 1080 ©2EKID 4 5  O2EKe 4 2 P2EKS4 4 B0 2,001 2080 008
922 haichery 1048 ©2EK48 4 121 GREK4d 4 T4 G2EKS 4 31 27 2823 146
922 halchery 1048 O2EK48 4 714 O2EKAS 4 86 62EKAD 4 17 1,846 1962 0B
9-22 hatchery 1047 D2ERA7 4 .-} S2EK4 4 21 BR2EK44 4 1] 9,068 3,0H 1.64
922 hahery 1048 G2EW8 4 121 92EK44 4 714 GREKAS 4 13 4,624 1,637 (006
922 haichery 1040 G2EKAB 4 714 G2EK45 4 68 G2EKeS 4 24 1808 1882 070

2,785 153,564 166,350 758
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Appendix D

Table 2. Tucannon spring chinook salmon spawning crosses at
Lyons Ferry FH, 1991

DEAD LVE TOTAL Hatoh

DATE  ORIGIN FEMALE AGE #IMALE AGE #2MALE AGE EGGS EGGS EGGS  oode
09HOM wid PMDF12 5 GIDFSS 4  @IDFA7T 4 16 4816 1,830 TAX78
0eMD/E1 wild 91DF13 5 DFa7 4 MDF2s 4 1654 1,002 2,058 OBXB.S5
09HOM1 wid @DF11 5 ©O1IDFSs 4  BIDF2? 4 182 2048 2,008 2BX7.E
08M 0/ wid 91DF12 5 e1DFaT 4 ®1DF38 4 27 2,001 2,028 TANB,7
06/10/81 wild 9IDF1Ia & OiDFES 4 OIDFS7 4 201 2820 9030 6BX58
00M0/81 wiid GIDF08 4 ©BIDF32 4  OIDF4 4 82 209 425 4EM4.3
00HOR1 wild GIDFO8 4 ©IDF4 4 oiDFR2 4 7 o4 635 4BNS4
00HOM1 wid GIDFO7 4 SIDRS?T 4  OIDFE 4 161 1124 1,085 EAXSS
" ooMOm1 wid GIDFO7 4 OIDF26 4 ©IDF7T 4 75 1,218 1,20 BAXES
00M701 wid SiDF?0 4 9iIDFE 4  BIDF@ - 24 1,811 1,335 3AX43
00H 7M1 wild SiDF®0 4 9IDF® - GIDFIE 4 87 1867  1.004 3AX34
0071 whd 9IDF2 &5 OIDFI8 4  OIDF9 - 178 1,309 1,485 4BX43
00/17/81 wiid S1IDF2R 5 9IDF19 -  @IDFi8 4 86 2272 2,580 4BX34
OBM7/01 wild MDFAN 4 @1DFiB8 ) P1DFi8 ] 153 1,280 1,438 2BX2.1
08/17/01 wild mDFa's B P1DF18 4 91DF18 4 £5 2,188 2223 1AX1,2
oeficet wild 21DFi1 ] 01DR27 ) P1DF36 & -~ ] 1,11 1,284 B8BX8,7
08M7/01 wid S1DF21 4 P1DF18 4 PI1DF16 4 200 1,360 1,560 2BX1.2
08f17/01 wild piDF23 ] P1DF15 4 91DF18 4 28 1,818 1,044 1AX21
0OHOMt wild MDFOR 4 0IDFR2 4  DBIDFI4 4 8 1388 1425 SANeS
0o/3Rt wid BIDF2 5 GIDF® 4 . -- - 58 1,808 1858 AXD
oIl wid PIDFOS 5  6IDFC 6 -- - 2,794 2865 BAC
08/03/81 wid @1DFO2 B 81DF30 8§ == - a8 2,048 2.117' AlC
00/03/01 wild #1DFO5 5 e1DF17 4 Q1DFe8 4 21 1,783 1,804 BXDC
06/03/01 wild 9IDFO4 &5 9IDFI?7 4  OIDF% 4 6 1668 2083 AXDC
08/03/91 wild @IDFoS & G1DFee 4  SIDF1I7 4 34 2745 277 BXCD
08/03/81 wild ®1DFO3 5 e10F2% 4 == - 80 2,72 2882 BXD
08/03/01 wid 21DF04 8 81DFes 4 B1DF17 4 a3 1,085 2,078 AXCD
08/10/01 wild M DF10 B e1DF39 L) 910F38 4 40 2185 2,205 2BX1,2
0071001 wid 91DF06 B 91DFY 4 91DF30 4 -] 1,214 1,300 1AX24
09/10/81 wild oiDFbe 4 9IDF4 4 @iDF32 4 a8 1,888 1,822 AANI4
0GHOM wild @IDFI0 5 6IDF6 4 DBIDR® 4 50 2611 2601 28X,
082701 wild PIDFOY 4  BiDRE 6 - . 881 9,104 3,405 WXW
010/ wild OiDFO8 5 $IDFR® 4 9IDFIA 4 25 1,041 1,867 1AM12
06/10/51 hatchery @IDER? 4 9IDESS 4 OIDEM4 4 ) &7 847 7AX08
00/10/81 hutuhery 9IDE28 4 OIDEM 3 _GIDE3 4 am 507 877 6BXB,6
06/10/81 hatchery e1DERT 4 HDEM 4 MDER 4 85 i,118 1,181 7AXB9
09/10/81 hatchery GIDE28 4 ©iDES4 4 @IDEE 4 243 197 54D BEXBS
09/24/81 hatehery 91DE47 4  SiDEde 3 9DE4E 4 8 1,772 1,781 1Ad21
09/24/81 hatohery @DE47 4 9IDE45 4 @iDEda & 20 1842 1002 1AXI2
08101 hatohery PIDE28 4 GIDES3 4  @IDES4 4 215 58 251 B8XD,8
08/10/61 hatohery 91DE2A 4 91DEaSs & 1DE37 4 233 4,888 1,621 1AX1,2
09/10/81 hatohery @DE21 4 GIDES? 4 OIDEs 4 158 783 1AXE,1
09/10/51 hatshery BIDE2? 4 @IDE3S 4 OIDES?T 4 1,10 284 1,394 28012
09/03/91 hatchety S$IDED8 4 9IDEDS 4 . . 278 1420 1,898 AXC
00/03/01  hatchery 9iDEO4 4  9IDEOT 4 - - 963 ] 288 BXD
08/03/91 hwichary SIDEC4 4  PIDECO 4 . . 190 1,213 1403 BXO
09/03/01 hatohery @DECS 4  OIDEOY 4 -- . 1,88 0 1389 AXD
06/101 hatchery 9IDEZz 4 9IDEI? 4 GIDEMS 4 734 180 920 2BX2,1



Appendix D

Table 2. continued.
08/10/01 hatchesy PIDE25s 4 9IDE30 4 OIDEM 3 7 1,843 1,022 5AXS,8
06/10/01 hatohery OIDE25 4 9IDEM 3 9IDE3D 4 67 1,147 1,214 S5AX6,5
09/40/01 hatohery 9IDE26 4 91DES0 4 G1DE31 8 800 893 1,302 6BXB,8
09/10/51 hatehery 91DE24 5 9iDE32 4 SIDE3S 4 433 o87 1,400 4BX4,3
09/10/01 hatchety 9i1DE23 4 OIDES5 4 @I1DESZ 4 609 1,483 2,072 SAXS,4
09/10/91 hatehery oIDE2S 4 OIDE32 4 9IDESS 4 204 4N 875 3AXAS
00/10/91 hatohery 9IDE24 B 9IDEIS 4 O1DE32 4 447 1,208 1,652 4BX3.4
11,679 70,898 91,278
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Appendix D

Table 3.
Lyons Ferry FH, 1990.

Tucannon spring chinook salmon spawning crosses at

FEMALE MALE
R — EXPER. LWVE DEAD TOTAL NUMBER
DATE TAKE ORIGIN GBI AGE ORIGIN GB8! AGE GROUP EGGS EGGS EGGS PONDED
04Sep 2 Hat GOAMO4 4  Hat  BOAMI® Hat. 1 2808 2807 .t
04Sep 1 Hat S0AMO3 4 Hat. S0AMI7 4  Hat 2,203 897 2,990 2,189
04Sep 5 Hat 9CAMO7 4 Hat GOAMIZ 4  Hat 1408 1,848 3,254 1,338
O4Sep 7 Hat 90AMOB 4 Hat  -- Hat. 4 3,007 3,101 -8
O4-8ep S Hat SOAMOS 4 Hat S0AM27 4  Hat 81 1,31 1,962 ]
04-Sep 4 Hat GOAMOS 4 Hat 9CAM23 4  Hat 525 2,309 2,724 280
11-Sep 2 Hat SOAMIC 4  Hat - Hat 478 1,262 1,737 282
118ep 5 Hat G0AMI1 4 Hat S0AMd4 4  Hat 2 1,810 1,821 2
118ep 6 Hal ©G0AMIE 4 Hat  :=- - Hat. 833 1,248 2,081 756
11-8ep 4 Hat ©0AMI2Z 4 Hat  BOAMAS Hat. 1,022 1,340 2,302 734
11-8ep 7 Hat ©0AMI5 4 Hat BOAM39 4  Hat 2,201 131 2,332 2,115
11-8ep 1 Hat BOAMOB 4 Hat BOAM28 4  Hat 1,105 g58 2,083 1,033
11-8ep 6 Hat ©0AMI4 4 Hat B0AM25 4  Hat 2,405 872 3,337 1,881
11.88p & Hat S0AMI3 4  Hat  -- Hat. 2282 2271 4,553 1,081
18Sep 4 Hat ©0AM23 4 Hat ©90AM32 4  Hat 8,401 125 3,818 3,802
1868ep 5 Hat OCAM24 4 HaL ©OAMI3 3  Hat 883 1,518 2,381 400
18Sep & Hat 90AM22 4 Hat ©0AMST 4  Hat 2,881 03 2,754 2,570
18-8ep 1 Hat 90AM20 4 Hat 90AM20 4  Hat i,088 218 2,188 740
188ep 2 Hak BOAM21 4 Hat GOAM30 3  Hat 8,384 109 2,493 3,210
21-Aug 1 Hat  90AMDZ 48 Mixed -- Mixed 1,638 1,027 3,565 1,577
28-Aug 1 WId B0ALOT 4 3WiId -- Mixed 4,638 327 4,963 4,625
04.8sp B WiId QOALO2 4 Hat  -- Mixed 2,366 1,004 8,450 2,008
25Sep 1 S0AM3S 4  Mbxed -- Mixed
25Sep 1 POAM3E 4§ Mbed 90AMSS 4  Mixed
25-Sep 1 SHat DOAM37 4  Mixed 9Q0AL4S 4  Mixed 7017 197 8,588 5,867
O4-Sep 17 Wild S0ALO® & Wid ©90AL28 4  WIid 5,408 219 5,827 4,927
04-8ep 11 WiId S0ALD3 4 Wid ©0ALt4 - Wid 3,000 188 3,167 2,748
O4-Bep 18 Wid ©OALI0 & Wid GOALSC -  Wid 3,748 485 4,234 9,587
04-Sep 14 WId BOALOS 4 Wid GO0AL32 4  Wid 0 4468 4,468 o
04-Sep 21 Wid S0ALI3 4 Wid 90AL24 4 Wid 2,077 1,280 3,338 1,080
04-Sap 16 Wid GOALOE 4 WiId  -- Wiid 2,813 465 3278 2,800
04Sep 13 Wid OCALOS 5 Wid ©e0AL26 5  Wid 2,800 1,382 4,132 2,333
048ep 19 Wid SOAL11 4 Wid GDALAS 4  Wild 2,420 457 2,886 2,256
O4Sep 15 Wid 90ALO? 5 Wid - Wild 3,385 542 3,007 5,282
04-Sep 20 Wid 9OAL1Z 5 Wid .. Wwild 882 4,287 4,950 5a1
04-Bep 12 WId 90ALO4 5 WId ©OAL2E -  Wid 3,843 1,267 5,110 3,443
11-8ep 23 Wid 90ALIE 5 Wid OQ0AL2e 4 Wid 3,400 841 4,131 3,328
i1-8ep 24 WId QOAL20 5 Wid  -- Wid 3,632 104 3,738 8,854
118ep 20 WId 90ALIE 5 Wid -- Wwiid a12¢e 238 3,384 3,004
11-6sp 25 WId G0AL21 4 Wid -- Wiid 87 3,393 3,480 87
11-8ep 27 Wid ©G0AL2S 4 Wid GOALST - Wid 3,601 151 3,842 3,521
11-8sp 26 Wid 90AL22 4 Wid -- Wild 2,081 802 8,265 4,157
118ep 21 Wid ©0AL1?7 4 Wid SQOALIS B8  Wid 3,208 595 3,801 3202
11Sep 22 Wid SO0ALIE & Wid B0AL27 4  Wid 3,810 305 3,915 3,430
05,608 51,787 147,398 80,505
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APPENDIX E

Table 1. Summary of salmon yearling releases for the Tucannon
River, 1985-1991 brood years °
Brood Parents ~ _Release dates Numbezr No. Fish/ CWT
year male female mon/day Yr. Released lbe. pound code
1985 4 5 4/6-10 87 12,922 2,172 6 63-34-42
1986 43 49 3/7 88 13,328 1,333 63-~33-25
. Bl2 51 ad only
12,095 1,209 63-41-46
465 47 ad only
13,097 1,310 63-41-48
503 50 ad only
4/13 88 37,893 3,789 63~33-25
1,456 146 ad only
34,389 3,439 63-41-46
1,321 132 ad only
37,235 3,723 63-41-48
1,431 144 ad only
153,725 15,373 10
1987 35 48 4/11-13 89 151,100 16,789 63-49-50R6
1,065 118 ad only
152,165 16,907 9
1988 b41 49 3/30-4/10 90 68,591 6,236 63-55=01R3
3,007 273 ad only
70,459 6,405 63-01-42R3
3,089 281 ad only
146,235 13,295 11
1989 °31 37 4/1-12 91 75,661 8,407 63-14-61R3
989 110 ad only
22,118 2,458 63-01-31R6
289 32 ad only
99,057 11,007 9
1990 °33 19 3/30-4/10 92 51,149 4,649 63-40-21 ¢
19 21,108 1,924 63-43-11 °
6 13,480 63-37-25
85,797 7,798 11
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Appendix E. Table 1. (Continued).

Brood Farents Release datsz Number No., Fian/ CWT
ysar male female mon/day Yr. Released lbs. pound code
1991 11 11 4/6-4/12 93 16,745 1,116 63-46-47 |
807 54 ad only
17 17 55,716 3,714 63-46-25 ¢
790 53 15 ad only
74,058 4,937

® Some numbers of fish released have been corrected from those reported in

Bugert et al., 1992.

* Includes hatchery and wild adults in the spawning; gametes were pooled.

* Began the controlled matings study, some males were used more than once but
matings were Kept separate by origin of fish, except in the mixed group.

4 Wild cross progeny have blank-wire tags in right cheek.

¢ Hatchery cross progeny have blank-wire tags in left cheek.

/ Hatchery cross progeny have red elastomere tags behind right eye.

* Wild cross progeny have red elastomere tags behind left eye.
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APPENDIX F

Contribution of 1986-1989 broods Tucannon spring chinook
salmon to various fisheries and returns to the hatchery weir.
Returns for 1991 and 1992 fisheries were not available at time of
printing and will be updated in subsequent annual reports.

Table 1. Recoveries of 1985 brood salmon released from Tucannon
FH on 6 to 10 April 1987. Tagcode was 633442. Mark rate was
100% (12,922 total released). Size of fish at release was 9 fpp.

Yeax Observed
Recovery location and agency recoveries
1988

Tucannon FH, WDF 9
Tucannon spawning grounds, WDF 0
1989

Test Fishery Net - ODFW 1
Tucannon FH, WDF 23
Tucannon spawning grounds, WDF 0
Totals for tagcode 633442: 33

Table 2. Recoveries of 1986 brood salmon released from Tucannon
FH on 7 March and 11 to 13 April 1988. Tagcode was 634146. Mark
rate was 96.30% (46,484 out of 48,270 total released). Size of
fish at release was 10 fpp.

Year Observed
Recovery lcocation and agency recoveries
1989

Tucannon FH, WDF 20
Tucannon spawning grounds, WDF 0
1990

Test fishery net, ODFW 1
Treaty ceremonial, ODFW 1
Tucannon FH, WDF 19
Tucannon spawning Grounds, WDF 5
1991

Tucannon FH, WDF 1
Tucannon spawning Grounds, WDF 2
Totals for tagcode 634146: 49
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Appendix F, continued.

Table 3. Recoveries of 1986 brood salmon released from Tucannon
FH on 7 March and 11 to 13 April 1988. Tagcode was 634148. Mark
rate was 96.30% (50,332 out of 52,266 total released). Size of
fish at release was 10 fpp.

Year Observed
Recovery location and agency recoveries
1989

Tucannon FH, WDF 33
Tucannon spawning grounds, WDF 1
1990

Freshwater Sport-Kalama R. (May 2),WDF 1

Treaty ceremonial, ODFW 1
Ocean Troll (Non-treaty), CDFO 1
Tucannon FH, WDF 17
Tucannon spawning grounds, WDF 11
1991

Tucannon FH, WDF 2
Tucannon spawning grounds, WDF 1
Totals for tagcode 634148: 67

Table 4. Recoveries of 1986 brood salmon released from Tucannon
FH on 7 March and 11 to 13 April 1988. Tagcode was 633325, Mark
rate was 96.30% (51,221 out of 53,189 total released). Size of
fish at release was 10 fpp.

Year Observed
Recovery location and agency recoveries
1983

Treaty Troll-AREA 4B(Nov. 28), WDF 1
Tucannon FH, WDF 21
Tucannon spawning grounds 0
1990

Tucannon FH, WDF 22
Tucannon spawning Grounds, WDF 10
1991

Tucannon FH, WDF 1
Tucannon spawning grounds 0
Totals for tagcode 633325: 55
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Appendix F, continued.

Table 5. Recoveries of 1987 brood salmon released from Tucannon
FH from 11 to 13 April 1989. Tagcode was 634950. Mark rate was
96.30% (146,535 out of 152,165 total released). Size of fish at
release was 9 fpp.

Jear Observed
Recovery location and agency recoveries
1990

Tucannon FH, WDF 5
Tucannon spawning grounds 3
199]

Tucannon FH, WDF _ 45
Tucannon spawning grounds, WDF 20
1992

Treaty Ceremonial, ODFW 1
Tucannon FH, WDF 3
Tucannon spawning grounds, WDF 5
Totals for tagcode 634950 79

Table 6. Recoveries of 1988 brood salmon released from Tucannon
FH from 3 March to 10 April 1990. Tagcode was 630142. Mark rate
was 95.80% (70,459 out of 73,548 total released). Size of fish
at release was 11 fpp.

Year Observed
Recovery location and agency reccveries
1990

Fish Trap-Snake River (Aug. 31), WDF 1l
1991

Tucannon FH, WDF 25
Tucannon spawning grounds, WDF 4
1992

Test Fishery Net, ODFW 1
Treaty Ceremonial, ODFW 3
Tucannon FH, WDF 19
Tucannon spawning grounds, WDF 47
Totals for tagcode 630142: 100
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Appendix F, continued.

Table 7. Recoveries of 1988 brood salmon released from Tucannon
FH from 3 March to 10 April 1990. Tagcode was 635501. Mark rate
was 95.80% (68,591 out of 71,598 total released). Size of fish
at release was 11 fpp.

Year Observed
Recovery location and agency recoveries
1990

Hatchery, IDFG 1
1991

Tucannon FH, WDF 12
Tucannon spawning grounds, WDF 0
1992

Test Fishery Net, ODFW 1
Treaty Commercial, ODFW 2
Tucannon FH, WDF 19
Tucannon spawning grounds, WDF 39
Totals for tagcode 635501: 74

Table 8. Recoveries of 1989 brood salmon released from Tucannon
FH from 1 to 12 April 1991. Tagcode was 631461. Mark rate was
98.71% (75,661 out of 76,650 total released). Size of fish at

release was 9 fpp.

Year Observed
Recovery location and agency recoveries
1992

Tucannon FH, WDF
Tucannon spawning grounds, WDF
Totals for tagcode 631461:

N

Table 9. Recoveries of 1989 brood salmon released from Tucannon
FH from 1 to 12 April 1991. Tagcode was 630131. Mark rate was
98.71% (22,118 out of 22,407 total released). Size of fish at
release was 9 fpp.

Year Observed
Recovery location and agency recoveries
1992

Totals for tagcode 630131: 0
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APPENDIX @

Table 1. Comparison of daily minimum and maximum stream
temperatures in the Tucannon River near the confluence of
Cummings' Creek, outlets of Big Four, Beaver/Watson and Deer Lake
and at Bridge 14 from 8 October, 1991 to 24 February, 1993.
Temperatures are in degrees Fahrenheit.

BIG BEAVER DEER CUMMINGS BRIDGE
FOUR WATSON LAKE CREEK 14
DATE MIN MAX MIN MAX MIN MAX MIN MAX MIN MaX
08-0Oct - 53 - 52 - 53 - b5
09-0Oct 47 53 47 52 47 53 48 53

10-0Oct 48 54 48 53 48 55 50 55
11-Oct 49 55 49 54 49 56 51 55
12-0Oct 50 55 49 54 50 56 51 55
13-0ct 48 53 47 52 48 53 51 53
14-0Oct 48 53 47 53 47 53 49 53
15-0ct 49 55 48 54 48 55 50 55
16-0Oct 51 54 50 53 50 55 52 55
17-0Oct 46 51 46 51 48 51 48 53
18-0ct 44 49 44 49 44 50 46 50
19-0Oct 47 51 47 51 47 52 49 52
20-0ct 46 51 46 51 46 52 47 52
21-0Oct 49 53 48 52 48 53 50 54
22-0ct 45 49 44 46 44 46 46 49
23=-0ct 46 47 45 49 46 50 46 49
24-0ct 46 47 45 47 46 48 47 49
25-0ct 46 46 45 48 46 48 47 49
26-0Oct 47 48 46 48 46 48 47 49
27-0ct 44 46 43 48 44 46 45 47
28-0ct 43 45 43 44 43 45 43 45
29-0ct 42 44 41 43 42 44 43 44
30~0ct 39 42 39 42 38 42 39 42
31-0ct 41 42 40 42 41 42 41 42
01-Nov 42 45 41 44 41 44 42 44
02-Nov 38 42 39 41 37 42 39 41
03-Nov 39 43 39 42 38 42 39 42
C4-Nov 42 46 42 46 42 47 42 46
05-Nov 45 47 45 46 46 48 46 48
06-Nov 45 47 44 46 44 47 46 48
07-Nov 43 47 42 46 43 47 44 47
08-Nov 46 49 45 46 46 49 46 49
09-Nov 46 48 46 48 46 49 47 49
10-Nov 45 48 45 48 45 48 46 49
1i-Nov 45 46 44 48 44 49 46 49
12-Nov 46 47 46 47 49 50 49 47
13-Nov 45 48 44 48 44 49 46 49
14-Nov 44 46 44 45 44 46 45 47
15-Nov 45 45 40 44 41 44 42 45



Appendix G, continued.

BIG BEAVER DEER CUMMINGS BRIDGE
FOUR WATSON LAKE CREEK 14
DATE MIN MAX  MIN MAX MIN MAX MIN MAX  MIN MAX

16-Nov 40 44 39 43 39 44 41 44 - =
17-Nov 44 46 43 45 44 46 44 46 - -
18-Nov 43 45 43 45 43 45 44 46 - -
19-Nov 43 45 42 45 42 46 43 46 - -
20-Nov 44 46 45 46 45 46 46 47
21-Nov 43 44 42 44 43 45 43 45
22-Nov 41 43 40 42 41 43 42 43
23-Nov 41 43 39 42 40 43 41 44
24-Nov 43 45 42 44 43 45 43 46
25=-Nov 44 46 46 47 45 46 45 46
26~Nov 44 45 46 46 44 45 44 46
27-Nov 42 44 42 44 42 45 43 46
28-Nov 43 44 42 44 43 44 43 45
29-Nov 42 43 41 42 41 43 42 43
30=Nov 40 42 39 42 40 42 41 43
01-Dec 42 44 41 44 42 44 42 45
02=Dec 44 44 43 44 44 45 44 45 - -
03-Dec 43 46 43 45 43 46 44
04-Dec 44 46 44 45 44 46 45 46 -
05-Dec 44 46 44 46 44 46 46 47 -
06=Dec 45 45 45 46 46 46 46 47 -
07=-Dec 45 45 43 44 44 46 45 46 -
08-Dec 45 46 44 45 45 46 45 46 -
02-Dec 45 47 44 46 45 47 45 48 -

i
o
|
i

10-Dec 44 45 42 44 43 46 44 46

11-Dec 44 46 42 44 43 46 44 46

12-Dec 44 46 43 44 44 45 45 46 -
13-Dec 43 46 42 43 42 44 43 45 - -
14~-Dec 42 43 41 42 41 42 42 43 - -
15-Dec 41 42 39 41 40 42 41 42 - -
16-Dec 41 42 40 41 40 42 41 44 - -
17-Dec 41 42 39 40 40 41 41 42 - -
18=-Dec 41 44 40 43 41 44 42 44 - -
19-Dec 41 43 40 42 41 43 42 44 - -
20-Dec 39 41 38 40 39 41 40 42 - -
21-Dec 40 43 37 42 40 42 41 44 - -
22-Dec 42 45 42 43 42 44 43 44 = -
23-Dec 43 44 42 42 42 44 44 44 - -
24-Dec 42 44 41 42 42 43 43 44 - -
25-Dec 42 43 41 42 42 42 43 43 - -
26=-Dec 42 44 41 43 41 43 42 44 - -
27-Dec 43 44 42 43 42 44 43 45 - -
28-Dec 42 43 41 42 42 43 43 44 - -
29-Dec 41 43 40 42 41 42 42 43 - -
30-Dec 42 44 42 43 42 44 43 45 - -



Appendix G, continued.

BIG BEAVER DEER CUMMINGS BRIDGE
FOUR WATSON LAKE CREEK 14
DATE MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX

Q
rd
1
o
o
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-
N
L)
[+ 2]
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o
W
o
'
[
oo
(=]
o
N
1
I

05-Jan 41 43 40 42 41 42 42 44 -
06=-Jan 41 43 40 42 41 42 42 43 -
07-Jan 40 42 39 40 39 41 41 42 -
08=-Jan 38 40 37 39 37 39 39 41 - -
09-Jan 39 42 38 40 39 41 40 42 - -
10-Jan 41 43 39 41 40 42 40 43 - -
11-Jan 41 42 40 41 41 42 42 43 - -

22=Jan 39 42 37 40 38 41 39 42 -
23-Jan 42 45 40 44 42 45 42 46 -



Appendix G, continued.

BIG
FOUR
DATE MIN MAX
14-Feb 44 47
15-Feb 44 45
16-Feb 41 45
17-Feb 41 45
18=-Feb 42 44
19-Feb 44 48
20-Feb 45 46
21-Feb 44 46
22-Feb 44 46
23-Feb 42 46
24-Feb 44 48
25-Feb 45 48
26-Feb 43 47
27-Feb 43 47
28-Feb 44 47
29-Feb 44 47
0l-Mar 44 46
02-Mar 43 47
03-Mar 45 46
04-Mar 43 47
05-Mar 43 48
06-Mar 44 48
07-Mar 46 47
08-Mar 43 48
09-Mar 42 48
l10-Mar 42 48
ll-Mar 42 49
l2-Mar 43 50
13-Mar 44 51
l4-Mar 44 51
15-Mar 46 50
l6-Mar 45 i8
17-Mar 46 48
18-Mar 44 48
19-Mar 42 48
20-Mar 42 49
21-Mar 42 49
22-Mar 45 49
23-Mar 42 50
24-Mar 43 51
25=-Mar 43 53
26-Mar 44 49
27-Mar 46 49
28-Mar 42 49
29-Mar 42 49

CUMMINGS

BEAVER DEER BRIDGE
WATSON LAKE CREEK 14
MIN MAX MIN MAX MIN MAX MIN MAX
42 46 43 47 44 48 - -
42 43 43 44 44 45 - -
40 43 40 44 41 44 - -
40 44 40 44 41 45 - -
41 42 41 44 42 45 - -
42 46 44 47 44 47 - -
44 45 45 46 46 47 - -
42 45 43 46 44 47 - -
43 45 44 46 45 47 - -
41 45 42 46 43 46 - -
44 46 44 48 45 48 - -
44 46 44 47 46 48 - -
42 46 43 47 44 47 - -
42 46 43 48 44 48 - -
43 46 44 47 45 47 - -
44 46 44 47 45 47 - -
43 45 44 46 45 47 - -
42 46 43 48 44 48 - -
44 46 45 46 46 47 - -
42 47 43 48 44 48 - -
42 48 43 48 44 49 - -
42 47 43 49 44 49 - -
45 46 46 48 46 48 - -
42 48 43 49 44 48 - -
41 46 42 48 43 48 - -
41 47 42 48 43 48 - -
41 48 42 49 43 49 - -
42 50 43 51 43 48 - -
43 51 44 52 43 49 - -
44 51 45 52 44 50 - -
46 49 47 51 46 49 - -
44 48 46 47 44 47 - -
45 48 46 4° 44 47 - -
43 48 44 49 43 47 - -
42 48 42 49 41 47 - -
42 49 43 50 41 48 - -
41 48 42 50 40 47 - -
45 52 46 53 46 50 42 50
43 51 43 51 44 50 42 51
43 52 §4 53 44 51 43 52
43 52 44 53 44 52 44 51
44 50 45 51 46 51 44 50
46 50 46 50 46 51 40 49
42 50 42 51 42 49 41 48
42 50 42 51 43 49 43 53
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Appendix G, continued.

BIG BEAVER DEER CUMMINGS BRIDGE

FOUR WATSON LAKE CREEK 14
DATE MIN MAX' MIN MAX MIN MAX MIN MAX MIN MAX
30~Mar 43 52 44 53 44 54 45 52 44 54
31-Mar 44 53 45 53 46 55 46 54 45 55
01-Apr 45 54 46 53 46 55 46 55 46 56
02-Apr 46 55 46 55 48 58 48 56 47 53
03-Apr 46 52 47 53 48 54 49 53 46 52
04-Apr 46 50 46 53 47 53 47 52 42 49
C5-Apr 43 49 44 50 44 50 44 50 42 48
06-Apr 42 48 42 48 43 49 44 49 40 46
07=-Apr 41 46 41 46 42 47 42 47 40 45
08=-Apr 41 44 41 45 42 46 42 46 44 47
09-~Apr 44 46 44 48 45 48 46 49 44 47
10-apr 45 48 45 48 47 50 47 49 42 49
1l1-Apr 43 48 44 49 44 50 45 50 45 49
12-Apr 46 49 46 49 48 51 48 50 45 52
13-Apr 46 52 46 53 48 54 48 53 44 52
14-Apr 45 50 45 51 46 54 46 53 44 51
15-Apr 45 51 45 51 46 53 46 52 47 51
16-Apr 47 51 48 52 49 53 49 53 46 50
17-Apr 47 49 47 50 48 55 48 51 45 51
18-Apr 46 51 46 53 47 b3 48 53 43 52
19-Apr 44 52 44 53 46 54 46 53 45 52
20-Apr 46 53 46 54 47 54 48 54 45 49
21-Apr 46 49 46 49 49 55 48 53 43 51
22-Apr 44 50 44 51 46 53 46 51 41 49
23-Apr 42 48 42 51 44 53 44 51 42 52
24-Apr 43 53 43 54 44 52 45 53 46 56
25=-Apr 46 56 46 58 48 55 48 57 47 56
26=-Apr 47 57 48 58 49 59 50 58 49 56
27-Apr 48 55 49 57 50 59 51 57 49 56
28=Apr 48 55 49 57 50 58 51 57 49 55
29-Apr 49 54 49 55 50 58 52 57 49 54
30-Apr 48 53 48 55 51 57 50 55 45 53
01-May 45 53 45 55 47 56 48 55 45 55
02-May 45 55 45 57 47 56 48 57 47 57
03-May 46 57 47 60 48 58 49 59 48 58
04-May 47 59 48 61 48 60 50 60 49 59
05-May 48 59 49 61 49 61 51 60 50 60
06-May 48 60 50 62 48 62 52 62 51 61
07-May 50 61 51 63 51 63 53 63 51 55
08-May 50 54 50 55 b2 64 53 56 48 55
09-May 48 54 48 56 50 56 51 55 49 56
10-May 49 55 49 57 50 57 51 57 46 54
1l1-May 46 55 46 57 48 58 48 55 44 53
12-May 44 53 44 55 46 57 46 54 46 56
13-May 47 57 47 48 46 56 49 57 48 59
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Appendix G, continued.

26

BIG BEAVER DEER -
FOUR WATSON LAKE
MIN MAX MIN MAX MIN - MAX
48 60 48 60 49 59
50 59 50 59 49 62
47 59 48 60 49 62
46 57 48 59 49 62
b1 62 52 60 50 61
52 59 53 59 54 65
53 60 51 60 54 62
47 58 48 59 49 62
48 60 48 60 59 61
51 63 52 59 50 63
52 65 53 63 53 66
53 66 53 64 55 68
56 63 54 62 55 69
52 64 51 62 53 66
52 61 51 61 53 66
53 64 53 64 54 64
52 64 51 63 54 66
54 66 52 64 55 67
52 65 53 63 55 69
55 66 55 64 56 69
52 61 51 60 53 69
51 62 50 61 53 64
53 64 52 62 53 66
52 63 51 62 54 67
53 64 b2 61 55 68
53 66 b2 62 54 67
54 €6 53 61 58 70
54 €5 54 61 55 69
57 63 56 60 56 68
53 59 53 59 58 66
53 58 51 58 54 58
51 53 50 53 52 62
51 54 50 53 52 56
53 59 52 57 53 56
52 66 52 62 53 61
54 68 55 58 54 69
55 69 55 59 57 71
56 68 56 59 58 72
57 70 57 60 58 71
58 71 58 62 59 73
59 73 59 63 60 75
59 73 60 63 61 76
60 70 60 62 62 77
60 69 60 63 62 74
59 72 59 62 61 73

CUMMINGS BRIDGE
CREEK
MIN MAX MIN MAX
50 60 50 59
52 59 48 59
50 59 49 58
51 59 52 63
55 63 53 60
55 61 53 60
53 60 - -
50 58 - -
50 60 - -
53 63 - -
55 65 - -
56 66 - -
58 64 - -
54 63 - -
55 62 - -
56 64 - -
55 63 - -
55 65 - -
57 66 61 72
59 65 53 61
54 61 52 62
53 62 54 65
56 64 53 65
55 64 54 66
55 64 54 67
55 66 55 66
57 65 55 66
57 65 58 63
59 63 54 60
55 61 52 59
54 59 51 55
52 55 51 55
53 55 53 60
54 59 53 65
54 64 55 68
57 66 57 6S
58 67 58 69
59 67 58 71
59 68 60 72
60 71 60 73
61 72 61 73
62 72 62 73
63 71 62 74
63 70 61 73
62 71 62 67



Appendix G, continued.

BEAVER

. WATSON
DATE MIN MAX MIN MAX
28-Jun 59 64 60 62
29=Jun 59 66 59 64
30-Jun 56 65 56 63
0l-Jul 57 60 b6 59
02-—-Jul 56 66 56 62
03-Jul 56 64 57 62
04-Jul 57 62 57 62
05-Jul 55 64 56 6l
06=-Jul 54 65 55 61
07-Jul 55 62 55 60
08-Jul 55 67 55 61
09=-Jul 55 66 55 61
10-Jul 55 59 55 60
11-Jul 56 60 56 59
12=-Jul 54 65 54 60
13-Jul 55 66 56 60
14-Jul 55 69 56 60
15=-Jul 54 68 55 60
16-Jul 54 69 55 61
17-Jul 56 71 57 61
18-Jul 57 69 59 61
19-Jul 59 66 60 63
20-Jul 57 62 58 61
21-Jul 57 68 58 62
22=-Jul 57 60 58 62
23-Jul 56 58 56 58
24-Jul 56 61 55 60
25=-Jul 55 68 55 61
26-Jul 56 70 57 61
27=-dJul 55 69 57 61
28-Jul 55 68 57 61
29-Jul 56 70 57 61
30-Jul 57 71 58 61
31-Jul 57 71 59 61
01-Aug 59 71 60 62
02-Aug 57 71 59 62
03-Aug 56 69 58 62
04-Aug 55 68 57 62
05-Aug 55 66 57 62
06-Aug 55 62 57 60
07-Aug 56 66 57 62
08-Aug 55 66 57 62
09-Aug 54 66 55 61
10-Aug 54 68 56 61
1l-Aug 56 69 57 61

DEER
LAKE
MIN MAX
61 76
60 68
58 69
58 67
57 62
57 69
58 68
57 66
56 66
56 66
56 64
56 68
56 66
56 63
55 62
56 67
55 69
56 71
56 71
56 72
58 74
60 72
59 71
59 66
59 70
58 63
57 59
56 64
56 71
56 73
55 72
55 71
58 73
59 73
60 74
60 74
58 73
57 71
57 71
57 70
57 64
b6 69
55 68
55 69
56 70

CUMMINGS BRIDGE
CREEK
MIN MAX MIN MAX
64 66 60 67
60 66 57 67
59 65 58 62
60 61 57 66
58 65 58 65
59 64 58 64
59 64 56 66
58 64 56 67
57 63 56 62
57 62 56 66
57 64 56 68
57 66 56 64
57 62 57 63
58 61 55 65
56 64 57 67
58 65 57 69
59 66 56 69
57 66 56 69
57 67 58 72
59 69 59 70
60 68 62 71
63 68 59 66
60 65 59 71
60 66 59 63
60 63 56 59
57 60 55 64
57 62 55 68
58 66 57 70
59 68 57 70
59 58 57 69
58 66 54 71
59 68 58 72
59 68 60 72
60 70 61 72
62 70 59 71
60 69 58 70
58 66 57 69
57 64 56 66
57 62 56 63
57 65 56 68
57 64 56 66
56 64 55 67
56 66 55 69
58 67 57 71
60 69 59 71



Appendix G, continued.

- - S . S e e e e e - e e ..

BIG BEAVER DEER CUMMINGS BRIDGE

FOUR WATSON LAKE CREEK 14
DATE MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
12-Aug 57 70 59 61 58 72 63 71 62 73
13-Aug 60 71 61 62 59 73 62 71 60 79
14-Aug 59 71 60 62 61 75 65 70 65 75
15-Aug 60 69 60 62 62 75 63 70 62 70
16-Aug 58 67 58 62 61 72 63 67 60 71
17-Aug 58 66 58 62 60 71 62 70 60 68
18-Aug 57 69 57 62 60 68 62 68 59 71
19-Aug 57 67 57 62 60 71 61 68 59 69
20-Aug 57 68 57 62 59 70 61 64 58 69
21-Aug 57 64 57 62 59 70 57 62 b9 63
22-Aug 54 59 b2 58 58 66 54 59 54 59
23=-Auyg 52 58 51 57 53 58 52 59 51 60
24-Aug 49 60 47 59 50 60 52 60 50 60
25-Aug 49 61 48 60 50 62 54 62 50 61
26-Aug 50 63 49 60 51 62 56 62 51 64
27-Aug 52 63 51 59 52 65 57 63 53 64
28-Aug 53 63 53 60 54 65 55 62 55 64
29-Aug 52 62 51 59 53 65 56 62 53 63
30-Aug b2 62 51 59 53 64 57 62 54 63
31-Aug 53 62 52 59 55 64 57 64 54 64
01-Sep 53 64 52 59 55 63 57 64 54 65

02-Sep -~ - 53 59 55 66 56 63 55 65
03-Sep - - 51 59 54 66 58 62 54 64
04-Sep ~ - 54 58 54 64 55 60 56 63
05-Sep - - 51 58 53 63 52 57 53 60
06-Sep - - 48 55 51 61 59 57 50 58
07-Sep - - 46 55 48 58 54 60 48 58
08-Sep - - 50 57 48 58 53 59 52 60
09-Sep - - 49 57 52 62 54 60 51 61
10-Sep - - 50 57 52 62 56 62 52 61
1i-Sep - - 52 57 52 62 55 59 54 63
12-Sep - - 51 55 54 65 51 55 53 59
13-Sep - - 48 54 51 59 50 55 50 56
14-Sep - - 46 53 48 57 53 54 48 55
15-Sep - - 50 52 48 56 51 57 51 53
16-Sep - - 48 55 50 55 52 57 50 58
17-Sep - - 49 55 50 60 52 57 51 58
18-Sep - - 46 54 48 59 54 59 48 57
19-Sep - - 48 55 48 57 - - 50 58
20-Sep - - - - 53 59 - - 52 60
21-Sep -~ - - - 54 62 - - 53 62
22-Sep - - - - 55 64 - - 54 63
23-Sep - - - - 59 68 - - 55 62
24-Sep - - - - 59 68 - - 52 57
25-Sep - - - - - - - - 51 56



Appendix G, continued.

BIG

DATE MIN MAX
26-Sep - -

27-Sep - -

28-8ep - -

29-Sep - -

30-Sep 51 55
01-Oct 49 55
02-0Oct 49 54
03-0ct 50 51
04-0ct 47 51
05-0ct 44 49
06-0ct 43 48
07-0Oct 41 47
08-0Oct 45 49
09-0Oct 44 49
10-0Oct 43 49
11-Oct 44 50
12-0Oct 44 48
13-0ct 45 49
14-0Oct 42 45
15-0Oct 40 43
16=-0Oct 40 44
17-0Oct 43 48
is-Oct 44 48
18-0ct 46 49
20-0ct 44 48
21-0Oct 45 47
22-0Oct 44 47
23-0ct 44 48
24-0ct 43 47
25-0Oct 43 47
26=0ct 43 47
27=-0ct 41 44
28-Cct 41 44
29-Cct 43 45
30-0ct 42 44
31-0Oct 42 44
01l-Nov 43 45
02-Nov 41 43
03-Nov 40 41
04-Nov 39 42
05-Nov 42 43
06-Nov 40 43
07-Nov 42 43
08-Nov 41 42
09-Nov 40 41

BEAVER DEER
WATSON LAKE
MIN MAX MIN MAX
52 53 - 58
50 53 51 58
50 b3 51 57
51 52 .52 55
48 51 49 53
46 49 46 51
45 48 45 50
43 47 43 49
46 49 47 52
46 49 46 51
45 49 44 51
46 50 47 53
46 49 46 51
47 48 48 bl
45 48 44 48
42 45 41 46
42 45 41 46
45 48 45 50
46 49 46 50
48 49 48 52
46 49 46 51
47 48 47 49
46 48 46 49
47 48 46 50
45 48 45 49
45 47 45 49
45 47 44 49
43 46 42 46
43 45 42 45
45 46 45 47
44 46 44 46
44 45 44 46
45 46 45 46
43 45 44 46
41 43 41 44
41 45 41 43
43 44 43 45
42 44 42 44
44 44 42 45
43 44 40 43
41 43 39 43

CUMMINGS BRIDGE
CREEK
MIN MAX MIN MAX

- - 50 56
- - 51 57
- - 49 57
- - 50 59
54 57 52 60
b3 58 54 61
53 57 54 60
54 55 54 56
51 54 51 56
49 53 49 55
48 51 47 54
46 50 45 53
49 52 48 54
49 52 47 54
48 52 47 55
49 53 49 56
49 53 49 55
49 53 50 55
46 49 46 51
43 47 44 48
43 46 44 48
46 49 47 52
43 50 48 52
49 51 50 54
48 51 48 54
48 50 49 52
47 50 47 53
47 50 48 54
46 49 46 53
46 49 47 53
46 48 46 51
44 47 44 50
44 456 44 48
45 47 46 49
45 47 46 49
44 46 45 43
46 47 47 49
45 46 45 48
42 45 43 46
42 44 43 46
44 46 44 47
43 45 43 47
45 46 45 48
44 45 44 46
42 44 42 44



Appendix G, continued.

BIG
FOUR
DATE MIN MAX
10-Nov 37 40
11-Nov 38 40
12=Nov 40 42
13-Nov 40 42
14~-Nov 40 41
15=Nov 40 41
16-Nov 39 40
17=Nov 40 42
18-Nov 39 42
19-Nov 39 40
20-Nov 38 40
21-Nov 37 38
22-Nov 37 39
23=-Nov 36 39
24=-Nov 33 36
25-Nov 33 34
26=-Nov 32 - 34
27-Nov 34 37
28-Nov 36 38
29-Nov 34 36
30-Nov 36 38
0l1l-Dec 35 37
02=Dec 36 38
03=Dec 32 36
04-Dec 32 33
05=Dec 32 32
Cé-DecC 32 32
07=Dec 32 36
08-Dec 35 36
09=Dec 36 36
10-Dec 36 38
ll=-Dec 35 37
12-Dec 35 37
13-Dec 33 36
14-Dec 36 39
15-Dec 36 37
l6=Dec 34 36
17-Dec 34 35
18-Dec 32 35
19=Dec 32 35
20=-Dec 34 36
21=Dec 36 37
22=Dec 37 38
23-Dec 37 38
24-Dec 36 37

BEAVER

DEER CUMMINGS BRIDGE

WATSON LAKE CREEK 14
MIN° MAX MIN MAX MIN MAX MIN MAX

39 41 39 40 40 42 40 43
39 41 36 40 40 42 40 44
41 43 34 36 42 44 44 45
42 43 34 35 43 44 44 47
42 42 33 35 43 44 44 46
41 42 35 38 42 44 43 46
41 42 37 39 42 43 43 44
41 42 35 37 42 44 43 45
41 43 37 39 42 44 42 46
40 41 36 38 41 42 42 44
40 41 36 39 40 42 40 44
39 40 33 36 40 40 40 41
39 40 33 a3 40 41 40 43
38 40 33 33 39 41 39 42
37 38 33 33 36 39 36 39
37 38 33 35 35 36 35 38
37 38 35 37 34 35 33 37
37 38 37 38 35 38 36 39
38 38 37 39 38 39 39 41
37 38 36 38 37 39 36 39
38 38 37 38 37 40 38 42
37 38 35 37 37 39 37 40
38 38 37 40 38 39 38 40
38 38 36 38 35 38 35 38
38 38 35 36 35 35 33 37
38 39 35 37 35 35 33 37
38 39 33 36 35 a5 33 36
37 38 33 36 35 35 35 37
37 37 35 37 33 37 36 39
37 38 37 38 37 38 38 40
37 38 38 39 38 40 39 42
37 38 38 40 37 39 37 39
37 38 36 39 37 38 38 40
37 38 35 37 36 38 36 39
37 39 37 40 37 40 39 43
37 38 339 39 38 39 38 40
37 38 38 40 36 38 36 38
37 37 35 38 36 37 36 39
37 37 35 37 35 37 34 37
37 37 35 37 35 37 34 38
36 37 33 36 36 38 36 39
37 38 33 35 38 39 39 41
38 38 33 35 39 40 39 42
38 39 34 35 39 40 40 42
37 38 33 34 38 40 38 42
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Appendix G, continued.

BIG BEAVER DEER CUMMINGS BRIDGE

FOUR WATSON LAKE CREEK 14
DATE MIN MAX = MIN MAX MIN MAX MIN MAX MIN MAX
25-Dec 34 36 37 37 33 33 37 38 36 39
26-Dec 35 38 37 38 33 33 37 40 38 42
27-Dec 37 38 38 38 33 33 39 40 40 41
28-Dec 37 38 38 39 33 33 39 41 40 42
29-Dec 34 37 37 38 33 33 35 40 35 39
30-Dec 35 36 36 37 33 33 36 37 36 38
31-Dec 34 36 36 36 "33 33 35 37 35 39
0l-Jan 33 35 36 36 33 33 34 37 34 36
02-Jan 32 34 36 37 33 33 34 35 33 36
03-Jan 32 34 36 37 33 33 34 35 33 37
04=-Jan 33 34 36 36 33 33 35 36 34 37
05=-Jan 32 34 36 36 33 34 34 35 33 36
06=Jan 32 32 37 37 34 34 34 35 33 36
07=-Jan 32 32 37 37 33 37 34 35 32 35
08-Jan 32 32 36 37 37 38 34 35 32 35
09-Jan 32 32 36 36 37 38 34 34 32 35
10-Jan 32 32 36 36 34 38 34 34 32 35
ll-Jan 32 32 34 36 33 36 34 35 32 36
12-Jan 32 32 34 34 36 38 33 34 32 34
13-Jan 32 32 34 34 38 41 34 35 32 35
14-Jan 32 34 33 34 38 40 34 35 34 35
15-Jan 32 34 a3 33 38 39 34 35 33 36
i6-Jan 32 33 33 34 39 40 34 35 32 35
17-Jan 33 34 34 34 37 40 35 35 33 36
18=-Jan 32 32 34 34 36 38 34 35 33 36
19=-Jan 33 36 34 35 38 38 35 37 34 38
20-Jan 36 37 35 36 37 38 37 38 38 40
21-Jan 36 37 36 37 36 37 37 39 37 40
22-Jan 35 37 35 37 37 37 36 39 35 39
23-Jan - - 35 36 36 38 35 37 34 38
24~-Jan - - 35 37 37 39 37 39 37 40
25-Jan - - 37 39 38 41 39 41 41 44
26=Jan - - 38 39 38 40 40 41 39 43
27=-Jan - - 38 39 37 40 38 40 38 42
28-Jan - - 38 39 40 40 38 41 39 42
29-~Jan - - 38 39 40 41 39 41 40 42
30=Jan - - 37 s 39 40 37 40 37 40
31-Jan - - 38 38 40 41 39 39 39 40
01-Feb = - 38 38 40 41 39 39 38 40
02-Feb - - 37 38 38 40 38 39 38 40
03-Feb - - 37 37 34 38 38 33 38 40
04~-Feb - - 37 38 34 34 37 39 37 42
05-Feb - - 37 38 34 34 37 39 37 42
06-Feb - - 38 39 34 34 38 42 38 44
07-Feb - - 38 38 34 35 39 41 38 43



Appendix G, continued.

————————— - i — —— T — - - - - - - - .- .-

BIG BEAVER DEER CUMMINGS BRIDGE

_ FOUR WATSON LAKE CREEK 14
DATE MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
08-Feb - - 38 39 35 37 38 41 32 43
09-Feb - - 39 40 35 37 41 42 - -
10-Feb - - 40 40 35 37 41 42 - -
11-Feb - - 39 40 35 36 39 41 - -
12-Feb - - 39 40 35 - 41 42 - -
13-Feb - - 40 40 - - 41 42 - -
14~Feb - - 39 40 - - 39 42 - -
15-Feb - - - - - - 35 40 - -
16-Feb - - - - - - 34 35 - -
17-Feb - - - - - - 34 35 - -
18-Feb - - - = - - 34 34 - -
19-Feb - = - - - - 34 35 - -
20~-Feb - - - - - - 35 37 - -
21-Feb - - - - - - 35 37 - -
22-Feb - - - - - - 35 38 - -
23-Feb - - - - - - 35 37 - -
24-Feb - - - - - - 35 - - -
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Appendix G, continued.

Table 2. Comparison of daily minimum and maximum stream
temperatures in the Tucannon River at Bridge 12, Marengo Bridge,
WDF smolt trap and at Powers Bridge from 8 October, 1991 to 24
February, 1993. Temperatures are in degrees Fahrenheit.

BRIDGE MARENGO SMOLT POWERS
12 BRIDGE TRAP BRIDGE
DATE MIN MAX MIN MAX MIN MAX MIN MAX
08-0ct - - - 58 - - - -
09-0ct - - 51 57 - - - -
10-0Oct - - 52 58 - - - -
11-0Oc¢ct - - 53 58 - - - -
12-0ct - - 54 59 - - - -
13-0ct - - 52 57 - - - -
14-0ct - - 52 57 - - - -
15-0ct - - 53 58 - - - -
16-0Oct - - 55 57 - - - -
17-0ct - - 50 54 - - - -
18-0¢t - - 48 52 - - - -
19-0ct - - 53 54 - - - -
20-0ct - - 50 55 - - - -
21-0ct - - 55 60 - - - -
22=-0ct - - 52 55 - - - -
23-0ct - - 51 53 - - - -
24-0Oct - - 52 54 - - - -
25=-0ct - - 51 54 - - - -
26=-0ct - - 51 53 - - - -
27=-0ct - - 50 51 - - - -
28-0ct - - 47 49 - - - -
29=-0ct - - 46 438 - - - -
30=-0ct - - 43 46 - - - -
31-0ct - - 45 46 - - - -
0l-Nov - - 45 48 - - - -
02-Nov - - 42 45 - - - -
03=-Nov - - 42 46 - - - -
04-Nov - - 46 50 - - - -
05-Nov - - 50 55 - - - -
06-Nov - - 51 54 - - - -
07-Nov - - 48 51 - - - -
08=-Nov - - 50 53 - - - -
09-Nov - - 52 53 - - - -
10-Nov - - 51 54 - - - -
1ll-Nov - - 50 53 - - - -
12-Nov - - 53 56 - - - -
13-Nov - - 49 55 - - - -
l4-Nov - - 48 51 - - - -
15=Nov - - 44 48 - - - -
l16-Nov - - 42 48 - - - -
17-Nov - - 46 47 - - - -
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Appendix G, continued.

BRIDGE - MARENGO SMOLT POWERS
12 - ’ BRIDGE TRAP BRIDGE
DATE MIN MAX MIN MaX MIN MAYX . MIN MAX
18-Nov - - 47 50 - - = -
19-Nov - - 46 49 - - - -
20-Nov - - 48 51 - - - -
21-Nov - - 46 48 - - - -
22-Nov - - 43 46 - - - -
23-Nov - - 43 46 - - - -
24-Nov - - 46 48 - - - -
25-Nov - - 48 51 - - - -
26-Nov - - 48 48 - - - -
27-Nov - - 46 48 - - - -
28-Nov - - 45 46 - - - -
29=-Nov - - 44 416 - - - -
30-Nov - - 42 44 - - - -
01=Dec - - 44 47 - - - -
02=-Dec - - 47 48 - - - -
03-Dec - - 46 48 - - - -
04-Dec - - 46 49 - - - -
05-Dec - - 48 50 - - - -
06-Dec - - 48 50 - - - -
07=Dec - - 45 47 - - - -
08=Dec - - 45 47 - - - -
09-Dec - - 45 47 - - - -
10=-Dec - - 44 46 - - - -
11~Dec - - 44 46 - - - -
12=Dec - - 44 47 - - - -
13=Dec - - 43 44 - - - -
l4-Dec - - 41 43 - - - -
15=-Dec - - 40 42 - - - -
16-Dec - - 41 42 - - - -
17-Dec - - 41 41 - - - -
18-Dec - - 41 43 - - - -
19=Dec - - 41 43 - - - -
20=-Dec - - 40 44 - - - -
21=-Dec - - 41 43 - - - -
22-Dec - - 43 44 - - - -
23-Deac - - 44 44 - = - -
24-=Dec - - 43 44 - - - -
25=Dec - - 43 43 - - - -
26-Dec - - 42 43 - - - -
27=-Dec - - 42 44 - - - -
28-Dec - - 42 43 - - - -
29-Dec - - 42 43 - - - -
30=Dec - - 43 45 - - - -
31-Dec - - 43 44 - - - -



Appendix G, continued.

BRIDGE MARENGO SMOLT POWERS

12 BRIDGE TRAP BRIDGE
DATE MIN MAX MIN: MAX MIN MAX MIN MAX
0l-Jan - - 42 43 - - - -
02-Jan - - 42 45 - - - -
03-Jan - - 42 44 - - - -
04=-Jan - - 44 45 - - - -
05=Jan - - 43 44 - - - -
06=Jan - - 43 44 - - - -
07-Jan - - 41 43 - - - -
08-Jan - - 40 42 - - - -
09=Jan - - 40 42 - - - -
10=-Jan - - 40 43 - - - -
1li1-Jan - - 43 44 - - - -
12=-Jan - - 42 44 - - - -
13=-Jan - - 42 44 - - - -
l4-Jan 40 43 43 44 - - - -
15-Jan 39 42 42 44 - - - -
l6=-Jan 42 43 44 45 - - - -
17-Jan 38 41 42 45 - - - -
18-J&n 38 40 42 42 - - - -
i9=-Jan 38 39 42 42 - - - -
20-Jan 37 38 41 42 - - - -
21-Jan 36 40 41 43 - - - -
22=Jan 36 42 42 44 - - - -
23-Jan 41 45 44 48 - - - -
24=-Jan 43 46 47 49 - - - -
25=Jan 42 45 46 48 - - - -
26=-Jan 35 44 43 46 - - - -
27=Jan 41 44 45 47 - - - -
28-Jan 42 45 46 48 - - - -
29-Jan 42 45 46 48 - - - -
30=Jan 43 43 47 48 - - - -
31-Jan - - 47 48 - - - -
01-Feb - - 46 48 - - - -
02-Feb - - 44 47 - - - -
03-Feb - - 43 46 - - - -
04-Feb - - 41 45 - - - -
05-Feb - - 41 45 - - - -
06-Feb - - 42 44 - - - -
07=-Feb - - 43 44 - - - -
08-Feb - - 44 45 - - - -
"09=Feb - - 44 47 - - - -
10-Feb - = 43 47 - - - -
11-Feb - - 46 50 - - - -
12-Feb - - 44 49 - - - -
13-Feb - - 46 49 - - - -
1l4-Feb - - 46 50 - - - -



Appendix G, continued.

BRIDGE MARENGO SMOLT POWERS

12 BRIDGE TRAP BRIDGE
DATE MIN MAX MIN MAX MIN MAX MIN MAY
15~Feb - - 46 47 - - - -
16-Feb - - 42 47 - - - -
17-Feb - - 43 46 - - - -
18=-Feb - - 44 46 - - - -
19-Feb - - 46 48 - - - -
20-Feb - - 47 49 - - - -
21-Feb - - 46 50 - - - -
22-Feb - - 46 50 - - - -
23-Feb - - 44 46 - - - -
24-Feb - - 47 49 - - - -
25-Feb - - 48 49 - - - -
26~Feb - - 47 49 - - - -
27~Feb - - 47 49 - - - -
28-Feb - - 47 48 46 46 - -
29-Feb - - 47 48 45 46 - -
0l=-Mar - - 46 48 44 46 - -
02-Mar - - 46 50 44 47 - -
03-Mar - - 48 48 45 47 - -
04-Mar - - 46 51 43 49 - -
05=-Mar - - 45 51 42 49 - -
06-Mar - - 46 52 44 49 - -
07-Mar - - 48 51 47 51 - -
08-Mar - - 46 52 42 49 - -
09-Mar - - 44 52 42 49 - -
10-Mar - - 44 52 42 49 - -
ll-Mar - - 45 53 42 51 - -
12-Mar - - 46 55 43 51 - -
13-Mar - - 47 56 44 53 - -
l14-Mar - - 48 57 46 54 - -
l15-Mar - - 51 55 50 54 - -
l6-Mar - - 50 53 48 53 - -
17-Mar - - 48 52 46 51 - -
i8-Mar - - 48 53 45 51 - -
19-Mar - - 46 52 42 51 - -
20-Mar - - 46 54 42 52 - -
21-Mar - - 44 53 41 51 - -
22=-Mar - - 51 56 43 52 50 64
23~Mar - - 47 55 44 53 46 56
24-Mar - - 48 57 44 54 47 57
25-Mar - - 48 57 45 55 47 57
26-Mar - - 49 55 47 52 50 55
27-Mar - - 50 54 47 52 50 56
28-Mar - - 46 54 41 51 44 54
29-Mar - - 46 54 42 51 44 54
30-Mar - - 44 55 44 55 47 58
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Appendix G, continued.

BRIDGE MARENGO SMOLT POWERS
12 BRIDGE TRAP BRIDGE
DATE MIN MAX MIN MAX MIN MAX MIN MAX
31-Mar - - 48 60 47 57 50 61
0l1-Apr - - 51 61 48 59 51 62
02-Apr - - 52 62 49 60 51 64
03-Apr - - 53 58 52 57 55- 61
0O4-Apr - - 51 57 48 54 51 58
05-Apr - - 48 55 44 52 47 55
G6-Apr - - 47 53 43 51 46 54
07=Apr - - 46 50 42 47 45 51
08-Apr - - 45 50 40 48 44 52
09-Apr - - 48 51 46 48 49 51
10-Apr - - 50 53 47 52 50 56
11-Apr - - 48 53 45 51 48 53
12-Apr - - 50 53 48 51 51 54
13-Apr - - 51 58 49 56 52 61
14-Apr - - 50 59 47 57 51 61
15=-Apr - - 50 60 48 58 51 61
16-Apr - - 52 56 51 55 55 59
17-Apr - - 51 55 50 55 52 58
18=-Apr - - 50 55 47 53 50 57
19-Apr - - 49 57 47 56 50 60
20-Apr - - 51 57 49 56 51 59
21-Apr - - 51 54 49 53 52 56
22-Apr - - 48 55 45 51 48 55
23-Apr - - 47 56 45 54 47 57
24-Apr - - 48 58 45 55 48 58
25-Apr - - 51 62 49 60 51 63
26-Apr - - 53 62 52 60 55 64
27-Apr - - 55 62 53 61 56 65
28=-Apr - - 55 62 54 61 57 66
29-Apr - - 55 60 54 58 56 61
30-Apr - - 54 60 53 58 B5 61
01-May - - 50 59 48 57 51 61
02-May - - 51 61 49 58 51 62
03-May - - 53 64 51 62 53 66
04-May - - 54 65 52 63 54 67
05-May - - 55 66 53 64 55 68
C6-May - - 56 67 54 65 56 70
07-May - - 58 68 57 67 59 71
08-May - - 57 62 54 60 56 62
09-May - - 53 59 51 57 53 60
10-May - - 54 61 52 60 54 63
11-May - - 51 59 49 57 52 60
12-May - - 50 47 48 56 50 60
13-May - - 52 62 49 60 51 64
14-May - - 54 65 52 64 54 67



Appendix G, continued.

BRIDGE MARENGO SMOLT POWERS
12 " BRIDGE TRAP BRIDGE
DATE MIN MAX MIN MAX ~MIN MAX MIN MAX
15-May - - 57 64 55 64 57 68
16-May - - 54 65 51 64 54 68
17-May - - 55 65 51 64 54 67
18-May - - 59 69 57 68 60 71
19-May - - 60 67 58 66 60 69
20-May - - 58 64 56 71 58 71
21-May - - 53 64 - - - -
22-May - - 54 66 - - - -
23-May - - 57 69 - - - -
24~-May - - 59 72 - - - -
25-May - - 61 73 - - - -
26-May - - 63 71 = - - -
27-=May - - 59 69 - - - -
28-May - - 59 69 - - - -
29-=May - - 61 70 - - - -
30=-May - - 60 70 - - - -
31-May - - 60 72 - - - -
01=Jun - - 61 72 - - - -
02-Jun - - 62 71 66 72 68 74
03=Jun = - 59 67 56 67 57 71
04-Jun - - 58 66 55 66 57 69
05-Jun - - 60 69 57 68 60 72
06-Jun - - 59 72 56 71 58 75
07=Jun - - €0 71 59 70 60 75
08=Jun - - 61 73 59 72 61 77
09-Jun - - 62 72 59 70 61 75
10=-Jun - - 61 72 59 71 61 76
11-Jun - = 64 69 62 68 63 72
12-Jun - - 59 66 56 66 58 68
13=Jun - - 57 64 54 62 56. 65
14=Jun = - 57 60 54 59 56 63
15-Jun - - 57 60 55 60 57 64
i16=Jun - - 58 64 56 66 58 69
17=Jun - - 59 71 56 69 58 74
18-Jun - - 62 74 60 73 62 78
19=Jun - - 63 76 61 75 €3 80
20-Jun - - 64 75 63 74 65 79
21-Jun - - 65 77 63 77 65 81
22-Jun - - 66 7% 64 80 66 84
23~Jun - - 67 80 65 80 67 85
24-=Jun - - 68 8o 66 80 67 84
25=Jun - - 69 80 67 79 69 83
26-Jun - - 69 79 ‘68 78 69 82
27=-Jun - - 68 80 66 80 67 84
28=Jun - - 69 74 68 73 69 76
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Appendix G, continued.

MARENGO
BRIDGE
DATE MIN MAX MIN MAX MIN MAX
29-Jun - - 66 72 65 71
30-Jun - - 64 73 62 72
01-Jul -~ - 64 68 62 67
02=-Jul - - 63 73 61 72
03-Jul - - 65 72 63 73
04~Jul - - 64 69 63 68
05-Jul - - 63 70 60 69
06-Jul - - 63 72 60 71
07-Jul - - 63 68 61 68
08-Jul - - 62 71 60 69
09-Jul =~ - 63 73 60 72
10-Jul - - 63 69 60 68
11-Jul - - 64 70 62 70
12~Jul - - 62 72 60 72
13-Jul - - 64 72 63 72
14-Jul - - 63 73 61 72
15-Jul - - 62 74 59 73
16-Jul - - 62 75 60 75
17-Jul - - 64 78 62 78
18-Jul - - 66 76 64 76
19-Jul - - 68 76 67 78
20-Jul - - 66 71 66 73
21-Jul - - 66 76 64 76
22-Jul - - 65 70 64 71
23-Jul - - 62 65 61 64
24=-Jul - - 62 69 59 68
25-Jul - - 62 74 59 73
26=-Jul - - 64 75 62 75
27-Jul - - 64 75 63 74
28-Jul - - 64 74 61 74
29-Jul - - 64 76 63 76
30-Jul - - 65 77 62 77
31-Jul - - 66 78 64 78
0l1-Aug - - 68 77 67 77
02-Aug - - 66 75 64 74
03-Aug - - 65 75 63 75
04-Aug -~ - 64 73 62 73
05-Aug - - 63 70 60 70
06-Aug - - 63 68 61 67
07-2ug - - 64 73 62 71
08-Aug - - 62 70 60 70
09-Aug - - 62 71 59 71
10-Aug - - 62 73 58 73
11-Aug - - 64 75 61 75
12-Aug - - 65 76 63 77
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POWERS

BRIDGE
MIN MAX
66 74
64 76
64 71
64 76
64 78
65 73
61 72
62 73
62 72
62 74
62 76
62 71
63 73
63 75
64 75
62 76
61 77
62 78
64 82
65 79
69 82
68 76
66 79
66 74
62 66
61 72
61 76
64 78
64 79
62 78
64 8l
64 82
65 82
68 80
64 78
64 79
63 76
62 73
62 69
64 73
61 73
60 75
60 77
62 79
64 79



Appendix G, continued.

BRIDGE MARENGO SMOLT POWERS

12 : BRIDGE - TRAP BRIDGE
DATE  MIN MAX MIN MAX MIN MAX MIN MAX
13-Aug - - 69 78 68 79 69 83
14-Aug - - 68 78 66 76 66 79
15-Aug - - 69 75 68 77 68 80
16-Aug - - 67 75 65 75 66 79
17-aug - - 67 75 64 74 65 76
18-Aug - - 67 76 63 76 64 80
19-aug - - 66 73 64 72 64 77
20-2ug - - 66 73 63 73 64 77
21-Aug - - 65 69 62 67 63 69
22-aug - - 60 66 58 62 60 64
23-Aug - - 57 64 53 62 55 65
24-Aug - - 56 65 52 63 54 67
25-Aug - - 57 66 53 65 56 69
26-aug - - 58 68 55 67 56 71
27-Aug - - 60 69 57 68 59 71
28-Aug - - 62 69 60 68 61 72
29-aug - - 59 68 57 67 59 71
30-Aug - - 60 66 56 65 58 69
31-Aug - - 61 68 59 68 61 71
01-Sep - - 61 69 60 69 62 72
02-Sep - - 62 69 60 68 62 72
03-Sep =~ - 61 67 59 68 61 72
04-Sep - - 62 66 59 65 60 67
05-Sep - - 59 64 55 62 57 66
06-Sep - - 56 61 53 59 54 63
07-Sep - - 55 62 50 60 52 63
08-Sep - - 57 64 55 61 56 65
09-Sep - - 58 64 55 64 56 68
10-Sep - - 58 66 54 63 56 66
11-Sep =~ - 60 67 58 66 59 69
12-Sep -~ - 58 64 55 61 57 65
13-Sep - - 55 60 51 57 53 62
14-Sep -~ - 54 60 50 57 52 60
15-Sep - - 57 58 54 56 56 59
16-Sep - - 57 63 53 61 56 63
17-Sep - - 58 64 55 61 56 65
18-Sep - - 56 62 50 59 52 62
19-Sep - - 57 62 53 60 56 64
20-Sep - - 59 65 56 63 58 67
21-Sep - - 61 66 59 66 60 69
22-Sep - - 60 67 56 65 58 68
23-Sep - - - - 60 66 61 68
24-Sep - - - - 56 61 57 63
25-Sep - - - - 54 58 56 61
26-Sep - - - - 53 60 56 62



Appendix G, continued.

BRIDGE MARENGO
12 BRIDGE

DATE MIN MAX MIN MAX
27-Sep - - - -
28-Sep - - - -
29=-8ep - - - -
30~-Sep - - 54 60
01-0ct - - 55 61
02-0Oct - - 57 60
03=-0Oct - - 55 57
04-Oct - - 52 56
05-0ct - - 50 55
06-0Oct - - 49 53
07-0Oct - - 47 52
08-0Oct - - 49 53
09-0Oct - - 50 53
10-0Oct - - 49 55
11-0Oct - - 50 55
12-0ct - - 51 55
13-0ct - - 51 55
14-0ct - - 48 51
15-0ct - - 45 48
l6-0Oct - - 45 48
17-0ct - - 48 52
18-0Oct - - 49 53
19-0ct - - 52 54
20-0ct - - 50 54
21-0ct - - 51 53
22-0Oct - - 49 53
23-0ct - - 50 54
24-0Oct - - 48 52
25-0ct - - 48 52
26-0ct - - 48 b2
27=0ct - - 46 51
28-0ct - - 46 48
29-0ct - - 47 50
30-0Oct - - 47 49
31-0Oct - - 47 49
01-Nov - - 48 50
02-Nov - - 47 48
03-Nov - - 45 47
04-Nov - - 45 47
05-Nov - - 46 48
06=-Nov - - 45 47
07-Nov - - 47 48
08=Nov - - 45 47
09-Nov - - 44 45
10-Nov - - 42 44
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POWERS
BRIDGE
MIN MAX
54 62
53 61
53 62
56 65
57 65
60 65
58 61
55 61
51 59
51 58
48 56
52 58
52 58
51 58
52 60
53 59
54 60
50 55
47 52
47 52
50 55
51 56
55 60
51 58
54 57
53 58
51 57
50 56
51 56
50 56
47 53
47 51
49 53
49 53
50 54
52 54
49 53
47 50
47 51
48 52
48 51
50 52
48 50
46 48
44 47



Appendix G, continued.

DATE

MIN

li-Nov
12=-Nov
13-Nov

14-Nov.

15-Nov
l6=Nov
17-Nov
18-Nov
19-Nov
20-Nov
21-Nov
22-Nov
23=Nov
24-Nov
25-Nov
26=Nov
27=-Nov
28-Nov
29-Nov
30-Nov
01-Dec
02-Dec
03-Dec
0O4-Dec
05-Dec
06-Dec
07=-Dec
08=Dec
09=-Dec
10-Dec
l11-Dec
l12-Dec
13-Dec
14-Dec
15=Dec
l16-Dec
17=Dec
18<Dec
19-Dec
20=-Dec
21-~Dec
22=Dec
23=-Dec
24-Dec
25=Dec

BRIDGE

MARENGO
BRIDGE
MIN MAX
42 44
44 46
45 47
46 47
45 46
45 45
45 46
44 46
43 44
42 43
41 43
42 44
41 43
37 41
36 38
35 37
37 39
39 41
38 40
39 42
38 41
39 41
36 39
34 36
34 36
34 35
35 37,
36 40
39 40
39 42
39 41
39 40
38 39
37 43
39 41
37 39
38 39
35 38
35 39
38 39
39 41
40 42
41 43
40 42
38 40

POWERS
TRAP BRIDGE
MIN MAX MIN MAX
42 45 45 48
45 46 48 49
45 47 48 51
46 47 48 51
46 47 49 51
46 47 49 51
45 47 49 51
44 48 47 51
42 45 45 48
41 43 44 47
41 44 44 47
43 44 46 47
39 43 42 46
36 38 40 42
35 37 40 42
35 37 40 41
35 38 39 42
37 40 41 43
38 40 42 43
38 42 42 45
37 40 40 42
37 40 40 44
34 36 37 40
32 33 36 38
32 33 37 38
32 33 36 38
32 34 37 38
33 39 35 41
38 39 40 43
38 41 41 44
37 39 39 42
37 3¢ 40 43
37 39 39 42
38 43 41 46
38 40 40 43
36 38 38 41
36 38 38 41
32 35 36 38
32 37 36 39
37 40 40 42
39 41 41 44
3s 42 42 45
41 43 44 46
38 42 42 45
36 38 39 42



Appendix G, continued.

BRIDGE MARENGO SMOLT POWERS
12 BRIDGE TRAP BRIDGE
DATE MIN MAX MIN MAX MIN MAX . MIN MAX
26=-Dec - - 39 42 37 42 40 44
27-Dec - - 41 41 40 41 43 44
28-Dec - - 40 42 39 42 42 44
29-Dec - - 36 40 36 39 40 42
30-Dec - - 36 38 34 36 38 39
31-Dec - - 36 38 34 36 37 40
0l1l-Jan - - 35 37 32 35 37 38
02-Jan - - 35 37 32 35 36 38
03=-Jan - - 34 37 32 36 36 39
04-Jan - - 36 37 33 36 38 40
05-Jan - - 34 36 32 34 36 38
06-Jan - - 34 34 32 32 36 37
07-Jan - - 34 34 32 32 36 38
08-Jan - - 34 34 32 32 36 37
09=-Jan - - 34 34 32 32 34 36
10-Jan - - 34 34 31 32 34 36
ll-Jan - - 34 34 32 32 36 38
l2-Jan - - 34 34 32 32 34 36
l13-Jan - - 34 34 32 32 33 36
l14=-Jan - - 34 34 32 32 36 38
15-Jan - - 34 34 32 32 36 37
l16=-Jan - - 34 34 32 32 36 38
17-Jan - - 34 34 32 32 37 39
l8~Jan - - 34 35 31 32 38 39
19-Jan - - 35 38 31 32 38 40
20-Jan - - 38 40 32 32 34 40
21-Jan = - 38 41 35 40 33 40
22-Jan - = 37 40 35 3s 37 41
23-Jan - - 35 39 33 37 36 40
24—-Jan - - 38 42 36 41 38 43
25-Jan - - 42 45 41 46 41 43
26=Jan - - 41 44 41 44 40 44
27=Jan - - 39 43 38 42 40 43
28=-Jan - - 40 43 39 42 41 44
29-Jan - - 39 42 41 42 44 45
30-Jan - - 39 41 38 40 42 44
31=Jan - - 40 40 38 40 41 43
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Appendix G, continued.

BRIDGE MARENGO SMOLT POWERS
12 BRIDGE 'TRAP BRIDGE
DATE MIN MAX MIN MAX MIN MAX MIN MAX
01-Feb - - 40 40 39 40 42 42
02-Feb - - 39 41 38 40 42 43
03-Feb - - 39 40 38 40 42 43
04-Feb = - 38 41 36 39 39 42
05-Feb - - 37 42 35 39 39 42
06-Feb - - 39 43 38 42 40 44
07-Feb - - 39 43 37 41 40 44
08-Feb - - 39 43 37 38 40 42
09-Feb - - 42 43 - - - -
10-Feb - - 43 44 - - - -
11-Feb - - 41 43 - - - -
12-~-Feb = = 42 43 - - - -
13~-Feb - - 42 44 - - - -
14-Feb - - 40 43 - - - -
15~-Feb - - 36 41 - - - -
16-Feb - - 34 36 - - - -
17-Feb = - 34 36 - - - -
18-Feb - - 34 36 - - - -
19~Feb - - 34 38 - - - -
20-Feb - = 35 40 - = - -
21-Feb - = 37 40 = - - -
22-Feb - - 36 40 - - - -
23-Feb - - 36 39 - - - -
24-Feb - - 35 - - = - -
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Appendix G, continued.

Table 3. Discharge measurements of Tucannon River at selected
sites and tributaries in '1992. Measurements made using modified
U.S. Geological -Survey techniques (Platts et al. 1983).

Location (RK) Date Discharge (n?/sec)
Tucannon River smolt trap ° 19 Mar 3.156
24 Mar 2.716
9 Apr 2.913
13 Apr 4.055
22 Apr 4.259
28 Apr 3.628
30 Apr 4,265
5 May 3.317
14 May 2.493
19 May 2.085
28 May 1.694
2 Jun 1.553
10 Jun 1.213
16 Jun 1.569
25 Jun 1.206
1 Jul 1.224
7 Jul 1.195
15 Jul 1.033
31 Jul 0.838
7 Aug 0.735
18 Aug 0.685
26 Aug 1.222
1l Sep 0.994
16 Sep 1.138
14 Oct 1.449
16 Nov 1.828
Tucannon FH bridge . 25 Jun 1.258
7 Jul 1.091
15 Jul 1.051
7 Aug 0.970
18 Aug 0.999
2 Sep 1.044
16 Sep 0.872
14 Oct 1.051
16 Nov 1.343
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Appendix G Table 3, continued

Location (RK) Date Discharge (nﬁ/sec)

Smith Hollow Bridge - 16 Jun 1.938
25 Jun 1.296
7 Jul 1.436
15 Jul 1.201
7 Aug 0.936
18 Aug 1.993
1 Sep 1.230
16 Sep 1.335
14 Oct 1.722
16 Nov 2.189

* 75 m above smolt trap.

5 m above Tucannon FH bridge.

30 m below Smith Hollow bridge.

Table 4.
at five upper Tucannon River sampling locations, April 1991 to October 1991.
Temperatures are listed in degrees Celsius.

Revised mean monthly range (minimum to maximum) water temperatures

Panjab Big 4 Beaver -Deer Cummings
Month 14 Lake Lake Lake Creek
Rpr 1991° 6.9-9.6 8.6=-12.7 6.1-12.3 9.2-13.2 8.8-12.2
May 1991 8.6-10.8 - - 10.0-13.8 10.5-14.4 10.4-13.3
Jun 1991 10.5-13.1 - - 12.6-16.9 12.9-18.0 13.1-16.1
Jul 1991 12.9-17.0 - - 16.1-1%.0 15.8~22.6 16.4-20.7
Aug 1991 13.6-17.2" - - 16.8-20.7 16.8-22.9 17.6=-21.2
Sep 1991 -- - - 13.8-17.5 14.1~-18.9 14.8-17.8
oct 1991° - - - - 11.2-14.1 11.7-15.8 12.3-14.9

Data available for only part of the month.
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Appendix G, continued.

Table 5.
temperatures at four lower Tucannon River sampling locations,
Temperatures are listed in degrees

April 1991 to January 1992.

Revised mean monthly range (minimum to maximum) water

Celsius.

Bridge Smolt
Month 12 Marengo Trap
Apr 1991 6.3-11.0 7.0-11.9"° - -
May 1991 7.7=11.7 8.4-12.2 - -
‘Jun 1991 10.2-13.8 11.1-15.3 13.4-18.2°
Jul 1991 13.7~18.0 15.1-18.3 16.1-22.0
Aug 1991 14.5-20.6 16.1-20.8 16.8-22.6
Sep 1991 11.9-15.7 12.8-16.6 12.8-17.8
oct 1991 7.9-11.2 10.8-13,3" 8.4-11.4
Nov 1991 5.7-7.9" 4.5-8.0
Dec 1991 +5=5,7
Jan 1992 -0.3-0.1"

Data available for only
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APPENDIX H

Table 1. guvenile salmon counted (with density estimates in
fish/100 m°) from parr production surveys using various
techniques for sites within the Wilderness Stratum, 1992.

Habitat Line transect Total count Electrofishing
Site type Aga 0 Age 1+ Ar?a Age O Age 1+ Age 0 Age 1+ AEea
(m)

(m’)

3 Pool 15.5 2 35.75 35 4 28 1 59.84
. (43.4) (5.6) (58.5) (6.7) (46.8) (1.7)
11 Pool 0 8 80.10 0 10 4] 2 124.42
(10.0) (8.0) (1.6)
17 Pool 4] 4.5 35,85 - - - - -
{12.6)
19 Pool 0 0 14.06 - - - - -
1 Side 36.5 2.5 24.15 36 2 14 3 61.35
Channel (151.1) (10.4) {58.7) (3.3) {(46.8) (4.9)
2 Side 0 4] 17.10 - - 0 1 42.9
Channel (2.3)
4 8ide 0 1 20.2 0 2* - -
Channel {4.9)

No areas calculated because electrofishing not done at those sites.

Table 2. guvenile salmon counted (with density estimates in
fish/100 m") from parr production surveys using various
techniques for sites within the HMA Stratum, 1992.

Habitat Line transect Total coynt BElectrofishing
Site type Age 0 Age 1+ Area Rhge 0 Age 1+ Age 0 Age 1+ Aaee
(m’) (m)
5 Riffle 0.&7 1] 47.74 16 1 205.3
(1.4) (7.8) (0.5)
9 Riffle 1.33 0 46.33 9 0
(2.9) (3.7)
13 Riffle 0.5 0 57.65 - - -
(0.9)
is Riffle O 0 36.36 =~ - -
3 Run 0.5 0 41.04 = - -
(1.2)
6 Run 0 0 34.60 =~ - -
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Appendix H, Table 2, continued.

Habitat Line transect , Total count Electrofishing )
8ite type Age 0 Age 1+ Area (m') Age 0 Age 1+ Age 0 Age 1+ Area (m)

10 Run 17 0 66.88 30 1 152.90
(25.4) (19.6) (0.7)
14 Run 23.5 1 48.50 - - -
(48.4) {(2.1)
1% Run 8.67 1 64.50 24 0 150.45
(13.4) (1.6) (16.0)
24 Run 3.67 1.67 36.44 24 3 110.29
(10.1) {4.6) (21.8) (2.7)
4 PQol 4.5 0 32.23 - - -
{13.9)
{16.2) {2.9)
16 Pool 24 4.33 64.43 48 5 187.68
(37.3) (6.7) (25.6) (2.7)
21 Pool 6.67 1.67 62.7 22 0 80.00
(10.6) (2.7) (27.2)
22 Pool 27.67 3.67 61.26 36 (o} 129.53
(45.2) (6.0) (27.8)
2 Boulder 4.33 0 63.75 28 0 222.01
(6.8) {(12.6)
11 Boulder O v 53.50 - - -
15 Boulder O 0 34.30 - - -
17 Boulder 7.67 0 60.60 12 0 181.28
{12.7) {6.6)
23 Boulder 0O 0 52.95 1 o 169.93
(0.6)
2 Side 18 1 20.74 - - -
Channel (86.8) (4.8)
3 Side 0.33 0 28.29 2 0 39.90
Channel (1.2) (5.0)
4 Side 14.33 3.67 29.64 27 0 7%.20
Channel (48.4) (12.4) {34.1)
5 8ide 15.67 1 16.17 31 4] 56.73
Channel (96.9) (6.2) {54.6)

Areas used to estimated total count and electrofishing populations are from
1990 electrofishing surveys.
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Appendix H.

Table 4. Juvenile salmon counted (with density estimates in
fish/100 m°) from parr production surveys using various
techniques for sites within the Rartstock and Marengo Stratum,
1992.

Habitat Line transect Total count Electrofishing
Site type Age 0 Age 1+ Area (m') Age O Age 1+ Age O Age 1+ Area (m’)

6 Side 2.5 0 2.3 - - -
Channel (108.7)

4 Pool 3.5 0 33.53 46 1 3 0 119.29
(10.4) (41.1) (.8) (2.5)

7 Pool 3 0 26.48 286 1 6 0 135.83
(11.3) (19.1) (.7) (4.4)

1 Run 4.5 0 33.0 13 0 4 2 146.51
(13.6) (8.9) (2.7) (1.4)

2 Run 3 0 34.47 37 0 42 ¢} 161.76
(8.7) (22.7) (26.0)

5 Run 6 .5 35,28 22 1 6 0 149.57
(17.0) (1.4) (14.7) (.7) (4.0)

6 Run 6 0 29.6 31 0 22 0 130.21
(20.3) (23.8) (16.9)

3 Riffle 2.5 o 35.01 20 0 21 0 149.24
(7.1) (13.4) (14.1) '

8 Riffle .5 0 36.45 8 0 9 0 239.136
(1.4) (3.3) (3.8)

9 Riffle 2 0 27.0 7 0 3 0 169.47
(7.4) (4.1) (1.8)

Marengo

6 Riffle 0.5 (o] 20.02 3* 0 - - -
(2.5)

' No areas calculated because electrofishing not done at those sites.
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APPENDIX I

Table 1. Summary of salmon radio tagged and released upstream of
the Tucannon FH weir, 1992. ‘

“Tag Fork ve

no. Date langEP Daye 4 Localﬁ Carcass

(code) tagged Sex" (cm)  Age’ tracked Date (RK) recovered Comments
WILD BALMON

19 6/02 P 72 4 1 6/02 57.8 no regurgitated tag
61 (54b) 6/08 F 74 4 1 6/08 57.8 no regurgitated tag
€60 (60) 5727 F 73 4 16 6/11 58.2 no recovered tag

16 5/14 F 71 4 37 6/19 77.2 yes prespawning mort
17 6/04 F 70 5 12 6/15 57.8 yes prespawning mort
57 (69) 5/13 F 73 4 24 6/05 58.6 yes prespawning mort
60 (56) 602 F 73 4 16 6/17 59.6 yee prespawning mort
6l (54) 65/08 M 80 4 27 6/03 67.2 yes prespawning mort
61 (74) 5/19 P 83 - 35 6/22 59.2 yes prespawning mort
13 5/08 M 63 4 113 g8/28 63.9 no no tag or fish
25 5/20 F 73 4 56 7/14 73.2 no no tag or fish’
57 (52) 5/28 M 86 5 111 9/15 59.2 no no tag or fish'
15 5/26 F €6 4 114 9/16 70.7 yes spawned

18 5/19 F 70 4 127 9/23 73.9 yes spawned’

23 5/13 F 69 4 113 9/02 77.7 yes spawned

HATCEERY SALMON

20a 5/28 M 74 4 1 5728 57.8 no regurgitated tag
12 5/08 F 75 4 112 8/27 68.2 yes prespawning mort’
14 5/26 F 69 4 17 6/11 59.2 yes prespawning mort
17 5/19 F 68 4 15 6/02 59.3 yes tagging mort

20b 6/02 M 74 4 49 7/20 61.6 yes prespawning mort
22 5/14 M 74 ¢ 27 6/09 57.9 yes prespawning mort
60 (69) 5/14 P 73 4 28 6/10 57.8 yes prespawning mort'
61 (59) 5/27 F 74 4 20 6/15 59.2 yes prespawning mort'
61 (71) 5/19 M 78 - 49 7/06 59.9 yes prespawning mprt
19 6/03 F 73 4 14 6/16 58.6 no recovered tag

11 5/08 F 67 - 124 9/08 58.5 no no tag or figh'
24 5/20 M 72 4 62 7/20 59.2 no no tag or fieh'
21 5/13 M 64 4 133 9/22 61.5 yes spawned

UNKNOWK ORIGIN/NO DATA
61 (63) 5/28 - -

21 6/16 58.6 no recovered tag

Initially determined at tagging, verified by underwater observations and/or when
carcass recovered, if possible.

b Maasured at tagging.

Estimated age based on fitted fork length-at-age, scale or CWT analyais.
* Refers to recovery or last day tracked. Mouth of Tucannon River is at RK 0.0.
° Possible tag malfunction, thus loss of data from this fiah.

This fish was either poached, died naturally, or had a tag malfunction.

121



APPENDIX I, continued.

Table 2. Summary of salmon radio tagged by the University of Idaho
and released near Ice Harbor Dam on the Snake River, 1992,

“Tag “Fork ___Becovery
no. Date length , Days . , Locale Carcase
(code) tagged Sex" (cm)' Age tracked’Date’ (RK)° recovered Comments
WILD SALMON
2 (35) 6/04 F 82 - 8 6/23 9.2 no prespawning mort’
9 (3) 5/0% = 71 4 43 9/24 46.3 yes gpavned
8 (7) 4/20 M 70 4 93 9/22 69.9 yes spawned
2 (3) 4/21 - 71 4 13 5/27 9.2 no prespawning mort®
8 (3) 5§/03 F 74 4 47 9/21 57.6 yes spawnaed
10 (12) 5/09 = 77 - 76 8/11 24.1 no tag recovered
10 (28) 5/02 = 71 4 6 8/11 22.9 no tag recovered
8 (19) 5711 - 67 ¢ 52 9/24 54,6 no tag recovered
2 (1) 6/05 - 68 4 49 9/21 57.5 no tag recovered
BEATCHERY SALMON
2 (19) ©5/02 F 70 4 16 6/05 58.2 yes prespawning mort
5 (39) 5&5/30 - 79 5 1 8/13 0.2 yes prespawning mort
5 (38) 5/31 - 72 5 13 8/25 4.5 no tag recovered
10 (7) 5/07 = 71 5 20 8/26 5.0 no tag recovered
8 (6) 5/11 = 66 - 42 $/17 4.3 nc tag not recoverad
UNKNOWN CRIGIN/NO DATA
8 (8) 4/20 - 69 - 98 9/29 53.4 no tag recovered

* Determined at tagging or recovery.

* Estimated age based on fitted fork length-at-age, scale or CWT analysis,

° Days tracked on the Tucannon River.

4 Refers to recovery or last day tracked. Mouth of Tucannon River is at RK 0.0.

Strong evidence indicating this fish was poached.
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APPENDIX J

Tucannon River Spring Chinook Spawning Ground Survey Historical Index
Area 1954 - 1992

From 1954 to 1977 the Historical Index Area was from Cow Camp
Bridge to Camp Wooten Bridge (approx. 2.4 miles). In 1980 a
supplemental index area was added to now include from Panjab
Campground Bridge to Cow Camp Bridge (approx. 1.2 miles). Between
1954 and 1983 all data were collected from one day of spawning ground
survey between 26 August to 28 September. Seventy-seven percent of
the surveys were between 8 September and 15 September. WDF personnel
began monitoring spawning activity more closely in 1985, with more
surveys being conducted throughout each spawning season. One survey
day was chosen from the many days of surveys during the season for use
as the historical index. With 77% of the previous years surveys
conducted between 8 and 15 September, we selected one survey annually
within those dates from 1985 to present to be used as the historical
index. A survey was chosen at random if two or more surveys were
conducted between 8 and 15 September during a particular year: If no
surveys were conducted during this time period during a particular
year, the survey date closest to these dates was chosen as the index
survey.

Table 1. Spawning survey data for Tucannon River Historical Index
Areas (Cow Camp Bridge to Camp Wooten Bridge) 1954-1992.

Test

Year Date Redds Digs Live Dead Jacks Total
1954 3-Sep 33 N/A 52 3 0 55
1955 26-Aug 4] N/A 80 0 0 80
1956 N/A NO SURVEY

1957 5=Sep 168 N/A 232 51 ¢ 283
1958 11-Sep 54 N/A 89 7 0 96
1959 3-Sep 27 N/A 56 1 0 57
1960 8-Sep 42 N/A 69 13 0 82
1961 1i-Sep 102 N/A 63 23 0 86
1962 11-Sep 52 N/A 47 24 0 71
1963 10-Sep 21 N/A 25 11 0 36
1964 9-Sep 61 N/A 55 24 0 79
1965 9-Sep 24 N/A 20 4 0 24
1966 9-Sep 65 N/A 55 10 1 66
1s67 8—-Sep 40 N/A 40 8 1 49
1968 10-Sep 18 N/A 15 4 5 24
1968 10-Sep 61 N/A 53 28 2 83
1970 10-Sep 62 N/A 68 6 0 74
1971 7=-Sep 6 N/A 11 1 0 i2
1972 12-Sep 23 N/A 3 (] 0 3
1873 11-Sep 24 N/A 18 3 L+ 21
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Appendix J, continued.

Test
Year Date Redds Digs Live Dead Jacks Total
1974 11-Sep 18 N/A 12 5 0 17
1975 10-Sep 37 N/A 27 8 1 36
1976 28-Sep 13 N/A 0 11 0 11
1977 15-8ep 19 N/A 3 4 0 7
1978 N/A NO SURVEY
1979 N/A NO SURVEY
1980 8-Sep 38 N/A 47 3 0 50
1981 11-Sep 67 N/A 55 3 0 58
1982 N/A 27 N/A 5 11 0 16
1983 13-Sep 40 N/A 24 8 1 33
1984 11-Sep 31 N/A 23 15 3 41
1985 9-Sep 50 N/A 35 13 2 50
1986 9-Sep 20 5 30 2 1 33
1987 9-Sep 32 14 57 7 + 64
1988 l4-Sep 7 4 14 6 2 22
1989 13-Sep 16 3 21 8 (4] 26
1990 12-Sep 13 6 24 7 0 31
1991 11-Sep 4 3 10 0 2 12
1992 9=-Sep 27 10 35 2 2 39

Table 2. Tucannon River Supplemental Index Area (Panjab Creek Bridge
to Cow Camp Bridge), 1980 to 1992.

Test
Year Date Redds Digs Live Dead Jacks Total
1980 8-Sep 8 N/A 6 2 1 9
1981  11-Sep 8 N/A 9 2 0 11
1982 N/A 19 N/A 4 8 0 12
1983 13-Sep 12 N/A 6 2 0 8
1984 9-Sep 21 N/A 14 e 2 25
1985 9-Sep 32 N/A S 5 0 14
1886 9=Sep 15 1 9 2 0 11
1587 9-5ep 2 2 2 1 (] 3
1988 14-Sep 6 ) 9 2 1 12
1989 13-Sep 8 1 5 0 0 5
1920 12-Sep 7 3 11 0 1 12
1991  11-Sep 5 2 7 1 1 9
1992 9=-Sep 9 7 21 o 0 21
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Appendix J, continued.

Table 3. Description of spawning ground survey areas on the Tucannon
River in 1992 (River Km were revised in 1992).

Stratum River km

Area Description

Wilderness GE6-78
78=75

HMA 75=73
73-68.

68-66
66~62
62-59
59-58
‘58=-56

Hartsock 56-52
52-47
47-43
43=40

Marengo 40-34

"Rucherts Camp to Wilderness Campground 3 (Ladybug Flats)
Wilderness Campground 3 to Panjab Bridge

SBupplemental Index Area-Panjab Bridge to Cow Camp
Bridge _

Historical Index Area—Cow Camp Bridge to Camp Wooten
Bridge

Camp Wooten Bridge to Curl Lake Outlet

Curl Lake Outlet to Beaver-Watson Bridge
Beaver-Watson Bridge to Tucannon Hatchery Intake
Tucannon Hatchery Intake to Tucannon Hatchery weir
Tucannon Hatchery weir to HMAR Boundary Fence

HMA Boundary Fence to Bridge 14
Bridge 14 to Bridge 12

Bridge 12 to Bridge 10

Bridge 10 to Marengo Bridge

Marengo Bridge to King Grade Bridge
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APPENDIX K

Table 1. Allele frequencies at 24 loci in six collections of Tucannon
epring chinook; two collections obtained in 1990 and four collections
obtained in 1991. BY = brood year of juveniles; n = number of fish
successfully screened at each locus,

Juveniles Adults
LOCUS BY-88  BY-88 BY-89 BY-89 1991 1991
—alleles  Hatchery _Wild Hatchery _Wild Hatchery Wild
NAAT~1
-100 0.945 0.898 0.990 0.918 0.951 0.962
-104 0.055 0.102 0.010 0.082 0.049 0.037
(n) (100) (108) (98) (92) (51) (40)
SAAT-1
100 1.000 0.997 0.997 0.995 1.000 1.000
85 0.000 0.003 0.003 0.005 0.000 0.000
(n) (100) (108) (101) (101) (51) (40)
SAAT-4
100 0.923 0.902 0.874 0.918 0.886 0.903
63 0.077 0.098 0.126 0.082 0.114 0.097
(n) (91) (108) (95) (92) (44) (36)
ADA-1
100 0.910 0.894 0.980 0.975 0.961 0.987
83 0.090 0.106 0.020 0.025 0.039 0.012
(n) (100) (108) (101) (101) (51) (40)
mAH-4
100 0.990 0.991 1.000 0.985 0.990 0.962
119 0.010 0.009 0.000 0.015 0.010 0.037
(n) (100) (108) (101) (99) (51) (40)
sAH
100 0.965 0.968 0.990 0.946 0.969 0.925
86 0.035 0.032 0.010 0.054 0.031 0.075
(n) (100) (108) (100) (101) (49) (40)
FDHG
100 0.920 0.912 0.856 0.891 0.882 0.950
143 0.080 0.088 0.144 0.109 c.118 0.050
(n) (100) (108) (101) (101) (51) (40)
GPI-B2
100 0.980 0.991 0.975 0.975 0.990 0.962
60 0.020 0.009 0.025 0.025 0.010 0.037
(n) (98) (107) (99) (100) (51) (40)
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Appendix K, continued.

Juveniles Adults
Locus BY-88 BY-88 BY-89 BY-89 1991 1991
alleles  Hatchery _Wild Hatchery _Wild Hatchery Wild
sIDHP-]
100 0.875 0.792 0.811 0.856 0.824 0.862
74 0.125 0.208 0.189 0.144 0.167 0.137
(n) (100) (108) (98) (101) (51) (40)
LDH-B2
100 1.000 1.000 0.975 1.000 1.000 1.000
112 0.000 0.000 0.025 0.000 0.000 0.000
(n) (100) (108) (101) (101) (51) (40)
LDH-C
100 0.955 0.995 0.926 0.995 0.980 0.987
90 0.000 0.005 0.000 0.000 0.010 0.012
84 0.045 0.000 0.074 0.005 0.010 0.000
(n) (100) (105) (101) (101) (50) (40)
mMDEH -2
100 0.685 0.750 0.827 0.767 0.765 0.750
200 0.315 0.250 0.173 0.233 0.235 0.250
(n) (100) (108) (101) (101) (51) (40)
sMDH-Bl1, 2
100 1.000 1.000 1.000 1.000 0.995 1.000
126 0.000 0.000 0.000 0.000 0.005 0.000
{(n) (100) (108} (101) (101) (51) (40)
SMEP~1
100 0.045 0.083 0.064 0.035 0.060 0.075
92 0.955 0.917 0.936 0.965 0.940 0.925
(n) (29) (108) {101) (100) (50) (40)
MPL
100 0.935 0.866 0.830 0.886 0.882 0.975
109 0.065 0.134 0.170 0.114 0.118 0.025
(n) (100) {108) (100) (101) (51) (40)
PEPA
100 0.892 0.824 0.926 0.921 0.902 0.837
90 0.108 0.171 0.074 0.078 0.098 0.162
81 0.000 0.005 0.000 G.000 0.000 ¢.000
(n) {97) (108) (101) {(101) (51) (40)
PEPB-1
100 0.900 0.902 0.891 0.936 0.922 0.962
130 0.065 0.024 0.035 0.025 0.020 0.025%
=350 0.035 0.057 0.074 0.040 0.059 0.012
(n) (100) (106) (101) (101) (51) (40)
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Append K nt

Juveniles Adults

LOCUS BY-88 BY-88 BY-89 BY-89 1991 1991
—alleles Hatchery _Wjld Hatchery _Wild Hatchery Wild
PEP=LT

100 0.990 0.981 0.965 0.9%90 0.990 1.000

110 0.010 0.019 0.035 0.010 0.010 0.000

(n) (100) (108) (101) (101) (51) (40)
PGK=2

100 0.090 0.111 0.079 0.064 0.078 0.087

90 0.910 0.889 0.921 0.936 0.922 0.912

(n) (100) (108) (101) (101) (51) (40)
mSoD

100 0.900 0.963 0.930 0.985 0.980 0.937

142 0.100 0.037 0.070 0.015 0.020 0.062

(n) (100) (107) (100) (100) (51) (40)
sS0D=1
=100 0.815 0.829 0.785 0.723 0.765 0.800
-260 0.185 0.171 0.215 0.277 0.235 0.200

(n) (100) (108) (100) (101) (51) (40)
IPI-4

100 0.920 0.917 0.805 0.911 0.922 0.962

104 0.080 0.083 0.195 0.089 0.078 0.037

(n) (100) (108) (100) (101) (51) (40)
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