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Okay, review of lit for effects to sediment without dredging, frosting or graveling was
basically a bust.  Attached is what little I could find...

But, lots of ammo on human disturbance, particularly given past management efforts in that
very area to specifically restrict it.  Also, good info on flushing distances, but little from our
area.  I tried to find the dates allowed for the prev farm at that site.  Thought I saw it
somewhere, but can't find it now.  Do you remember?  Would like to update the paper.

Got a reservation at the downtown Crown Plaza and starting on comparisons of #/acreages and
seasonality now.  After that's done, ready to go and get this over with!

Sue

Sue Thomas
Wildlife Biologist
Washington Maritime NWRC
715 Holgerson Rd
Sequim, WA  98382
360-457-8451

mailto:Sue_Thomas@fws.gov
mailto:Jennifer_BrownScott@fws.gov

Effects of Human Disturbance & Flushing Distances

Literature Review – Sue Thomas, Wildlife Biologist, WMNWRC 2/14/19

Conservation status of DNWR – purpose and FWS trust species

To preserve foraging and resting habitat for migrant and overwintering waterfowl and shorebirds, the Refuge manages a public use closure of the tide flats around the project area between October and mid-May.  This management action was established to provide a refugia to shorebirds and waterfowl during critical stages in their life cycle and is particularly relevant given increased visitation as well as the presence of 6 hunt clubs along the southern shore of Dungeness Bay.  Allowing regular access for installation, maintenance and harvest by 4-15 people for up to 90 days per year is at odds with the purpose of the Refuge and existing regulations placed to restrict human disturbance within the highest wildlife use area of the Refuge.  

Effects of disturbance

Assessing the effects of disturbance on wildlife and their response is complicated by multiple factors including: species or species assemblages, time of year, weather conditions, flock size, activity (foraging vs resting), type of disturbance and past history of disturbance.   Frequent, cumulative or particularly severe disturbance may force birds to abandon foraging areas or roost sites near preferred feeding areas; increase energetic demand through flight; force them to forage in less suitable sites or lead to reduced productivity or survival.  

Displacement - Many studies have demonstrated that shorebirds and waterfowl concentrate at sites where they can maximize energy gain (Cayford 1993, Davidson & Rothwell 1993). Flushing in response to human disturbance will reduce the time waterbirds spend feeding or resting and increase energetic demands of flight (Tuite et al. 1983, Knapton et al. 2000).  If the disturbance is severe or regular enough, they will completely abandon preferred sites (Tuite et al. 1983; Cayford 1993).

Most shorebirds and waterfowl meet there energetic requirements by also foraging at night.  This adaptation is especially critical in tidally influence areas such as Dungeness NWR when higher tidal elevations prevail during the day in winter.  Nocturnal foraging provides a respite from the typical disturbance factors common at Dungeness NWR (i.e. low flying aircraft, visitors walking along the open sections of the spit).  However if night-time foraging coincides with periods of high human disturbance during periods of high energetic demand (i.e. molt, spring staging, etc.), additional mortality or displacement will occur.  

Energetic Requirements - Waterbirds almost invariably rely on energetically expensive flight as a response to disturbance. To compensate for increased levels of disturbance, they must either increase food intake to balance additional flight costs, or fly to other, less profitable, areas to feed.  Reoccurring, severe or cumulative disturbance further increases energetic costs to waterbirds and can lead to reduced fitness, decreased productivity or increased mortality rates (Davidson and Rothwell 1993, Baldassarre and Bolen 1994, Ward and Andrews 1993, Galicia and Baldassarre 1997, Cywinski 2004).

In early winter food intake must exceed daily needs for fat and protein stores to be accumulated, so although disturbance may have no obvious impact at the time it may delay the timing of energy store gain, resulting in increased vulnerability to later periods of severe weather.  During severe weather in winter, food becomes harder to find while energy demand for thermoregulation increases, so that food intake must be increased (Davidson 1993). When severe weather lasts for a few days or more and they are unable to forage or experience additional stressors such as human disturbance resulting in flushing, mortality rates can increase (Davidson 1981, Davidson & Evans 1982).  In spring and autumn many waterfowl must gain large stores of fat and protein in preparation for their major migrations. During these periods daily food requirements are high and some evidence indicates that birds are feeding at or near their maximum attainable intake (Ens et al. 1990). Issues associated with achieving high food intakes appear particularly acute during the short, spring migration or staging periods necessary to reach breeding grounds at the right time. As a result, disturbances during spring staging will reduce net energy gain and can lead to birds migrating to their breeding grounds with reduced energy stores. In some years, arctic-breeders need to draw heavily on their stores soon after arriving on breeding grounds. If spring snow-melt is late and weather conditions are bad, reduced energy stores may affect breeding success and even adult survival (Boyd 1992; Davidson & Morrison 1992). Reduced fitness due to delayed migration can lead to delayed egg laying and hatching.  Earlier hatch dates in Brant have resulted in greater growth potential and survival of Brant chicks within their first year with larger birds experiencing greater lifetime growth potential and higher likelihood of survival and reproductive success (HT Harvey 2015).  In fall, waterfowl undergo a major molt and impacts on fitness from disturbance during this period are high due to increased energy demands for the growth of new feathers.  In addition, some waterfowl undergo flightless molt in fall and become more vulnerable to human disturbance that causes them to move from safe refuges to areas where depredation risk is greater.

Cumulative disturbance factors

Assessing the impact of human disturbance to wildlife is further complicated when considering their response to multiple types of disturbances in the same area or timeframe.   For instance, Townshend & O'Connor (1993) suggest that waterfowl numbers and usage at sites in England were affected by waterfowl hunting, but primarily when the presence of bait-diggers in key areas in which hunting was prohibited. Further, Smit and Visser (1994) found that flushing distance of Brant increased by 300’ during the beginning of the hunting season.  They noted that Dunlin will tolerate bait diggers working at the same spot for long periods at much closer distances that walkers approaching them on the tide flat.

Species-specific Examples

Brant – Up to 2,700 Brant/day use the refuge in winter, accounting for 48-75% of Brant in the entire Bay.  One of the largest roosting sites in the Salish Sea is located on the shore adjacent to the project area where Graveyard Spit joins Dungeness Spit (J. Evenson, pers comm).This is a good species for evaluating the general impacts of disturbance to waterfowl on Dungeness NWA because it is one of the largest migratory birds on the Refuge, it is a flocking species and is actively hunted in the area.  Multiple studies have shown that larger species as well as larger flocks tend to respond more strongly to disturbance (Owens 1977, Mori et al 2001).  Brant are known to flush in response to disturbances during the hunting season with flushing distances of up to 1,500’ and appear to be much more sensitive to human disturbance between October and December (Kramer 1976, Owens 1977).  At higher frequencies of disturbance, Brant became more easily disturbed during subsequent occasions with the highest flushing distances of up to 2,400’ in one study (Owens 1977).  Belanger and Bedard (1989) showed that the rate of more than two disturbances/hour on one day can lead to lower bird numbers the following day in the same area.  Disturbance during winter and the spring staging period is of particular concern because it can negatively affect the ability of Brant to build energy reserves for migration and breeding and thus lower reproductive success (Henry 1980, Derksen and Ward 1993, Reed et al. 1998, Ward et al. 2005). They forage almost exclusively on eelgrass (Zostera maritima) and their fitness is determined by the availability of eelgrass beds (Reed et al. 1998). Since Brant forage at a maximum depth of approximately 1.5’, eelgrass availability is limited by two high tides per day (HT Harvey 2015).  Once availability is depleted through competition or disturbance during the day, Brant will forage at night (HT Harvey 2015, Mori 2001, Owens 1977).  In addition, Brant are more sensitive to disturbance (taking flight at greater distances from oyster boats) when they are feeding in eelgrass areas than when they are resting (Owens 1977, Mori et al. 2001).  With the exception of hunting, Brant response was highest to boat traffic (27% of disturbance events) and clamming (22%) on Humboldt Bay (Henry 1980). They are often not observed near the project area below a 3’ tide, however if farm operations exceed that tide, disturbance and associated effects are expected.  

Wigeon are one of the most abundant dabbling ducks on the Refuge in winter and migration, with high counts of up to 3,500/day.  Flocks in the hundreds regularly roost on the shoreline directly adjacent to the project area (particularly adjacent to mile marker 3 and along the western shoreline of Graveyard Spit. They feed on eelgrass and other seagrasses either attached to the sediment or, opportunistically, floating in the water.  Because they are dabbling ducks, tidal elevations over eelgrass beds effectively restrict the amount of time and habitat from which to forage on the Refuge between 3-5’ tides.  They are relatively inefficient grazers and subsist on a high quantity of relatively poor quality forage which requires long periods of feeding to meet daily energy requirements (Fox et al 1993). Studies have found that disturbance during low tides, when Wigeon are standing on the exposed mud to feed, invariably causes the entire flock to abandon the Zostera bed completely until the next tidal cycle.  As a result, Wigeon experience lost feeding time as well as increased energy demands of flight which is further exacerbated during the hunting season.   

Dunlin is the most abundant shorebird species on the Refuge during winter and migration with abundance of up to 2,000 birds/day.  Shorebirds, in general, share the same basic energetic requirements as waterfowl with dramatic changes in body mass during their time on the Refuge (McEwan and Whitehead 1984, Davidson and Evans 1989, Buchanan 2006).  The area immediately around the project area is one of few high quality foraging sites for Dunlin in Dungeness Basin. Introduction of such a high density aquaculture farm with up to 15 people managing the site for up to 90 days per year will most likely result in significant reduction in dunlin use of the Refuge and possibly reduced carrying capacity for the Bay.  During a five-year investigation of aquaculture effects on shorebirds, Kelly et al. (1996) revealed a significant net decrease in total shorebird use of areas developed for aquaculture. They found that aquaculture not only blocked shorebird access to sediments directly below oyster bags, but also reduced shorebird use in the vicinity of aquaculture structures (Kelly et al. 1996).  In this study, Dunlin and Western Sandpipers – species of highest abundance on the Refuge - actively avoided aquaculture areas.  In addition, Smit and Visser (1993) noted that the presence of just one person on a tidal flat can create a surprisingly large disturbance area in which birds stop feeding or flush (e.g Dunlin = 32 acres).  They note that people actively moving around on tide flats create more disturbance than people who stay in one place for some time. However, they also note that even static types of activity can cause major disturbance if they are intensive and/or widespread.  

Flushing Distance/Buffer Zones

Owens (1977) studied Brant response to disturbance at several estuaries in England.  He found that flushing distance of Brant varied based on location, activity and time of year, ranging from 60 – 2,400’ with the longest flushing distance occurring after two encounter with people walking toward Brant on the eelgrass beds.  Mori et al 2001 studied the flushing distance of waterfowl to boats and found that species response varied as well (range 193 – 480’ and 201-297’ for Wigeon and Mallard in single species flocks respectively).  They also found that response varies by activity; foraging species flush at a greater distance from disturbance (369’ vs 237 for resting); larger flocks flush at greater distances than smaller flocks or individuals.  Finally, they note that time of day can also influence flushing distance of Mallards (369’ during the morning vs 234’ in the afternoon).

In addition, Smit and Visser (1994) showed that the cumulative effects of disturbance can increase flushing distance in response to any disturbance citing a study conducted by Rudfeld in which flushing distance of Brant to motorboats increased from 630’ to 1,110’ during the beginning of the hunting season.  They note average flushing distances of Brant at 315’(174-456’) and Dunlin 213 (171-258’) when approached by walkers on the tide flat but note that they will tolerate bait diggers working at the same spot for long periods at closer distances.  Berger (1981) found fewer shorebirds around people walking or jogging and that 50% flushed birds relocated elsewhere.  Berger and Gochfield (1991) found that decreased forage time and increased time running or flushing from humans occurred for Sanderling at approximately 300’.

[bookmark: _GoBack]The eastern half of the project area and the proposed boat access point (i.e. the location of highest activity for workers) is located within the highest use area for waterfowl and shorebirds on the Refuge.  In response to known impacts of human disturbance, historic Refuge management actions have included closing this area to human use between October – mid May and placing restrictions of activities on the previous farm in this same location to XXX – XXX.  If the Refuge will be restricted from following established management practices to limit human disturbance, the boat access point must be moved or over 10,000 waterfowl will be affected.  In addition, buffer distances should be developed for concentrated feeding times between 3-5’ tides if these periods cannot be avoided.


Literature Review of Impacts from Aquaculture to the Benthic Environment

Sue Thomas, Wildlife Biologist, WMNWRC   2/17/19

Invertebrate Prey Species in the Salish Sea

Shorebird abundance varies among sites based on environmental conditions, prey availability, predation and disturbance pressures (Buchanan et al. 1985, 2006).   Most shorebirds on the Refuge forage by probing in the mudflats and are restricted to depths equivalent to their bill length while most invertebrates occur in the top 2 cm of muddy anaerobic sediments.  These factors restricts suitable foraging habitat, particularly in tidal environments because they must forage near the tide line before their prey retreat further into the mud when the water recedes.  The three most abundant species on the Refuge forage in this way including Dunlin (during winter and migration periods), Western and Least Sandpipers (during migration periods).  There are three main concentration areas for shorebird foraging within the greater Dungeness Bay including:  the mudflats along the southern shore of DNWR between mile marker 2 and Graveyard Lagoon, the mouth of the Dungeness River and Three Crabs.  Within the Salish Sea shorebirds (listed above as well as Sanderling & Black-bellied Plovers) primarily consume copopods, amphipods and polychaete worms (see list below for primary species and groups; Buchanan 2006, Franks 2014, Warnock 1996). 

Juvenile Chinook and Chum salmon primarily consume amphipods and copopods (USFWS 2016, Fresh 2006).  Juvenile herring feed heavily upon planktonic organisms, particularly copopods; exclusively during their first two weeks of life in the Strait of Juan de Fuca nearshore zone (Penttila 2007). Adult herring also feed heavily on copepods as well as euphausiids (Penttila 2007).  In addition, Sand lance, surf smelt feed primarily upon copepods (Simenstad et al. 1977) along with a variety of other planktonic organisms and small epibenthic crustaceans (Tribble 2000, Simenstad et al. 1977, Simenstad et al. 1979).  

		Species/Sp Group

		Trust Resources or Species of Concern



		Amphipod/Corophiidae  (sand hoppers)



		Anisogammarus confervicolus

		Western Sandpiper



		Anisogammarus sp.

		Dunlin



		Corophium californiensis

		Dunlin 



		Corophium cumaceans

		Chinook salmon



		Corophium insidiosum

		Dunlin



		Corophium salmonis

		Chinook salmon, Dunlin



		Corophium spinicorne

		Chinook salmon



		Corophium sp

		Western and Least sandpipers, Sanderling



		Gammarid spp

		Chum salmon



		Orchestoidea spp

		Dunlin 



		Paraphoxus sp.

		Dunlin and Western Sandpiper



		Copopods

		



		Calanoid copepods 

		Herring, Surf Smelt, Sand Lance and Sticklebacks



		harpacticoid copepods

		Chum salmon



		Harpacticus uniremis

		Smelt, Sand Lance & Sticklebacks



		Tisbe spp.

		Smelt, Sand Lance & Sticklebacks



		Zaus sp

		Smelt, Sand Lance & Sticklebacks



		Isopods

		



		Gnorimosphaeroma spp

		Least Sandpiper



		Euphausiids (krill)

		Herring



		Polychaete worms

		 Scolecida/Annelid/Polycheata



		Capitellidae spp

		Sanderling 



		Nereis succinea

		Western Sandpiper



		Notomastus tenuis

		Western Sandpiper 



		Pseudopolydora kempi

		Western Sandpiper



		Scolecida/Annelid/Polycheata

		Black-bellied Plover, Dunlin, Least Sandpiper



		Abarenicola pacifica

		Black-bellied Plover



		Dipterans

		



		Diptera/Cyclorrhapha

		Least Sandpiper







Aquaculture Impacts on Invertebrates

[bookmark: _GoBack]Clearly, anything that reduces the copopod, amphipod, and polychaete worm abundance in and around the project area, will have detrimental effects on the prey base of trust species (shorebirds), listed species (salmonids) and species of concern to the state (forage fish) that prey heavily on them while on the Refuge and ultimately will reduce our ability to manage for trust species.  Bivalves overwinter in the Bay and are able to start feeding when water temperatures reach the threshold necessary to promote an active metabolism.  In contrast, temperate copepod species rely on a relatively small number of adults to survive over-winter and which can then feed and reproduce to rebuild the population (Newell 2004).  In fact, copepod fecundity is directly related to food availability and if the majority of the phytoplankton is being consumed by adult bivalves, the copepod populations will diminish (Newell 2004).  Bivalves are also in direct competition with juvenile herring which rely almost exclusively on phytoplankton during their first two weeks of life.  This is key because one of the remaining herring spawning areas is located in Dungeness Bay with annual status ranging from Depressed to XXXX.   Forrest et al (2009) notes that direct benthic effects associated with oyster cultivation are highly localized to farmed areas, but do extend to ‘tens of meters’ from structures – thus we can infer that benthic effects will extend to 30- 60’ beyond the project area at a minimum.  They note that the magnitude of effects will depend on the stocking density, types of culture operations, flushing characteristics of the surrounding waters and season.  Dumbauld et al (2009) notes that overall, certain invertebrate species groups can persist under aquaculture, but also notes that impacts can vary by site, citing decreases in richness and abundance below mussel farms as stocking density increases (particularly for cirratulid polycheates and two species of amphipods; Beadman et al 2004).  Densely stocked farms in poor flushing environments and/or those positioned counter to the currents will increase the sediment level or enhanced sediment resuspension and high turbidity (Forrest et al 2009).  This is also an issue for eelgrass growth to adult stages.
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