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ABSTRACT

There are seven indigenous salmon and trout of the genus Oncorhynchus in Washington and
Oregon (chinook, coho, chum, sockeye, and pink salmon, and steelhead and cutthroat trout), for
this paper we will collectively call them salmon. Their habitat extends from the smallest inland
streams to the vast North Pacific Ocean, an area of freshwater, estuarine, and ocean habitats in
excess of 4 million km?. Due to past commercial fisheries, habitat loss, hatchery problems, and
more recently a changing ocean environment, salmon populations have shown substantial decline
over the past several decades. Many salmon stocks in Washington and Oregon are now listed as
either threatened or endangered, under the Federal Endangered Species Act.

Early in this century and up until relatively recently, commercial fishing permanently diverted
massive quantities of nutrients away from Washington and Oregon rivers, and their respective fish
and wildlife inhabitants. Recent calculations by Gresh et al. *"** indicate that only 3 percent of the
marine-derived biomass once delivered by anadromous salmon to the rivers of Puget Sound, the
Washington Coast, Columbia River, and the Oregon Coast is currently reaching those streams.
There have also been many other losses of salmon habitat during this period caused by: river
channel clearing and channelization, log driving and splash damming, extensive land clearing,
major water diversions, livestock grazing, mining runoff pollution, logging road associated
erosion and removal of the old growth forest, filling and diking of wetlands and estuaries,
hydroelectric dam development, urban runoff, water and sediment contamination with toxicant,
and recently recognized human induced oligotrophication of waterways. Over fishing and habitat
degradation, together with a background of a changing ocean environment, have cumulatively
reduced stock resilience. A century of hatchery programs have failed to rebuild the wild runs, and
in many cases, likely contributed to their further declines. Modern salmon management
techniques have become highly sophisticated, however, they have not been able to keep pace with
the salmon population declines.

The life history of anadromous salmon covers time spent in freshwater, estuaries, and the ocean.
Freshwater habitats are mainly used for spawning, incubation and juvenile rearing; estuaries are
where juveniles put on critical rapid growth and make important osmoregulatory adjustments as
they transition between fresh and saline waters; and the ocean is where significant feeding results
in most of the body mass of the returning adults. Throughout their life salmon feed on a wide
variety of prey organisms, including many kinds of freshwater and marine invertebrates and
fishes; and at the same time, are fed upon by a wide variety of invertebrate and vertebrate
predators and scavengers.

Juvenile salmon are known to feed directly on salmon carcass flesh, salmon eggs, and aquatic
macroinvertebrates that may have previously fed on salmon carcasses. Research has uncovered
significant contributions of nutrient from spawning salmon to the collector-gatherer
macroinvertebrate community. Caddisflies, stoneflies, and midges are involved in processing the
microbially conditioned salmon carcass flesh. Increase in aquatic macroinvertebrate density from
the introduction of salmon carcasses stimulates feeding by early life stages of select salmon
species. Other stages of the salmon life cycle also contribute to the macroinvertebrate food base,



such as some stonefly nymphs, when they scavenge dead pink and chum salmon embryos and
alevins within the gravelbed.

A recent study of consumption of salmon by vertebrate wildlife found that 138 species of birds,
mammals, amphibians, and reptiles were predators or scavengers of salmon at one or more stages
of the salmon life. Of this group of wildlife species, 9 species had a Strong-Consistent
relationship, 58 a Recurrent relationship, 25 an Indirect relationship, and 65 had a Rare
relationship (the tally is more than 138 because 19 species have more than one type of relationship
with salmon). These species were further examined as to the life cycle stage of salmon to which
they were linked. The five salmon life stages, and the number of wildlife species associated with
each (in parenthesis) were: Incubation (23); Freshwater Rearing (49); Saltwater (63); Spawning
(16); and Carcasses (83) (this tally of wildlife species totals more than 137 because 66 species of
wildlife are associated with salmon at several life stages).

Salmon act as an ecological process vector, important in the transport of energy and nutrients
between the ocean, estuaries, and freshwater environments. The flow of nutrients back upstream
via spawning salmon and the ability of watersheds to retain them plays a vital role in determining
the overall productivity of salmon runs. As a seasonal resource, salmon directly affect the ecology
of many aquatic and terrestrial consumers, and indirectly affect the entire food web. The
challenge for salmon, wildlife, and land managers is to recognize and account for the importance
of salmon not only as a commodity resource to be harvested for human consumption, but also for
their crucial role in supporting overall ecosystem health. It is also important that naive view of
wildlife as only consumers of salmon be abandoned. Many species of wildlife for which hard
earned environmental laws and significant conservation efforts have been established (e.g., grizzly
bears, bald eagles, river otters, killer whales, beaver), play key roles in providing for the health
and sustainability of the ecosystems upon which salmon depend. As the health of salmon
populations improves, increases in the populations of many of the associated wildlife species
would be expected. Salmon and wildlife are important co-dependent components of regional
biodiversity, and deserve far greater joint consideration in land-management planning, fishery
management strategies, and ecological studies than they have received in the past.

Most measurements in this text are in metric system, however, conversions to English are given
in Table 1.

Table 1. Metric to English Conversions.

Metric English To Convert From Metric to English
Multiply Metric by:
millimeter (mm) inch (in) 0.039
meter (m) feet (ft) 3.281
square kilometer (km?) square mile (mi?) 0.386
kilometer (km) mile (mi) 0.621
gram (g) ounce (02) 0.035
kilogram (kg) pounds (1bs) 2.205
cubic meter (m?) cubic yard (yd®) 1.308
metric ton (mt) ton (1) 1.102







INTRODUCTION

Thelandscapes of Washington and Oregon at first glance appear to have some disconnect between the
terrestrial and ocean environments. Yet, abundant riversand streamsflow from theinterior to the coastal
zones, actively connecting thefreshwater, estuarine, and ocean systems. Within theseenvironmentsthere
are countless abiotic and biotic processeswhich form ahighly integrated ecosystem.

Plate #1. The White River
flowing from Mt. Rainier, WA.
(Photo by: Larry Dominquez)

Key inhabitantsincludewild anadromous Pacific salmon (Oncor hynchus spp.) (anadromousfishesare
those that spend much of their livesfeeding inthe ocean and migrateto freshwater to breed), 605 identified
common vertebrate wildlife species, and numerous speciesof macroinvertebratesand other fishes.
Complex relationshipshave evol ved within and between anadromous salmon and these i nhabitantsthat may
beimportant for maintai ning thisecosystem. Past highly explaitivefisheries, poor land use practices, an
over-reliance on salmon hatcheries, and achanging ocean environment, haveall contributed to many salmon
stock declinesinthese states’. It hasbeen suggested that future salmon conservation will needtotakean
ecosystem approach if wild stocksareto survive*®. The purpose of thispaper istoidentify known
relationshi psbetweenwild salmonandwildlife, discussthe ecological context of theserelationships, andto
suggest new way's of managing the salmon resource with an ecosystem perspectivein mind.

We definewild salmon asindigenous speciesthat arethe progeny of streambed spawners. Thisdefinitionis
used to distinguish wild saimon from hatchery (artificialy) propagated sdmon. ThegenusOncorhynchus
includes both salmon and trout, however for our purposewe collectively refer to them ssmply assalmon.
Wildlifearedivided into two main categories, indigenous macroinvertebrates (aquatic and terrestrial) and
vertebrates (amphibians, reptiles, fishes, birds, and mammals) found in Washington and Oregon.



Itisimportant to recognizethat the ecosystem of Washington and Oregon salmon can behemisphericin
scale; reaching fromlocal inland watersheds, where spawning occurs, al theway to ocean feeding grounds
north of the Aleutian Idands of Alaska, west to the Asian side of the Pacific Ocean, and back again. This
ecosystem spansan areaof freshwater and ocean habitat in excessof 4 millionkm?. Theessenceof the
salmonisthat it linkstogether what humansgenerally consider distant, diverse, and separate ecosystems,

Plate #2. Indian fishing for
salmon at Celilo Fallson the
lower Columbia River. (Photo
by: Archive of The Sookesman
Review, Spokane, WA).

andrdatively longtimespans.

Scientific knowledge of salmon in Washington and Oregon was preceded by arich legacy of aborigina
culture, whichwovetheminto everyday life % 4137, Salmon were an important food staple and abasi s of
many legendsof the native people of these states, particularly thosethat lived dong riversand marine aress.
Salmon were consumed by nativesinlarge quantities, for example, Craig and Hacker 19°¢tdin3™ cgl cul ate
that pre-contact catches of salmon inthe Columbiabasin a oneranged between 4.5and 5.6 millionfish
annualy. Most of the salmon caught at that time were consumed within their respectiveriver drainageand
someweretraded with distant tribes. ColumbiaRiver tribal recordsindicatethat salmon weretransported
long distancesinland, including trade routesover the Continental Divide.

“The Wishram and Wasco (tribes along the lower Columbia River near Celilo Falls) seemto have
been the focal point in the most extensive trade network in the plateau -- one that reached to the
mouth of the Columbia and out onto the plains east of the Rockies. They traded dried fish (salmon)
for bison hides and other commoditiesthat originated on the plains.” 177 ctdin37 - Some of the earliest
Euro-Americansto view Pacific salmon traveled to the Northwest with the Lewisand Clark expeditionin
1805. Near the confluence of the Columbiaand Snakerivers, they observed salmon in unimaginable

abundance: “ The number of dead Salmon on the Shores & floating intheriver isincrediable (sic) to
say... . William Clark in 1805, p 252 cited in 119

European settlement and commercial devel opment of Washington and Oregon brought significant habitat
problemsfor the salmon; resulting inmany physical, chemical, hydrologica, and biological modificationsto
theenvironment. Varied effectson salmon habitat are often interrel ated in complex waysand the effects of
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variousactivitiesand ecosystem
modifications can becumulativest, Some
of themore harmful habitat |osses caused
by man have been: river channd clearing
and channelization, log driving and splash
damming, extensiveland clearing, mgor
water diversons, livestock grazing, mining
runoff pollution, logging road associated
erosion and removal of theold growth
fores, filling and diking of wetlandsand
estuaries, hydrod ectric dam devel opment,
urban runoff, water and sediment
contaminationwith

Plate #3. Clearcut logging along Matheny
Creek, Washington. (Photo by: Jeff
Cederholm).

toxicants, and recently recognized
humaninduced oligotrophication of

Wataways 208, 296, 101, 245, 453, 485, 365,
174, 59, 16, 543

Fishery exploitation of Columbia
River salmon by Euro-Americans
becameamajor factor after the
middletolate 1800s. Toensure
primary accessto the salmon,
commercid fisherieswere
strategically located downstream of
popular Indianfishing grounds. The
principlemeansused to catch the
salmonwere

Plate #4. Urbanization and habitat
loss in the Puyallup River estuary and
floodplain, Tacoma, Washington.
(Photo by: Washington Department of
Natural Resources Photo and Mapping
section).




Plate #5. Grand Coulee Dam, an
impassable hydroelectric dam on the
Columbia River, Washington. (Photo
by: Larry Dominguez)

gillnets, traps, seines, and fishwhegls12-48.274 |t wasreported that “ ...on asingle spring day in 1913 the
Seufert brothers’ wheel no. 5 turned arecord catch of 70,000 pounds” 1%, After the 1870sand uptothe
early 1900s, the ColumbiaRiver salmon fishery grew from 1 to 40 canneries 478 368 ditedin3s5,

Fish wheelswere prohibited on the ColumbiaRiver after 19353%. Commercia landingsof ColumbiaRiver
salmon and steel head peaked between 1880 and 1930, and then went into along

term decline up to present times %, Depl etion of the prime spring and summer chinook probably started
earlier however, asthefishery shifted to thelessdesirable coho and fall chinook 2. One estimate of annual
pre-Euro-American salmon and steelhead run sizefor the ColumbiaRiver rangesbetween 8.2 and 16.3
millionfish="™.

Early attempts to increase salmon catches using salmon hatcheries began as early as the 1870s, when
concerns about over fishing led the Oregon and Washington Fish Propagating Company to construct
a salmon-breeding station on the Clackamas River **. By the 1960s, with the advent of the

Plate #6. Fish wheel scow on the
Columbia River at the Cascades,
loaded with blueback (sockeye)
salmon, ¢. 1895. (Photo by: Oregon
Historical Society: OrHi-214,
reproduction number 340)




Plate #7. Salmon Catch at the
Seattle Wharf. (Photo by:
Washington State Historical
Society, Tacoma, WA. Negative
No. 1994.123.121)

Oregon Moist Pellet medicated food, hatchery salmon production increased dramatically. Total annual
Columbia-Snake River system hatchery production (Washington, 1daho, and Oregon) reached 216 million
smoltsin 19893%, Thecatchesof salmoninthe ColumbiaRiver fisheriesinthesetimeswerehighrelativeto
recent times; however, they werelargely hatchery fish. Inthe early 1990s about 95% of the coho, 70% of
the spring chinook, more than 50% of thefall chinook, morethan 80% of the summer chinook, and 70% of
the steelhead production in the Columbia-Snake River systemwere of hatchery origin3®. By themiddle
1990stherewerewell over 100 state, federal, tribal and private salmon hatcheriesin Washington and
Oregon. Withtheincreasing reliance on artificia propagation, concernsbecamegreatly heightened that
contemporary hatchery programswere having negative effectsont he genetic diversity and persistence of

Plate #8. Canned salmon at the
Apex fish company (1913).
Photo by: Curtis. Washington

Sate Historical Society.
Negative N0.27683.




wild populations, and that increasing rel eases of hatchery fish could not override other factors contributing to
theoverd| decline of sdlmon 3%, Thehistory of artificial propagation revealsarecurring cycle of
technological optimismfollowed by pessmism.

While many attempts have been made at remedying thethreats of habitat loss, over fishing, and hatchery
impacts, they have not been enough to prevent the widespread decline of wild salmon stocksin these states.
Recent publications have chronicled thelow abundance of wild salmon stocksa ong the Pecific Coast inthe
lower 48 states ¢7:53.542.387.181 - |n 1991, the American Fisheries Society ** published alist of 214
naturally spawning stocksof salmon, steelhead, and cutthroat from California, Oregon, Idaho, and
Washington, including: 101 stocksat high risk of extinction, 58 at moderaterisk of extinction, 54 stocks of
gpecia concern, and one classified asthreatened under the Federal Endangered SpeciesAct (ESA) of
1973. Fifty-eight of these stocks occur along the Oregon coast, 41 a ong the Washington coast andin
Puget Sound, and 76 within the ColumbiaRiver basin. In spite of past salmon habitat degradation and over
fishing, however, some stocksremain healthy 22X, Since 1990, the National Marine Fisheries Service
(NMFS) hasreceived anumber of petitionsto list Pacific sdlmon stocks asthreatened or endangered under
the ESA, and thefirst salmon stock of thisareato belisted asendangered wasthe Snake River sockeye, in
November 1991 3662,



GENERAL SALMON LIFEHISTORY

There are seven species of Pacific salmon and trout of the genus Oncorhynchus in Washington and
Oregon, and they include: chum (O. keta), pink (O. gorbuscha), sockeye (O. nerka), chinook (O.
tshawytscha), and coho salmon (O. kisutch); and rainbow (called steelhead when anadromous) (O.
mykiss) and coastal cutthroat trout (O. clarki clarki). Some of these species, including the sockeye
salmon (kokanee) and rainbow and cutthroat trouts, have both anadromous and nonanadromous
forms. Salmon life history patterns follow a basic theme (Figure 1).

RIVER
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Figure 1. Generalized anadromous and nonanadromous (resident) Pacific salmon life histories, showing freshwater, estuary,
and ocean components (the original diagram was from Nicolas and Hankin 2 and later modified by Spence et al. ).
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Salmon evolved in habitatsthat aretypically characterized by accessible cool, clean water with abundant
woody debrisor other formsof cover, rlatively clean spawning gravels, food, and abalanced popul ation of
predators. Inthetemperate ecosystem of the Pacific Northwest, the freshwater environment isless
productivethan the ocean environment, particularly estuariesand coastal upwelling zones'”, therefore
Pecific sdlmon evolved an ocean feeding phaseintheir lifehistory 7°. - A typical anadromoussamonlife
history hasfivemain stages:. (1) spawning and egg incubation, (2) freshwater rearing, (3) seaward migration,
(4) oceanrearing, and (5) return migration to freshwater to spawn and the deposition of marinederived
nutrientsinto thefreshwater ecosystem (Figure 1). Each specieshasdightly different tempora varietiesof
theanadromouslife history (Figure2). Simply put, lifehistory means: “...what the salmon do, wherethey do
it, whenthey doit, and how they doit” 2.

i
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e

Figure 2. Temporal phases of the anadromous Pacific salmon life history; whilein
freshwater, estuary, and ocean environments.

Thevariousstages of devel opment may have many different timings, depending on speciesand location, as
typified for Puget Sound (Skagit-Samish Basins) in Figures 3-A, coastal Washington (Queets-Quinault
Basins) in Figure 3-B, and coastal Oregonin Figure 3-C. Thenonanadromous (resident) lifehistory is
typified by spawning and rearingin freshwater without going to sea.
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Figure 3A. Timing of salmon freshwater life phases in the Skagit-Samish Basins WRIA 03-04 118556, 542,541,
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Figure 3B. Timing of salmon freshwater life phases in the Queets-Quinault Basin WRI A 21 162 402,542,541,
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Figure 3C. Timing of salmon freshwater life phases in drainages of the Oregon Coast 7 234 356. 372,505,549,
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Thechum, pink, sockeye, chinook, and coho salmon all die after spawning just once, alife history strategy
known assemelparity 32, Thislifestrategy hasevolved because of the need to have agreater portion of
the energy obtained from ocean feeding devoted to gamete production and juvenile survival. Consequently,
survival after spawning no longer offered an advantageto these species®2. Conversely, the death of the
spawning run offered asubstantial surviva advantageto theoveral population. By enrichingthe
environment of thejuvenilestheir growth and survival ratescould beincreased. Theiteroparous, repeat
spawning strategy, typical of therainbow and cutthroat, probably occurred in the headwater reaches of
larger rivers, where nonanadromous popul ations could be maintained year round. Thesefishgeneraly were
smallerinsize, lessfecund, and had sparser distribution and lower abundance than the anadromousforms.
However, by retaining iteroparity, calamitouslosses of young dueto floods or drought, could be
compensated for in subsequent breeding seasons %,

Chum, pink, sockeye, chinook, and coho salmon all spawn sometime between August and February,
a atimewhen stream flowsareincreasing and water temperaturesaredeclining. Rainbow and cutthroat
spawn between January and June, when stream flows are decreasing and water temperaturesareincreasing.
For successful development of eggsto occur, thegravel should berelatively stableand clean of fine

Plate #9. Chum salmon
spawning in Kennedy
Creek, Washington.
(Photo by: Jeff
Cederholm)

sediments. Pacific sdimon areableto clean gravel sby purging them of fine sand and silt particlesduring
redd (spawning nest) excavation; but subsequent sediment transport processesand bedload flux canreturn
thisenvironment to the pre-spawning condition 44413, After gpproximately 2-4 monthsof incubation,
salmon fry swim up through thegravel and emergeintothestream. Actua emergencetimewill depend on
speciesand race of fish, for example chum and chinook emergein latewinter-early spring, whilecoho
emergein middle-late spring, and rainbow and cutthroat emergein late spring to mid summer. Emerging fry
canvary widdly in sizeat emergence, ranging from 20+ mm nonanadromous cutthroat to 35-40 mm
chinook. Uponemergence, fry actively feed onavariety of aquaticinsects, and for thosethat freshwater
rear for extended periodsof time (particularly coho), the proportion of terrestria food itemsinthediet may
increaseto over 30% 3%, Larger-sized juvenile salmon such asolder aged rainbow and cutthroat prey ona
mixed diet of aguatic and terrestrial macroinvertebrates, and may supplement their diet with occasional
salmon eggs or fry4%:52, Sockeyefry are known to feed on cladocerens, copepods, and gammarid
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amphipodsinlakes®'.

After asummer of rearing in fresh water, juvenile coho average approximately 50 to 90 mm in
length, and may weigh 2to5geach 8. Summer low-flow isacrucia timeinthelifeof juvenilesaimon
having extended freshwater rearing. During thisperiod thevolume of aquatic habitat shrinksto aminimum,
which canintensify inter- andintra-specific competition ®. Declining streamflow conditionsaso may cause
somefish (i.e., chinook, coho) to emigrateto estuaries %52, wherethey continueto rear. Where species
overlapinfresh water, anumber of tempora and behavioral differencesfacilitate coexistence. For example,
age-0 coho (juvenilesthat have not gonethrough awinter in fresh water) prefer ow deep habitatscalled
pools, while steelhead age-0 prefer fast-water habitatscalled riffles, and therefore, areableto coexistin
fresh water by partitioning the availablefood and spaceresources®. Ontheinfertile coast, chinook fry fill a
tempora nichein spring prior to steelhead emergence, and thuscoexist inasimilar habitat until they often
migrateto seaafter 90 daysof rearing in freshwater 2. Thus, theratio of fast-water to dow-water habitats
andtheir tempora utilization inaparticular stream reach, during spring and summer, caninfluencethe
relative proportions of speciesand age classesof asamon community.

Upon thefirst rains and high waters of fall, coastal species (juvenile coho, steelhead, and cutthroat)
makeadirected migration to seasond ly alternaterearing habitats. Juvenile coho and cutthroat exhibit major
immigrationsinto side-channel swamps® and riverine ponds 3% 4094162 |ocated along river flood plains.
Juvenile coho, steel head, and cutthroat areknown toimmigrateinto small “runoff” tributaries (valley-wall
tributaries) of rivers®2™, Presumably theseimmigrationsareto avoid high flowsand turbidity of main
rivers, aswell asto take advantage of good feeding conditionsduring winter 2%.3%°, |n contragt, interior
(Idaho) juvenilechinook areknownto moveout of tributariesand into main riversto over-winter, likely to
avoid winter ice conditionsin thetributaries®.

After completing their freshwater stage, juvenile salmon of all anadromous forms undergo a
physiological change called smoltification that includes osmoregulatory adjustments which prepare
them to enter saltwater. For example, chum and pink salmon are nearly smolts upon emergence from
the gravel, going directly to estuaries and the ocean %° %©; while chinook *” and coho #*? may either
go directly to seathefirst spring or summer of their life, or remain in freshwater for awhole year
before smolting. Sockeye may rear in freshwater for one or two years before smolting 7/, and
steelhead 2 and cutthroat % 12 may not smolt for two or three years or more.

Once in the estuary or ocean, most salmon prefer to feed on such prey as amphipods, copepods,
euphausiids, squid, herring, sandlance, rockfish, and anchovy 882197 \Whileinthe ocean, most slmon
speciesmigrate long distancesto feeding grounds al ong the North Pacific coast 178 13513619194 |
contrast, some chinook stocksremain as* blackmouth feeders’ in Puget Sound and the Strait of Georgia®”,
never going to the open ocean; and anadromous cutthroat may only range severa kilometersfromtheir natal
stream without overwintering in the ocean®. Depending on the species, sadlmon use the ocean asafeeding
ground invastly different ways, some stay closeto the North American Continent (i.e., chinook, coho, and
cutthroat) and others(i.e., sockeye, chum, pink, and steelhead ) forage far out into the north and western
Pacific Ocean; but all survivorseventually return marine derived nutrientsback to their riversof originat
adulthood (Figure4).

During their anadromouslife history salmon makeimportant ecological contributions (asprey) to various
predatorsin the Pacific Northwest ecosystem, regardless of whether aparticular individual salmon
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Figure 4. Generalized ocean migration routes and biomass accrual of six species of Pacific salmon
originating in Washington, Oregon, and British Columbia.

completesall lifehistory stagesor not (Figure5). Itisnot uncommon for overal salmonsurvival ratesto
average 0.1% from egg to spawning adult.

Chum Salmon (Oncorhynchus keta)

Chum, or “dog” salmon spawn in the late summer into winter, depending on location. They deposit their eggsin aredd,
and the incubation period can last from 3-5 months, depending on water temperature. There are mainly two races of chum
salmon in Washington, the summer chum and the more abundant fall chum °. Some chum spawn intertidally, but most
spawn in thelower reaches of riversand streams. Chum salmon prefer medium sized gravel that isfree of excessive
amounts of sand °. The freshwater phase of juvenile chum salmon isvirtually over upon fry emergence from the gravel,
at which timethe fry migrate to protected marine waters and estuaries. Herethey rear for several weeks before migrating
to the ocean #°. The length of time spent in the ocean can vary, but generally chum salmon grow to 3 or 4 years of age.
ChuminHood Canal can reach weights of 3.1 to 6.2 kilograms, depending on sex, stock, and year > (Table 2).
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Pink Salmon (Oncorhynchus gorbuscha)

Pink, or “humpy” salmon, like the chum salmon, use freshwater almost exclusively as an incubation environment,
preferring to feed in estuaries and saltwater. Like the chum salmon, there are both summer and fall pink salmon, withfalls
predominating in run size. Pink salmon often spawn in the lower reaches of rivers and streams, and many are known to
spawn intheintertidal areas®. Spawningisusually complete by fall or early winter. Upon emergencefrom the gravel,
pink salmon fry go directly to the ocean for rearing. Pink salmon are unique in that they have a strict 2 year life span, and
in Washington the odd year cycle dominates ™. Adult pink salmon average about 1.8 kilogramsin weight 5° (Table 2).

Sockeye Salmon (Oncor hynchus nerka)

Sockeye salmon, aso called the “red” salmon, are unique because they generally use rivers that have an accessible lake
environment in their drainage 246. Most sockeye adults enter freshwater in early to mid-summer, hold in alake, and spawn
infall. Typically sockeye spawn ininlet or outlet tributaries of lakes, while some sockeye spawn in upwelling water
along lake shorelines. Sockeye embryos have adapted to the reduced oxygen environmentstypical of the upwelling areas
in lakeshore, stream, and spring areas ”’. Reduced egg size, egg features that enhance oxygen transfer capabilities to the
embryo, and agenerally longer incubation period than other Pacific salmon, are some of those beneficial adaptations.
Thelength of time spent in freshwater as juveniles variesfrom 1 to 2 years; while an additional 1to 3 yearsisspentin
the ocean rearing to adulthood. Most adult sockeye average between 1.5 to 3.6 kilogramsin weight 5 (Table 2).

There is anonanadromous form of sockeye called “kokanee”. The kokaneeis much smaller in size at adulthood because
it spendsitsentirelifefeeding in freshwater. Adult kokanee weigh about 0.5to 1 kilogram.

Chinook Salmon (Oncorhynchus tshawytscha)

The chinook, or “king” salmon, is classified into three distinct varieties (spring, summer, fall) based on the season they
enter freshwater as adults. They tend to spawn in large rivers and their tributaries, preferring deeper water and larger
gravel substrate than the other species. Spawning usually occurs between August and November, depending on the
particular variety. After fry emergencein winter and early spring, some“ ocean-type” chinook swim downstream to the
ocean within several weeks, while others “ stream-type” spend up to a year feeding in freshwater before they migrate to
seal®. Migrant chinook exhibit major use of estuaries, particularly large marsh habitat (i.e., Skagit River, Fraser River)
where they feed on amphipods. During their winter in freshwater, juvenile chinook have been found buried within gravel
spaces, presumably to escape high stream flow conditions %,  The length of time spent at sea varies, but most chinook
salmon return to spawn at age 3to 5 years. Chinook have been known to reach weights of over 45 kilograms, however,
most range between 5 and 10 kilograms®s™ (Table 2).

Coho Salmon (Oncorhynchus kisutch)

The ubiquitous coho salmon, also called the “silver” salmon, occur in almost every accessible coastal stream. Coho
spawn in October through December, depending on the particular stock 42, Fry emerge from the gravel in April and May
510 and spend asummer feeding in pools or slow moving river side channels®. In thefall, when stream flowsincrease,
coho juveniles move downstream from their summer rearing habitats and immigrate into small flood plain tributaries and
riverine ponds 894401 Most smolting coho migrate to sea between the months of April and June, at age-1, but in cooler
waters may remain a second year in freshwater. Coho spend about ayear feeding in the ocean, then return to their natal
stream to spawn at age-3“®. Coho average between 3.6 to 5.4 kilograms as adults 2 (Table 2).

Rainbow Trout (Oncorhynchus mykiss)

Rainbow trout are found in most coastal and interior rivers, favoring cold-fast flowing environments %, There aretwo
main subgroups of rainbow, the anadromous and nonanadromous forms. The anadromous rainbow are called steelhead.
There are two main varieties of steelhead , the so called “winter-runs’ and “summer-runs’. Winter-run steelhead tend to
predominatein coastal and Puget Sound rivers; while summer-run dominatein theinterior Columbiaand Snake River
drainage. Nonanadromous forms of rainbow tend to exist in the headwaters of many rivers where there are steelhead.
During freshwater rearing, juvenile steelhead are often found in riffle environments, where they are ableto minimize
competition with juvenile coho®, but parr are also common in pools (Pat Slaney, personal communication). Inthefall and
early winter, juvenile steelhead redistribute and take up overwinter residence in small runoff tributaries %%, avoiding
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riverine ponds where juvenile coho reside *. Juveniles are also known to bury themselvesin the substrate during winter,
presumably for protection against high flow conditions*®. Generally, juvenile steelhead spend two yearsin freshwater
before smolting, however, some spend 1 year or 3 years. They spend an additional 1 to 4 yearsin the ocean, and return to
spawn at age 2to 5. Steelhead may reach weights of 13 kilograms, but most weight inthe 3 to 6 kilogram class (Table 2).

Coastal Cutthroat Trout (Oncorhynchus clarki clarki)
Coastal cutthroat trout, also called “harvest trout”, are found in most Washington and Oregon coastal streams 2. Two

main sub-groups of coastal cutthroat have been found living in tributaries of coastal rivers, the anadromous and
nonanadromous forms. Anadromous (sea-run) cutthroat enter freshwater from the ocean in late summer and fall to either
feed or spawn 22, The nonanadromous form is characterized by both the non-migratory (fluvial) and within river
migratory (potamodromous) types 62, Spawning occursin late winter through spring. After incubation fry emerge
during late spring and early summer and take up residencein shallow rifflesand poolsin small headwater tributaries,
usually upstream of all other species of salmon. This spatial segregation allows younger individualsto avoid direct
competition with other salmon juveniles . In preparation for winter, juvenile cutthroat are known to move downstream
and immigrateinto flood plain tributariesto over-winter, similar to the movements of juvenile coho and steelhead %1¢2,
Anadromous cutthroat spend 2 to 5 years in fresh water before going to sea 1%°; however, they seldom over-winter in
saltwater 3%, A large sea-run cutthroat trout would be 24 incheslong (Table 2).

Table 2. Key sources of lifehigory informetion for the 7 salmon species of Washington and

Oregon

Species Reference

chum Wydoski and Whitney 5%, Sdo #*, Koski 22, Bjornnand Reisar %, Everest
etd. 0,

pink Wydaski and Whitney 5%, Heard 1%, Bjornnand Reiser %, Everest et dl. 0.

sockeye Wydaski and Whitney 5%, Burgner 7, Foerster 6, Bjornnand Reiser %,
Bveret et d. ¥°,

chinook Wydoski and Whitney 5%, Hedley ¥, Bjornn and Reiser %, Bjornn ¥,
Bveret et d. ¥°.

coho Wydoski and Whitney 5%, Sandercock 42, Tagart °, Bustard and Narver

8 Sdoand Bayliff %, Cederholm and Scarlett %, Peterson and Reid 4%,
Bjornn and Reiser %, BEverest et d. 2.

stedhead Wydaski and Whitney 5%, Stolz and Schnell “®, Bjornn and Reiser %, Allee
9, Winter 3, Caderholmand Scarlett % Evaret et d. 0,

cuthroat Wydaski and Whitney °%, Glova 1®, Trotter 52, Johnston 22,
Garett 1%, Fuss 1@, Pearcy 3%, Cederholm and Scarlett %, Everest et dl. 1%,
Hdl etd. 12,
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FRESHWATER AND TERRESTRIAL HABITAT RELATIONSHIPSOF SALMON

Freshwater Habitat

Freshwater habitat of sslmonincludesal the physica, chemical and biological e ementswithintheaguatic
environment. Geology, climate, topography, disturbance history, nutrientsfrom returning sdlmon, and
characterigtics of theriparian vegetation typically governthe characteristicsand thedistribution of habitat
typesinawatershed. Componentsof freshwater habitat include:

Physical Characteristics- channel width and depth, substrate composition, pool and riffle frequency, pool
types, channel roughness.

Water Quality and Quantity - temperature, dissolved oxygen, dissolved nutrients, dissolved and

particul ate organic matter, hydrography.

Cover factors - interstitial spaces (space between gravels), undercut banks, woody debris, water
surface disturbance.

Biological Factors - food availability, salmon carcass nutrient inputs, competition, predation,
disease, parasites, and functioning riparian conditions.

Climate and regional geology determine habitat conditionsat large spatia scales. Thetype of bedrock, the
glacia history, and precipitation patterns contribute to landscape and channel morphology ®. In
Washington, the South Fork of the Stillaguamish River (like many Puget Sound rivers) washeavily glaciated,
creating alandscape of steep, highly dissected hill dopesin the headwaters, and terracesformed by glacial
outwashinthevalley bottoms®, Theland form dictatesthe channel gradient, from gentlehill dope
morphology onterraces, to steep and precipitous conditionsin the headwaters, and playsalargerolein
shaping the salmon habitat characteristicsinthe channels®. Streamsdrai ning outwash terraces, which have
littletopographicrelief, typically exhibit gradients|essthan 4% and contain abundant pool habitat. Stream
channelson these terraces support many of the anadromousfish populationsinthe watershed .

Plate #10. Low gradient
stream showing large woody
debris formed habitat in
Monroe Creek, Washington.
(Photo by: Jeff Cederholm).

Thischangeof channel conditionsfrom the headwaéigrsdownstreamistypical of many watershedsinthe



Pacific Northwest and correlateswell with shiftsinthefish communities. Montgomery and Buffington 3%
described various channel formsand have devel oped aclassification system based on channel size, gradient,
and the presence of roughnesselements. Thegeomorphic classification of stream channelsalowsoneto
better understand the distribution of the various salmon specieswithin awatershed. For example, the
anadromousformsare usualy located in thedownstream low gradient reaches, where they have unimpeded
upstream and downstream passage; whiletheresi dent nonanadromousformsarelocated inthemiddleto
upper steep headwater areas. The
distribution of various speciesof
salmoninadrainage hasbeen
discussed by Reeveset d. 4.

Theabundanceof fishinastreamis
gresatly affected by thestream’s
capacity to producefood. Many of
thefactorsinfluencing stream
productivity change predictably with

Plate #11. Hoh River on the western
Olympic Peninsula. (Photo by: Jeff
Cederholm).

changesin stream size, apattern
termed theriver continuum 5.
Productivity isinfluenced by nutrient
availability, input of organic matter from
external sources, and the capacity for
the channel to storeand process
organic matter, and light.

Differencesinthesefactorscan bevery
large and lead to ahigh degree of
variability inproduction of fish,
including salmon and trout popul ations
22 Some of the highest freshwater
production val ues have been reported
for trout in New Zealand spring streams, 54.7 g/m2/y %, however, production val uesfromthe Pacific
Northwest are generally low when compared with other regions of theworld, often below 1.0 g/m?y and
very rarely over 5.0 g/m?ly .

Riparian Habitat
Many of thefunctional and structura attributes of stream habitat are created and maintained through
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interactionwith riparian vegetation. Riparian areas congtitutetheinterface between aguatic and terrestrial
ecosystemns % 171 performing anumber of vital functionsthat affect the quality of salmon habitatsaswell as
providing habitat for alargevariety of terrestrial plantsand animals. Riparian areasinfluence streamsand
consequently salmon habitat in avariety of ways*®, including:

Shade- which dampens seasona and diel fluctuationsin stream temperature and controls primary
and secondary production.

Streambank stabilization - provides erosion resistant rootsthat bind soil particlestogether, thus
facilitating bank building during high flow eventsby dowing thestream vel ocities.

Sediment control - regulates sediment flow from upland areasby acting asafilter, or storing
sediments in the primary flood plain.

Litter Input- contributes a significant amount of organic matter to streams, which actsasan
important food resource for aguatic communities.

Large woody debris (LWD) - provides important structure to the stream channel for energy
dissipation, fish habitat, and salmon carcass retention.

Nutrient input - riparian zones mediate the flow of nutrients to the stream and are, therefore,
important regulators of stream production. Some riparian species such asred alder (Alnus
rubra) also fix atmospheric nitrogen therefore augmenting N availability to the ecosystem.
Microclimate - streamside soils and vegetation can have a significant effect on moderating
the climate within riparian zones.

Streamsi de vegetation moderates water temperature, and this relationship isinfluenced by elevation,
air temperature, stream width, water depth, and aspect “*. Removal of riparian vegetation has been
associated with increased maximum water temperatures, and diurnal fluctuations in water
temperature during summer; and decreased winter water temperatures“t. Small, low-€elevation
streams are the most susceptible to summer water temperature increases caused by canopy removal
%4 The biological consequences of elevated water temperature on aguatic communities are complex.
Thereislittle information indicating direct mortality of fishes as aresult of temperature changes
related to riparian canopy removal “; however, reductionsin growth rate 572, changesin life history
215, changes in competitive interactions between species 8, reductions in fecundity of adults“, and
an increased susceptibility to disease 3¢ %3, have all been documented. Some species of amphibians
and aguatic macroinvertebrates also are thermally intolerant and elevated water temperatures may
have detrimental impacts on their populations 327 137. 78,

Riparian vegetation increases streambank stability and resistance to erosion. Roots from woody and
herbaceous vegetation bind soil particles together, hel ping to maintain bank integrity during erosive
high-streamflow events % 4%, Riparian vegetation also facilitates bank-building during high flow
events by slowing stream velocities, which in turn helps to filter sediments and debris from
suspension. This combing action helps to stabilize and rebuild streambanks, allowing the existing
channel to narrow and deepen, and increases the effectiveness of riparian vegetation in providing
bank stability and shade *2. During over-bank flows, water is slowed and fine silts are deposited in
the flood plain, increasing future productivity of the riparian zone “.

Forested riparian areas generate much of the organic matter that provides the energy source for the
trophic systemsof small streams. Inonestudy of forested headwater channelsin Oregon, Sedell et al. %2
determined that over 90% of thein-channel organic matter wasprovided from the surrounding terrestria
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environment. A 10-mwide stream inwestern Washington received over 75% of itsannual organic matter
supply fromterrestrial sources*. Even though thissource of organic matter decreasesrelativeto
autochthonousorganic matter inlarger channels, it remainsvita to stream productivity.

Large woody debris has been shown to be a critical structural component in Pacific Northwest
streams, forming pools, waterfalls, and overhead cover; and it also regul atesthe transport of sediment,
gravel and organic matter, for fish and other aquatic biota®™ “°. Inforested watersheds LWD providesthe
maost common obstruction, often forming poolsin varioustypesof fluvia channels*%2. Without thismaterial,
pool abundanceand sizeisdecreased “°, reducing habitat complexity and potentially reducing thediversity
of thefish community. Inaddition to numeroushabitat and morphological functions*, wood (organic
debris) helpsretain salmon carcassesin streamsfor biologicd activity ®. Thecapacity of many small
streamsto retain carcasses has probably been reduced by human activities, and this could have serious
impactsonthefood chain of fishes, and onthe availablefood supply of many carnivorouswildlife species®.

Riparian areas play akey role in determining the concentration of nutrientsin stream water 2. The
presence of even anarrow riparian buffer can profoundly influence stream water chemistry. Uptake
and storage of various elements carried by groundwater can be considerable, even where input rates
have been substantially altered as aresult of upslope land uses 2. Riparian vegetation composition
can influence nitrogen input to streams. Early successional vegetation in riparian areas in the Pacific
Northwest is often dominated by red alder, anitrogen (N) fixing species. Asaresult, the N content
of litter beneath these riparian standsis 1.5 to 3-fold higher than sites where conifer species are the
dominant component of the over story 122 The result is higher N levelsin the riparian soils > and
increased delivery of N to the stream channel. Higher N levelsin stream water may elevate primary
production and decomposition (heterotrophy) in the channel and increase food availability for the
invertebrate community. Increased invertebrate production may elevate food availability for stream-
dwelling fishes, amphibians, and other insect feeders such as bats and flycatchers.

Theriparian area may act as either a source or sink of organic matter and sediment during flood
flows. The manner in which the stream and riparian areainteract at these times depends upon the
morphology and vegetation of the riparian zone and the intensity of the discharge event 34, The
structure and abundance of riparian vegetation plays a key role in moderating the movement of
materials between the riparian area and the stream ¥, Vegetation in the riparian zone has been
shown to be the single most important structural element for the retention of fluvially transported
organic matter during high flow events“. Similarly, riparian vegetation promotes the storage of
sediment 2, that may provide germination sites for some species of riparian plants*°. The
variations in retentive capacity of different riparian areas for organic matter leads to large differences
in the organic content of riparian soils, ranging from nearly all inorganic material in some locations
to very high concentrations of organic matter in stream-adjacent swamps and wetlands ™. This
variation in substrate further contributes to riparian vegetation heterogeneity 2.

Thearea, inwhich water exchange between the channel and the underlying riparian soilsoccursistermed
the hyporheic zone**. Theextent of the hyporheic zone varies asafunction of sitetopography and soil
characteristics. Inriparian areasof low rdlief and porous soils, the hyporheic zonemay extend asfar as3
km from the edge of the channel 4. Theriparian vegetation has aninfluence on theamount of water stored

inthe hyporheic zones. Hickset a. 2" found that August stream flowsfollowing logging of asmal western
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Cascade Mountain watershed, including theremoval of riparian vegetation, increased for 8 yearsasaresult
of reduced transpiration. Subsequently, asearly successional vegetation occupied theriparian area, summer
stream flows decreased to below pre-harvest level sdueto high transpiration associ ated with thisvegetation
type. Riparian vegetation, through itsinfluenceon riparian soil characteristicsand water movement, also can
impact chemical transformationswithin the hyporheic zones. Along low-gradient, unconstrained stream
reaches, vegetation-hyporhei c interactionsmay occur over abroad area. Inareasof moderateto high
topographicrelief the zone of direct interaction between vegetation and the hyporhei c zonewill be reduced.

Theattractivenessof riparian areastowildlifelikely reflectsthree main attributes: the presence of water,
local microclimate condition, and more diverse plant assemblagesfound in riparian areas compared to
uplands. Wildlifea so congregate seasonally in riparian areaswhere salmon spawn, to take advantage of an
abundant food supply of carcassflesh ®t. Thehigh value of riparian habitatsto wildlife has been recognized
by naturalists*®, and considered abridge between upland habitats and the aquatic environment. The
combination of shape, moisture, deposition soils, and disturbance regime uniqueto ri parian areas contributes
totheir exceptional productivity intermsof plant growth, plant diversity, and structural complexity of the
vegetation 27329210 Wil dlife dependency and diversity peak at thisterrestrial/aquatic boundary. Brown®
reportsthat 359 of 414 (87%) speciesof wildlifein western Washington and western Oregon useriparian
areasand wetlands during some season or part of their lifecycle. Inther detailed examination of wildlife
and habitatsfor all of Washington and Oregon, Johnson and O’ Neil 2% reported that 393 of 456 (86%) of
thecommonterrestria and freshwater wildlife specieshave seasona use of riparian areas, wetlands, and
streams. Of these 393 species, 110 werefound to be closely associated (e.g., obligates) with eastside and
westsideriparian habitat types.

The close association may very well have evolved from the direct or indirect exploitation of therich
vegetative habitat provided by riparian areas 2. Quantitative studies conducted during the past
severa decades have supported observations and have identified biological and physical attributes
of riparian habitats which enhance their value to wildlife. Brinson et al. % and Oakley et al . 38 citedin 380
summarize these important biological and physical features of riparian areas:

. presence of surface water.

. increased humidity, high rates of transpiration, and greater air movement.

. complexity of biological and physical habitats.

. maximum edge effects with adjacent upland forests which is beneficial for some
Species.

. food supply.

. thermal cover.

According to O’ Connell et al. *° stream type has a direct influence on the riparian habitat and its
associated wildlife communities. In the smaller headwater streams the impacts of the upstream
riparian vegetation on the streamsis greater than downstream where flow volume increases, flooding
is more widespread, and the impact of riparian vegetation on the stream isless. Brinson et al. ¢
suggest that middle order perennial streams and associated riparian areas have the greatest wildlife
use. Periodic flooding can enhance the availability of food for wildlife by creating new feeding areas
8, Flooding can also make riparian habitat unsuitable for other species. Species abundance of
riparian mammal communities has been related to the timing of recent hydrologic events;
impoverished mammal populations have been attributed to recent flooding whereas more abundant
populations have been observed in areas not subject to recent flooding .
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Habitat Forming Processes

Disturbance plays amajor role in maintaining community diversity and productivity in many
ecosystems?® 420 and is a key factor in creating and maintaining diverse stream habitat in the Pacific
Northwest 54, These disturbancesrangein severity from minor events, such asseasona changesinflow,
tolessfrequent high intensity events such aswildfire, debristorrents, and major floods. Riparianand
channel conditionsevolveasimpacted areasrecover from disturbance?t. Theresultisadiverseset of
riparian community typesand stream habitat conditionsthat vary over both timeand space?.

Disturbance contributes to both diversity of aquatic fauna and productivity of these communities
when considered at awatershed level 172, Aquatic communities associated with early-successional
riparian areas typically exhibit low diversity, but high productivity for certain species. Removal of
the channel shading canopy brings about dramatic increasesin light and algal productivity; however,
input of terrestrial litter decreases’? 46, Invertebrates that feed on algal material (grazers) typically
dominate communities at recently disturbed sites, *¥. These invertebrates form a major component
of the diet of some salmon and trout 33 and can contribute to increased fish productivity following
disturbance %2524, The increased productivity istypically observed during summer, and often does
not extend into winter months when the availability of shelter from high flows for juvenile salmon
becomes important % 40t 162,

After forest canopy closure, primary productivity in streams decreases. Thetype of litter delivered to
these systems and the physical characteristics of the channel differ from those at sites bordered by
mature vegetation. Hardwood trees, especially red alder, often dominate the canopy at these sites.
Litter from red alder trees decomposes much more rapidly than conifer litter, in part due to the higher
N content “1. The high N content of the litter improvesits nutritional value for shredding
macroinvertebrates but the high rate of decomposition causes it to be scarce at some times of the
year.

Alder stands begin to die-out and provide LWD to channels after about 60 years . Shade tolerant
conifers, like western red cedar (Thuja plicata) and western hemlock (Tsuga heterophylla) colonize
the site and begin to provide needles and other litter to the channel. Some stands of alder can persist
and will repeat themselves several times (Slaney, personal communication). Woody debris amounts
and average piece size increase for 100 or more years following conifer occupation of a site 5% 44,
The morphology of the channel and the routing of sediment and organic matter evolve slowly asthe
riparian community changes, ultimately creating channels which are highly complex structurally and
support a macroinvertebrate community dominated by shredders ™.

Forest practices and other land uses have accelerated the rate of occurrence of some types of
disturbance. The acceleration in disturbance has led to the establishment of early successional
communitiesinthemgority of riparian areason commercia forest landin the Pacific Northwest 86154,
Practices, such as splash damming of riversto float logsto market >, and removing dl treesto the

channdl’ sedge*® modify theriparian successional process. Timber harvest or roads constructed on unstable
dopesor road drainage systemsthat wereimproperly maintained, dramatically increase theincidence of
landdlides®t-%4%6, Many hilldopefailuresenter stream channel sand may move considerable distances
downstream, removing streamline vegetation and soil. Onthepositiveside, however, localized landdides
also caninput massive amountsof spawnablesized gravelsand LWD into stream channels, wherethey may
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benefit salmon populations“*®. These disturbance eventshave affected alarge proportion of theriparian
areasbordering streamsintheregion over thelast century, and have played akey rolein determining
channel form and habitat conditions>”’.

Fromastudy of firehistory inMt. Rainier Nationa Park, Hemstrom and Franklin 2 reported that alluvia
terracesand valley bottomswere often forested with old standsand that every major river valley contained
astream-sdeold-growth corridor. These observations support aninferencethat the moist environment of
riparian areasinhibitsfireand reducesthefirereturninterval for riparian forests. Themoister environment
may also advance theregeneration of more structurally complex forest following wildfire. Firesthat burn
acrossriparian areasmay belessintense, and lessintensefireswould kill fewer treesand consumeless
coarsewoody debris, both snagsandlogs. The persistenceof livetreesinriparian forestsmay also provide
alocal seed sourcethat facilitatesamorerapid devel opment of amulti-layered, conifer-dominated forest

405

Beaver

Beavers have long co-existed with salmon in the Pacific Northwest, and have had aimportant
ecological relationship with salmon populations. The beaver created and maintained a series of
beneficial aquatic conditions in many headwater streams, wetland, and riparian systems, which
serves as juvenile salmon rearing habitat. Beavers have multiple effects on water bodies and riparian
ecosystems that include altering hydrology, channel morphology, biochemical pathways, and stream
productivity ¥°. Beaver ponds were of special importance in more arid regions, but also had
important rolesin coastal systems®®, Beaverswere once extremely abundant in the Pacific Northwest, but
asfar back as 1778, trapping expeditionsinto western North Americabegan depleting their numbers.
Between 1834 to 1837, peltsfrom 405,472 beaversfrom the areathat would become southwest
Washington and Oregon were shipped to Europe. 1tisdifficult toimaginetheamount of influence beavers
have had on the landscapes, most Pacific Northwest streams have been void of beaver activity for many
decades before ecol ogists had the opportunity to study them.

Past excessivetrapping, and subsequent unregul ated land- and water-use activities, sgnificantly reduced
abundance of beaver and beaver ponds. Even ponds of the surviving beaverswere actively removed.
Additionally, excessivelivestock grazingin riparian areas has degraded habitat conditionsfor beaver *.
Severedeclinesof beaver in Washington and Oregon have fundamentally altered important natural aquatic
ecosystem processes such asnutrient cycling, flood plain devel opment, and stream hydrology.

Beaver dams can obstruct channels and redirect channel flow and the flooding of streambanks and
side channels. By ponding water, beaver dams create enhanced rearing and over-wintering habitat
that protect juvenile salmon during high flow conditions®. Studiesin Oregon coasta streamshave
suggested that where the amount of spawning isadequate, thewinter surviva of juvenile coho, which can be
swept downstream in high winter flows, islimited by the presence of adequate Slow-water habitat 37,
Beaver damsare often found associated with riverine ponds called “ wa l-base channdl s’ 4t dong mainriver
flood plains, and these habitats are used heavily by juvenile coho salmon 4% % and cutthroat trout > 162
during thewinter. Though their damscan occasionaly block upstream migration of adult and juvenile
salmon, studies of trout movement indicate that fish can passover beaver damsduring all seasons %,
Beaver damsmay temporarily keep salmon adultsinthelower partsof spawning streamswhereflowsare
greater and poolsare degper, then, when dam breaching flows occur, free passageto upstream areasis
provided.
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Beaver foraging can cause aloss of woody riparian vegetation and an increase of fine sediments, but it also
increasestheinput of largewoody debristo streamsand beaver droppingsmay enrich pond productivity.
Bank densand channels can increase erosion potentia, but because pondsfill with sediment to become
wetlandsover time, thishelpsto retard upstream erosion and retai n sedimentsthat otherwise could
adversely alter downstream areas*®. |naWyoming study of an areathat had 10.5 beaver damsper km,
each damwasfound toretain 5,350 m? of sediment. Inanother Wyoming study, sediment loadswere
reduced by 90% after flowing 8 km through an areawith well devel oped riparian habitat and beaver dams.

Beaver ponds provide asink for nutrients from tributary streams and create conditions that promote
anaerobic decomposition and de-nitrification. These processes can cause nutrient enrichment and
increased primary and secondary production downstream from the pond and increasing nutrient
retention time and enhanced invertebrate production in the pond **°. These factors help increase
salmon growth and survival, and also helps improve water quality. Beaver ponds increase the
surface to volume ratio of the impounded area, which can result in increased summer temperatures
485, Beaver ponds also can cause increased storage of water in the banks and flood plains, and this
increases the water table, enhances summer flows, adds cold water during summer, and causes more
even stream flows throughout the year. During winter, beaver pondsin cold environments prevent
anchor ice from forming and prevent super-cooling of the water. By storing spring and summer
storm run-off, beaver ponds help to reduce downstream flooding and the damage from rapid
increases in stream flows .

Beavers also help shape riparian habitat. Beaver ponds increase the surface area of water several
hundred times and thereby enhance the overall riparian habitat development 3. They also enhance
vegetation growth by increasing the amount of groundwater for use by riparian plants and wetland
areas. The presence of beaver can have both positive and negative influence on salmon habitat, but
on the whole, their presenceis considered of great benefit to both water quality and salmon,
particularly juvenile coho salmon and cutthroat trout, and to many other species of wildlife and
invertebrates.

ESTUARY HABITAT

By definition %3, an estuary is aregion where salt water of the ocean is measurably diluted by
freshwater runoff from the land within a constricted body of water. Thus, the salinity gradient that
juvenile salmon encounter when migrating through estuaries depends upon the inflow of fresh water
and the strength of the tides, which influences the degree of mixing, and the depth to which the
juvenile salmon penetrate thewater column. Becausethe saline seawater ismore densethan fresh water
fromtheriver, thefreshwater tendsto lay over the seawater unlessit isthroughly mixed by tidd, river and
windenergies. InthePacific Northwest, river flow playsastrong rolein the structure and dynamics of
estuarinecirculation s, Variationin circulation reflectsthe genera seasonal cyclesof the Pacific Northwest
climate, but al so the geomorphic structure of both watershed and estuary. Estuariesof lowland watersheds
along the Washington and Oregon coaststend to exhibit high peak flows associated with winter storms, but
often extremely low flows associated with thedry summers. Thiscan often causedramatic differencesinthe
availableestuarine habitat between winter and spring-summer periods, limiting summer rearing. Insome
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southern Oregon and northern Californiaestuariesriver, flow can decreaseto the point that barsform
acrosstheestuaries’ entrances, restricting juvenile salmon ocean emigration to extreme high (spring) tides.

Perhaps the most fundamental concept in understanding the estuarine ecology of juvenile salmonis
that the salmon do not respond to singular habitats per se, but rather interact with alandscape mosaic
of habitats in response to changing migratory mandates, tidal cycles and freshwater runoff events
(Figure 6). River flow and tide, physiological change, prey and predator distributions, and likely
metapopulation genetic structure as well, al affect the rate of movement through the estuary. But,
the opportunity for juvenile salmon to exploit preferred habitatsis just as likely dependent on the
arrangement of key landscape features such astidal-freshwater and brackish rearing zones, low-vel ocity
refugia, migratory corridorsand foraging patches. Althoughthisisardatively new topic of research, with
few definitive experimentsand tests, thereis someemerging evidence that the edge of marsh vegetationin
dendritictidal channd and dough systemsmay relatedirectly to juvenile salmon production

Large watersheds with significant snow accumulations at higher elevations, and extended melting
periods can create prolonged spring freshets *%. Spring and winter freshets, and winter “rain-on-
snow” events associated with rapid snowmelt, produce flooding in tidal floodplains and estuaries
that influences short-term and long-term productivity of juvenile salmon and their ecosystems 3% 566,
Although flood plain and estuarine wetland flooding increases flows in the main distributary
channels, likely diminishing the ability of juvenile salmon to occupy them, considerable side-channel
and other flood plain wetlands (i.e., ponds, relict side-channels) are inundated and become available
for refugeand rearing. Thisflooding recruitsorganic detritusand dissolved nutrientsfrom these periphera
wetlandsand importsthem to the estuary. Whiletrapped in estuarinewetlandsor circulation featuressuch
asestuarineturbidity maxima®*?, these material s contributeto primary and secondary production by
supporting food web pathwaysto juvenilesamon.

The structure of the watershed and estuary, and the seasonal variability in river flow, shapes estuarine
circulation, and strongly influences juvenile salmon residence time, habitat use and production.
Except where the river has been extensively diked and channeled, the flood plain in the freshwater-
tidal region is characterized by extreme habitat complexity, abrupt changes in water velocity and
low-velocity off-channel habitats. Asthe* estuarinegateway,” thetidal-freshwater mixing zonecan be
exceedingly important to juvenile sdlmon “*° becauseit: (1) provides habitat for overwintering chinook, coho
and steel head forced downstream during high river flows; (2) containscomplex low-vel ocity refugiasuch as
off-channd doughsand LWD; (3) alowsmigrating juvenilesto adapt physologicaly asthey encounter
brackish waters of the upper estuary; (4) drift insectsaretrapped and concentrated dueto flow reversals,
providing opportunefeeding conditions®%; and (5) isthefirst region of estuarine settling of suspended
sedimentsand detritus, which can fuel soft-sediment habitat formation and detritus-based food webs
exploited by sdlmon. River flow andtide, physiological change, prey and predator distributions, and likely
metapopul ation genetic structureaswell, dl affect the rate of movement through the estuary.

Estuariesare composed of both discrete and highly integrated habitat complexesand their associated plant
and anima communities. Categorizing habitatsto alarge degreeisafunction of scale, asjuvenilesalmon
canrespond to habitat features(e.g., LWD or tidal channels) that are elemental to the broader habitats.
Estuariesgeneraly posseseight habitat components: (1) subtida distributaries; (2) mud- and sand-flats; (3)
gravel-cobble beaches; (4) low e evation emergent marshes; (5) high e evation emergent marshes; (6)
forested and shrub swamps; (7) eelgrass; and (8) kelp. Salmon communities have been shownto utilize
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many of these habitat types. Juvenilecoho (fry, fingerling) are often found rearing during winter and early
springinthetidal flood plainsof many largeriverssuch asthe ChehdisRiver 32472471470 Thesefishare
either staging for migration through the estuary or are moving back into freshwater for extended rearing.
Work in British Columbia®? 52348 gnd Alaska>'? show that certain sub-popul ationshaveaminimal juvenile
freshwater rearing phase of their life history (* ocean-type”), and spend extended periods of timeeither
feedinginestuariesor inthe ocean. Such subyearling migrant coho, may constitute significant portions (up
to 50%) of thereturning adult spawners>=,

Figure 6. Movements and migrations of juvenile Pacific salmon across tidal-freshwater delta-estuarine landscapes
(Contributed by Smenstad, unpublished diagram).
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Natural disturbanceregimesareresponsiblefor creating and maintaining habitat complexesimportant to
juvenilesalmon. Erosiveflooding, channe reconfiguration, and changesimposed by LWD &l promote
increased habitat complexity and heterogeneity. Intheabsenceof disturbance, early successiond habitats
such asmudflatsand low el evation estuarine marshes (e.g., Carexlyngbyel sedge) would not persist or
would berelatively rare. Yet, these habitats can be some of the most productive and beneficial of salmon
habitatsand play uniquerolesfor some salmon species.

Association with specific migratory and rearing habitats in estuaries tends to relate primarily to fish

size, but theremay be someindications of co-evol utionary habitat partitioning 4%, Juvenilesalmon
measuring 30-60 mm long tend to occupy near shore shallow water (1-2 m deep), oftenirrespective of
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habitat typeandtidal stage. Theresultisthat juvenilesalmon likely use shallow water habitatsasrefugia
during both migration and rearing. Chum and chinook fry are particularly noted to occupy estuarine
marshes and adjoining habitatsfor extended periodsof time, up to 1 month 2710446 However, some
speciesdivergefromthishabitat use: pink fry spend relatively littletimein estuarinemarshesand start
making thetransition to more offshore neritic (surface) waters after only afew daysto aweek inthe estuary.
In contrast, chum fry do not begin to disperseinto neritic habitat until they have grown to 50-60 mmlong,
which usually involves morethan two weeksin the estuary. Based on evidence of extended residencetimes
inestuary habitats, subyearling chinook fry appear to maintain someaffinity for shallow-water habitatsuntil
they areeven larger (i.e., 80-100 mm long) 1419297 | nformation on residencetime of cohofry in
estuariesismorelimited, but residencetimesfor these* ocean-type” fish appear to fal between chumand
chinook.

Chum and pink salmon that migrate directly into brackish and saline estuarine waters appear to
require little or no interim adaptation 2%¢; when smoltification does occur, it occurs very rapidly upon
entering brackish waters, and adaptability may actually decrease with freshwater rearing 22719,
Yearling chinook, coho and sockeye salmon proceed through a definitive smolt stage before entering
saline waters, while subyearling chinook and coho appear to spend considerable time in the tidal
freshwater-brackish zone of estuaries, perhapsin part due to an extended smoltification process.

Feeding behavior and diet of juvenile salmon passing through and rearing in estuariesis often
specialized on specific types, species, and even life history stages of organisms, suggesting strong
co-adaptive devel opment of preference for bioenergetically “ optimum” prey resources that through
rapid growth provides a survival margin upon entry to the ocean 2#’. Diet is strongly structured by
size of fish and habitat occupied, and to some degree may be influenced by earlier life history stages

466, The density of prey taxamay actually influence estuarine migration rates and residence times “"
565

OCEANHABITAT

Upwelling along the coast of the Pacific Northwest often resultsin high primary and secondary productivity,
resultinginlarge standing stocks of fishes, seabirds, and marinemammals. Thecoastal upwellingdomain
extendsfrom British Columbiato BgjaCaliforniaandislocated inshore of theequatorid flowing Cdifornia
Current. Coasta upweling isdriven by prevailing northwesterly windsduring the spring and summer.
Thosewindsresult in offshore displacement of near-shore surface waters and vertical advection of deep,
cool and often nutrient-rich watersinto the euphotic zone a ong the coast and into estuaries. Rich bloomsof
phytoplankton are observed al ong the coast following episodic upwel ling events 54286501 Upwelling varies
seasond ly and over longer annual and semiannua cycles, withintensity generaly increasing southward to
northern California. Upwellingismost intensein regionsof capes such as Cape Blanco in southern Oregon.

There was a strong correlation between the intensity of coastal upwelling and the smolt-to-adult
survival of hatchery coho salmon from the Oregon Production Index region south of the ColumbiaRiver
from 1960t0 1981 3%, During thelate 1970s, however, therewasamajor changein ocean climateinthe
North Pacific Ocean, called aregime shift or the Pacific Decadal Oscillation, whichwascorrdated witha
sharp declineinthe surviva of Oregon coho salmon between smolt release years 1975 and 1976 39732153,
After thisregime shift the production of Oregon coho salmon hasusually beenlow. Therelationship

28



between coastal upwelling and coho surviva isnolonger significant. Thereason for thischanged
relationshipisunclear, but isrelated to weak coastal upwelling, warm seatemperatures, high sealevels, and
frequent El Nifio events®*. Upwelling has probably not been effectivein injecting nutrient-laden water into
the euphotic zone because of the deep lens of overlying warm, nutrient-depl eted water al ong the coast 1%
432, The persistence of warm, unproductive ocean conditionsisamajor reason for the decline of many
stocks of anadromousfishesaong thewest coast, and for thevery largevariability insurvival and
reproduction of marinebirds.

Although the mechanisms that have resulted in poor ocean survival of salmon are speculative, one
hypothesisis that weak upwelling results in low growth and poor survival of zooplankton and forage
organisms, and impacts juvenile salmon during their critical first summer in the ocean. Thislack of
forage and the narrow band of cool waters along the coast during weak upwelling years concentrates
juvenile salmon near the coast where they are more vulnerable to predation by seabirds, marine
mammals and fishes 5. During warm years predators from southern waters, e.g., Pacific and jack
mackerel, invade coastal waters and may either compete with or prey upon juvenile salmon 37 3%,

The principal prey of juvenile salmon off the coast of Oregon and Washington during the spring and
summer arefishesand crustaceans®8%2 3%, Salmon in the open ocean forage opportunistically on adiverse
assemblage of pelagic organisms. Thedietsof maturing salmon inthe North Pacific Ocean vary among
speciesand sizesof fish, with season and year, and with location and proximity to the coast. Fishes, squids,
amphipods, copepods, and pteropods are primary prey 268.3%.178,
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ECOLOGICAL RELATIONSHIPSOF SALMON

M acroinvertebr ates

Freshwater Macroinvertebrates And Salmon

Freshwater ecosystems are inhabited by alarge variety of macroinvertebrates that play an integral
part in the sailmon’slife history. They include insects, crustaceans, and other forms of
macroinvertebrates (larger than 595 micronsin their later instars or mature forms). Many speciesin
their aquatic phase have been described from the hyporheic zone, or zone below the surface of the
stream bottom #%2, Given the variety of physical habitat across the region’s landscape, thereisan
opportunity for freshwater invertebrate species to form diverse and specialized communities.

Freshwater macroinvertebrates play a significant role in energy pathways of aquatic ecosystems. The
consumption of algae, detritus, and bacteriaisthe basisfor transfer of thisenergy. A few
invertebrate species are known to actively derive their food base from higher life forms (e.g., small
fish). Thefood source used by an invertebrate defines what function it performsin this food web.

Structure And Function In M acr oinvertebrate Communities

The type and location of food in the aguatic environment consumed by invertebrates determines their
functional designation. Headwater streams or heavily canopied streams are dominated by leaf litter
input, allochthonous material, which has been linked to significant shredder activity 5%, Shredders
comprise agroup of aquatic insects that utilize coarse particulate organic matter, such as leaf litter,
with a significant dependence on the associated microbia biomass 5. Portions of a drainage where
the riparian canopy opens can result in substantial autochthonous input (periphyton growth), and are
consumed by scrapers like the mayfly family Heptageniidae 3'°. Lower in adrainage the channel can
accumulate large deposits of detritus. Invertebrates distributed here are mainly collector-gathers and
may constitute the bulk of juvenile salmon diets *. The distribution of dominant food sources
throughout a drainage are influenced by a continuum of physical changes as one travels from the
steep headwater streams to the relatively low gradient flood plains .

Invertebrate community structure in a stream or pond reflects physical characteristics of the living
gpace. Numbers of speciesin a stream ecosystem are usually greater in physically diverse habitats.
Structural attributes like species richness change along a disturbance gradient. Two investigations
found that species richness was consistently higher in streams with intermediate disturbance of
substrate %59, The effect of disturbance and physical change over a continuum results in species
replacement and sometimes adjustments of the functional characteristics in the community 32°.

Physical And Chemical Influences On Macroinvertebrate Distribution

Factors that control distribution and abundance of macroinvertebrates are substrate, current velocity,
temperature, predators, and food resources 222, Substrate heterogeneity often promotes greater
species richness 326328, |nterstitial spacesin stream gravels can serve as refuge from predators and
physical disturbance, and entrap detritus. Water temperature in the interstitial microenvironment can
be relatively constant and cooler than the overlying surface water .

Early life stages of the salmon can be affected by substrate quality. Factorsthat favor survival of
salmon egg and fry (low levels of fine sands and silts) are coincident with requirements of aguatic
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invertebrates that have a narrow tolerance range to environmental fluctuations. Protection from
natural physical disturbanceisimportant for early life stages of salmon and mobile aguatic
invertebrates. Stable stream bottoms during periods of flood or freshet reduce predation on
dislodged animals. In some instances, salmon redd construction is a natural disturbance that reduces
invertebrate density in localized areas of a stream 3, This disturbance aso opened niche space for
other functional groups of aguatic insects, like blackflies, who feed on suspended particles and
recolonized quickly along with stonefly nymphs and midge larvae *?4. Other invertebrates that enter
the drift behaviorally or unintentionally from substrate disturbance are potential prey itemsfor
feeding sailmon. Mayfly and stonefly density and richness can be reduced by physical alterationsto
the stream corridor. These changes may have significant implications to the salmon food base.

Invertebrate drift is either voluntary, a behavioral activity, or coincides with catastrophic stream
conditions, especially during floods. Taxonomic groups prominent in behavioral drift are
amphipods, Ephemeroptera (mayflies), Plecoptera (stoneflies), Tricoptera (caddisflies), and
Simuliidae (blackfly larvae). Later stages of the nymph and larval forms are most active in the diel
(24-hour cycle) drift >, Behavioral drift occurswith adiel periodicity, typically at two peaksina
24-hour time frame. Most invertebrates that enter the drift are night-active, with photoperiods as the
major cue. Fewer invertebrates are day-active and begin drifting by cues through change in water
temperature.

Drifting invertebrates are afood source for certain species of fish that forage in the stream water
column. Rader “* determined that the mayfly genus, Baetis, whose drift propensity was high, was a
significant food source to juvenile and adult salmon. Other studies indicated that food preference of
juvenilefishwasrelated to their doundance and | ocation within the stream channdl . Juvenilecoho salmon
diet varied seasonaly depending on the type and abundance of invertebrates, salmon fry, or sdlmon eggsin
the benthos or drift 2%,

Significance Of Macroinvertebrate Life Cycles

There are two life strategies characteristic of freshwater macroinvertebrate species®®e. The simpler
hemimetabol ous strategy inherent in stonefly and mayfly species contain an egg, multiple nymph,
and adult stages. A few of the stonefly species are long-lived (more than ayear) in the aquatic
nymphal form. Large-bodied stoneflies found in streams indicate adequate flow in channels that are
key to survival of early salmon life stages and to some of the invertebrate faunathey will eventually
consume.

The second life strategy contains representatives of the holometabolous invertebrates. Midges,
blackflies, and caddisflies have egg, larva, pupa, and adult life stages. These types are mostly short-
lived having one or many generations per year in apopulation. Aquatic environmentsthat are
seasonally stressed by high temperatures, low dissolved oxygen, or drought are primarily colonized
by holometabolousinvertebrates. These stressorsincrease the mortality of early life stagesin
salmon, but encourage dominance of holometabol ous species in the aquatic invertebrate community.

Aquatic Macroinvertebrates As A Food Source For Salmon

Aquatic ecosystems are frequently inhabited by both hemimetabol ous and holometabol ous
macroinvertebrates. The hemimetabol ous species richnessis greater in mid- to upper-drainage
streams and play alarger role in the diet of juvenile chinook %7 and coho salmon %2, Although
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holometabol ousinvertebratesare dominant in lower-drainages, speciesinthefamily Chironomidaeare
present in all habitatsand are asignificant food sourceto salmonin early freshwater stages 3% 44010,

I nvertebrate consumptionisbased on handleable body size and abundanceof individuals. Larval and adult
insectsarethe most common formsof food foundin natal areasof thefreshwater habitat of salmon, with
differential diet preferencesexhibited by the shorter (chinook) and longer freshwater (cutthroat) lifecycle
salmon species. Feeding habitsgradualy change during downstream migration with theaddition of large-
bodied prey items. However, acertain component of thediet iscomprised of accustomed food sourceslike
Chironomidaethat were consumed during theearly freshwater lifecycle.

All species of salmon fry consume some life stages of dipterans, primarily Chironomidae, during the
freshwater life phase 18, Stonefly and mayfly nymphs are consumed by pink, chum, and chinook
salmon fry. Coho fry are suspension and surface feeders whose diet is predominately terrestrial
insects. Ecologicaly important freshwater invertebratesin coho natal habitat are emergent and flying insects
such asmayflies, stoneflies, and midges(Chironomidae). Therapid migration of chinook fry totheriver
estuary introducesterrestrial homopterans (leaf hoppersand aphids) into their diet. Additional detailsof
prey itemsduring thefreshwater cycle canbefoundin Simenstad et al. 4%, Shreffler et a. %6, Scott and
Crossman #°, Chapman and Bjornn *°, Mundie 3%, Martin 2%, Peterson *%, Friesen > and Groot and
Margolis'’®. Theinfluenceof riparian vegetation along streams and estuaries appearsto be animportant
factor in determining abundance and type of terrestria insectson which salmon areabletoforage.

Salmon asa Food Sour ce For Aquatic M acroinvertebrates
Freshwater macroinvertebrates such as caddisflies, stoneflies, and midges are involved in processing
the microbially conditioned salmon carcasses. Bilby et al. 4" observed a significant contribution

Plate #12. Aquatic insects feeding on
salmon carcasses. (Photo by: Jason
Walter and Brian Fransen).

of nitrogen from spawning salmon
tothecollector-gatherer
invertebrate community. Increasesin aquaticinvertebrate density from theintroduction of sdlmon carcasses
64 stimul ated feeding by early life stages of select sdlmon species®. Other stagesof thesalmon lifehistory
contributeto theinvertebrate food base. Nicola®” observed the stonefly nymph, Alloperla (Plecoptera),
scavenging dead pink and chum salmon embryosand aevins. Also, Elliott and Bartoo ** found the midge,
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Polypedilum (Diptera), associated with dead pink salmon embryosand aevins.

Freshwater invertebrate shredder abundance increases in the presence of salmon carcasses . Non
salmon-bearing streams support alimited abundance of shredders mediated through input of |eaf
matter. This organic food base must first be conditioned by the microbial community to increase
palatability to shredders. Cool water temperatures characteristic of coastal streams slow the
microbial decay of the leaf litter food source resulting in limitations in distribution and abundance of
the shredder community. The appearance of salmon and the additional influx of biomass to streams
appearsto be a controlling factor for shredder species. However, the role of shreddersin the
presence of salmon carcasses continues to be investigated. Bilby et a. 4’ found no significant
concentrations of carbon contributed from decaying carcasses in the shredder community.
Undigestableanimal tissue consumed by shredderswas excreted asfine parti culate organic matter.
Nutritivefood vauefor shreddersmay have been derived primarily from themicrobia community on
decaying carcasses. Aquaticinsectsof the collector-gatherersgroup typically benefit from the activity of
shredders316.47,

The relationship between invertebrates and salmon can be complex. Functions of invertebrates have
not yet been fully defined, but weknow they are essential to sdlmon survival. Traditiona functional groupings
of invertebrates have been helpful in understanding their ecologicd roles; however, continuing research
suggeststhat many generaare capabl e of filling other functiona groupsif given theopportunity and
resources (Plotrikoff, persona communication). Invertebratescompletealoop beginning asrecipientsof
food from adult salmon carcassesthat, inturn, fuel thegrowth and survival of early stagesinthesalmon’slife

cyce.
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VertebrateWildlife

Vertebrate Wildlife And Salmon

Anadromous salmon provide arich, seasonal food resource that directly affects the ecology of both
aguatic and terrestrial consumers, and indirectly affects the entire food-web that knits the water and
land together. Wildlife species have likely had avery long, and probably co-evolutionary,
relationship with salmon in the Pacific Northwest. In their Natural History of Washington Territory
and Oregon, Suckley and Cooper 2 wrote of the California condor:

“The Californian vulture visits the Columbia river in fall, when its shores are lined with
great numbers of dead salmon, on which this and the other vultures, besides crows, ravens,
and many quadrupeds, feast for a couple of months.”

The"Five Mile Rapids" prehistoric archaeological site aong the banks of the Columbia River, five
miles east of the Dalles, Oregon, yielded bones from at least 63 individual California condors, plus
remains of turkey vultures, cormorants, bald eagles, and gulls'°. Carbon-14 dating placed materials
at this site from 10,000 to 7,500 years before present 3 474, Miller 32! suggested that these birds were
attracted to the site by the presence of abundant living and dead salmon and human refuse resulting
from fishing.

Thelife stages of salmon (i.e., eggs, fry, smolts, adults, and carcasses) all provide direct or indirect
foraging opportunities for terrestrial, freshwater, and marine wildlife. While sometimes abundant
and somewhat dependable from year to year, the availability of salmon to wildlifeislargely seasonal
in nature. The high seasonal variability in a particular food resource is reflected in the opportunistic
foraging of many wildlife consumers - however, "opportunistic” is not a synonym for biological
unimportance. Thus, one could hypothesize that while many wildlife species could develop
important food-web relationships with salmon, few wildlife species would likely be able to form an
ecological “dependance” on salmon. Only those species which are highly mobile, or are able to
capture, consume, and store (in body tissues) substantial quantities of salmon biomassin a short
period of timewould belikely to develop astrong direct ecologica dependenceonsamon. Itismore
probablethat the mgjority of wildlifewhich directly consume salmonwill haveflexibleforaging strategies,
utilizing sdlmonwhen available, and dternatefood sources during other timesof theyear.

Indirect relationships develop when afood resource is providing foraging opportunitiesto a
secondary consumer, an examplein our caseis reflected by peregrine falcons which eat gulls that
feed on salmon carcasses. As salmon are a concentrated resource, thiswill serve to concentrate
otherwise dispersed wildlife species (e.g., bears). In this scenario, there may well be competition,
parasitism, or other aggressive interactions between or among wildlife species. Some of these
interactions, e.g., bald eagles disturbing common mergansers, serve to benefit salmon by reducing
predation. The magnitude of the salmon-wildlife interaction warrants special examination and calls
attention to the pervasive occurrence of these important ecological functions linkages across the
region. Theloss or severe depletion of anadromous fish stocks could have major effects on the
population biology (i.e., age class, longevity, dispersal ability) of many species of wildlife, and thus,
on the overall health and functioning of natural communities over the mgjority of the region.



Research on predator-prey interactionsin which anadromousfish arethe prey has strongly emphasized the
effects of predation on the fish popul ations 576:570.571.559,331,430.225 - M gny exi sting studies describe predatory
speciesas competitors of human harvestersand attempt to control therate of predation to maximize human
consumption. Focusing ontheimportant interplay between salmon and wildlife populationswill helpto
reversethisperspective. Inthefollowing sections, we discusstherelationships between salmon and their
vertebrate consumers, and the salmon’srolein enhancing ecologica functionsinvolvingwildlifeinterrestrid,
freshwater, and marine systems.

Wildlife SpeciesWith A Relationship To Salmon

Johnson et al. 22 examined the relationships between the Pacific salmon and 605 species of
terrestrial and marine mammals, birds, reptiles, and amphibians currently or historically common to
Washington and Oregon. They found apositiverelationship between salmon and 138 speciesof wildlife,
thereationship was* unknown” for 60 species, and adetermination of “ no relationship” wasmadefor 407
species(Table3). Whereare ationship existed, they identified both thetype(s) of relationship and the
stage(s) of thesalmonlifecycletowhichit applied. Of the 138 specieswith arelationshipto saimon, 9
Specieswere categorized ashaving a Srong, Consistent relationship (Appendix 1), 58 as Recurrent
(Appendix I1), 25 asIndirect (Appendix I11), and 65 as Rare (Appendix V). Thistally totalsmorethan
138 because 19 specieshad more than onetype of relationship with salmon.

Of the 138 wildlife species, 88 were characterized ashaving aroutine rel ationship (combination of species
with Srong, Consistent, Recurrent; and Indirect) with sailmon. Of these 88 species, therewere 25
mammal s (8 of thesewere marine mammals), 60 birds, 2 amphibians, and 1 reptile.

The relationship categories are briefly described asfollows:

1) Strong, Consistent Relationship. Salmon play (or historically played) an important role in this species distribution,
viability, abundance, and/or population status. The ecology of thiswildlife speciesis supported by salmon, especialy at
particular life stages or during specific seasons. Timing of reproductive activities, and daily or seasonal movements often
reflect salmon life stages. Relationship with salmon is direct (e.g., feeds on salmon, or salmon eggs) and routine. The
relationship may be regional or localized to one or more watersheds. Examples: A significant portion of the diet of killer
whalesis adult salmon (Saltwater stage); common mergansers may congregate to feed on salmon fry (Freshwater
Rearing stage) when they are available.

2) Recurrent Relationship. The relationship between salmon and this speciesis characterized as routine, albeit
occasional, and often tendsto be in localized areas (thus affecting only a small portion of this species population). While
the species may benefit from thisrelationship, it is generally not considered to affect the distribution, abundance,
viability, or population status of this species. The percent of salmon in the diet of these wildlife species may vary from
5% to over 50%, depending on the location and time of year. Example: turkey vultures routinely feed on salmon
carcasses, but feed on many other items as well.

3) Indirect Relationship. Salmon play an important routine, but indirect link to this species. The relationship could be
viewed as one of asecondary consumer of salmon; for example, salmon support other wildlife that are prey of this
species. Thisincludes aspects such as salmon carcasses that support insect popul ations that are afood item for this
species. Example: American dippers feed on aquatic insects that are affected by salmon-derived nutrients. The
hypothesis of an indirect relationship between an aerial insectivore and salmon was supported by the presence of two or
more of the following characteristics of theinsectivore: (1) riparian obligate or associate, (2) feeds below or near the
canopy layer of riparian trees, (3) known or perceived to feed on midges, blackflies, caddisflies, stoneflies, or other
aquatic insects that benefit from salmon-derived nutrients, and/or (4) feeds near the water surface. While this category
includes general aspects of salmon nutrient cycling in stream/river systems, we are not including or examining therole of
carcass-derived nutrient cycling on lentic system riparian and wetlands vegetation, and subsequent linksto wildlife.
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4) Rare Relationship. Salmon play avery minor rolein the diet of these species, often amounting to less than 1 percent
of thediet. Typically, salmon are consumed only on rare occasions, during a shortage of the usual food and may be
especialy evident during El Nifio events. Assalmon are often present in large quantities, they may be consumed on rare
occasions by species that normally do not consume them. Examples: red-tailed hawks are known to consume salmon
carcasses in times of distress; trumpeter swans are primarily vegetarians, but on rare occasionswill consume eggs, parr,
aswell as salmon carcass tissue.

5) Unknown Relationship. A relationship between this species and salmon may exist, but there is not enough information
to determine the scope or scale of the relationship at thistime. Example: whileit islogical to speculate that riparian
feeding bats may feed on salmon-derived insects, aspects of seasonality of both bats and salmon carcasses are relevant, as
isthe nocturnal flight behavior of the insects. Do bats and salmon carcasses coincide seasonally, and if so, are salmon-
derived insects actually available to feeding bats? At thistime, the evidence for this relationship isinconclusive and
remains to be examined.

6) No Relationship. Thereis no recognized or apparent relationship between salmon and this species.

As part of the same study, Johnson et al. % reported 60 species as having an "unknown™ relationship
with salmon (Appendix V), suggesting that the diets of these species in Washington and Oregon,
were not understood well enough to characterize their relationship with salmon. Additional
observations on the diets of these species will help determine whether the relationships of these
species with salmon isroutine, arare and unusua event, or whether arelationship exists at all.
Johnson et a. 22 identified 407 speciesashaving “no relationship” to salmon (Appendix V1).

able 3. Relationship between Pacific sdmon and 605 species of wildlife in Washington and Oregon.

here were 137 species with a positive relationship with saimon (i.e., combined total for species with
Srong, Condgstent, Recurrent, Indirect, and Rare relationships). The total number of individua wildlife
species for columns and rows are shown in parenthesis; the number of species shown in the rows and
columns may not equate to the numbers shown as totals as 19 species had more than one type of
relationship with salmon, and 73 species are associated with salmon a more than one life stage.

Sdmon life gage Strong, Recurrent Indirect Rare Unknown No
Consigent | relaionship | relaionship | relaionship | relaionship | relaionship
relaionship
Incubation - eggs 2 10 1 10
and alevin (23)
Freshwater 4 31 4 10
Rearing - fry,
fingerling, parr
(49)
Saltwater - smolts, 6 36 5 19
immature adults,
adults (63)
Spawning 5 10 0 1
(16)
Carcasses 5 28 2 33
(82)
9 (58) (29 (649 (60) (408)
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Wildlife Response To Salmon Congregations

The numerical response of predators to salmon congregations is often substantial, sometimes
spectacularly so. The ability of wildlife species to concentrate at salmon sitesis more than
opportunistic foraging, it has significant biological importance. Anadromous fishes (including their
eggs) are amajor source of high-energy food that allows for successful reproduction and enhanced
survival of adults and juveniles of many wildlife species, and support for long-distance migrant
birds. Wildlife movements to salmon congregations can be seasona (e.g., bald eagles along the
Skagit River in Washington), or depending on the situation (e.g., hatchery fish released during an El
Nifio high food-stress seabird breeding season) can occur within amatter of hours. Perhaps as
noteworthy, but much harder to detect, is that some wildlife species that have been reported to group
at salmon sitesin other areas (e.g., black bearsin southeast Alaska) do not appear to be doing so with
any regularity in Washington and Oregon. This may well be reflecting the depressed nature of some
salmon stocks rather than the inherent behavior of the wildlife species. Of the 88 species with alink
to salmon 2%, 43 species (37 birds, 6 mammals) concentrate or form loose aggregations at salmon
sites (Table 4). Some reasons why other species do not congregate at salmon streams are: strong
territoriality (e.g., great blue heron), foraging strategies which require above-water structures or
perches (e.g., belted kingfisher), and limited movement capabilities (e.g., shrews).

Table4. Wildlife speciesthat have been observed or are perceived to aggregate at salmon congregationsin
Oregon and Washington.

Western grebe Western gull Bald eagle

Clark’sgrebe Glaucous gull Tree swallow

Common Goldeneye Glaucous-winged gull Viol et-green swallow

Barrow’s Goldeneye Ring-billed gull Northern rough-winged swallow

American white pelican Herring gull Bank swallow

Brown pelican Californiagull Cliff swallow

Brandt's cormorant Thayer's gull Barn swallow

Double-crested cormorant | Rhinoceros aukl et Northern (Steller) sealion

Common merganser Tufted puffin Californiasealion

Red-breasted merganser Common murre Harbor seal

Elegant tern Black-billed magpie Killer whale

Commontern American crow Black bear (now questionable)

Caspian tern Northwestern crow Grizzly bear (now questionable; may not be
enough salmon available to congregate at)

Ardic tern Common raven

Forester’s tern Turkey vulture
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That somewildlife speciesconcentrate at sdlmon areasiswell established. Thefact that other wildlife
speciesdo not concentrate at salmon areasmay reflect sdimon declines. Weoffer thefollowing examples
relevant for Washington and Oregon.

Bald Eagle Suckley and Cooper % state: “ This noble looking bird is exceedingly abundant in
Oregon and Washington Territories, and in certain localities, especially during the salmon season,
may be found in great numbers.” The North Fork of the Nooksack River (coastal Washington)
currently hosts one of the largest and most visible concentrations of wintering bald eaglesin the
lower forty-eight states. Peak concentrations (100 or more eagles) occur along the Nooksack 22 and
Skagit 28 rivers with December- and January-spawning chum salmon.

Caspian Tern Thefirst breeding record of Caspian terns along the Oregon/Washington coast was a
colony of 50 pairsin Grays Harbor, Washington in 1957 ¢. This, and other nesting colonies (mid-
1950's through early 1990's) along the Washington coast in Grays Harbor, Willapa Bay, and near the
mouth of the Columbia River, have been abandoned or destroyed by human actions 42 43049 A
colony of Caspian terns originally settled on Rice Island, a dredge material disposal island in the
lower Columbia River, in 1987. 1n 1997, an estimated 14,000 terns used thisisland for nesting and/
or roosting during the 80-100 day (April-July) breeding season 42 4%, This represents the largest
known colony of Caspian ternsin North America, and possibly the world. In 1997, the terns
appeared to be largely dependent on juvenile salmon (roughly 75% of the diet), consuming an
estimated 14.5 million smolts, the majority being hatchery fish 424, Tern nesting success was very
low (roughly 5%) in 1997; predation on adult terns by bald eagles, and gull predation on tern eggs
and chicks (caused by eagle and researcher disturbance) were the primary causes 42 4%,

Common Murre The common murreis a seabird that nests in large colonies along the Oregon coast;
colonies in Washington have undergone significant declinesin the last decade. Itisonly an
occasional consumer of salmon, as the vast mgjority of itsdiet is other small marinefishes. A severe
El Nifio event occurred in 1983 during the seabird nesting season along the eastern Pacific coast,
with the majority of common murres (and other seabirds species) either not attempting to nest or
abandoning their nests once initiated 229, Adult survival was also greatly reduced *°. Oregon
Aqua-Foods, Inc. had released atotal of 2 million or more salmon smoltsinto the Yaquina Estuary at
roughly 2.5 day intervals between June and August since 197728, Murres were more numerous at the
mouth of Yaquina Estuary for the first two days post-release in July of 1983 than in July of 1982 (a
non-El Nifio year), as they were drawn in to feed on the released salmon. First day post-release
averages of murreswere 3,710in 1983 and 3,053 in 1982. In August of 1983 however, murre
numbersweresignificantly lower thanin 1982 (average 1983 = 106; 1982 = 1,860) , asmurres had begun
moving north earlier to feed on other food resources?’. Insummary, although not aprimary food resource,
murreswill make use of salmon resources during food-stressconditions.

Black Bear Contrary to popular image, Washington and Oregon black bearsrarely congregate at sadlmon
sites. Poelker and Hartwell ¢ reported on three diet studiesof black bearsin western Washington for the
time periods of 1952-54 and 1968, and found that fish represented 5.0% of thediet. Intheir treatiseon
land mammals, Vertsand Carraway > describe black bearsin Oregon asbeing largely herbivorous, and do
not mention salmon as part of their diets. Cederholm et al. ** found black bears on Washington’s Olympic
Peninsulato heavily consume salmon carcasses. In northern Cdifornia, Kellyhouse 2* found evidence of
salmonin 10% of black bear feca samplesanalyzed from spawning areas. The California Department of

38



Fishand Game® also reported black bearstaking advantage of anadromousfishruns. Thestrong link
between black bears and salmon was demonstrated in the Anas Creek drainage of southeastern Alaska(D.
Chi, personna communication). Thiseffort studied thebehavior and activity patternsof black bears(n=40
individuals) which had established movement patternsaccording to sdmonmigrations. Bearsarrivedinthe
lower reaches of the creek in Juneto begin feeding on spawning salmon, and stayed through August and
early September to feed on salmon carcasses. Thirteen of the bearswereradio-marked and their
movementsindicated that they weremoving infrom at least eight miles (12.9 km) away. Other bearswere
assumed to becoming in from further away. Thegenera lack of salmon in the published accountsof black
bear diets across Washington and Oregon &cton 91 js somewhat counter to the observed salmon usein
adjacent regions. Radio-marked bearsin Washington (G. Kohler, personnal communication) and Oregon
52 have been found to moveto and congregate at higher elevationsinthefall to feed on huckleberries(i.e.,
forming “traditiona useareas’), thus, one could reasonably concludethat if sdmonwereto befoundin
substantial and predictable numbers, bearsin Washington and Oregon, like those studied by Chi in Alaska,
would also establish traditional use areasaround salmon. Black bearsinwestern Washington typically den
by 1 November and emerge around 1 April, thus salmon runsoccurring during thewinter will not be
availableto bears. Recent bear studiesinwestern Washington haveincluded the Humptulips, Wishkah,
Wynoochee, and Quinault Riversand whiletheserivershold low levelsof hatchery-based salmon, bearsdo
not congregate along them (G. Kohler, personna communication). D.H. Johnson (unpublished data)
summarized 1990-1998 hatchery return dataof adult slmonfor the Humptulipsriver systeminwestern
Washington. Thesefishreturnto the hatchery facility asearly aslate-September (most begin around mid-
October), and astypical with most, were done spawning by mid-December. Whilethereareadditiona fish
inthissystem, an average number of 217 (range 95-320) chinook, 6,496 (range 177-10,195) coho, and
165 (range 51-339) sted head returned annual ly to the hatchery. The substantial mgority of thesefish
speciesreturnto spawn after November 1st (the average date of bear denning) and arenot availableto
bears; an average of 73 chinook, 1,264 coho, and O (zero) returning steelhead were avail ableto black
bears. Here, “available” meanssmply present intheriver system, and not located at spawning redds. In
summary, bears have astrong relationship to salmon where they have accessto them, but it appearsthat in
substantial measure, current salmon popul ationsdo not represent a predictablefood supply to bearsin
Washington and Oregon.

Review Of Wildlife Relationships By Salmon Life Stages

For the 138 specieswith arelationship to salmon, Johnson et a. 22 identified the salmon life stage(s)
involved for each species. Inthisstudy, thefivegenerd lifehistory stagesof salmonwereidentified as. (a)
Incubation (egg and alevin), (b) Freshwater Rearing (fry, fingerling, and parr), (c) Saltwater (smolt,
subadult, adult), (d) Soawner, and (e) Carcass. The number of wildlife speciesassociated with each (in
parenthesis) were: Incubation (23), Freshwater Rearing (49), Saltwater (63), Spawning (16), and
Carcass(83); thistally of wildlife speciestotalsmore than 138 because 73 species are associated with
salmon at morethan onelifestage (Appendixesl, I1, 111). See Appendix V11 for acompletelist of
published and unpublished observations of wildlife predatorsand scavengers on salmon at various stages of
therlife

Incubation Sage (eggs and alevin)

Twenty-threewildlife speciesarelinked to salmon at thisstage. Twenty-two wildlife speciesaredirect
consumersof “drift eggs’ (eggsnot buriedinredds) or devin (2 amphibians, 1 reptile, 19 birds, and 1

mammal); and 1 bird (bald eagle) isanindirect consumer of eggs/alevin, feeding onthewaterfowl that
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consumeeggsandaevin.

Freshwater Rearing (fry. fingerling. and parr)

Forty-nine wildlife species are linked to rearing salmon, including 2 amphibians, 5 reptiles, 34 birds,
and 4 mammals. Forty-five of these species are direct consumers of salmon and 4 species (bald
eagle, gyrfalcon, peregrine falcon, and snowy owl) areindirect consumers, feeding on terns,
waterfowl, gulls, and other animal sthat eat rearing salmon.

Plate #13. Garter snake
eating a salmon smolt,
unknown Olympic Peninsula
stream, Washington. (Photo

by: Jim Rozell, deceased).

Saltwater (smolt, subadult, adult)

Sixty-threewildlife speciesare consumersof salmon at thisstage (51 birdsand 12 marinemammals). Fifty-
eight of these speciesaredirect consumersof salmon and 5 speciesareindirect consumers. Thislistis
somewhat expansive dueto the geography being included, that is, the estuarineand al marinewater
habitats.

awner
Sixteen species of wildlife are consumers of spawning salmon (6 birds and 10 mammals). Thislist
isrelatively small, asfew wildlife species are physically capable of capturing and handling live, adult
fish. The gray wolf and grizzly bear are on thislist, but both have undergone significant range
contractions and declinesin their abundance (e.g., both are extirpated from Oregon and significantly
reduced in Washington).



Plate #14. River otter, a known
predator of salmon. (Photo by:
Charles J. Gibilisco).

Carcass

Carcassesarelinked to thelargest group of wildlife consumersof any salmon lifestage, with 83 species(1
reptile, 50 birds, and 32 mammal s) being consumers of carcassesand/or carcass-derived insects. Body
sizesof theseanima srangefrom shrewsto grizzly bears. Seventy-onespeciesof wildlife (1 reptile, 38
birds, and 32 mammals) are direct consumers of carcasses, 22 species (14 birdsand 8 mammals) are
consumersof carcass-derived insects; and 10 species (2 birdsand 8 mammals) are consumers of both
carcasses and carcass-derived insects.

Plate #15. Gull eating a
chum salmon (O. keta)
carcass at Kennedy
Creek, Washington.
(Photo by: Jeff
Cederholm).
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Plate #16. Pacific Giant Salamander, a
known predator of juvenile salmon.

(Photo by: William Leonard).

Continued documentation of wildlife species-salmon interactions, especialy of the 60 specieshaving an
“unknown” relationship, will providevitd information for ongoing devel opmentsin ecol ogically-based
salmon spawner escapement research and prescriptionsfor riparian management practices. AsKey
Ecologica Functions (KEFs) areidentified through such research 22, tool sfor informed decisionswill be
made availableto fish and |and managers operating under an ecosystem context.

See Appendix VII for a completelist of published and unpublished obervations of wildlife
predation and scavenging on salmon at various stages of their life.
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K ey Ecological Functions(KEFs) Provided To The EcosystemsThrough Salmon-Wildlife
I nter actions

Instriving to managefor healthy and sustainable ecosystems, we s multaneoudy are striving to providefor
thefull rangeof ecological functionsthat these systemsprovide. Key ecological functions(KEFs) refer to
themain ecological rolesof aspecies(or group of species) that influencediversity, productivity, or
sustainability of ecosystems*. A given KEF can be provided by asingle speciesor shared by many
species, and agiven species can have several KEFs. Main categoriesof KEFsincludetrophicrelations,
herbivory; nutrient cycling; interspeciesrelations, disease; pathogen and parasiterelations, soil relations,
wood relations; water relations; and vegetation structure and composition relations. Building uponwork by
Marcot et a. %!, Marcot and Vander Heyden 22 characterized the key ecological functionsfor each of the
605 commonwildlife(i.e., terrestria and marinebirds, mammals, reptiles, and amphibians) speciesin
Washington and Oregon. Severa questions can bethus posed:

. In what way does providing for salmon also provide for a wider array of ecological functions
of wildlife species associated with salmon?

. What are those functions?

. How do different kinds of salmon-wildlife relations, and different salmon life stages, provide

for an array of ecological functions?

This somewhat innovative analysis describes the functional links among fish and wildlife species
across aquatic and terrestrial communities. To conduct this analysis, we queried the database
matrixes on salmon-wildlife relations, key ecological functions of wildlife species, and habitats used
by wildlife . The general conclusion isthat salmon provide a causal mechanism for movement
behaviorsand anutrient sourcefor avariety of wildlife species, whichinturn performasurprisingly broad
array of ecological functions?*? acrossawide span of habitats. For thisanalysis, onecan think of thearray
of ecologica functions performed by thesewildlife speciesasa”functiona web”. Itfocusesonsamonin
their variouslife stages, and extendswel | beyond the aquatic realmtoinfluencethediversity, productivity,
and ultimately sustainability of habitatsand ecosystemsthroughout Washington and Oregon.

Wildlife With Strong Consstent Linksto Salmon

The9 speciesof wildlifewith strong cons stent linksto salmon (bald eagle, American black bear, Caspian
tern, common merganser, grizzly bear, harlequin duck, killer whale, osprey, and river otter) comprisea
functiona group of “salmon-eaters’ with closeaffinitiesto salmon. Thereare 32 primary wildlife-habitats
across Washington and Oregon 2¢; Figure 7 summari zes the occurrence of these 9 wildlife speciesby
habitat. Not surprisingly, most of these9 speciesinhabit freshwater and marine habitats, but some of them
also occur acrosstherange of inland forest, woodland, shrubland, and grassland habitats. Itisof interest
that from 1-7 of these 9 species can befound in each of the 32 habitats (Figure 7). Inthisway, salmon
providefor aset of wildlife speciesthat occur well beyond just sl mon-inhabited aquatic systems.



Inaddition, thefull set of key ecological functions performed by these 9 speciesa so extendsbeyond the
aquatic system. Each of these species providesaset of ecological functionsto thevariousarray of habitats
that they occur within. Figure8 depictsthe collectiverange of ecological functionsthat these9wildlife
speciesprovideto the number of habitatsthat they occupy. Thefunctionsrangefrom varioustrophic,
organismal, and wood and soil relations. Somefunctionsare morewidespread (occur in more habitats)

Species Richness by Habitat
Strong Consistent Salmon Links

Marine Nearshore

Eastside Riparian Wetlands

Bays and Estuaries

Westside Riparian Wetlands

Lakes, Ponds, Reservoirs, Rivers, and Large Streams
Coastal Headlands and Islets

Westside Lowlands Conifer-Hardwood Forest

Urban

Southwest Oregon Mixed Conifer-Hardwood Forest
Montana Mixed Conifer Forest

Lodgepole Pine Forest and Woodlands

Herbaceous Wetlands

Eastside Mixed Conifer Forest

Westside Oak and Dry Douglas-fir Forest and Woodlands
Shrub-steppe

Ponderosa Pine and Eastside White Oak Forests and Woodlands
Inland Marine Deeper Waters

Coastal Dunes and Beaches

Agriculture and Pastures

Westside Grasslands

Upland Aspen Forest

Subalpine Parkland

Montane Coniferous Wetlands

Eastside Grasslands

Dwarf shrub-steppe

Contintental Shelf

Alpine Grasslands and Shrublands

nsure occurrence-Western Juniper and Mountain Mahogany Woodlands
Oceanic

Historical occurrence-Westside Riparian-Wetlands
Eastside Canyon Shrublands

Desert Paya and Salt Scrub Shrublands
Ceanothus-Manzanita Shrublands
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Figure 7: Occurence by number of vertebrate wildlife species in the 32 wildlife habitats in Washington and Oregon, as
used by the nine wildlife species with a strong consistent relationship to salmon.

than are other functions. Examples of somewidespread functionsare potential control of vertebrate

popul ations (through predation), carrionfeeding, piscivory (fish-feeding), invertebratefeeding (including
insectivory), omnivory, transportation or dispersal of seedsand animals, creation of terrestrial runwaysused
by other species, and secondary use of burrows created by other species.
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SpeciesRichessby Function
Strong Consistent Salmon Links

Controls vert. popns.
Carrion feeder
Piscivore
Invertebrate feeder
Ovivore
Tiansports seeds, animals
Creates runways
Secondary burrow user
Ten. invert. feader
Disperses seeds/ruits
Uses runways
Large burrow excavator
Primary buriow excavator
Cannibal
Root feeder
Frugivore

Spermivore
Herbivore
Creates snags
Phys. fragments standing wood
Phys. fragments down wood
Primary cavity excavator
Grazer
Bad/cambium/bole feeder
Creates aerial structures
Prim. creation of structures
Pirates food
Aq. macroinvert. feeder
Creates feeding opp.
Creates feeding, roosting, etc.
Disperses vascular plants
Disperses invers
Secondary cavity user

0 10 20 30
No. of habitats

Figure 8: The array of key ecological functions performed by the nine vertebrate wildlife species with a strong,
consistent relationship to salmon, across the 32 wildlife habitats in Washington and Oregon.

All WildlifeWith Linksto Salmon

What of thefull set of speciesshowing either strong consistent, recurrent, and/or indirect linksto salmon?
(Some specieshave morethan onetype of relation becausethey use morethan onesamonlife stage).
Table5listskey ecologica functionsof wildlifemoreor lessuniqueto each typeof salmon-wildlifelink.
Each of the 3types of relations providesfor some unique set of ecological functions. For example, wildlife
speciesindirectly linked to sdlmon can providethefollowing ecologica functions: fungivory (fungus-esting),
tertiary consumption or secondary predation, prey source; regul ateinsect popul ationsthrough predation;
serveasinterspecific host for avian nest parasites, and create primary small ground burrows. These
functionsare performed not at al, or by far fewer wildlife species, by thewildlife specieswith strong
consistent linksor occasional linksto salmon.
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Table5. IMPORTANCE OF TYPESOF SALMON-WILDLIFE RELATIONSTOKEY
ECOLOGICAL FUNCTIONS.

1. STRONG CONSISTENT REL ATIONSHIPS ARE IMPORTANT FOR:
. trophic relations:
. primary consumption:
spermivory
grazing
frugivory
root feeding
. organismal relations:
controlling vertebrate populations
dispersing sedds, fruits, inveats, vac. plants
creating feeding opportunities for other species
primary cavity excavation in trees and snags
primary creation of large ground burrows
primary creation and secondary use of ground runways
. wood relations:
fragments standing and down wood
kills standing trees (creates snags)

2. OCCASIONAL REL ATIONSHIPSARE IMPORTANT FOR:
. trophic relations:

pirating of food
. organismal relations:

secondary use of aerial and aguatic structures created by other spp.
. disease relations:

carier of domestic animal disease
. soil relations:

improves soil structure and aeration by digging and burrowing

3. INDIRECT REI ATIONSHIPS ARE IMPORTANT FOR:

. trophic relations:
primary consumption:
fungivory
tertiary consumption
. prey relations:
providing prey for predators
. organismal relations:

controlling insect populations
serves as interspecific host for avian nest paresite
primary creation of small ground burrows
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Table 6. IMPORTANCE OF SALMON LIFE STAGES TO KEY ECOLOGICAL
FUNCTIONS. (Listed arefunctions uniqueto each life stage category.)

1._INCUBATION STAGE ISIMPORTANT FOR:
1. organismal relations:
secondary cavity use
primary excavation of small ground burrows

2. FRESHWATER REARING STAGE IS IMPORTANT FOR:
(no specific function ismostly supported by this stage)

3._SALTWATER STAGEISIMPORTANT FOR:
2. organismal relations:
creates aerial structuresused by other spp.
creates aquatic structures used by other spp.

4. SPAWNING STAGE IS IMPORTANT FOR:

3. trophic relations:

4. primary consumption:
spermivory
grazing
frugivory

root feeding
bark/cambium/bolefeeding
5. organismal relations:
controlling vertebrate populations
creating feeding opportunities for other species
primary cavity excavation
primary excavation of large ground burrows
primary creation of ground runways
secondary use of ground runways
6. wood relations:
fragments standing and down wood
kills standing trees (creates snags)

5. CARCASS STAGE ISIMPORTANT FOR:

7. trophic relations:

8. primary consumption:
fungivory

9. organismal relations:

controlling insect populations
servesasinterspecific host for avian nest parasite
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What thismeansisthat different degreesof salmon-wildlifere ations providefor someuniquekindsof
wildlifeecological functions. Only thefull set of al wildlife-samonlink relationscan providefor al collective
functions. Thus, to managethefull set of al ecologica functions, oneshould not focus solely onthosefew
wildlife specieswith strong consi stent linksto salmon, but on al typesof links.

How Salmon Life Stages Provide for Ecological Functions

Inasimilar way, most of the 5 life stages of salmon provide for a unique set of wildlife species and
their ecological functions (Table 6). For example, wildlife associated with the incubation stage of
salmon include secondary cavity users and primary excavators of small ground burrows; these two
ecological functions are not provided, or only poorly provided, by wildlife species associated with
any of the other salmon life stages. Thus, to manage for the full set of ecological functions, one
should focus on providing all life stages of salmon.

M anaging the Functional Web

So what is the manager to do with thisinformation? For one, be aware that salmon can be viewed as
the center of abroad “functional web” of wildlife and their ecological roles. Such roles extend well
past the salmon popul ations and aquatic habitats themselves, and likely influence the structure and
processes of the communities and ecosystems in which they reside, thus a“ keystone” species >°.

Second, one can use the information presented here and in the species data matrixesto list the
collective set of habitat elements and conditions used by wildlife species associated with salmon.
For example, one can link the list of wildlife associated with salmon life stages likely to be found in
low order headwater streams, and determine the set of habitat elements used by this set of wildlife
species, by habitat type, and then establish habitat-specific management guidelines to provide for
such habitat elements over time. Maintaining such habitat elements and conditions would help
maintain the full salmon-wildlife functiona web.

Third, one can begin to predict — or, at least pose tentative management hypotheses about —which
ecological functions may bein jeopardy if the wildlife that performs such functions are not
maintained. That is, one can now determine which wildlife species may be influenced by altering
salmon populations and habitats that imperil specific salmon life stages, and the set of ecological
functions associated with such wildlife species. 1n some cases, other wildlife species not associated
with salmon may also perform some ecological function, but never in exactly the same manner and
in the same set of habitats and habitat elements.



SALMONFISHERIES

Washington and Oregon salmon fisheriesincludescommercid, recreationa, and treaty harveststhat occur in
thestates' rivers, inland lakes, inland marinewaters, coastal embayments, and at sea. Fishingisan
important source of mortality, both for immaturefishin the ocean and maturefishontheir returnto
freshwater to spawn (Figures9, 10, 11, 12, 13, and 14). Understanding past fishery effectsisimportant
because man’sincreasing efficiency asapredator augmentsthe natural mortality ratesthat salmon encounter
innatura stuations. Because of the presence of humans, salmon aresignificantly lessavailabletoawide
variety of natural consumersinthefreshwater, terrestrid,

Plate #17. Commercial salmon
fishing vessel. (Photo by:
Washington State Historical Society,
Tacoma, WA. Curtis. Photo
Negative No. 63811).

Plate #18. Seelhead sport catch on the Hoh River,
Washington. (Photo by: Jeff Cederholm)

and marine environments, and thus these ecosystems are
suffering. According tothe NRC %, sdlmon mortality caused by
human ectivitiesand natura factorsusually exceed fishingmortality.
Thus, athough factorsother than fishing haveamajor effect onthe
production of adult fish, fishingistill theeasiest sdmon mortaity

factor to control 3.
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The salmon species complexesin the ColumbiaRiver, Puget Sound, and Coastal Washington and Oregon,
except for Puget Sound chum, have never recovered to the numbersthat existed when commercia harvest
wasinitiated. Increased hatchery production did enhance somefisheries, notably therise of the coho
salmon runsinthe 1960s, and chum salmon runsin Puget Sound. Ingeneral, however, artificia propagation
hasfailed to rebuild therunsto former level s, and in someinstanceslikely contributed to thefurther
declineof wild stocks®®. Hatchery production hasal so contributed to the harvest of wild salmon by
Creating socioeconomic incentivesthat maintain mixed-stock fisheries.
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Figure 13. Estimates of Oregon coastal coho salmon production and harvest from 1970’sto 1990’ s 387.388a,
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Figure 14. Total commercial catch, in pounds, of steelhead in Oregon coastal streams from 1920's to 1940's %72,

Admittedly, managing sdlmonfisheriesisachalenge, and past management approachesweregenerally
commodity/extraction-based; however, thisapproach has significantly contributed to the decline of wild
stocks>*. Wild salmon life history characteristicsthat contributeto this challengeinclude wide geographic
distribution with extens vefeeding and spawning migrations, complexity of lifehistory forms, ages, and sizes;
and the death of most adult fish after spawning only once. Fishing activitiesthat contributeto the problem
include: indirect mortality dueto catch and rel ease of undersized fish (by-catch), out-of-state domestic and
foreigninterception, conflictsamong user groups, and the mixed-stock fisheries.

A magjor dilemmathat fishery resource agenciesfind themselvesinishow to selectively harvest hatchery
salmon, while still meeting spawning escapement goal s of wild stocks of salmon. Hatchery-produced salmon
co-minglewithwild salmonin ocean waters, and asaresult, amixed-stock fishery iscreated. If harvests
areallowed in such mixed-stock fisheries, then wild and hatchery fishwill be caught at ratesthat only
hatchery fish can sustain. Wild salmon cannot withstand the high hatchery exploitation rate because they are
exposed to afull range of natural and human-caused selection pressuresand mortalities. Hatchery fishare
sheltered from mortdity factorsthat normally occur during incubation and freshwater rearing. At smolt
migration, many moreprogeny aretill aive per hatchery femal ethan per wild female. Thus, hatchery
populations can maintain smolt output at acons stent level with far fewer spawning adult fish than canwild
populations. Thiscondition enableshatchery stocksto withstand higher ratesof harvest than wild stocks;
however, even hatchery stockseventually succumb to the high exploitation ratesthrough changesto smaller
adult size®Y, or different timeof return®. Therefore, high fishing exploitation ratesare associated with
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fishery resource management agency policies, and agency policiesa so determinehatchery policiesand
practices. Thecurrent demand by certainintereststo protect wild stockscan beindirect conflict withthe
agency mandate to enhance or supplement current stockswith hatchery-produced fish to ensure sustainable
harvest for themajor user groups. Thisconflict will have animportant bearing on future management of
salmonfisheriesand hatchery practices. Livecapturesdectivefishing, includinglivereeaseof wild
unmarked fish and retention of marked hatchery fish, ispotentialy an option 2™,

Spawning Escapement Goals

Spawning escapement goals (the number spawners required to perpetuate the population 4) are set
by fishery managers to determine the portion of the estimated returning adult popul ation that can be
harvested. Recently Knudsen #* reviewed the methods used along the west coast to establish wild
salmon escapement goals, and found that of 854 management units 8 (1%) were set by methods that
were rated excellent (i.e., using methods that combined information in away that most effectively
characterized the management unit’s production potential), 142 (16%) were rated as good, 499 (58%)
wererated asfair, 13 (2%) were rated as poor, and 192 (22%) had no goals established at all.
Analysis of annual spawning escapement data by Konkel and Mclntyre %7, collected for naturally
spawning salmon populations in the Pacific Northwest between 1969 and 1984, suggests that
escapements are down for coho and chum; but up for chinook, sockeye, and pink salmon. In general,
escapement trends have been downward since 1970 for all populations, even for those that have
achieved their annual escapement goals.

According to the Pacific Fisheries Management Council (PFMC) 3% the state of Washington has
established annual escapement goals for coho, chum, and chinook salmon and steelhead, and include
wild and hatchery fish. Some escapement goals exist for pink and sockeye salmon that are mostly
for wild fish. No determination has been made of the spawning escapement needs of sea-run
cutthroat trout.  Spawning escapement goals have been established for 98 wild salmon stocksin
Washington *3, These stocks include 30 coho salmon, 29 chum salmon, 27 chinook salmon, 9 pink
salmon, and 3 sockeye salmon populations. Fifteen wild stocks of Washington steelhead have
established annual spawning escapement goals 1%, Overall, for 113 wild salmon stocksin
Washington with established spawning escapement goals, only 46 (41%) met these goals as of the
early 1990's *°, Escapements may have improved for some stocks in recent years due to fishery
restraints.

In Oregon, escapement goals have been established primarily for chinook and coho salmon and
include wild and hatchery fish. No determination of the spawning escapement needs has been made
for wild steelhead, chum salmon, pink salmon, or sea-run cutthroat. In the early 1990s, spawning
escapement goals were met for only 1 of the 2 populations of wild anadromous salmon in Oregon 3%,
being met for coastal chinook, but not for coastal coho salmon. Escapements may have improved for
some stocksin recent years, due to fishery restraints.

The result of heavy exploitation in the fishery, along with major habitat |0ss over the past century is
that the loadings of marine derived nutrients have been vastly diminished throughout Washington
and Oregonrivers. A recent anaysisof historical salmon cannery recordsfromwest coast riversby Gresh
et d.'" indicatesthat the number of salmon now returning to Washington and Oregonriversisonly 3.3
percent of thehistorical biomass (132-228 million kg downto 5-7 million kg). Theseauthorsconcludethat:
“Thisnutrient deficit may be oneindication of ecosystem failurethat has contributed to the downward spiral
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of salmonid abundanceand diversity ingenerd, further diminishing the possibility of salmon population
recovery tosdf-sustaininglevels”

The critical factor that salmon harvest managers need to face is how to reduce the annual salmon
harvest, and achieve stock-by-stock ecosystem-based spawning escapement goals. With the
exception of carcass supplementation programs, there has not been a concerted effort to manage
salmon populations for the benefits they provide to the recovery of listed wildlife species (e.g.,
grizzly bears) or to the broader ecological systems. Salmon spawning escapement goal's should not
only replace a stock of salmon with sufficient numbers of high quality recruits, but also meet the
needs of the broader aquatic and terrestrial ecosystems that depend on salmon for nutrients and
carbon influx 474831992 Sgmon harvest managers could take a lesson from the worldwide
conventions for herring harvest managers where ecosystem function has been explicitly recognized
through “...a precautionary, conservative approach to fisheries management.” 542,

For amore thorough review of the magnitude and characteristics of Northwest Pacific Coast salmon
fisheries and habitat issues, we recommend the following readings:

Cone, J., and S Ridlington. 1996. The northwest salmon crisis- A documentary history. Oregon
State University Press. Corvallis, OR. 374 pp.

National Research Council. 1996. Upstream - Salmon and society in the Pacific Northwest.
Committee on Protection and Management of Pacific Northwest Anadromous Salmonids. Board of
Environmenta Studies and Toxicology. Commission on Life Sciences. National Academy Press,
Washington, D. C. 452 pp.

The Oregon Coastal Salmon Restoration Initiative - Volumes 1, 2, and 3. 1997. The Oregon Plan -
Submitted to: The National Marine Fisheries Service March 1997. Salem, OR.

Souder, D.J., PA. Bisson, and R..J. Naiman (eds.). 1997. Pacific salmon and their ecosystems:
Status and future options. |.T.P. Chapman and Hall International Thomson Publishing. New York,
N.Y.

Kaczynski, VW, and J.F. Palmisano. 1992. A review of management and environmental factors
responsible for the decline and lack of recovery of Oregon’s wild anadromous salmonids. Oregon
Forest Industries Council. Salem.

Palmisano, J.F., RH. Ellis, and VW. Kaczynski. 1993. The impact of environmental and
management factors on Washington’s wild anadromous salmon and trout. Prepared for: Washington
Forest Protection Association and The State of Washington Department of Natural Resources,
Olympia, WA.. 371 pp.

Knudsen, E.E., C.R. Seward, D.D. MacDonald, J.E. Williams, and D.W. Reiser. 1999. Sustainable
fisheriesmanagement - Pacific saimon. CRC LewisPublishers, BocaRaton, FL. 724 pp.
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Lichatowich, J.A. 1999. Salmon without rivers- A history of the Pacific salmon crisis. 1dand Press,
Covelo, Calif. 317 pp.
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UNDERSTANDING SALMON RELATIONSHIPS

Salmon AsA Key Linkageln Biodiversity And Productivity

Ecological processes have been so altered by human activities, especialy inthe more densely popul ated
regions, that natural resource and environmental management will need to expand from current siteand
case-specific methods, to landscape and ecosystem scal e approaches. Thestruggleto develop thetools
required for these scal es of management has only just begun 269460.365.35 The documents: Fromthe
Forest to the Sea %, Forest Ecosystem Management: An Ecological, Economic, and Social
Assessment **1, Pacific Salmon and Their Ecosystems*®, An Ecosystem Approach to Salmonid
Conservation 4, Fish Habitat Rehabilitation Procedures*’” and River Ecology and Management -
Lessons From Pacific Coastal Ecoregion *? are recommended readingsthat describe the understanding
of natural systemsand processes and takeaholistic approach to rehabilitation and restoration of watersheds
and Pacific Nothwest ecosystems.

Anadromous salmon play an important role in maintaining an ecosystem’s productivity. The
seasonal migrations of millions of salmon between Pacific rim streams and the subarctic Pacific

Plate #19. Chum salmon carcassesin
Kennedy Creek, Washington. (Photo by:

Jeff Cederholm).

Ocean appear toincrease overall terrestrial productivity. Key processes discussed here are thetransport of
materias, energy and nutrients between marine, aguatic, and terrestrial ecosystemswith emphasisonsamon
asatransport vector. From abroad ecosystem management perspective, the status of salmon
metapopulationsisapowerful indicator of human adaptation to boreal biomes3# 464419 Gbatani 4% has
suggested that sdlmon arethe* canary inthe mineshaft”; the mineshaft in thisinstance being entire subarctic
ocean basin ecosystems. Cederholm et . % review and discussthe mechanismsof salmon nutrient
trangport and the significancetoterrestrial and freshwater ecosystems. Thefollowing discussion suggestsa
need to understand and apply information on the exchange of materia's, energy, and nutrients, between the
aquatic and terrestrial ecosystems of the northern Pacific Basin. Such an application would occur at

multiple geographic and temporal scales, examining both healthy and depressed salmon popul ationsunder
varying conditions. Effectively applied, managerswould be ableto define and achievelong-term ecosystem
management successnot just for salmon, but for numerous other fishand wildliferesourcesand theoveral
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hedlth of theenvironment.

Biomassof Salmon RunsAsAn Energy Source

Organic matter that supportsthetrophic system of fresh water ecosystemsis provided from both
autochthonous and allochthonous sources. Common types of autochthonous sources are: algae,
mosses, vascular plants, and phytoplankton. All of these factors are found in freshwater, and
generate organic matter through the process of photosynthesis. Common types of allochthonous
input include leaves, needles, wood and insects from the terrestrial environment and dissolved
organic matter carried in groundwater that enters the water body. Salmon provide an important
source of allochthonous organic matter for Pacific Northwest fresh water ecosystems 24847 2%,
Salmon spawning runs transport organic matter and nutrients from the northern Pacific Ocean to
their natal spawning grounds. The organic matter and nutrients carried in the biomass of the salmon
runsisinput to the trophic system through multiple levels and pathways including direct
consumption, excretion, decomposition, and primary production. Direct consumption may occur in
the form of predation, parasitism, or scavenging on the live spawner, carcass, egg or fry life stages.
Carcass decomposition and the particul ate and dissolved organic matter released by spawning fish
(e.0., eggs and milt, excrement) delivers nutrients to primary producers. Potential nutrient or energy
pathways and factors influencing biomass cycling of spawning salmon is graphically depicted in
Figure 15.

Freshwater and estuarine ecosystem productivity depends upon nutrient inputs and retention. Larkin
and Slaney 2% and Munn et. al.3* discuss nutrient cycling and the nutrient spiraling concept, whereby
nutrients spiraling downstream can influence aquatic system functions for considerabl e distances.
Larkin and Slaney 2% and Munn et. al. ** also discuss the importance of instream habitat complexity
(wood debris complexes) for increasing productivity by increasing salmon carcass retention; citing
Cederholm and Peterson *and Cederholm et. al. 2. Retention of nutrients also occurs at smaller
scalesand through chemical and physical processes. Organic moleculesinwater arerapidly absorbed onto
thebiofilmthat coversmost aguatics surfaces#. Transport of salmonid organic matter and nutrientsacross
mosiacsof inchannel, riparian, floodplain, and estuarine habitatsin awatershed may then occur aswate,
sediments, and organic debrisareredistributed; asinfreshets. Thediscussionthat followsemphasizesthe
necessity of retention mechanismsand how the physical and biological complexity of theaguatic, riparian,
and wetland zonesenhancesthisfunction.

Sportsmen and naturalists have long recognized the importance of salmon runs to the natural
economy of streams, as this quotation by Haig-Brown ¥ reveals:

“ The death of a salmon is a strange and wonderful thing, a great gesture of abundance. Yet
the dying salmon are not wasted. A whole natural economy is built on their bodies. Bald
eagles wait in the trees, bears hunt in the shallows and along the banks, mink and marten
and coons come nightly to the feast. All through the winter mallards and mergansers feed in
the eddies, and in freshet time, the herring gulls come in to plunge down on the swifter water
and pick up therotting drift. Caddis larvae and other carnivorous insects crawl over the
carcasses that are caught in the bottoms of the pools or against the rocksin the eddies. The
stream builds its fertility on this death and readies itself to support a new generation of
salmon.”
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Figure 15. Factors of stream complexity and marine derived nutrient pathways that influence
biological activity *.

The scientific community hasa so recognized the contribution of nutrientsand organic matter from spawning
salmon for sometime. Juday et al. %! estimated that sockeye salmon transported in excessof 2 millionkg
of organic matter and 5000 kg of phosphorusto the Karluk River systemin Alaskain an averageyear. This
recognition resulted in sockeyelakefertilization programsin British Columbiaand Alaska, toreplenish lost
nutrients caused by fish harvest 97:4%, Over thelast 10 years stableisotope analysishasenabled direct
measurement of marine-derived nutrientsin stream 2% 472 gnd | ake 2% ecosystems. These studieshave
firmly established the need to consider theimportance of salmon biomassasaflow of energy and nutrients
into thefreshwater and estuarinefood webs of the Pacific Northwest.

Nutrient levelsin fresh water and estuarine systems can be substantially enriched by the organic
inputs of spawning runs. The majority of material transported to freshwater by some species of
anadromous salmon is of marine origin. Mathisen et a. 2°®® demonstrated that over 95% of the body
mass of some salmon species is produced during ocean residence; the remainder represents mass
accumulated in freshwater prior to migration to the sea. The species of salmon that spawn at high
densities (e.g., chum, pink, sockeye) significantly ater nutrient loadings and budgetsin the
freshwater systemswherethey spawn. In Kamchatka, Krokhin 22 reported that 35-40% of theyearly total
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phosphorusinput to alake wastransported by spawning sockeye salmon, aswas much of the nitrogen input
to the system. Similar results have been reported for the lliamnal ake system in Alaska 122 297:2%.249 gnd for
the ParatunkaRiver basin, Kamchatka?®*2%2, Nutrientsfrom spawning pink and chum salmon have been
shown to not only enrich the freshwater and estuarine habitatswherethey spawn, but also the estuarine
habitats downstream 62°%, Munn €. a.3* consider changesin nutrient loading and cycling and ecosystem
productivity that could result from restoration of historic salmonid populationsto the ElwhaRiver sysemin
Washington state. Thestudy indicatesapotentia 65-fold increasein nitrogen and phosphorusloadingsfrom
salmonreturns. They concludethat restoration of the ElwhaRiver system salmon runswould havea
profound effect on the primary and secondary productioninthe system.

Table 7 shows calculations of the annual input of organic matter, nitrogen and phosphorus to
freshwater catchments within the Puget Sound Basin of Washington, resulting from recent peak
spawning escapement levels. These overall inputs of 189 metric tons (mt) of nitrogen and 22 mt of
phosphorus equate to approximately 1.9 and 1.2 percent, respectively, for the 10,000 mt and 1,909
mt recent annual outputs of nitrogen and phosphorus from freshwater as calculated by Inkpen and
Embrey 26, While the percentages in the table indicate that current salmon escapements are
generally aminor source of nitrogen and phosphorus to freshwater habitats within the basin, further
examination of information on nutrient loading sources, including salmon runs, indicates that pre-
commercia exploitation era escapements were a significant component of the nutrient budgets for
the freshwater habitats accessible to anadromous salmon.

Available data on calculated present nutrient loading and projected salmon return loads for a restored
ElwhaRiver system were used in comparison with the above values for Puget Sound to illustrate the
likely order of magnitude of the difference between the pre-European settlement inputs and present
conditions. Annual nutrient inputs of 29.8 mt of nitrogen and 3.5 mt of phosphorus are projected for
a 980 mt biomass of restored salmon returns based on Munn et. al.**. The nutrient levels are
approximately 40% and 13%, respectively, of the present 74.5 mt of nitrogen and 27.3 mt of
phosphorus loads to the Elwha watershed 2. The Elwha River ratios of salmon origin nutrients to
total nutrients are respectively 21 and 11 times the percentages of 1.9 and 1.2 for Puget Sound.
Thisisin part due to human induced enrichment of some Puget Sound systems from agricultural and
urban land uses several times those in the relatively undisturbed Elwha River system. These
preliminary estimates as to the levels of nutrient loadings to the water column and sediments, while
crude, should be sufficient cause to trigger some rethinking of what constitutes healthy baseline
water and sediment quality for Puget Sound and Pacific Coast streams and estuaries.

Productivity of freshwater ecosystems may be substantially affected by the nutrient and organic
matter contributions of spawning salmon. In Lake Dalnee, Kamchatka, chronically low returns of
sockeye salmon over a period of severa years brought about: (1) adecrease in annual primary
production of 20 percent; (2) a 30 percent decreasein total annual production of zooplankton; and
(3) adecreasein total annual production of plankton-eating fish (including juvenile sockeye) of 45
percent 22, The number of returning sockeye salmon can alter the productivity of lake ecosystems 24
27289 Richey et a. 4 found that kokanee salmon (O. nerka) carcasses added 44.6 kg of phosphorus
to asmall tributary of Lake Tahoe, California, raising the phosphate concentration of the water by 4-
6 ug/L. Algal productivity was stimulated as aresult of the increased availability of nutrients.
Evenlow spawning densities can providesignificant contributionsof nutrientsto the system. Juvenilecoho,
steelhead and cutthroat in asmall stream inwestern Washington obtai ned from 25% to 40% of their N and
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C from dead coho salmon that spawned inthe stream*’. Aquatic insects al so contained high level s of
marine-derived N and C, and thefoliage of plantsgrowing aong the streams al so contained nitrogen of
marineorigin¥. Thedirect feeding of sdlmon fry on salmon carcasses hasbeen known for along timeinthe
Amur River of Asa®”’, however, the growth benefitsfor juvenile salmon hasonly recently been documented

inNorth America®.

able 7. A first order approximation of body biomass and nitrogen and phosphorusi mports in
metric tons (mt) to the freshwater catchmentswithin the Puget Sound Basinresulti ng from
ecent peak wil d spaw ning sal mon escapements.

atershed Species

Unit Name Chinook Chum  Coho Pink Sockeye TotalsNitrogen Phosphorus
Nooksack 0 334 20 294 0 648 19.7 2.3
amish 0 25 35 n/a n/a 60 1.8 0.2
NS Independents 0 0 0 0 0 0 0.0 0.0
Skagit 127 797 26 214 0 1,164 354 4.2
tillaguamish 8 453 13 38 0 512 15.6 1.8
Snohomish 36 413 53 150 0 651 19.8 2.3
L ake W ashington 48 0 0 0 215 263 8.0 0.9
Duwaumish/Green 74 2 0 0 85 2.6 0.3
Puyallup 0 19 3 0 30 0.9 0.1
Nisqually 16 349 1 0 367 11.2 1.3
South Sound 190 1,345 0 0 1541 46.8 5.5
Hood Canal 27 791 3 13 0 834 25.3 3.0
trait of Juan de Fuca 42 24 2 4 0 73 2.2 0.3
Totals 567 4,548 180 717 215 6,227 189.3 22.4

Theloadingsinmetric tons were derived by multiplying recent escapements for each species by
orresponding average weights and body composition proportions for nitrogen and
phosphorous. Escapement data are from W ashington Department of Fisheries, W ashington
Department of Wildlife, and W estern W ashington Treaty Indian Tribes **#3%°, Average sizes of

almon by speciesare from Ricker “?

as quoted in Larkin and Slaney *®. Proportions of body

omposition for nitrogen and phosphorous are from Larkin and Slaney 2. Thistableisa
urthering of the concepts discussed in Lichatowich ?”’. Thisis aninitial approximation of
utrient imports, more complete datamay be available from multiple fish management agencies
i.e., Washington Department of Fish and Wildlife, Western W ashington Treaty Indian Tribes,
Oregon Department of Fish and Wildlife, etc.).

Nitrogen and carbon contained in the nonanadromousrainbow trout residing in asoutheast Alaskastream
wasderived amost entirely from thelarge numbers of pink salmon which spawned at thesite?®. Growth
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rate, condition factor and population density of juvenile coho and steelhead increased dramatical ly after
addition of coho salmon carcassesto two small streamsin southwestern Washington . Additional work by
Michael 8 and Adams? indicatethat juvenile coho spawned inyear N reap the benefitsprovided by al
speciesof salmon spawning inyear N+1. Johnston et d. 2 found arelationship between the proportion of
marine-derived nitrogen ininsectsand the dengity of spawning sockeye salmonintributariesof the Stuart
River ininterior British Columbia. Therefore, the productivity of freshwater habitats may beinfluenced by
the abundance of spawning fish using the system. Also Shuldt and Hershey %2 showed direct effects of
salmon carcasses decomposition on e evating periphyton accrua and dissolved nutrientsin Lake Superior
tributaries.

Macroinvertebrate communitiesin streamsreceiving salmon runs can changein responseto spawning
activity and nutrient enrichment. InaSnoquamieRiver, WA tributary and in Kennedy Creek, Washington,
Minakawa*** found the presence of salmon carcassesand eggs produced atwo-fold or greater increasein
total insect densitiesand biomass compared to control reaches. Piorkowski 4 found insect taxarichness
and diversity toincreasein response to nutrient enrichment from salmon carcassesin southeast Alaska, and
suggested that insect col onization of carcassesfacilitated decomposition and subsequent nutrient release.
Bilby et a. #" found all functional feeding groupsexcept insect shreddersto be enriched with marineorigin
isotopes of nitrogen and carbon in western Washington streams after coho salmon spawning. Someaquatic
invertebrates such as stoneflies (Plecoptera: Alloperla) 3 and Dipteran flies (Chironomidae) 3 will
scavengefor dead sdlmon eggsand devinswithinthegravel. Limnephilid caddisfly larvaeareattracted to
recently expired salmon and have been observed feeding directly on fish flesh 4432,

Terrestrial insects including fly maggots (Diptera) have also been observed feeding heavily on
salmon carcasses in streams in the Queen Charlotte Islands of British Columbia %, but generally
little work has been done to systematically document these activities. Maggot larvae have
commonly been observed consuming beached salmon carcasses during the warmer months of the
spawning season along the spawning reaches of several Washington streams. Dead chum salmon
along Kennedy Creek in South Puget Sound often have their heads filled with maggots (Cederholm,
personnal observation). Chinook carcasses along Puget Sound Basin rivers can be reduced to
skeletal remains by maggots within atwo week period; fall freshets frequently have been observed to
wash the carcasses and masses of larvae back into the stream where they are then available as food
for juvenile salmon and other organisms (Graeber, personal observation). Hornets have also been
observed to feed on carcass remains during warm fall weather periods in the same areas; they are
especially attracted to exposed fresh flesh or blood (Graeber, personal observation).

Quantitative measurements of salmon carcass consumption in the terrestrial environment has focused
on their utilization by high profile species like Bald eagles along the Skagit River, Washington 4% 187
and grizzly bears along the Columbia River 2. But Cederholm et al. ** recorded 43 taxa of
mammals and birds present on small Olympic Peninsula streams at a time when coho salmon
carcasses were present, and found that 51% of those taxa had fed on carcasses. Skagen et al. “®in
their study of human disturbance on an avian scavenging guild, observed significant bird scavenging
of chum and coho salmon carcasses along the North Fork of the Nooksack River, Washington. The
primary bird scavengers were eagles, crows, and glaucous-winged gulls. Additional information on
observations of wildlife predation and scavenging on salmon is presented in Appendix VII.



Plate #20. Fly maggots eating a
chum salmon carcass at Kennedy
Creek, Washington. (Photo by:
Jeff Cederholm).

Cederholm et al. * also reported that black bears, raccoons, and river ottersincreasefood availability

for terrestrial speciesincapable of removing carcassesfromthestream. Thelarger animalsrarely
completely consumed the carcassesthey removed from the stream, and were often followed by an array of
other smaller birdsand animalswho fed onthe“leavings’. A similar interaction occurred at McDonald
Creek, Glacier National Park, M ontana, where kokanee salmon captured by grizzly bearswere
incompletely consumed, leaving remainsfor birdsand small mammal s

Asthe above studies indicate, spawning salmon provide a source of carbon, nitrogen and phosphorus
essential to maintaining the production of salmon juveniles and other trophic levels of the stream.
Accumulating evidence suggests that spawning salmon populations are an important link to the
adjacent riparian and terrestrial communities, and indeed, fortifies the role of salmon as a keystone
species, wherein the integrity and persistence of the entire community is contingent upon the
population’s actions and abundance 5%°.

Pacific Salmon Provide Key Ecological Functions

The key ecological functions that spawning salmon play within certain freshwater ecosystems may
be illustrated with awell-documented case study from McDonald Creek in Glacier Nationa Park,
Montana. This stream isa principa spawning tributary for the Flathead L ake/Flathead River
ecosystem. Thetriggering event in the series of changes that cascaded through this ecosystem was
caused by the introduction of an exotic species, the opossum shrimp (Mysis relicta), from 1968 and
1975 “%, The shrimp were added to the lake as afood source for kokanee salmon, but behavioral
patterns made them unavailable for consumption. Opossum shrimp are voracious predators of
zooplankton, the principal food of the kokanee. The shrimp decimated the zooplankton in the lake
and by the late 1980s the lake and McDonald Creek spawning kokanee population had collapsed.
These fish served as an important food source for various birds and mammals that had fed upon them
in the spawning tributaries. One of the most prominent predator and scavenger utilizing this
resource were bald eagles that gathered by the hundreds during the kokanee spawning period. In
1981, spawning kokaneein excess of 100,000, attracted 639 eagles, the densest eagle concentration
south of Canada. Beginning in 1987 eagle numbers declined along with the kokanee, reaching alow
of just 25 birdsin 1989. It isfeared that loss of the kokanee spawning run could lead to higher eagle
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mortality during migration or during winter unlessthebirdscan find alternatefood resources, aprospect that
isnot likely inthat ecosystem“. A number of other bird and mammal speciesthat used theMcDonad
Creek kokanee also have been displaced #®. Gulls, mergansers and mallardscommonly fed on kokanee
carcasses, while Barrows and common goldeneyesand dippersfed onlooseeggs. Mammalsthat fed on
spawning kokaneeor carcassesalong McDonald Creek, including grizzly bears, coyotes, mink, and river
otters, are now lesscommon along the creek.

Estuaries, where rivers and streams meet tidal influence and enter the ocean, act astrapsfor
sediments, organic materials, and nutrients washed from watersheds. Some species of Pacific
salmon typically spawn near saltwater or even beginning within the upper reaches of estuaries and
often spawn at very high densities. The effect of salmon carcasses on the nutrient dynamics and
trophic productivity of estuarine systemsisjust beginning to be examined. Kline et al.* reported
that approximately 30,000 pink salmon spawned within 1.2 km of the estuary of Sashin Creek in
southeast Alaska. In southwestern Washington, the 5 km of Kennedy Creek accessible to
anadromous fishes has supported as many as 80,000 spawning chum salmon (WDFW unpub. data).
Using the size and body composition information previously cited (under the Elwha River
discussion), we estimate that this peak escapement to Kennedy Creek delivered approximately 398
mt of salmon flesh containing 12 mt of nitrogen and 1.4 mt of phosphorus to 0.075 km? of stream
channel area (5 km with an average channel width of 15 m). The nutrient loading per unit of channel
areawould be 160 mt/km? nitrogen and 18.7 mt/km? phosphorus. The salmon carcass materials, or
their nutrients, in dissolved phase or sorbed to sediment particles may be carried to the estuary
through various physical, biological, and chemical processes*2%6:3%, Therefore, anutrient link may
function between adult salmon carcasses and juvenile salmon rearing in the estuary. For example,
Fujiwara and Highsmith *° found elevated stable isotope ratios of nitrogen in Ulva sp., an estuarine
macroal ga, following the decomposition of salmon carcassesin Seldovia Bay, Alaska. Ulva sp. area
major food source for harpacticoid copepods, which in turn are a preferred prey of juvenile chum
salmon fry in the estuary. Thus, the contribution of nutrients and organic matter from salmon
carcasses may be a substantial source in some systems and may be a key factor in promoting
estuarine productivity. The importance of estuaries as nursery zones for anadromous salmon along
the Pacific Northwest coast iswell documented 19. 355 289,397, 454,194 ' tha role carcasses play in
maintaining productivity of these systems may be critical in supporting the health of salmon
populations .

The role salmon populations play as a key vector in the recycling of energy and nutrientsinland from
the North Pacific Ocean to aquatic and terrestrial ecosystemsisnow gaining recognition asacritical
component of ecosystem function 3% 348463464 Rjver and lake fertilization with inorganic nutrients
has been undertaken with ecosystem restoration in mind in some British Columbia systems 476 4%. 16.
5 however, artificially supplementing inorganic nutrients may not fully mitigate for the loss of the
multiple pathway flow of energy and materials provided by naturally spawning salmon.

Salmon AsVectorsin Broader Nutrient Cycling

The flux of nutrientsis essential for the continuity and stability of any living system#?, and nutrients
provide alink between aquatic and terrestrial ecosystems 37, Biological vectors through which
materials and energy are transported include migration of animals (i.e., mammals, birds, fish) that
carry nutrients across ecosystem boundaries 6 379.463.464. 34 - Therefore, the role and importance of
salmon in the freshwater and terrestrial ecosystems can be recognized within the context of broader
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nutrient cycling, and spawning migrations of salmon represent an obviousexampleof thisprocess. Other
meansof moving nutrientsupstream, such asthe emergence of the adult stagesof insectsand meteorol ogical
vectors, are considered to berelatively insignificant compared to anadromousfish?®. Thenutrient-subsidy
contributed by salmoninthe North Pacific could potentially serveasamodel for amore genera, and global,
aspect of nutrient circulation. Such studiesmay be supplemented by an assessment of the extent towhich
migratory birds, which travel long distances between boreal/subboreal zonesand temperate and/or tropica
regions, contributeto smilar effects.

Using the discipline known as Resource Physics, Tsuchida®* has explained how the hydrologic
cycle and the convection of air are able to keep the earth in alow-entropy state 2330, The
hydrologic cycleisin turn driven by solar thermal energy and the earth’s gravity. Subsequently,
inorganic salts (especially nitrates and phosphates), which are essential to formation and activities of
animals, plants, and microorganisms, are eventually washed downstream 5%, Ultimately, these salts
are dissolved in river water and transported to the ocean, where they attain the highest and most
uniform concentration below the depth of 1,000 m, largely free from biological consumption in the
absence of photosynthesis. However, due in part to ocean currents (local upwelling), these nutrients
eventually find their way back to the surface waters. This occursin northern temperate or subpolar
oceans by the effective vertical mixing of seawater due to the approximation of water temperature
between deep and shallow water, primarily during colder seasons. Finally, uptake of these salts by
marine plants near the surface, where photosynthesisis possible during the warmer seasons, allows a
means through which other animals are able to derive and transport the nutrients inland. For
example, Tsuchida > speculates that in coastal regions, some birds will carry nutrients back to the
land after deriving them from the consumption of marine organisms. Bird excrement is afertilizer
rich in inorganic matter, especially phosphates, as evidenced by the material deposits (Peruvian bird
guano) on tropical seaislands. Sibatani %% 4% points out that another, arguably more significant way
that nutrients are transported back onto the land is by anadromous fish swimming up, spawning, and
dying in the many rivers of the Asian and North American continents. Murota and Faculty of
Environmental Studies®* discussed how migratory fish move ocean nutrients inland and benefit the
Siberianforest anditsvariouswildlifeinhabitants (Figure 16).

“1n the Edo era, some people in Japan started to notice that forests along seashores or rivers
attracted fish towards them. It was considered that a forest could give benefits to fish in the
forms of shadow as shelter, nutrients, and so on. This consideration remained in the minds of
people living near waterfronts or forests after the Melji Restoration (1868). When the first
forest act was introduced at the beginning of the twentieth century, it contained the article
ordering the conservation of uo-tsuki-rin, which literally meant *fish-attaching forest.” This
articleis till valid in the present-day forest act of Japan.” 34

With regard to this uo-tsuki-rin, Sibatani 43citdin348 the Japanese scientist raises an interesting
guestion:

“Hethinks that it may be the fish that helps forests to grow rather than forests providing fish

with comfortable spaces. This hypothesis comes from his research on the forests in Maritime
Territories of Eastern Sberia, specifically along the Ussuri River, a tributary of the Amur

67



SUNLIGHT

’
/ ’

-
-

BIRDS

OTHER WILD ANIMALS

Eucﬁ%lﬁ AND

DEAD BODIES

Siberian Forest MIGRATORY ¥ PHOTOSYNTHESIS

FISH TT

PLANKTON evoen
GROWTH ,.°° ~.
o .

1]

EASY MIXING OF
\DEEP AND SURFACE
IVATERS

&
.

-—- wces o oos ol

NUTRIENTS
[}

Figure 16. Andromous fish and the Sherian forest®.

River. Thisareaissubject to cold temperatures and receives very little sunshine, but there
has been forest growth for a long period of time. Nutrients must have been carried from
somewhere. But asthere are no significant mountains in the upstream areas, the nutrients
must have come from downstream, or more exactly, from the Northern Pacific, and the
salmon as well as some other kinds of fish are likely to play a significant role as their

carriers.”

The theories of Sibatani 46345, Murota 3% 34, and Tsuchida %2*5% cause one to reflect on the once
bountiful salmon runs of the Columbia River. Before Europeans settled the Pacific Northwest,
salmon and steelhead had access to over 20,000 km of main river and tributaries in the Columbia
River basin *°. The annual Columbia River salmon and steelhead run size was estimated to range
between 8 and 16 million fish 3. Using an average weight of 6.75 kg per salmon, spawning

popul ations could have potentialy contributed between 54 and 108 tons of nutrient annually. Thisamounts
to between 2.70 and 5.40 tons per kilometer.

But what of the native people of the Columbia? Many traveled long distances to partake in the catch
and consumption of salmon, and in doing so participated in the further cycling of nutrients over this
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vast watershed, and beyond. Some tribes of the upper Columbia were known to cross the
Continental Divide to trade dried salmon for buffalo hides 3, thus providing an additional
mechanism for transfer of marine-derived nutrientsto theinland land mass. Salmon, wildlife, and
humans, therefore, may be the most prominent carriers of ocean nutrients to inland ecosystems.

Salmon were, and are, a pervasive influence on the productivity of the otherwise generally
oligotrophic ecosystems of coastal freshwater catchments of the Pacific Northwest region and the
entire eastern Pacific rim. A coast wide estimate of the baseline biomass comparable to the above
Columbia Basin estimate may also be useful to further discussions as to the scope of that influence.
However, as noted above, run reconstruction is a problematic impediment. The peak historic
commercia salmon cannery pack for the eastern Pacific rim are shown in Table 8 as a starting point.
The cannery pack are awell documented, but very minimal, representation of baseline run size and
biomass. The cannery pack tonnage can be readily expanded to round weight of the associated catch.
The estimated catch tonnage shown in column 4 of Table 8 is derived by applying the 75%
conversion factor for round to canned weight a so reported by Cobb %2, A total run tonnage was then
estimated by applying the Columbia River cannery pack to total run tonnage ratio (13,803:67,700; a
run of almost 5 times the peak cannery pack), to each of the cannery pack figures (column 2) in Table
8. Theresulting total run biomass in metric tonsis presented in column 5 of Table 8. The coastal
total run biomass estimate is 1.45 million metric tons. A more conservative expansion from cannery
pack to total run tonnage is aso provided in column 6, based upon a premise that northern areas may
not have incurred as high atotal exploitation rate. Column 6 (Table 8) uses an assumed 3:1 cannery
pack to total run tonnage ratio. Given the fishery descriptionsin Cobb *2and Crutchfield and
Pontecorvo 1%, it appears reasonable that reported cannery pack catchesin remote northern areas
were a higher proportion of the total runs.

Maintaining the Salmon Link In Nutrient Cycling

As the decline of wild salmon continues throughout the Pacific Northwest %, it islogical to assume
that the productivity of some freshwater and terrestrial ecosystems will also decline. Decreased
production could be self-perpetuating, as salmon stocks already in decline are likely to decrease
further in a negative feedback loop 4726633, The impending listing of many salmon stocks as
endangered or threatened has forced federal and state government agencies to take aggressive action
for salmon protection and recovery 3% 54,

There are numerous implications for fisheries management and the stream and riparian ecosystems
that salmon inhabit. An obvious scenario includes allowing sufficient salmon to spawn in as many
streams that were historically used by salmon as possible. A diversity of speciesthat utilize severa
different stream orders will distribute marine nutrients throughout the entire watershed. Larkin and
Slaney 2%¢ have made a case for the need to consider nutrients loading levels and distribution in
harvest management and hatchery production planning to sustain stream productivity for salmon.
Munn et al.** have provided an estimate on the expected increase in nutrient levels and system
productivity resulting from fully restored salmonid escapements under the proposed Elwha River
restoration. Resource managers are beginning to consider the implications of changesin the flows of
salmonid organic matter and nutrients may have on the levels of sustainable fish and wildlife
management 33266,

Numerous implications for water quality management exist within the native range of the Pacific
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Table 8. Pegk Cannery Packs and Estimated Round Weight of Associated Catches and
Estimated Total Run weights for al Species of Pacific Salmon in the Northwest and North

AmericaPrior to 1930.
Estimated Total Run
Area Pesk  Cannery Pack Round  5:lratio 3:1ratio
Year Weight Expansion Expansion
of Pack (Columbia
Rv)
cases metric  metric metric metric
tons tons tons tons

Noyo River 1919 7500 164 205 807 305
Sacramento River 1882 200000 4364 5455 21513 8141
Ed River 1883 15000 327 409 1613 611
Klamath River 1912 18000 393 491 1936 733
Smith River 1925 7700 168 210 828 313
Coastal Oregonrivers 1911 138146 3014 3768 14859 5623
Columbia Basin 18%5 629400 13732 17165 67700 25620
Willapa Harbor 1902 39492 862 1077 4248 1608
Grays Harbor 1911 75941 1657 2071 8168 3091
Coastal Washington Rivers 1915 31735 692 866 A4 1292
Puget Sound 1913 2583463 56366 70458 277834 105161
Fraser River 1901 998913 21794 27243 107446 40661
Outlying Districts 1928 1265522 27611 34514 136123 51514
RiversInlet 1925 197087 4300 5375 21199 8023
SkeenaRiver 1922 482305 10523 1314 51878 19632
Nass River 1918 143908 3140 3925 15479 5858
Alaska 1926 6652882 145154 181442 715602 270809
Total 1348694 204262 367827 1450698 548996

Data on number of 48 pound casesof canned salmon packed and on 1.25 conversion to round
weight are adapted from Cobb **.

salmon. Thekeystonerolethat salmon play in nutrient cycling needsto be recognized asan essentia
component to background water quality level sfor healthy watersheds. Thewater quality regimeof thehigh
biodiversity of watershed communitiessupported by sdmon runsmay bevery different thanitisin other
eco-regions. Theenergy and nutrient input pathwaysand timing for sdlmon runsaredifferent thanthe
energy and nutrient inputsfrom human activities. Wewill need tolearn more about therange of historic
nutrient loadingsto freshwater and estuarine systemsto understand how the declinesin salmon runsand
how disruptionsto the sub-ecosystems of the salmon may be atering the biotic communities. Fromthere
we can better answer questions on gppropriate alowableloadingsand thewater quality standardsthat will
best sustain hedlthy communities.
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In order to ensure nutrient cyclesfrom the ocean back to the watersheds, the major vector of this process,
wild anadromous salmon, must recover fromtheir current status. |dentifying and securing channelsfor the
recycling of nutrientsisan important component for maintaining biological diversity, at leastintheNorthern
Pacific 463464348389 Thekey to the sustainability of the human economy a so may lieinthese material
cyclesto somedegree, asour economy reliesheavily on healthy ecosystemsto sustain the production of
food and other resources 349525 Theimportance of the nutrient cycling link provided by anadromous
salmonthereforeillustratesthe need for an uncompromising and all-encompassing plan to protect and
recover wild salmon popul ationsbeforethe systemisunrecoverable.

Plate #21. Jeff Cederholm
holding a chum salmon at
Kennedy Creek.
(Photographer unknown).

71



WITH AN ECOSYSTEM PERSPECTIVE IN MIND - WHERE DO WE GO FROM HERE?

Theneed for an ecosystem approach to salmon management hasinevitably grownin Washington and
Oregon *%:4%.3%5_ Terregtrial ecol ogists have recognized theinfluence human uses (and thereby
disturbances) have had onterrestrial and aguatic ecosystemsof large scales?® 155%, Someinvestigators
have explored the significance of the salmon asakey ecological processvector on the broadest scales of
energy and nutrient trangport 464348 The use of salmon asan indicator of ecosystem health, or “the
canary” iscomplicated by thefact that thiscanary isafood resourcein high demand by humans“,

The magnitude of the role of salmon populations as keystone vectors in energy and nutrient cycling
inland from the Northern Pacific to freshwater and terrestrial ecosystemsis now gaining recognition
asacritical component to an overall understanding of ecosystem functions 464 34.349. 92 - A pplication
of this knowledge to understand the cumulative impacts of human land use practices and fisheries
exploitation on ecosystem functionsis only just beginning. New tools are necessary to make
management actions toward regaining lost productivity and biodiversity objectives 4% 305365,

Greater understanding of the hydrologic cycle has helped us to improve land and water uses to better
adapt to our environment. Better understanding of geologic processes including the role of
hydrogeology in shaping the landscape and controlling the rates at which sediments, and small and
large organic debris cycle through watersheds is also leading to changes in views on land and water
uses 4342%_ Understanding nutrient cycling processes, pathways and the effects of nutrient loading
has helped in managing water and sediment quality problems #%-5%.25 |n much the same manner, an
understanding of nutrient spiraling and cycling in streams3® and the keystone role of anadromous
salmon 2%:3% wij|| be valuable, if not essential, to understand how we have affected coastal
ecosystems and the processes that support them. Such an understanding will lead us to better
identification of those management action options we may take to achieve desired future conditions.

Maser et al. 2 have added substantially to the literature on downstream and seaward movement of
materials, energy and nutrient transport processes to and through aguatic systems. Their report
compiled and presented a wealth of information on the inputs, fates, and effects of forest debris,
particularly LWD, in freshwater, estuarine, and marine ecosystems. In essence, physical and
chemical processes were well described, now the biological is considered. Adding estimates of the
upstream flow of energy and nutrients via salmon to existing watershed processes literature, will
provide amore complete picture of the large scale and long-term energy and nutrient cyclesfor entire
watersheds. An understanding of the overall cyclesand levels of productivity at this scale will
provide the context for interpretation of local level trends in production and materials transport,
utilization and storage. It has been well established that agquatic systems have metabolisms that
function based upon physical processes, rates of loadings of materials, energy, and nutrients, rates of
primary and secondary production, and resulting changes in standing stocks of fishes.

As akeystone species to the productivity and biodiversity of the ecosystems of the North Pacific
basin, anadromous salmon closely link the management issues of the forests, the floodplains and
lowlands, the estuaries and nearshore areas, and the ocean domains as a continuum. Materials,
energy and nutrient budget analyses on an appropriate time scale will be necessary to estimate the
potential effects that past land use practices have had on production and discern which ones persist.
Budgetsfor the North Pacific Basin can theoretically be calculated inasimilar manner to that already used
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onsmaller systems. Thenwe can begin to useresulting information to provide acontext for management
decisionsin variousdisciplinesand forumsthat will affect materias, energy, and nutrient flowsand stocksat
variousscales. To addressthedisconnectsapparent inthe current state of terrestrial and aquatic systems
will require someestimate of many factors, including:

1. What isthe status of the nutrient capital and rates of transport within the domains and the basin as
awhole (nutrient budget)?

2. What isthe range of the nutrient and materials capital and rates of transport (how does the current
budget relate to the known ranges of standing stocks and rates of metabolism and transport)?

3. How have humans altered the nutrient budget?

4. What adaptive management actions might be warranted and feasible to push the terrestrial and
aguatic systems toward the identified goals?

5. Arethere some measures to employ in the interium until stocks of salmon can be restored?

6. What are the desired future conditions?

Early European settlement of the eastern North Pacific Rim territories provides many accounts of
heavy extractions of forest resources 2% 276. 348,464,554, 1102 70,365 | ogging of the forests had the obvious
effect of short circuiting the prior cycles that supplied woody debristo freshwater, estuarine, and
marine ecosystems. In recent decades mechanized logging equipment combined with highly
efficient (“clean”) logging practices and slash burning to prevent wildfires and accelerate re-growth
of planted conifers has further resulted in very little debris left on the site or entering streams. The
store of vast quantities of nutrientsin the form of the decayed woody debris and trapped detritus that
serves as substrate for long-term nitrogen fixation and retention no longer exists. Large woody
debris may continue to enter stream corridors, but not necessarily in the amount, size, and quality
that it did in the past, thereby decreasing potential to provide stream structure and organic matter to
food-webs 416 2%,

The long-term loss of the function of LWD as a primary component of the floodplain waterways,
resulting from land and channel clearing, may well be more significant than the loss of the wood
material itself. The resistance of the abundant woody material slowed the flows of water, sediment,
and smaller debris; resulting in very complex valley floor stream-ways composed of multiple highly
sinuous channels that were generally well connected to off-channel wetland systems by sloughs and
high water channels. Put this liquidation of natural resource capital into the context of long-term
climate cycles ® and Maser et al.’s?* long-term geologic and successional cycles, and one can begin
to formulate management goals for ecological processes.

A combination of development activities have diverted water, shortened, straightened, cleared,
dammed, diked, drained, filled and polluted the habitats of salmon. Early in settlement, logging and
splash damming, land clearing for agriculture, and channel clearing for navigation appear to have
had the most pronounced effects. The development and consumptive utilization of natural resources
was highly dependent upon water-borne transportation and patterns of impacts are reflective of
navigation-centered commerce. Continuing development for agriculture, industry, and urban growth
has resulted in further losses through conversions to other uses. I|mpacts have become more
pervasive throughout the landscape as transportation infrastructure and vehicle capabilities have
increased. Releases of persistent toxins has contaminated coastal sediments. Thus available
freshwater and estuarine salmon habitats al so continue to be degraded by ongoing land uses 35 295 454,174,526,

73



554, 245

Desired FutureCondition

Theinability of thevariousinterest groupsto resolve conflicting and agreed-to goa sor conditions hasbeen
identified asthefata gapin salmon management %34, Describing the desired future condition of the
terrestrial and aguatic ecosystemsand i dentifying and defining human actions can influence movement of
ecosystemstoward those conditions. Theinstitutional changes suggested by Lichatowich 27 will be
necessary to implement thelong-term management approach required. Someof thoseingtitutionsare
known and have beenin use during other eraswhere human land and resource uses appeared to have been
indefinitely sustainabl e 5,

In spite of the high potential commodity value of the harvest and our knowledge that the Pacific
salmon isakey driver for the biodiversity and productivity of the northern Pacific basin, we have not
developed the strategies for effective long-term management of the resource’s health. The
widespread use of salmon hatcheries has aso significantly reduced the amount of salmon carcass
nutrients available for the aquatic food webs. Modern human culture has not fully adapted to the
environment of the northern Pacific Basin. The environment of our region is showing the signs of
stress al around us which indicates the failure of our past and current approaches. If humans areto
thrive at present population levels within portions of the basin, we will need to look more at multiple
scales of ecosystem management and at integrating that management to sustain productivity over
very long time frames.

The challenge, then, for the people of Washington and Oregon and the whole North Pacific Rimisto
recognize that the character and the health of the northern Pacific Basin sub-ecosystems depend upon
the material and energy flow processes that link them. The flows of energy and of organic and
inorganic materials among the various agquatic and upland ecosystems determines the productivity of
each component and of the whole. In short, the whole is greater than the sum of the parts, symbiosis
on agrand scale. Understanding the biological processes and the impacts of our management
practices upon them will be necessary for our long-term (measured in generations) success in the
region. To do that we will need to look beyond the plants, animals, and the habitats of a given
smaller scale ecosystem to the processes that link them together, perhapsinto the large scale
ecosystem of the anadromous salmon. The flow of sediments, woody debris, detritus, and nutrients
through awatershed determines the character and productivity of the entire watershed, estuary, the
near shore zone and even the domains of the northern Pacific Ocean. The flow of energy and
nutrients back upstream via the Pacific salmon and the ability of the watershed to retain them, in
large measure, determines the productivity of the entire watershed.

IMPLICATIONSFOR FISHERIESMANAGEMENT
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Harvest management of anadromous salmon stocks along the Pacific coast has generally been
governed by strictly density dependent policies, inwhich escapement of spawning fishismaintained at the
level whichispredicted to generatethe greatest number of harvestablefish. Thismanagement approachis
referred toasmaximum sustainedyield (MSY). TheMSY levd isestimated from arelationship between
spawning fish and the number of recruits (offspringin the next generation) they produce.

Two models are most commonly employed to describe the relationship between spawning
escapement and the population of recruits produced in the next generation for the stock being
managed: the Ricker Model 42 (Figure 17-A) and the Beverton-Holt Model 42 (Figure 17-B). Both
these model s assume that the shape of the spawner-recruit relationship is determined primarily by
density-dependent interactions. The Ricker model is derived by assuming that the mortality rate of
eggs and juvenilesis proportional to theinitial cohort size and the Beverton-Holt model by assuming
that the mortality rateislinearly dependent on the number of fish aivein the cohort at thetime. The
Ricker model is most often applied to species that compete for spawning space in streams, and the
Beverton-Holt model to species that compete for rearing space or food in streams. However,
exceptions to this general rule commonly have been found. Chilcote °2found that 26 steelhead
populations in Oregon, a species for which the Beverton-Holt model would typically be selected as
most appropriate because steelhead juveniles compete for rearing space and food in streams, were
better fit by a Ricker model. In cases where variable environmental conditions from generation to
generation or other factors not related to density-dependent interactions have amajor effect on
survival; spawner-recruit data may not be adequately described by any model. Because so many
physical and biological processes are averaged across the life cycle from spawner to recruit, Hilborn
and Walters 4 have cautioned that it is better to think of spawner-recruit curves as general statistical
descriptionsrather than something determined from any fundamenta biologica principle.
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Figure17. Spawner-recruit curves. (A) Ricker model, (B) Beverton-Holt model.
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Regardlessof which model isselected, aso-called “replacement line” withaslope=1(i.e., onerecruit per
spawner) isdrawn fromthe originto intersect and extend beyond the curve. Theoreticaly, for any level of
spawning wherethe predicted number of recruitsisgreater than the number needed for spawning, the
“surplus’ recruitsareavailablefor harvest. Atthehighlevelsof spawning, the number of recruits produced
islessthan the spawnersrequired to maintain the population at that level and there are no surplusrecruits.
TheMSY level isdefined asthe point where the difference between the spawner-recruit curve and the
replacement lineisgreatest, (labeled B and C onthecurvesin Figures17-A and 17-B) thusproviding the
maximum number of harvestablefish. The point wherethe replacement lineintersectsthe spawner-recruit
curve (labeled A onthecurvesin Figures 17-A and 17-B) representsthe equilibrium population level for the
stock. Givenno harvest of fish and asystem with stableenvironmental conditionsover time, the population
would migrate towardsthis point where the number of returning recruitswould just replace the number of
spawnersthat produced them. Onemight think of point A asthe natural carrying capacity of the
undisturbed system for returning adults.

Although the concept of managing a stock of salmon based on MSY isvery appealing, there have
been many serious problems encountered in attempting to apply thistheory. There are often very
high levels of variability in spawner-recruit data. This variability makes selection of the appropriate
model to fit the data uncertain making the estimation of key model parameters problematic. Asthese
model parameters are key determinantsin the estimation of the MSY level, the setting of escapement
goalsfor stock maintenance based on these modelsis very risky indeed.

There are well-devel oped statistical methods that attempt to deal with the variability in spawner-
recruit data sets. These procedures can lead to more risk-averse management decisions when using
spawner-recruit models (see for example 2865142 4248) - Eyen so, the simplifying assumptions
underlying the MSY approach cause it to be fraught with other pitfalls. If those making management
decisions do not recognize these deficiencies, the true condition of a stock may not be understood
until the population suffers a precipitous decline.

Perhaps the greatest source of error in spawner-recruit model estimates is caused by the assumption
that density-dependent factors are primarily responsible for determining survival (i.e., number of
recruits per spawner). There is ample evidence that environmental factors have a substantial effect
on survival of salmon. In the freshwater environment survival may be affected by floods, droughts
or declining habitat quality caused by numerous anthropogenic influences %2, There is growing
evidence that productivity of the northern Pacific Ocean varies cyclically 32, greatly influencing
mortality ratesin the marine environment %2, Thus, controls on mortality rate may be greatly altered
by numerous factors that vary in their intensity over time and the effects of which may not be
density-dependent.

Considering the above discussion research has revealed that organic matter and nutrients transported
to streams by spawning salmon are important for maintaining the productivity of these systems.
Nitrogen and carbon contained in rainbow trout residing in a southeast Alaska stream was derived
almost entirely from the large numbers of pink salmon which spawned at the site 6. Juvenile coho
salmon, cutthroat trout and steelhead in atributary of the Snogualmie River, Washington, obtained as
much as 40% of the carbon and nitrogen in their muscle tissue from the carcasses of coho salmon*'.
Johnston et a. ° found a relationship between the proportion of marine-derived nitrogen in insects
and thedengity of spawning sockeyesamon intributaries of the Stuart River ininterior British Columbia.
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Therefore, theproductivity of freshwater habitatsmay beinfluenced by the abundance of spawning fish
usingthesystem.

All age classesand speciesof fishinthe stream utilizethe materia stransported by spawning salmon 474,
For example, juvenile coho spawned inyear N reap the benefits provided by al speciesof salmon spawning
inyear N+1381_ Conventiona spawner-recruit models cannot capture thisrelationship.

Managing at the MSY level may have the effect of substantially reducing the delivery of marine-
derived nutrients to freshwater habitats. Let us assume that a coho population is undisturbed (no
harvest) and at equilibrium, and, since coho juveniles compete for rearing space and food in streams,
can be modeled by the Beverton-Holt 42 relationship shown in Figure 18-A. Sincethispopulationis
undisturbed and at equilibrium, reading off the spawner axis below point A gives the number of
spawners whose carcasses would decompose in the stream each cycle to provide nutrients to support
the next generation of juveniles. Harvesting this population to the MSY level would reduce the
number of spawners, and associated nutrients, to point S on Figure 18-A. Thislevel of spawners
represents a reduction of about two-thirds in the number of adult spawners allowed to return to the
stream and a corresponding decrease in the level of marine nutrients returned to the stream.

The decreased availability of carcasses has been shown to impact the growth rate of juvenile fishes.
Artificialy increasing availability of marine-derived materials by adding the carcasses of hatchery-
spawned coho salmon to a small stream in southwestern Washington accelerated growth of juvenile
coho salmon in this system relative to a nearby stream reach with low availability of carcasses .
Coho at the enriched site grew twice as fast as fish at the site without carcasses and achieved a body
size nearly 50% greater by early winter. Body size of juvenile salmon has been positively correlated
with overwinter survival in freshwater 190244 |ncreased smolt size provides asurvival advantage in
the marine environment 4% 4%.21%a 5372 5163 2142 Therefore, if harvest of fish causes areduction in
nutrient delivery to the stream sufficient to impact growth, survival will be negatively impacted.
Thisimpact will decrease recruitment to the next generation of spawners, further depleting the
nutrient capital of the system and potentially further depressing survival. The effect isa progressive
downward shift of the stock-recruitment relationship for each successive cycle. Thisshiftis
illustrated in Figure 18-B with the adjusted curve labeled NEW. The possibility that the spawner-
recruit relationship could be fundamentally altered due to management decisionsis never taken into
account in setting harvest levels.

If it were only a matter of stream productivity loss, restoring lost stream productivity might
eventually reproduce the same run size. But unanticipated over harvest in any cycleis tantamount to
reducing the capacity of the system as well, which down-shifts the stock-recruitment relationship in
the manner illustrated in Figure 18-C, so that eventual run size also declines.

Another important factor ignored by spawner-recruit modelsisthe loss of stock productivity related
to loss of genetic variability. Loss of genetic variability can reduce survival and mean fitness of a
population 12, Geiger et al. %% reported that there is alink between genetic variability and the level
of exploitable production in Alaskan pink salmon populations. They showed that arelatively small
proportion of the breeding population is the most productive in any one generation and that the
genetic composition of this productive segment changes between generations. This process appears
to be true for coho salmon as well ¥4, and Geiger et al.»%2 suggest that it may be true for salmonin
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generd. AsRicker and Beverton-Holt modelsonly incorporatetotal population size, and not popul ation-
segment specific contributionsto recruitment, they cannot predict decreasesin overall stock productivity
that result from decreased genetic variability. Harvest policiesand practicesthat inadvertently reduceor
eliminate small population segmentswoul d decrease genetic variability and could impact stock productivity.
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Thereisincreased interest inthe Pacific Northwest in devel oping harvest management strategiesthat
addressnutrient delivery to freshwater ecosystems6.5#, However, thereisrdativey littleinformation on
which to base escapement targetsthat will meet thisobjective. Idedlly, estimatesof the number of spawners
needed tofulfill thisfunctionwould be determined by experimentally atering escapement levelsfor each
stock and evaluating theimpact on system productivity. However, conducting such an experiment on
hundreds or thousands of stocksover asufficient length of timeisadaunting prospect and would not
provide usableresultsfor many years. Severa other approachesto determining appropriate escapement
levelsarecurrently beinginvestigated. One option being cons dered attemptsto determine the amount of
food required to support apopul ation of rearing fish that fully utilizesthe habitat availableinastream.
Escapement level swould be established which ensure sufficient nutrientsand organic matter arereturned to
thestreamto producethislevel of food. Another aternativeisto develop arelationship between spawner
dengity and the proportion of marine-derived nutrientsin thetissuesof juvenilefish. Thistypeof relationship
may enablea“saturationlevel” for marine nutrientsto be establi shed and escapement goal s set accordingly.
However, these gpproaches do not account for impacts associated with land usethat drive down stock
productivity (reduce survivals) and reduced habitat capacity, and decreased genetic diversity, nor do they
incorporate any cons deration of temporal variability inenvironmental conditions. Nonetheless, these
approachesdo represent ashift from MSY to more ecol ogically-based stock management objectives.

79



LITERATURE CITED

1. Adams, C. 1998. Determining the effects of marine derived nutrients on growth of juvenile coho salmon
(Oncorhynchus kisutglusing stable isotopes. The 19%hnual General Meeting of the North Pacific International
Chapter of American Fisheries Society Meeting, held March 18-20, 1998 at Alderbrook, WA.

2. Agee, J. K. 1988. Successional dynamics of forest riparian zones, pagesr8k43. Raedeke, eitor. Streamside
Management: Riparian Wildlife and Forestry Interactions. Contrib. No. 59, Institute of Forest Resources, University of
Washington, Seattle.

3. Ainley, D. G, C. S. Strong, T. M. Penniman and R. J. Boekelheide. 1990. The feeding ecology of Farallon seabirds,
pages 51-1271n: D. A. Ainley and R. J. Boekelheide, editors. Seabirds of the Farallon Islands, Ecology, Dynamics, and
Structure of an Upwelling-System Community. Stanford University Press, Stanford, CA.

4. Ainley, D. G., and D. W. Anderson. 1981. Feeding ecology of marine cormorants in southwestern North America.
Condor 83:120-131.

5. Akande, M. 1972. The foods of feral mibdkustela visohin Scotland. Journal of Zoology. 167:475-479.
6. Alcorn, G. D. 1958. Nesting of the Caspian Tern in Gray’s Harbor, Washington. Murrelet 39:19-20.

7. Alexander, G. R. 1979. Predators of fish in coldwater streams, pages 138-Pr@dator-Prey Systems in Fisheries
Management. Sport Fishing Institute, Washington DC.

8. Alexander, G. 1977. Food of vertebrate predators on trout waters in north-central lower Michigan. Michigan
Academician 10:181-195.

9. Allee, B. A. 1982. The role of interspecific competition in the distribution of salmonids in streams, pages 11:1-122.
E. L. Brannon and E. O. Salo (eds.). Proceedings of the Salmon and Trout Migratory Behavior Symposium. June 3-5,
1981, First International Symposium. School of Fisheries, University of Washington, Seattle.

10. Allen, K. R. 1951. The Horokiwi Stream: a study of a trout population. New Zealand Dept. Fisheries Bulletin 10:1-238.

11. Anderson, N. H. 1992. Influence of disturbance on insect communities of Pacific Northwest streams. Hydrobiologia
248:79-92.

12. Anderson, M. E. 1977. Aspects of the ecology of two sympatric spe@iearohophignd heavy metal
accumulation within the species. M. S. Thesis, University of Montana, Missoula.

13. Antonelis, G. A. Jr., and M. A. Perez. 1984. Estimated annual food consumption by northern fur seals in the
California current. CalCOFI Rep. 25:135-145.

14. Antonelli, A. L., R. A. Nussbaum and S. D. Smith. 1972. Comparative food habits of four species of stream-
dwelling vertebratedjicamptodon ensatus, D. copei, Cottus tenuis, Salmo gaijdienithwestern Sci. 46:277-289.

15. Ashley, K., L. C. Thompson, D. C. Lasenby, L. McEachern, K. E. Smokorowski, and D. Sebastian. 1997. Restoration
of an interior lake ecosystem: the Kootenay Lake fertilization experiment. Vol. 32: 295-323.

16. Ashley, K., and P. A. Slaney. 1997. Accelerating recovery of stream, river and pond productivity by low-level nutrient
replacement, pages 13-1to 13-24. In: P. A. Slaney and D. Zaldokas, editors. Fish Habitat Rehabilitation Procedures.
Watershed Restoration Program. Ministry of Environment, Lands and Parks. Vancouver, British Columbia.

17. Ayles, G.B., J. G. I. Lark, J. Barica and H. Kling. Seasonal mortality of RainbowSedund gairdnediplanted in
small eutrophic lakes of central Canada. Canadian Journal of Fisheries Research Board. 33:647-655.

80



18. Baird, P. H. 1990. Influence of abiotic factors and prey distribution on diet and reproductive success of three seabird
species in Alaska (USA). Ornis Scandinavica 21:224-235.

19. Baird, R. 1991a. W. The Risso’s dolphin in British Columbia. Victoria Naturalist (Victoria B.C.) 47:6-7.
20. Baird, R. 1991h. Optimal foraging and intraspecific competition in the tufted puffin. Condor 93:503-515.

21. Baker, R. C., F. Wilke and C. H. Baltzo. 1970 The Northern fur seal. United States Dept. of the Interior. U. S. Fish and
Wildlife Service. Circular No. 336. Washington D.C.

22. Balcomb, K. C., J. R.Boranand S. L. Heimlich. 1982. Killer whales in Greater Puget Sound. Page$681-685
International Whaling Commission Report of the Commission 32.

23. Balcomb, K. C., J. R. Boran J. R. Osborne and N. J. Haenel. 1980. Observations of killeQvbtialgs ¢rcajn
Greater Puget Sound, State of Washington. INTIS PB80-224728, U. S. Dept. of Comm., Springfield, Virginia.

24. Baltz, D. M., and G. V. Morejohn. 1977. Food habits and niche overlap of seabirds wintering on Monterey Bay,
California. Auk 94:526-543.

25. Banci, V. 1987. Ecology and Behaviour of Wolverine in Yukon. M.S. Thesis. Simon Frases University. 178 pp.
26. Banfield, A. W. F. 1974. The mammals of Canada. University of Toronto Press. Toronto. 438 pp.

27. Bayer, R. D. 1986a. Seabirds near an Oregon estuarine salmon hatchery in 1982 and during the 1983 El Nifio. Fish
Bull. 84:279-286.

28. Bayer, R. D. 1986b. Nearshore flights of seabirds past Yaquina Estuary, Oregon, during the 1982 and 1983 summers.
Western Birds 16:169-173.

29. Bayer, R. D. 1986¢. Breeding success of seabirds along the mid-Oregon coast concurrent with the 1983 El Nino.
Murrelet 67:23-26.

30. Beach, U. S. 1937. The destruction of trout by fish ducks. Transactions of American Fisheries Society 66:338-342.
31. Beach, R., A. C. Geiger, S. J. Jeffries, S. D. Treacy and B. L. Troutman. 1985. Marine mammals and their
interactions with fisheries of the Columbia River and adjacent waters, 1980-1982. Third Annual Report. Washington

Department of Wildlife, Wildlife Management Division. Olympia.

32. Beamish, R. J., and R. Boullion. 1993. Pacific salmon production trends in relation to climate. Canadian Journal of
Fisheries and Aquatic Sciences 50:1002-1016.

33. Beechie, T. J., and T. H. Sibley. 1990. Evaluation of the TFW stream classification system: stratification of physical
habitat area and distribution. Timber/Fish/Wildlife Final Report TFW-16B-89-006, Washington Department of Natural
Resources. Olympia.

34. Bell, D. T., and S. K. Sipp. 1975. The litter stratum in the streamside forest ecosystem. Oikos 26:391-397.

35. Ben-David, M. T., R.W. Flynn, and D.M. Schell. 1997. Annual and seasonal changes in diets of martens: evidence
from stable isotope analysis. Oecologia 111:280-291.

36. Ben-David, M. T. 1997. Timing of reproduction in wild mink: the influence of spawning Pacific salmon. Canadian
Journal of Zoology 75:376-382.

37. Ben-David, M. T., A. Hanley, D. R. Klein, and D. M. Schell. 1997. Seasonal changes in diets of coastal and riverine
mink: the role of spawning Pacific salmon. Canadian Journal of Zoology 75:803-811.

81



38. Benda, L., T. J. Beechie, R. C. Wissmar, and A. Johnson. 1992. Morphology and evolution of salmonid habitats in a
recently deglaciated river basin, Washington State, USA. Can. J. Fish. Aquat. Sci. 49:1246-1256.

38.aBenda, L. E., K. J. Miller, T. Dunne, G. H. Reees, and J. K. Agee. 1998. Dynamic landscape systems. Pages 261-288
R. J. Naiman, and R. C. Bilby, editors. River Ecology and Management: lessons from the Pacific coastl ecoregion. Springer
New York, NY.

39. Bent, A. C. 1921. Life histories of North American gulls and terns. United States National Museum. Bulletin
N0.1131:65-71.

40. Berman, C., and T. P. Quinn. 1991. Behavioural thermoregulation and homing by spring chinook salmon,
Oncorhynchus tshawytsch¥albaum, in the Yakima River. J. Fish. Biol. 39:301-312.

41. Beschta, R. L., R. E. Bilby, G. W. Brown, L. B. Holtby, and T. D. Hofstra. 1987. Stream temperature and aquatic
habitat: fisheries and forestry interactions, pages 191#23F. O. Salo and T. W. Cundy, editors. Streamside
Management: Forestry and Fishery Interactions. Institute of Forest Resources Contribution Number 57. University of
Washington, Seattle.

41a. Beverton, R. J. H., and S. J. Holt. 1957 (Reprinted 1993). On the dynamics of exploited fish populations. Reprinted
by Chapman and Hall, distributed in U. S. by American Fisheries Society. Bethesda, MD.

42. Bilby, R. E. 1988. Interactions between terrestrial and aquatic systems, pagés X3-2Raedeke, editor. Streamside
Management: Riparian Wildlife and Forestry Interactions. Contrib. No. 59, Inst. For. Res., University of Washington,
Seattle, WA.

43. Bilby, R. E. 1984. Post-logging removal of woody debris affects stream channel stability. J. For. 82:609-613.

44. Bilby, R. E., and J. W. Ward. 1989. Changes in characteristics and function of woody debris with increasing size of
streams in western Washington. Transactions of american Fisheries Society 118:368-378.

45, Bilby, R. E., and J. W. Ward. 1991. Characteristics and function of large woody debris in streams draining old-
growth, clear-cut, and second-growth forests in southwestern Washington. Canadian Journal of Fisheries and Aquatic
Sciences 48:2499-2508.

46. Bilby, R. E., and P. A. Bisson. 1992. Allochthonous versus autochthonous organic matter contributions to the trophic
support of fish populations in clear-cut and old-growth forested streams. Canadian Journal of Fisheries and Aquatic
Sciences 49:540-551.

47. Bilby, R.E., B.R. Fransen and P.A. Bisson. 1996. Incorporation of nitrogen and carbon from spawning coho salmon
into the trophic system of small streams: evidence from stable isotopes. Canadian Journal of Fisheries and Aquatic
Sciences 53:164-173.

48. Bilby, R. E., B. R. Fransen, P. A. Bisson, and J. W. Walter. 1998. Response of juvenile cohcdGadordryiichus
kisutch and steelheadncorhynchus mykisso the addition of salmon carcasses to two streams in Southwestern
Washington, U.S.A. Can. J. Fish. Aquat. Sci. 55:1909-1918.

49. Bilby, R. E., and P. A. Bisson. 1998. Function and distribution of large woody debris. In: R. J. Naiman and R. E. Bilby,
editors. River Ecology and Management: Lessons From The Pacific Coastal Ecoregion. Springer Verlag. New York City,
N.Y.

49a. Bilton, H. T., D. F. Alderdice and J. T. Schnute. 1982. Influence of time and size at release of juvenile coho salmon
(Oncorhynchus kisutgton returns at maturityCanadian Journal of Fisheries and Aquatic Sciences 39:426-447.

49bh. Bilton, H. T. 1984. Returns of chinook salmon in relation to juvenile size at release. Canadian Technical Report
Fisheries and Aquatic Sciences 1245.

82



50. Bisson, P.A., R.E. Bilby, M.D. Bryant, C.A. Dolloff, G.B. Grette, R.A. House, M.L. Murphy, K V. Koski, and J.R.

Sedell. 1987. Large woody debris in forested streams in the Pacific Northwest: past, present, and future. Pagies 143-190
E.O. Salo and T.W. Cundy, editors. Streamside Management: Forestry and Fishery Interactions. Contribution Number 57,
Institute of Forest Resources, University of Washington, Seattle, WA.

51. Bisson, P. A., and G. E. Davis. 1976. Production of juvenile chinook salmoorhynchus tshawytscha a heated
model stream. NOAA Fisheries Bulletin 74:763-774.

52. Bisson, P. A., and J. R. Sedell. 1984. Salmonid populations in streams in clearcut vs. old-growth forests of western
Washington. Pages 121-180W. R. Meehan, T. R. Merrell, Jr., T. A. Hanley, editors. Proceedings of a Symposium: Fish
and Wildlife Relationships in Old-growth Forests. Held April, 1982, Juneau, AK.

53. Bisson, P.A., T. Quinn, G. H. Reeves, and S. V. Gregory. 1992. Best management practices, cumulative effects, and
long-term trends in fish abundance in Pacific Northwest river systems. Pages 283R285Naiman, editor. Watershed
management, Balancing Sustainability and Environmental Change. Springer-Verlag. New York City, N.Y.

54. Bisson, P. A, G. H. Reeves, R. E. Bilby, and R. J. Naiman. 1997. Watershed management and Pacific salmon:
Desired future conditions. Pages 447-4@#acific Salmon and Their Ecosystems: Status and Future Options. Chapman
and Hall, New York, N.Y.

55. Bisson, P. A., and R. E. Bilby. 1998. Organic matter and trophic dyn&misl. Naiman and R. E. Bilby, editors.
River Ecology and Management: Lessons From the Pacific Coastal Ecoregion. Springer Verlag. New York, N.Y.

56. Bjornn, T. C.,and D. W. Reiser. 1991. Habitat requirements of salmonids in streams. Pages 83-138 in W. R. Meehan,
editor. Influences of Forest and Rangeland Management on Salmonid Fishes and Their Habitats. American Fisheries
Society Special Publication No. 19.

57. Bjornn, T. C. 1971. Trout and salmon movements in two Idaho streams as related to temperature, food, stream flow,
cover, and population density. Transactions of American Fisheries Society 100:423-438.

57a. Bledsoe, L. J., etal. 1989. The Puget Sound runs of salmon: An examination of the changes in run size since 1896.
Pages 50-6ih C. D. Levings, et al, editors. Proceedings of the national workshop on effects of habitat alteration on
salmonid stocks. Canadian Special Publication Fisheries and Aquatic Sciences. No. 105.

58. Bollen, W. B., and K. C. Lu. 1968. Nitrogen transformations in soils beneath red alder and conifers. Pages 141-148

J. M. Trappe, J. F. Franklin, R. F. Tarrant, and G. M. Hansen, editors. Biology of Alder. USDA Forest Service. Portland,
OR.

59. Booth, D. B., and C. R. Jackson. 1997. Urbanization of aquatic systems: Degradation thresholds, stormwater
detection, and the limits of mitigation. Journal of American Water Resources Association 33:1077-1090.

60. Booth. D. E. 1991. Estimating prelogging old-growth in the Pacific Northwest. Journal of Forestry 89:25-29.

61. Bormann, F. H., and G. E. Likens. 1967. Nutrient cycling. Science 155:424-429.

62. Brickell, D. C., and J. J. Goering. 1970. Chemical effects of salmon decomposition on aquatic ecosystems. Pages 125-
138in R. S. Murphy, editors. Proceedings of the Symposium on Water Pollution Control in Cold Climates. U. S.
Government Printing Office, Washington, DC.

63. Briggs, D. T., and C. W. Davis. 1972. A study of predation by sea lions on salmon in Montery Bay. California Fish
Game 58:37-43.

64. Brinson, M. M., B. L. Swift, R. C. Plantico, and J. S. Barclay. 1981. Riparian ecosystems: Their ecology and status.
USDI Fish and Wildlife Service, Biological Services Program. Kearneysville, W.V.

83



65. Brittell, J., D. Sweeney and S. T. Knick. 1979. Washington bobcats: diet, population dynamics and movement. 1979:
107-110.

66. Brooks, A. 1928. Does the marbled murrelet nest inland? Murrelet 9:68.

67. Brown, R.F., S. Riemer and S. J. Jeffries. 1995. Food of pinnipeds collected during the Columbia River area salmon
gillnet observation program, 1991-1994. Oregon Dept. of Fish and Wildlife, Wildlife Diversity Program, Technical Report
#95-6-01 (Available From Oregon Dept. of Fish and Wildlife, 2501 SW First, Portland, OR 97201). 16 pp.

68. Brown, R. F., and B. R. Mate. 1983. Abundance, movements, and feeding habits of harlfiramaistuling at
Netarts and Tillamook Bays, Oregon. U. S. Fish and Wildlife Service Fish. Bull. 81(2):291-301.

69. Brown, E. R. 1985. Riparian zones and freshwater wetlands. Management of wildlife and fish habitats in forests of
western Oregon and Washington, Part | - Chapter Narratives. USDA, Forest Service.

70. Brown, B. 1982. Mountain in the clouds: A search for wild salmon. Simon and Schuster, New York, N.Y.

71. Brown, S., M. M. Brinson, and A. E. Lugo. 1979. Structure and function of riparian wetlands. Pagis R7R31
Johnson and J.F. McCormick , editors. Strategies for protection and management of floodplain wetlands and other
riparian ecosystems. USDA For. Ser. Gen. Tech. Rep. WO-12.

72. Browne, P., R. L. DeLong H. R. Huber, and J. L. Laake. 1997. Pinniped predation on endangered salmonids in
Washington and Oregon: harbor seal food habits on the Columbia River. Pages &0B-EL&ill, and D. P. DeMaster,
editors. Marine Mammal Protection Act and Endangered Species Act Implementation Program 1996. AFSC Processed
Report 97-10.

73. Burcham, J. S. 1904. Notes on the habits of the water Qusellis mexicanysCondor. 6:50.

74. Burger, A. E., R. P. Wilson, D. Garnier and M. P. T. Wilson. 1993. Diving depths, diet, and underwater foraging of
Rhinoceros Aucklets in British Columbia. Can. J. Zoo. 71:2528-2540.

75. Burgess, S. A., and J. R. Bider. 1980. Effects of stream habitat improvements on invertebrates, trout populations,
and mink activity. Journal of Widlife Management 44:871-880.

76. Burger, A. E. 1993 (1994). Mortality of seabirds assessed from beached-bird surveys in southern British Columbia.
Canadian Filed Naturalist 107:164-176.

77. Burgner, R. L. 1991. The life history of sockeye salfmtérhynchus nerRaPages 1-11# C. Grootand L.
Margolis. Pacific Salmon Life Histories. University of British Columbia Press, Vancouver.

78. Bury, R.B., and P. S. Corn. 1988. Responses of aquatic and streamside amphibians to timber harvest: A review. Pages
165-188in K.J. Raedeke, editor. Streamside Management: Riparian Wildlife and Forestry Interactions. Contrib. No. 59,

Inst. of Forest Resources, University of Washington, Seattle, WA.

79. Busby, P. J., T. C. Wainwright, G. J. Bryant, L. J. Lierheimer, R. S. Waples, F. W. Waknitz, and I. V. Lagomarsino.

1996. Status review of west coast steelhead from Washington, Idaho, Oregon, and California. U.S. Dept. of Commerce.
NOAA Tech. Memo. NMFS-NWFSC-27. 261 pp.

80. Bustard, D. R., and D. W. Narver. 1975. Aspects of the winter ecology of juvenile coho €atmanmynchus
kisutch and steelhead trousélmo gairdne)i. Canadian Journal of Fisheries Research Board 32:667-80.

81. Butler, R. L. 1991. Trout as predator. Pages 66-7.25tolz and J. Schnell, editors. Trout, the Wildlife Series.
Stackpole Books. Harrisburg, PA.

82. Butler, R. W. 1973. Trumpeter swans eating salmon. Vancouver National Historical Society (New Series.). 2:120.

84



83. Brodeur, R. D. 1989. Neutonic feeding by juvenile salmonids in coastal waters of the Northeast Pacific. Canadian
Journal of Zoology 67:1995-2007.

83a. Brodeur, R. D., and W. G. Pearcy. 1990. Trophic relations of juvenile Pacific salmon off the Oregon and Washington
coasts. Fisheries Bulletin 88:617-630.

84. California Department of Fish and Game. 1993. Final environmental document regarding bear hunting. Resource
Agency, California Department of Fish and Game, Sacramento. 594 pp.

85. Campbell, R. W., and N. K. Dawe. 1990. The Birds of British Columbia, Volume 1, Nonpasserines: Loons through
waterfowl. Royal British Columbia Museum, Victoria.

86. Carlson, A. 1991. Characterization of riparian management zones and upland management areas with respect to
wildlife habitat.. Washington Timber/Fish/Wildlife Rep. T/F/W-WLI-91-001. Washington Department of Natural
Resources, Olympia.

87. Carman, R. E., C. J. Cederholm, and E. O. Salo. 1984. A baseline inventory of juvenile salmonid populations and
habitats in streams in Capitol Forest, Washington 1981-1982. Progress Report for Sampling During 1981 and 1982,
University of Washington, Fisheries Research Institute. Report No. FRI-UW-8416, Seattle, WA. 102 pp.

88. Carter, H. R., and S. G. Sealy. 1984. Marbled Murrelet mortality due to gill-net fishing in Barkley Sound, British
Columbia. Pages 212-28DD.N. Nettleship, G.A. Sanger, and P.F. Springer, editors. Marine Birds: Their Feeding Ecology
and Commercial Fisheries Relationships. Canadian Wildlife Service.

89. Case, D. J., and D. R McCullough. 1987. White-tailed deer forage on alewife. Journal of Mammalogy 68:195-197.

90. Cederholm, C. J., and N. P. Peterson. 1985. The retention of coho falmorhynchus kisutgtcarcasses by
organic debris in small streams. Candian Journal of Fisheries and Aquatic Sciences 42:1222-1225.

91. Cederholm, C. J., D. B. Houston, D. L. Cole, and W. J. Scarlett. 1989. Fate of coho €alowhynhchus
kisutch carcasses in spawning streams. Candian Journal of Fisheries and Aquatic Sciences 46:1347-1355.

9la. Cederholm, C. J., R. E. Bilby, P. A. Bisson, T. W. Bumstead, B. R. Fransen, W. J. Scarlett, and J.W. Ward. 1997.
Response of juvenile coho salmon and steelhead to placement of large woody debris in a coastal Washington stream.
North American Journal of Fisheries Management 17:947-963.

92. Cederholm, C. J., Kunze, M. D., Murota, T., and A. Sibatani. 1999. Pacific salmon carcasses: Essential
contributions of nutrients and energy for aquatic and terrestrial ecosystems. Fisheries 24(10):6-15.

93. Cederholm, C. J., and E. O. Salo. 1979. The effects of logging road landslide siltation on the salmon and trout
spawning gravels of Stequaleho Creek and the Clearwater River Basin, Jefferson County, Washington. University of
Washington, Fisheries Research Institute. Report No. FRI-UW-7915. Seattle, WA. 99 pp

94. Cederholm, C. J., and W. J. Scarlett. 1982. Seasonal immigrations of juvenile salmonids into four small tributaries
of the Clearwater River, Washington, 1977-198. Pages 98t1HOL. Brannon and E. O. Salo, editors. Proceedings of the
Salmon and Trout Migratory Behavior Symposium, June 3-5, 1981. University of Washington, School of Fisheries, Seattle.

95. Chapman, D. W., and T. C. Bjornn. 1969. Distribution of salmonids in streams, with special reference to food and
feeding. Pages 153-1#6T. G. Northcote, editor. Symposium On Salmon and Trout In Streams, H. R. MacMillan Lectures
In Fisheries. Held February 22-24, 1968, at the University of British Columbia. Vancouver.

96. Chapman, D. W. 1962. Aggressive behavior in juvenile coho salmon as a cause of emigration. Canadian Journal of
Fisheries Research Board 19:1047-1080.

85



97. Chi, D. K. 1999. The effects of salmon availability, social dynamics, and people on blatkfesa(mericanys
fishing behavior on an Alaskan salmon stream. Ph.D. Dissertation. Utah State University, Logan, Utah. 137 pp.

97a. Chilcote, M. W. 1998. Conservation status of steelhead in Oregon. Portland, Oregon Department of Fish and Wildlife,
Fish Division, Information Report 98-3, January, 1998

98. Clark, E. E. 1984. Indian legends of the Pacific Northwest. University of California Press. Berkeley. 225 pp.

99. Clemens, W. A., and G. V. Wilby. 1933. Food of the fur seal off the coast of British Columbia. Journal of Mammalogy
14:43-46.

99a. Cobb, J. N. 1930. Pacific salmon fisheries. U. S. Department of Commerce, Bureau of Fisheries Document No.
1092. Washington, D. C.

100. Coffman, W. P., and L. C. Ferrington, Jr. 1996. Chironomidae. Pages 683:7%4. Merritt, and K. W. Cummins,
eitors. Kendall/Hunt Publishing. Dubuque, IA.

101. Commencement Bay Natural Resource Trustees. 1997. Commencement Bay Natural Resource Damage
Assessment Restoration Plan and Final Programmatic Environmental Impact Statement. Prepared by the U. S. Fish and
Wildlife Service and the National Oceanic and Atmospheric Administration for the Commencement Bay Natural
Resource Trustees and Cooperating Agencies. Olympia and Seattle, WA.

102. Conaway, C. H. 1952. Life history of the water shBwex palustris navigatpr The American Midland Naturalist
48:219-248.

103. Cone, J., and S. Ridlington. 1996. The Northwest Salmon Crisis - A documentary history. Oregon State University
Press, Corvallis. 374 pp.

104. Congleton, J. L., S. K. Davis, and S. R. Foley. 1982. Distribution, abundance and outmigration timing of chum and
chinook salmon fry in the Skagit salt marsh. Pages 153-163 in E. L. Brannon and E. O. Salo, editors. Proceedings of the
Salmon and Trout Migratory Behavior Symposium, June 3-5, 1981. University of Washington, School of Fisheries, Seattle.

105. Connell, J. H. 1978. Diversity in tropical rain forests and coral reefs. Science 199:1302-1310.

106. Cooper, R., and T. H. Johnson. 1992. Trends in steelhead abundance in Washington and along the Pacific coast of
North America. Report #92-90. Fisheries Management Division. Washington Department of Wildlife, Olympia.

107. Cottam, C. 1939. Food habits of North American diving ducks. U.S. Departmen of Agriculture Technical Bulletin
No. 643. 140 pp.

108. Cottam, C., and Uhler F. M. 1937. Birds in relation to fishes. Wildlife Research and Management Leaflet BS-83.
16 pp.

109. Craig, J. A., and R. L. Hacker. 1940. The history and development of the fisheries of the Columbia River. Bulletin
of the Bureau of Fisheries, Vol. XLIX.

110. Cressman, L.S. 1960. Cultural sequences at the Dalles, Oregon. A contribution to Pacific Northwest prehistory.
Transactions of the American Philosophical Society, Vol. 50, Part 10. 103 pp.

110a. Crutchfield, J. A., and G. Pontecorvo. 1969. The Pacific salmon fisheries: A study of irrational conservation. The
John Hopkins Press, Baltimore, MD.

111. Cummins, K. W., M. A. Wilzbach, D. M. Gates, J. B. Perry, and W. B. Taliaferro. 1973. Shredders and riparian
vegetation. Bioscience 39:24-30.

86



112. Dahm, C. C. 1981. Pathways and mechanisms for removal of dissolved organic carbon from leaf leachate in streams.
Candian Journal of Fisheries and Aquatic Sciences 38:68-76.

113. Day, J. W., Jr., C. A. S. Hall, W. M. Kemp, and A. Yafiez-Arancibia. 1989. Estuarine Ecology. John Wiley & Sons, New
York, N.Y. 558 pp.

114. Dalquest, W. W. 1948. Mammals of Washington. University of Kansas Publication Volume 2, Museum of Natural
History, University of Kansas, Lawrence. 444 pp.

115. Dawson, W. L. 1909. The Birds of Washington. A Complete, Scientific and Popular Account of the 372 Species of
Birds Found in the State. Seattle. 2.

116. Death, R. G., and M. J. Winterbourn. 1995. Diversity patterns in stream benthic invertebrate communities: the
influence of habitat stability. Ecology 76:1446-1460.

117. DeGange, A. R. 1996. The marbled murrelet: a conservation assessment. Gen. Tech. Rep. PNW-GTR-388. Portland,
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 72 pp.

118. DeShazo, J. J. 1980. Sea-run cutthroat trout management in Washington - An overview. Fisheries Management
Division, Washington State Game Dept., Olympia.

119. DeVoto, B. 1981. The journals of Lewis and Clark. Houghton Mifflin Company. Boston, Mass. 504 pp.

120. Dolloff, C. A. 1993. Predation by River ottfratra canadensjson juvenile coho salmo®hcorhynchus kisutgh
and Dolly Varden$alvelinus malmyan southeast Alaska. Candian Journal of Fisheries and Aquatic Sciences 50:312-315.

121. Donaldson, I. J., and F. K. Cramer. 1971. Fishwheels of the Columbia. Binfords and Mort, Publishers. Portland,
OR.

122. Donaldson, J. R. 1967. The phosphorus budget of lliamna Lake, Alaska as related to the cyclic abundance of sockeye
salmon. Ph.D. Dissertation, University of Washington, School of Fisheries, Seattle. 141 pp.

123. Drummond, H. 1983. Aquatic foraging in garter snakes: a comparison of specialists and generalists. Behaviour
86:1-30.

124. Dunstone, N. 1993. The mink. T & A. D. Poyser Ltd, London. 232 pp.

125. Dzinbal, A., and R. L. Jarvis. 1982. Coastal feeding ecology of harlequin ducks in Prince William Sound, Alaska,
during summer. Pages 6-itlD. N. Nettleship, G. A. Sanger and P. F. Springer, editors. Marine Birds: Feeding Ecology

and Commercial Fisheries Relationships. Proceedings of the Pacific Seabird Group Symposium, Seattle, Washington. In
English With French Summ. WR 199.

126. Eagle, T. C., and J. S. Whitman. 1987. Mink. Pages 61#+-BRMNovak, J. A. Baker, M. E. Obbard and B. Malloch,
editors. Wild Furbearer Management and Conservation in North America. Ministry of Natural Resources, Ontario.

127. Eastman, D. E. 1996. Response of freshwater fish communities to spawning sockey®©sedonbyr(chus nerka
M. S. Thesis, University of Washington, School of Fisheries, Seattle, WA.

128. Edie, B. G. 1975. A census of the juvenile salmonids of the Clearwater River Basin, Jefferson County, Washington, in
relation to logging. M. S. Thesis. University of Washington, School of Fisheries, Seattle, WA. 86 pp.

128a. Edmonds, R. L. 1980. Litter decomposition and nutrient release in Douglas-fir, red alder, western hemlock, and
Pacific silver fir ecosystems in western Washington. Canadian Journal of Forestry Research 10:327-337.

129. Ehinger, C. E. 1930. Some studies of the American dipper or water ouzel. Condor 47:487-498.

87



130. Eipper, A. W. 1956. Differences in the vulnerabilityof the prey of nesting kingfishers. Journal of Wildlife
Management 20:177-183.

131. Elliott, S. T., and R. Bartoo. 1981. Relation of larval Polypedilum (Diptera: Chironomidae) to pink salmon eggs and
alevins in an Alaska stream. Prog. Fish-Cult. 43:220-221.

132. Elmore, W. 1992. Riparian responses to grazing practices. Pages #R-£MNaiman, editor. Watershed
Management: Balancing Sustainability and Environmental Change. Springer-Verlag. New York, N. Y.

133. Elphick, C.S., and T.L. Tibbitts. 1998. Greater Yellow{g&gaga melaoleuch The Birds of North America, No. 355.
A. Poole and F. Gill, editors. The Academy of Natural Sciences, Philadelphia, PA, and The American Ornithologists
Union, Washington D.C.

134. Elson, P. F. 1962. Predator-prey relationship between fish-eating birds and Atlantic salmon. Fish. Res. Board Can.
Bull. No 133. 87 pp.

135. Emmett, R. L. 1997. Estuarine survival of salmonids: The importance of interspecific and intraspecific predation and
competition. Pages 147-1%8 R.L. Emmett and M.H. Schiewe, editors. Estuarine and Ocean Survival of Northeastern
Pacific Salmon. NOAA Technical Memorandum NMFS-NWFSC-29.

136. Emmett, R. L., and M. H. Schiewe. 1997. Estuarine and ocean survival of Northeastern Pacific salmon: Proceedings
of the workshop. U.S. Dept. Commerce., NOAA Tech. Memo. NMFS-NWFSC-29.

137. Erman, D. C., J.D. Newbold, and K. B. Roby. 1977. Evaluation of streamside bufferstrips for protecting aquatic
organisms. California Water Resources Center, Contribution Number 165, University of California, Davis.

138. Erickson, J. 1988. Competition for fish. Headlight Herald. June 4th(A-4).

139. Eriksson, M. O. G. D. Blomgvist M. Hake and O. C. Johansson. 1990. Parental feeding in the Red-throated Diver
Gavia stellata Ibis.132:1-13.

140. Everest, F. H., N. B. Armantrout, S. M. Keller, W. D. Parante, J. R. Sedell, T. E. Nickelson, J. M. Johnston, and G. N.
Haugen. 1985. Salmonids, Pages 199276 Brown, editor. Management of Wildlife and Fish Habitats in Forests of
Western Oregon and Washington. Volume 1. USDA, Forest Service. Pacific Northwest Region.

141. Everitt, R. D., P. J. Gearin, J. S. Skidmore and R. L. DeLong. 1981. Prey items of harbor seals and Califormia sea lion
in Puget Sound, Washington. Murrelet 62:83-86.

141a. Falconer, D. S. 1989. Introduction to quantitative genetics. 3rd edition. New York, Longman Scientific and
Technical.

142. Farley, L. C. 1980. The Behavioral-Ecology of Swans Wintering in Southeast Alaska. MS Thesis. Idaho State
University. 73 pp.

143. Felleman, F. L., J. R. Heimlich-Boran and R. W. Oshorne. 1991. The feeding ecology of killerQvheles ¢rca in
the Pacific Northwest. Pages 113-1i47K. Pryor, and K. S. Norris, editors. Dolphin Societies, Discoveries and Puzzles.
University of California Press, Berkeley, Los Angeles & Oxford.

144, Fiscus, C. H. and G. A. Baines. 1966. Food and feeding behavior of Steller and California sea lions. Journal of
Mammalogy 47:195-200.

145. Fisher, J. P., and W. G. Pearcy. 1988. Growth of juvenile coho s&@moriiynchus kisutgtin the ocean off

Oregon and Washington, USA, in years of differing coastal upwelling. Candian Journal of Fisheries and Aquatic
Sciences. 45:1036-1044.

88



146. Foerster, R. E. 1968. The sockeye sal@oogrhynchus nerRa Fish. R. Bd. Can. Bull. 162. Ottawa, Canada. 422 pp.
147. Fitch, H. S. 1984Thamnophis couchiCatalogue of American Amphibians and Reptiles. 351.1-351.3.

148. Fitch, H. S. 1941. The feeding habits of California garter snakes. California Dept. Fish and Game 27:2-32.

149. Fontaine, P. M., M. O. Hammill, C. Barrette, and M. C. Kingsley. 1994. Summer diet of the harbour porpoise
(Phocoena phocoehin the estuary and the Northern Gulf of St. Lawrence. Candian Journal of Fisheries and Aquatic

Sciences 5:172-178.

150. Forbes, L. C. and K. 1982. Simpson. Behavioral studies of great blue herons at Pender Harbor and Sechelt, British
Columbia, in 1980. Unpublished Report., Canadian Wildlife Service, Delta, B.C.

151. Forest Ecosystem Management Assessment Team (FEMAT). 1993. Forest Ecosystem Management: An
Ecological, Economic, and Social Assessment. USDA, Forest Service.

152. Frame, G. W. 1974. Black bear predation on salmon at Olsen Creek, Alaska. Zeitung der Tierpsychologie 35:23-38.

153. Francis, R. C., and S. R. Hare. 1994. Decadal-scale regime shifts in the large marine ecosystems of the Northeas
Pacific: A case for historical science. Fish. Oceanogr. 3:279-291.

154. Franklin, J. F. 1992. Scientific basis for new perspectives in forests and streams. PageR 25b-Kaiman, editor.
Watershed Management: Balancing Sustainability and Environmental Change. Springer-Verlag. New York, N.Y.

155. Friesen, W. 1990. Winter dietary studies of juvenile coho sal®ocothynchus kisutgtutilizing two enhanced
wall-base channels along the Clearwater River in Jefferson County, Washington. Master of Environmental Studies, The
Evergreen State College, Olympia, WA. 114 pp.

156. Fraser, J. M. 1972. Recovery of planted brook trout, splake, and rainbow trout from selected Ontario lakes. Candian
Journal of Fisheries Research Board 29:129-142.

157. Fraser, J. M. 1974. An attempt to train hatchery reared brook trout to avoid predation by the common loon.
Transactions of American Fisheries Society 103:815-818.

158. French, J. M., and J. R. Koplin. 1977. Distribution, abundance, and breeding status of ospreys in northwestern
California. Pages 223-240Transactions of North American Osprey Research Conference. U.S. Natl. Park Serv. Trans.
Proc. Ser. No. 2., WR 179.

159. Fujiwara, M., and R. C. Highsmith. 1997. Harpacticoid copepods: Potential trophic link between inbound adult
salmon and outbound juvenile salmon. Marine Ecology Progress Series 158:205-216.

160. Fuss, H. J. 1982. Age, growth, and instream movement of Olympic Peninsula coastal cutthr&atirmoutlérki
clarki). M. S. Thesis. University of Washington, School of Fisheries, Seattle, WA. 126 pp.

161. Gabrielson, I. N., and S. G. Jewett. 1940. Birds of Oregon. Oregon State College, Corvallis. 650 pp.

162. Garrett, A. M. 1998. Interstream movements of coastal cutthroat@ocroynchus clarki clarkiin the
Clearwater River, Jefferson County, Washington. Master of Environmental Studies. The Evergreen State College,
Olympia, WA. 212 pp.

163. Gaston, A. J., and S. B. C. Dechesne. 1996. Rhinoceros Agtmtinca monoceratdn: A. Poole and F. Gill,

editors. The Birds of North America No. 212. The Academy of Natural Sciences, Philadelphia, PA, and The American
Ornithologist’'s Union, Washington, D.C.

89



164. Gearin, P. J., S. R. Melin, R. L. DeLong, H. Kajimura and M. A. Johnson. 1994. Harbor porpoise interactions with a
chinook salmon set-net fishery in Washington state. Pages 42R-W8&-. Perrin, G. P. Donovan, and J. Barlow, editors.
Gillnets and Cetaceans: Incorporating the Proceedings of the Symposium and Workshop on the Mortality of Cetaceans in
Passive Fishing Nets and Traps. La Jolla, CA. October 1990. Whaling Commission Special Issue No.15. WR 251.

165. Gearin, P. J., R. Pfeifer, S. J. Jeffries, R. L. DeLong and M. A. Johnson. 1988. Results of the 1986-1987 Galifornia se
lion - steelhead trout predation control program at the Hiram M. Chittenden Locks. U. S. Dept. Comm. NWAFC Processed
Report 88-30. 111 pp.

165a. Geiger, H. J., W. W. Smoker, L. A. Zhivotovsky, and A. J. Gharrett. 1998. Variability of family size and marink surviva
in pink salmon ©ncorhynchus gorbuschaas implications for conservation biology and human use. Candian Journal of
Fisheries and Aquatic Sciences 54: 2684-2690.

166. Glova, G. J. 1986. Interactions for food and space between experimental populations of juvenile coho salmon
(Oncorhynchus kisutcland coastal cutthroat tro{8almo clarki)n a laboratory stream. Hydrobiologia 132:155-168.

167. Gould, V. E. 1934. A monograph of the belted kingistezgraceryle alcyofLinnaeus). 311 pp.
168. Graf, W. 1949. Observations on the salamddidamptodon Copeia 1:79-80.

169. Grayhbill, M.R., and J. Hodder. 1985. Effects of the 1982-1983 EI Nifio on reproduction of six species of seabirds in
Oregon. Pages 205-20W.S. Wooster and D.L. Fluharty, editors. El Nifio North. Washington Sea Grant Program,
University of Washington, Seattle, WA.

170. Graybill, M. R. 1981. Haul out patterns and diet of harbor $adsa vitulingin Coos County, Oregon. M. S.
Thesis, University of Oregon, Eugene. 55 pp.

171. Gregory, S. V., F. J. Swanson, and W. A. McKee. 1991. An ecosystem perspective of riparian zones. BioScience
40:540-551.

172. Gregory, S. V. 1980. Effects of light, nutrients, and grazing on periphyton communities in streams. Ph. D.
Dissertation. Oregon State University, Corvallis, OR.

173. Gregory, S. V., G. A. Lamberti, D. C. Erman, K. V. Koski, M. L. Murphy, and J. R. Sedell. 1987. Influences of
forest practices on aquatic production. Pages 233r2550. Salo, and T. Cundy, editors. Streamside Management -
Forestry and Fishery Interactions. College of Forest Resources, University of Washington. Contribution No. 57. Seattle.

174. Gregory, S. V., and P. A. Bisson. 1997. Degradation and loss of anadromous salmonid habitat in the Pacific
Northwest. Pages 277-314 D. J. Stouder, P. A. Bisson, and R. J. Naiman, editors. Pacific Salmon and Their Ecosystems.
Chapman and Hall Publishers, New York, N.Y.

174a. Gresh, T, J. Lichatowich, and P. Schoonmaker. 2000. An estimation of historic and current levels of salmon
production in the Northeast Pacific ecosystem: Evidence of a nutrient deficit in the freshwater systems of the Pacific
Northwest. Fisheries 25(1):15-21.

175. Grette, G. 1985. The role of large organic debris in juvenile salmonid rearing habitat in small streams. M.S. Thesis,
University of Washington, School of Fisheries. Seattle, WA. 105 pp.

176. Grinnell, J., J. Dixon, and J. M. Linsdale. 1937. Fur-bearing mammals of California. Their natural history,
systematic status, and relations to man. University of California Press, Berkeley.

177. Griswold, G. 1953. Aboriginal patterns of trade between the Columbia Basin and the northern plains. M. A. Thesis,
Montana State University. Missoula.

90



178. Groot, C., and L. Margolis. 1991. Pacific Salmon Life Histories, University of British Columbia Press, Vancouver, BC,
Canada. 564 pp.

179. Gross, M. R., R. M. Coleman, and R. M. McDowell. 1988. Aquatic productivity and the evolution of diadromous fish
migration. Science 239:1291-1293.

180. Haig-Brown, R. 1946. Ariver never sleeps. Crown Publishers. New York, N.Y.

181. Hall, J. D., P. A. Bisson, and R. E. Gresswell. 1997. Sea-run cutthroat trout-biology, management , and future
considerations. Proceedings of a Symposium, Reedsport, Oregon. October 12-14, 1995. Pubublished by the Oregon
Chapter of the American Fisheries Society. Corvallis. 183 pp.

182. Hall, J. D. 1986. Notes on the distribution and feeding behavior of killer whales in Prince William Sound, Alaska.
Pages 69-8® B. C. Kirkevold, and J. S. Lockard, editors. Behavioral Biology of killer whales. Alan R. Liss, Inc., New
York. 457 pp.

183. Hamilton, A. N., and W. R. Archibald. 1985. Grizzly bear habitat in the Kimsquit River Valley, coastal British
Columbia: evaluation. Pages 50i67G. P. Contreras, and K. E. Evans, editors. Proceedings - Grizzly Bear Habitat
Symposium, Missoula, Montana, April 30 - May 2, 1985. Intermountain Research Station, Ogden.

184. Hamilton, A. N., and F. L. Bunnell. 1987. Foraging strategies of coastal grizzly bears in the Kimsquit River Valley,
British Columbia. Int. Conf. Bear Res. Manage. WR 213. 7:187-197.

185. Hampton, P. D. 1981. The wintering and nesting behavior of the trumpeter swan. M.S. Thesis. University of
Montana. 60 pp.

186. Hansen, W. R. 1980. Western aquatic garter snakes in central California: an ecological and evolutionary
perspective. M.S. Thesis, California State University, Fresno. 78 pp.

187. Hansen, A. J., E. L. Boeker, J. I. Hodges, and D. R. Cline. 1984. Bald eagles of the Chilkat Valley, Alaska: ecology,
behavior, and management. National Audobon Society. New York, N.Y.

188. Hanson, L. C. 1993. The foraging ecology of harbor $#fadsa vituling and California sea liongalophus
californianus at the mouth of the Russian River, California. M. A. Thesis, Sonoma State University, Rohnert Park, CA. 70

pp.

189. Hare, S. R., N. J. Mantua and R. C. Francis. 1999. Inverse production regions: Alaska and West Coast Pacific
salmon. Fisheries 24: 6-14.

190. Hartman, W., and R. Raleigh. 1964. Tributary homing of sockeye salmon at Brooks and Karluk lakes, Alaska.
Canadian Journal of Fisheries Research Board 21:485-504.

190-a. Hartman, G. F., and J. C. Scrivener. 1990. Impacts of forestry practices on a coastal stream ecosystem, Carnatio
Creek, British Columbia. Candian Journal of Fisheries and Aquatic Sciences 223: 148p.

191. Harvey, J. T., and M. J. Weise. 1997. Impacts of California sea lions and Pacific harbor seals on salmonids in
Monterey Bay, California. MLML Technical Publication N0.97-03. Moss Landing Marine Laboratories. 31 pp.

192. Hasegawa, S., T. Hirano, T. Ogasawara, M. lwata, T. Akiyama, and S. Arai. 1987. Osmoregulatory ability of chum
salmon,Oncorhynchus ketaeared in fresh water for prolonged periods. Fish Physiol. Biochem. 4:101-110.

193. Hatler, D. F. 1976. The coastal mink on Vancouver Island, British Columbia. Ph. D. Dissertation, University
British Columbia, Vancouver.

194. Hayman, R. A., E. M. Beamer, and R. E. McClure. 1996. Fiscal Year 1995 Skagit River chinook restoration

91



research. Final project performance report, National Marine Fisheries Service, Contract# 3311 for FY 1995. Skagit System
Cooperative. La Conner, WA.

195. Hayward, T. L. 1993. Preliminary observations of the 1991-1992 EI Nifio in the California Current. California
Cooperative Oceanic Fisheries Investigations Reports 34:21-29.

196. Healey, M. C. 1982. Juvenile Pacific salmon in estuaries: The life support system. PagesB1534k&nnedy,
editor. Estuarine Comparisons. Academic Press. New York, N.Y. 709 pp.

197. Healey, M. C. 1991. Life history of chinook salm@n¢orhynchus tshawytsch&ages 311-398 C. Groot and L.
Margolis, editors. Pacific Salmon Life Histories, University of British Columbia Press. Vancouver.

198. Heard, W. R. 1991. Life history of pink salm@m¢orhynchus gorbuschaPages 121-230h C. Groot and L.
Margolis, editors. Pacific Salmon Life Histories, University of British Columbia Press. Vancouver.

199. Heimlich-Boran, J. R. 1986. Fishery correlations with the occurrence of killer whales in Greater Puget Sound.
Pages113-131in B. C. Kirkevold, and J. S. Lockard, editors. Behavioral biology of killer whales. Alan R. Liss, Inc., New
York, N.Y.

200. Heimlich-Boran, J. R. 1988. Behavioral ecology of killer wh&esijus orcg in the Pacific Northwest. Canadian
Journal of Zoology 66:565-578.

201. Hemstrom, M. A., and J. F. Franklin. 1982. Fire and other disturbances of the forests in Mount Rainier National
Park. Quaternary Research 18:32-51.

202. Henny, C. J., and M. R. Bethers. 1971. Population ecology of the great blue heron with special reference to
western Oregon. Canadian Field-Naturalist 85:205-209.

203. Herder, M. J. 1983. Pinniped fishery interactions in the Klamath River system, July 1979 to October 1980.
Southwest Fish. Cent., Admin. Rep. LJ-83-12C. (Available From Southwest Fisheries Science Center, Natl. Mar. Fish.
Serv., NOAA, P.O. Box 271, La Jolla, CA 92038). 71 pp.

204. Hewson, R. 1995. Use of salmonid carcasses by vertebrate scavengers. Journal of Zoology ( London). 235:53-65.

204a. Hilborn, R., and C. J. Walters. 1992. Quantitative fish stock assessment: choice, dynamics & uncertainty.
Chapman and Hall. New York, New York.

205. Hildebrand, G. V. S. D. Farley C. T. Robbins T. A. Hanley K. Titus and C. Servheen. 1996. Use of stable isotopes to
determine diets of living and extinct bears. Can. J. Zoo. 74:2080-2088.

206. Hilderbrand, G. V., S. D. Farley, C. T. Robbins, T. A. Hanley, K. Titus, and C. Servheen. 1996. Use of stable
isotopes to determine diets of living and extinct bears. Canadian Journal of Zoology 74:2080-2088.

207. Hicks, B.J., R. L. Beschta, and R. D. Harr. 1991b. Long-term changes in streamflow following logging in western
Oregon and associated fisheries implications. Water Resources Bulletin 27:217-226.

208. Hicks, B. J., J. D. Hall, P.A. Bisson, and J. R. Sedell. 1991a. Response of salmonids to habitat changes. Pages 483-518
in W.R. Meehan, editor. Influences of Forest and Rangeland Management On Salmonid Fishes and Their Habitat. Amer.
Fish. Soc., Spec. Pub. 19. Bethesda, MD.

209. Hilborn, R. 1992. Hatcheries and the future of salmon in the northwest. Fisheries 17:5-8.

210. Hodder, J., and M.R. Grayhbill. 1985. Reproduction and survival of seabirds in Oregon during the 1982-1983 EI Nifio.
Condor 87:535-541.

92



211. Hogan, D.L., and J. W. Schwab. 1991. Stream channel response to landslides in the Queen Charlotte Islands, B.C.:
chg\nges affecting pink and chum salmon habitat. Pages 2248-B3@vhite and |. Gutherie, editors. Proceedings Of the
15 Northeast Pacific Pink and Chum Workshop. Canada Department of Fisheries and Oceans. Vancouver, B.C.

212. Hoffman, T., and T. Hall. 1988. Tillamook trip report regarding smolt/cormorant problem. U. S. Dept. of
Agriculture, Animal Damage Control Program Interoffice Memorndum About Their Cormorants Collection on 27 April
1988.

213. Holland, D. C. 1985&lemmys marmorat@vestern pond turtle). Feeding. Herpetol. Review, WR 203.16:112-113.

214. Holland, D. C. 1985b. An ecological and quantitative study of the Western PondQlertienfs marmorajan
San Luis Obispo County, California. M.S. Thesis, California State University, Fresno. 181 pp.

214a. Holtby, L. B., and M. C. Healey. 1986. Selection for adult size in female coho s@lnmrhynchus kisutgh
Can. J. Fish. Aquat. Sci. 43:1946-1959.

215. Holtby, L. B. 1988. Effects of logging on stream temperatures in Carnation Creek, British Columbia, and associated
impacts on the coho salmad@rfcorhynchus kisut¢h Can. J. Fish. Aquat. Sci. 45:502-515.

215a. Holtby, L. B., B. C. Andersen and R. K. Kadowaki. 1990. Importance of smolt size and early ocean growth to
interannual variability in marine survival of coho salm@m¢orhynchus kisut¢hCanadian Journal of Fisheries and
Aquatic Sciences 47:2181-2194.

216. Horner, R.R., and B. W. Mar. 1982. Guide for water quality impact assessment of highway operations and
maintenance. Report to Washington Dept. of Transp. FHWA WA-RD-39.14. Dept. of Civil Engineering, University of
Washington, Seattle, WA.

217. Hunt, W. G., B. S. Johnson and R. E. Jackman. 1992. Carrying capacity for bald eagles wintering along a
northwestern river. Journal of Raptor Research 26:49-60.

218. Hunt, W. G., J. M. Jenkings, R. E. Jackman, C. G. Thelander, and A. T. Gerstell. 1992. Foraging ecology of bald eagles
on a regulated river. Journal of Raptor Research 26:243-256.

219. Hunt, W. A. 1993. Jasper National Park harlequin duck research project: 1992 pilot projects - interim results. Jasper
Warden Service Biological Report Series, No. 1, Heritage Resource Conservation, Parks Canada, Jasper, Alberta. 67 pp.

220. Hunt, W. G., B. S. Johnson, and R. E. Jackman. 1992. Carrying capacity for bald eagles wintering along a
northwestern river. Journal of Raptor Research 26(2):49-60.

221. Huntington, C. W., W. Nelhsen, and J. Bowers. 1996. A survey of healthy native stocks of anadromous salmonids in
the Pacific Northwest and California. Fisheries 21(3).

222. Huntsman, S. G. 1941. Cyclical abundance of birds versus salmon. Canadian Journal of Fisheries Research Board
5:227-235.

223. Hynes, H. B. N. 1970. The ecology of running waters. University of Liverpool Press. Liverpool, England. 555 pp.

224. Imler, R. H., and H. R. Sarber. 1947. Harbor seals and sea lions in Alaska. U. S. Fisheries Wildlife Services Special
Scientific Report No.28. 28 pp.

225. Science Team. 1998. Pinniped and seabird predation: implications for recovery of threatened stocks of salmonids

in Oregon under the Oregon Plan for Salmon and Watersheds. Technical Report 1998-2 to the Oregon Plan for Salmon
and Watersheds. Governor’s Natural Resources Office, Salem, OR. 27 pp.

93



226. Inkpen, E. L.,and S. S. Embrey. 1998. Nutrient transport in the major rivers and streams of the Puget Sound Basin,
Washington. U. S. Department of the Interior-U. S. | Survey, National Water-Quality Assessment Program.

227. lwata, M., T. Hirano, and S. Hasegawa. 1982. Behavior and plasma sodium regulation of chum salmon fry during
transition into seawater. Aquaculture 28:133-142.

228. Jameson, R. J., and K. W. Kenyon. 1977. Prey of sea lions in the Rogue River, Oregon. J. Mamm. 58: 672.

229. Jeffries, S. 1985. Marine mammals of the columbia river estuary. Wash. State Dep. Game; 95p. 1984. From U.S.
Government Reports 85(2):85. 1985. Available From NTIS As PB85-107050/GAR. WR 197.

230. Jewett, S. G., W. P. Taylor, W. T. Shaw and J. W. Aldrich. 1953. Birds of Washington State. University of
Washington Press, Seattle. 768 pp.

231. Johnson, W. E., and A. D. Hasler. 1954. Rainbow trout production in dystrophic lakes. J. Wildl. Manag.. 18:113-
134.

232. Johnson, J. H., and A. A. Wolman. 1984. The Humpback Whale, Megaptera novaeangliae. U. S. National Marine
Fisheries Service Marine Fisheries Review 6:30-37.

233. Johnson, D.H., M. M. Hoover, E. L. Greda, and C.J. Cederholm. (In prep.). Relationships between Pacific
Salmon and 605 species of birds, mammals, reptiles, and amphibians in Oregon and Washington.

234. Johnson, O. W., M. H. Ruckelshaus, W. S. Grant, F. W. Waknitz, A. M. Garrett, G. J. Bryant, K. Neely, and J. J.
Hard. 1999. Status review of coastal cutthroat trout in Washington, Oregon, and California. U.S. Dept. Commerce,
NOAA Tech. Memo. NMFS-NWFSC-37. 292 pp.

235. Johnson, R. R., and S. W. Carothers. 1982. Riparian habitats and recreation: Interrlationships and impacts in the
Southwest and Rocky Mountain region. Eisenhower Consortium for West. Environ. For. Res. Bull. 12: 1-31.

236. Johnson, D.H., and T.A. O'Neil. (In prep., 2000). Wildlife habitats and species associations in Oregon and
Washington. Oregon State University Press, Corvallis.

237. Johnson, R. R., and S. W. Carothers. 1982. Riparian habitats and recreation: Interrelationships and impacts in the
Southwest and Rocky Mountain region. Eisenhower Consortium for West. Environ. For. Res. Bull. 12:1-31.

238. Johnston, J. M. 1982. Life histories of anadromous cutthroat with emphasis on migratory behavior, pages 123-127.
In: E. L. Brannon and E. O. Salo (eds.). Proceedings of the Salmon and Trout Behavior Symposium. School of Fisheries,
University of Washington, Seattle.

239. Johnston, N. T., J. S. MacDonald, K. J. Hall, and P. J. Tschaplinski. 1997. A preliminary study of the role of sockeye
salmon Oncorhynchus nerRaarcasses as carbon and nitrogen sources for benthic insects and fishes in the ‘Early Stuart’
stock spawning streams, 1050 km from the ocean. Fisheries Project Report No. RD55, Fisheries Branch, Ministry of
Environment, Lands, and Parks, Province of British Columbia, Canada.

240. Jones, R. E. 1981. Food habits of smaller marine mammals from northern California. Proceedings of the California
Academy of Sciences 42:409-433.

241. Juday, C., W. H. Rich, G. I. Kemmerer, and A. Mean. 1932. Limnological studies of Karluk Lake, Alaska 1926-
1930. Bulletin of the U. S. Bureau of Fisheries 47:407-436.

242. Jurek, R. M. 1974. Special wildlife investigations.: American River Green Heron study, 1974. California
Department of Fish and Game. 25 pp.

243. Kajimura, H. 1983. Food of the Pacific White-sided Dolgtdagenorhynchus obliquidenBall’'s Porpoise,
Phocoenoides dalland Northern Fur Se&allorhinus ursinusoff California and Washington with appendices of size

94



and food of Dall's porpoise from Alaskan waters. U.S. Natl. Mar. Fish. Serv. Tech. Mem.; F/NWC-2. li + 30p. June 1980.
From Monthly Catalog of U.S. Government Publications 83-6731. WR 189.

244, Kellyhouse, D.G. 1975. Habitat utilization by black bears in northern California. International Conference on Bear
Research and Management 4:221-227.

245. Kennish, M. J. 1997. Practical handbook of estuarine and marine pollution. (CRC Press, Marine Science Series).
CRC Press. Boca Raton, FL.

246. Kingery, H. E. 1996. American Dipper. The Birds of North America, No. 229. In: A. Poole and F. Gill, (eds.). The
Academy of Natural Sciences, Philadelphia, PA, and The American Ornithologist’'s Union, Washington, D.C.

247. Kjelson, M. A, P. F. Raquel, and F. W. Fisher. 1982. Life history of fall-run juvenile chinook salmon,
Oncorhynchus tshawytschia, the Sacramento-San Joaquin estuary, California, pages 393-411. In: V. S. Kennedy
(ed.). Estuarine Comparisons. Academic Press, New York, N.Y.

248. Kline, T. C., Jr., J. J. Goering, O. A. Mathisen, P. H. Poe, and P. L. Parker. 1990. Recycling of elements

transported upstream by runs of Pacific salmodIN andd3C evidence in Sashin Creek, southeastern Alaska. Can.

J. Fish. Aquat. Sci. 47:136-144.

249. Kline, T. C., Jr., J. J. Goering, O. A. Mathisen, P. H. Poe, P. L. Parker, and R. S. Scalan. 1993. Recycling of elements
transported upstream by runs of Pacific salmo N ands3C evidence in the Kvichak River watershed, Bristol Bay,
southwestern Alaska. Can. J. Fish. Aquat. Sci. 50: 2350-2365.

250. Knick, S. T., S. J. Sweeney, J. R. Alldredge and J. D. Brittell. 1984. Autumn and winter food habits of Bobcats in
Washington State. Great Basin Naturalist 44:70-74.

251. Knight, R. L., P. J. Randolph, G. T. Allen, L. S. Young and R. J. Wigen. 1990. Diets of nesting Bald Eagles,
Haliaeetus leucocephalus, in western Washington. Can. Fld-Nat. 104:545-551.

252. Knight, R. L., and D. P. Anderson. 1990. Effects of supplemental feeding on an avian scavenging guild. Wildl.
Soc. Bull. 18:388-394.

253. Knight, S. K, and R. L. Knight. 1983. Aspects of food finding by wintering Bald Eagles. Biology and
Management of Bald Eagles and Ospreys, pages 28-29. In: D. M. Bird (ed.). Proceedings of First International
Symposium on Bald Eagles and Ospreys Montreal. October, 1981. Harpell Press, Ste Anne De Bellevue, Quebec.

254. Knudsen, E. E. 2000. Managing Pacific salmon escapements: the gaps between theory and reality, pages 237-272.
E. E. Knudsen, C. S. Steward, D. D. MacDonald, J. E. Williams, and D. W. Reiser (eds.). Sustainable Fisheries
Management: Pacific Salmon. C. R. C. Lewis Publishers, Boca Raton, FL.

255. Knutson, K. L., and V. L. Naef. 1997. Management recommendations for Washington’s Priority habitats.
Washington Department of Fish and Wildlife. Olympia. 181 pp.

256. Kojima, H., M. lwata, and T. Kurokawa. 1993. Development and temporal decrease in seawater adaptability during
early growth in chum salmo@®ncorhynchus ket#quaculture118:141-150.

257. Konkel, G. W., and J. D. Mclintyre. 1987. Trends in spawning populations of Pacific anadromous salmonids.
Technical Report 9, USDI - Fish and Wildlife Service.

258. Koplin, J. R., D. S. MacCarter, D. P. Garber and D. L. MacCarter. 1977. Food resources and fledgling
productivity of California and Montana Ospreys. Trans. North American Osprey Res. Conf. U.S. Natl. Park Serv. Trans.
Proc. Ser.; No. 2. 1977. WR 179. Pages 205-214.

259. Koski, K V. 1975. The survival and fitness of two stocks of chum sal@meothynchus kejdrom egg

95



deposition to emergence in a controlled-stream environment at Big Beef Creek. Ph.D. Dissertation, University of
Washington, School of Fisheries. Seattle. 212 pp.

260. Koski, KV., and D. Kirchofer. 1984. A stream ecosystem in an old-growth forest in Southeastern Alaska. Part IV:
Food of juvenile coho salmon in relation to abundance of drift and benthos, pages 81-88. In: W. R. Meehan, T. R. Merrell,
Jr., J. W. Matthews (eds.). Proceedings of a Symposium on Fish and Wildlife Relationships in Old-Growth Forests, Held
April, 12-15, 1982. Juneau, AK.

261. Krokhin, E. M. 1967. Effect of the size of sockeye migration on the phosphate regime of spawning lakes. lzvestia,
Pacific Scientific Institute of Fisheries and Oceanography 64: 353-364 (in Russian).

262. Krokhin, E. M. 1975. Transport of nutrients by salmon migrating from the sea into lakes, pages 153-156. In: A. D.
Hasler, (ed.), Coupling of Land and Water Systems. Springer-Verlag. New York, N.Y.

263. La Tourrette, J. 1992. Washington Wildlife Viewing Guide. Falcon Publishing, Inc. Helena, MT. 96 pp.

264. Lagler, K. F., and J. C. Salyer Il. 1945. Influence of availability on the feeding habits of the common garter
shake. Copeia. 1945. Pages 100-107.

265. Lampman, B. H. 1947. A note on the predaceous habits of water shrews . 1947. J. Mamm. 28:181.
266. Larkin, G. A., and P. A. Slaney. 1997. Implications of trends in marine-derived nutrient influx to south coastal
British Columbia salmonid production. Fisheries 22 (11):16-24.

267. Leatherwood, S., and R. R. Reeves. 1983. The Sierra Club handbook of whales and dolphins. Tien Wah Press,
Singapore. 302 pp.

268. LeBrasseur, R. J. 1966. Stomach contents of salmon and steelhead trout in the northeastern Pacific Ocean. J. Fish.
Res. Bd. Can. 23:85-100.

269. Lee, K. N. 1993. Compass and gyroscope. Integrating science and politics for the environment. Island Press.
Washington D. C.

270. Lee, L. C., T. A. Muir, and R. R. Johnson. 1987. Riparian ecosystems as essential habitat for raptors in the American
West, pages 15-26. In: Proceedings of the Western Raptor Management Symposium and Workshop. Nat. Wildl. Fed.
Washington, D. C.

271. Leider, S. A., M. W. Chilcote, and J. J. Loch. 1986. Movement and survival of presmolt steelhead in a tributary and
the main stem of a Washington river. N. Amer. J. Fish. Manag. 6:526-531.

272. Leonard, W. P., H. A. Brown, L. L. C. Jones, K. R. McAllister and R. M. Storm. 1993. Amphibians of Washington
and Oregon. Seattle Audubon Society, Seattle, WA. 68 pp.

273. Levy, D. A.,and T. G. Northcote. 1982. Juvenile salmon residency in a marsh area of the Fraser River estuary. Can.
J. Fish. Aquat. Sci. 39: 270-276.

274. Lichatowich, J. A., and L. E. Mobrand. 1996. Chinook sal@oedrhynchus tshawytschia the Columbia River:
The components of decline. In: Applied Ecosystem Analysis - Background - Mobrand Biometrics, Inc., Prepared for US
Department of Energy Bonniville Power Administration, Environmental Fish and Wildlife. Portland, OR.

275. Lichatowich, J. A. 1999. Salmon without rivers - A history of the Pacific salmon crisis. Island Press, Covelo, Calif.
317 pp.

276. Lichatowich, J. A. 1998. Habitat alteration and changes in habitat of@oborfiynchus kisut¢and chinook@.
tshawytschpin Oregon’s coastal streams, pages 92-99. In: C. C. Levings, L. B. Holtby, and M. A. Henderson (eds.).

96



Proceedings of the National Workshop on Effects of Habitat Alteration on Salmonid Stocks. Can. Spec. Publ. Fish.
Aquat. Sci. 105.

277. Lichatowich, J. A. 1997. Evaluating salmon management institutions: The importance of performance measures,
temporal scales, and production cycles, pages 69 to 90. In: D. J. Stouder, P. A. Bisson, and R. J. Naiman (eds.). Pacific
Salmon and Their Ecosystems. Chapman and Hall Publishers.

278. Likens, G. E., and F. H. Bormann. 1974. Linkages between terrestrial and aquatic ecosystems. BioScience 24: 447-
456.

279. Link, R. M., and K. K. English. 1999. Long-term, sustainable monitoring of Pacific salmon populations using fish
wheels to integrate harvesting, management, and research, pages 667-674. In; E. E. Knudsen, C. S. Steward, D. D.
MacDonald, J. E. Williams, and D. W. Reiser (eds.). Sustainable Fisheries Management: Pacific Salmon. C. R. C. Lewis
Publishers, Boca Raton, FL.

280. Lind, G. S. 1976. Production, nest site selection, and food habits of Ospreys on Deschutes National Forest,
Oregon. M.S. Thesis, Oregon State University, Corvallis, OR. 53 pp.

281. Lingle, G. R. 1977. Food habits and sexing-aging criteria of the white pelican at Chase Lake National Wildlife
Refuge, North Dakota. M.S. Thesis, Michigan Technological University. 27 pp.

282. Lister, D.B.,and H. S. Genoe. 1970. Stream habitat utilization by cohabiting underyearlings of chinook
(Oncorhynchus tshawytschand coho@ncorhynchus kisutgtsalmon in the Big Qualicum River, British Columbia. J.
Fish. Res. Board Can. 27:1215-1224.

283. Loch, J. J., S. A. Leider, M. W. Chilcote, R. Cooper, and T. H. Johnson. 1988. Differences in yield, emigration-
timing, size, and age structure of juvenile steelhead from two small western Washington streams. Calif. Fish and Game
74:106-118.

284. Lowrance, R., R. Todd, J. Fail Jr., O. Hendriksen Jr., R. Leonard, and L. Asmussen. 1984. Riparian forests as nutrient
filters in agricultural watersheds. BioScience 34:374-377.

285. Loegering, J. P. 1997. Abundance, habitat association, and foraging ecology of American dippers and other riparian-
associated wildlife in the Oregon Coast Range. Ph.D. Dissertation, Oregon State University, Corvallis. 151 pp.

286. Landry, M. R., J. R. Postel, W. K. Peterson, and J. Newman. 1989. Broad-scale distributional patterns of
hydrographic variables on the Washington/Oregon shelf, pages 1-40. In: M. R. Landry and B. M. Hickey (eds.). Coastal
Oceanography of Washington and Oregon. Elsevier Oceanography Series 47, Amsterdam, Netherlands.

286a. Ludwig, D., and C. J. Walters. 1982. Optimal harvesting with imprecise parameter estimates. Ecolog. Model.
14:273-292.

287. MacCarter, D. L. 1972. Food habits of Ospreys at Flathead Lake, Montana. M. S. Thesis. California State
University. Humboldt, Arcata. 80 pp.

288. Macdonald, J. S., C. D. Levings, C. D. McAllister, U. H. M. Fagerlund and J. R. McBride. 1988. A Field
Experiment to Test the Importance of Estuaries for Chinook Salmon (Oncorhynchus tshawytscha) Survival: Short-Term
Results. Can. J. Fish. Aquat. Sci. 45:1366-1377.

289. MacDonald, J. S., I. K. Birtwell, and G. M. Kruzynski. 1987. Food and habitat utilization by juvenile salmonids in
the Campbell River estuary. Can. J. Fish. Aquat. Sci. 44:1233-1246.

290. Mace, P. M. 1983. Bird Predation on Juvenile Salmonids in the Big Qualicum Estuary, Vancouver Island. Can. Tech.
Rep., Fish. Aquat. Sci. 1176:1-77.

291. Marcot, B.G., M.A. Castellano, J.A. Christy, L.K. Croft, J.F. Lehmkuhl, R.H. Naney, R.E. Rosentreter, R.E.

97



Sandquist, and E. Zieroth. 1997. Terrestrial ecology assessment, pages 1497-1713. In: T. M. Quigley, S. J. Arbelbide, and
S. F. McCool (eds.). An assessment of ecosystem components in the interior Columbia Basin and portions of the Klamath
and Great Basins,USDA Forest Service General Technical Report PNW-GTR-405. Pacific Northwest Research Station,
Portland, Oregon. 1713 pp.

292. Marcot, B. G., and M. Vander Heyden. 2000. Ecological functions of wildlife species. In: D. H. Johnson and T. A.
O’Neil (eds.), Wildlife-Habitat Relationships in Oregon and Washington. Oregon State University Press, Corvallis.

293. Marquiss, M., and K. Duncan. 1993. Variation in the abundance of Red-breasted Mergansers Mergus serrator on
a Scottish river related to season, year, river hydrography, salmon density and spring culling. Ibis. 135:33-41.

294. Martin, D. J. 1985. Production of cutthroat trout (Salmo clarki) in relation to riparian vegetation in Bear Creek,
Washington. Ph. D. Dissertation. University of Washington, School of Fisheries. Seattle.

295. Maser, C., R. F. Tarrant, J. M. Trappe, and J. F. Franklin. 1988. From the forest to the sea: A story of fallen trees.
USDA- Forest Service, and USDI- Bureau of Land Management. General Technical Report PNW-GTR-229. 153 pp.

296. Maser, C., and J. R. Sedell. 1994. From the forest to the sea - The ecology of wood in streams, rivers, estuaries, and
oceans. St. Lucie Press. Delray Beach, Florida. 200 pp.

297. Mathisen, O. A. 1972. Biogenic enrichment of sockeye salmon lakes and stock productivity. Verh. Int. Ver. Limnol.
18:1089-1095.

298. Mathisen, O. A., P. L. Parker, J. J. Goering, T. C. Kline, P. H. Poe, and R. S. Scalan. 1988. Recycling of marine
elements transported into freshwater systems by anadromous salmon. Verh. Int. Ver. Limnol. 23:2249-2258.

299. McHenry, M. L., E. Shott, R. H. Conrad, and G. B. Grette. 1998. Changes in the quantity and characteristics of
large woody debris in streams of the Olympic Peninsula, Washington, U. S. A. (1982-1993). Can. J. Fish. Aquat. Sci.
55:1395-1407.

300. Matkowski, S. M. D. 1989. Differential susceptibility of tree species of stocked trout to bird predation. N. Amer. J.
Fish. Manag. 9:184-187.

301. Matkowski, S. M. D. 1984. Angler harvest and other causes of mortality of stocked salmonids in Duck Mountain
Provincial Park, Maniotba. M. S. Thesis. University of Manitoba, Winnipeg, Canada.

302. Matthews, D. R. 1983. Feeding ecology of the common murre, Uria aalge, off the Oregon coast. M. S. Thesis,
University of Oregon, Eugene. 108 pp.

303. Mattson, D. J., B. M. Blanchard and R. R. Knight. 1991. Food habits of Yellowstone Grizzly Bears, 1977-1987.
Can. J. Zoo. 69:1619-1629.

304. McClelland, B. R. 1973. Autumn concentrations of Bald Eagles in Glacier National Park. Condor 75:121-123.

304a. Mclntyre, J. D., A. R. Hemmingsen and R. C. Simon. 1988. Selection to increase survival of smolts in four
successive broods of coho salmon. Trans. Amer. Fish. Soc. 117:90-92.

305. McMurray, G. R., and R. J. Bailey. 1998. Change in Pacific Northwest Coastal Ecosystems: Science for Solutions,
Pacific Northwest Coastal Ecosystems Regional Study (PNCERS). U. S. Department of Commerce. NOAA Coastal
Ocean Program Decision Analysis Series No. 11.

306. McNeil, W. J., J. R. Gowan, and R. Severson. 1991. Offshore release of salmon smolts. American Fisheries Society
symposium, 10. Pages 548-553.

307. Meffe, G. K. 1992. Techno-Arrogance and halfway technologies: Salmon hatcheries on the Pacific coast of North
America. Conserv. Biol. 6(3):350-354.

98



308. Melone, A. M. 1985. Flood producing mechanisms in coastal British Columbia. Can. Wat. Res. J. 10:46-64.

309. Melquist, W. E., and A. E. Dronkert. 1987. River Otter. Wild Furbearer Management and Conservation in North
America, pages 626-641. In: M. J. A. Novak, M. E. Obbard, and B. Malloch, (eds.). Ministry of Natural Resources,
Ontario.

310. Melquist, W. E., J. S. Whitman and M. G. Hornocker. 1981. Resource partitioning and coexistence of sympatric
Mink and River Otter populations. Proceedings of the Worldwide Furbearer Conference 1:187-220.

311. Melquist, W. E., and M. G. Hornocker. 1983. Ecology of River Otters in west central Idaho. Wildlife
Monographs No. 83. Pages1-60.

312. Melquist, W. E., and D. R. Johnson. 1984. Additional comments on the migration of northern Idaho and eastern
Washington Ospreys. J. Fld. Ornithol. 55:483-485.

313. Mendall, H. L. 1944. Food of hawks and owls in Maine. Journal of Wildlife Management. 8:198-208.

314. Mendall, H. L. 1939. Food habits of the herring gull in relation to freshwater game fishes in Maine. Wilson Bull.
41(223-226).

315. Merritt, R. W., and K. W. Cummins. 1996. An introduction to the aquatic insects of North America. Kendall/
Hunt Publishing Company. Dubuque, lowa. 862 pp.

316. Merritt, R. W., K. W. Cummins, and T. M. Burton. 1984. The role of aquatic insects in the processing and
cycling of nutrients, pages 134-163. In: V. H. Resh and D. M. Rosenberg (eds.). The Ecology of Aquatic Insects.
Praeger Publishers. New York, N.Y.

317. Meyer, J. |., and eight co-authors. 1988. Elemental dynamics in streams. J. N. Am. Benthol. Soc. 7:410-432.

318. Michael, J. H., Jr. 1995. Enhancement effects of spawning pink salmon on stream rearing juvenile coho salmon:
Managing one resource to benefit another. N.W. Sci. 69:228-233.

319. Michael, J. H., Jr. 1998. Pacific salmon spawner escapement goals for the Skagit River watershed as determined by
nutrient cycling considerations. N.W. Sci. 72:239-248.

320. Miegs, R. C., and C. A. Rieck. 1958. Mergansers and trout in Washington. Proceedings of 47th Annual
Conference West Assoc. State Game Fish Comm. Pages 306-318.

321. Miller, L. 1957. Bird remains from an Oregon Indian Midden. Condor 59:59-63.
322. Miller, R. J., and E. L. Brannon. 1982. The origin and development of life history patterns in Pacific Salmon, pages
296 t0 309. InE. L. Brannon and E. O. Salo (eds.). Proceedings of the Salmon and Trout Migratory Behavior Symposium.

June 3-5, 1981, First International Symposium, School of Fisheries, University of Washington, Seattle.

323. Miller, J. A., and C. A. Simenstad. 1997. A comparative assessment of a natural and created estuarine slough as
rearing habitat for juvenile chinook and coho salmon. Estuaries 20:792-806.

324. Minakawa, N. 1997. The dynamics of aquatic insect communities associated with salmon spawning. Ph. D.
Dissertation, University of Washington, School of Fisheries. Seattle.

325. Minshall, G. W., R. C. Petersen, K. W. Cummins, T. L. Bott, J. R. Sedell, C. E. Cushing, and R. L. Vannote. 1983.
Interbiome comparison of stream ecosystem dynamics. Ecol. Mon. 53:1-25.

326. Minshall, G. W., and J. N. Minshall. 1977. Microdistribution of benthis invertebrates in Rocky Mountain (U.S.A.)
Stream. Hydrobiologia 55:231-249.

99



327. Minshall, G. W. 1968. Community dynamics of the benthic fauna in a woodland springbrook. Hydrobiologia 32:305-
337.

328. Minshall, G. W. 1984. Aquatic insect-substratum relationships. Pages 358-400 in V. H. Resh, and D. M. Rosenberg,
editors. The ecology of aquatic insects. Praeger Publishers. New York, N.Y.

329. Mitsch, W. J., and J. G. Gosselink. 1986. Wetlands. Van Nostrand Reinhold, New York, N.Y. 539 pp.

330. Mizue, K., K. Yoshida, and A. Takemura. 1966. On the ecology of the Dall's porpoise in the Bering Sea and the
North Pacific Ocean, [In Japan, English summary]. Fac. Fish., Nagasaki Univ., Bull. 21:1-21.

331. Modde, T., A. F. Wasowicz, and D. K. Hepworth. 1996. Cormorant and grebe predation on rainbow trout stocked in
a southern Utah reservoir. North American Journal of Fisheries Management 16:388-394.

332. Montgomery, D. R., and J. M. Buffington. 1993. Channel classification, prediction of channel response, and
assessment of channel condition. Draft report to the Sediment, Hydrology, and Mass Wasting Committee of the
Washington State Timber/Fish/Wildlife Agreement. Department of Geological Sciences and Quarternary Research Center,
University of Washington. Seattle, WA. 83 pp.

333. Morejohn, G. V., J. T. Harvey and L. T. Krasnow. 1978. The importahoigd opalescenm the food web of
marine vertebrates in Monterey Bay, California. California Department of Fish and Game Bulletin No. 169: 67-98.

334. Morrison, M. L., B.G. Marcot, and R.W. Mannan. 1998. Wildlife-Habitat Relationships. Second edition. University of
Wisconsin Press, Madison, Wisconsin. 435 pp.

335. Mossman, A. S. 1959. Selective predation of glaucous-winged gulls upon adult red salmon. Ecology 39:482-486.

336. Moyle, P. 1966. Feeding behavior of the glaucous-winged gull on an Alaskan salmon stream. Willson Bulletin.
78:175-190.

337. Muir, W. D., and R. L. Emmett. 1988. The food habits of migrating salmonid smolts passing Bonneville Dam in the
Columbia River, 1984. Re. Riv. Res. Man. 2:1-10.

338. Mundie, J. H. 1969. Ecological implications of the diet of juvenile coho in streams. Pages it3b-G5Xorthcote,

(ed.). Symposium On Salmon and Trout In Streams, H. R. MacMillan Lectures in Fisheries. Held February 22-24, 1968, at
the University of British Columbia, Vancouver.

339. Munn, M. D., R. W. Black, A. L. Haggland, M. A. Hummling, and R. L. Huffman. 1999. An assessment of stream
habitat and nutrients in the Elwha River Basin: Implications for restoration. U.S. Geological Survey, Water-Resources
Investigations Report 98-4223. Prepared in cooperation with the Lower Elwha Tribe and National Park Service. 38 pp.

340. Munro, J. 1941. Studies of waterfowl in British Columbia. Greater scaup duck, lesser scaup. Can. J. Res. Section D
Zoolog. Sci. 19:113-138.

341. Munro, J. A. 1932. Food of the American Merganderdgus merganser americarus British Columbia. Canadian
Field-Naturalist 46:166-168.

342. Munro, J. A., and W. A. Clemens. 1939. The food and feeding habits of the red-breasted merganser in British
Columbia. Journal of Wildlife Management 3:46-53.

343. Munro, J. A. 1945. Observations of the loon in the Cariboo Parklands, British Columbia. Auk 62:38-49.

344. Munro, J. A. 1923. A preliminary report on the relaion of various ducks and gulls to the propagation of sockeye
salmon at Henderson lake, Vancouver Island. B.C. Canadian Field-Naturalist 37:107-116.

100



345. Munro, J. A. 1938. Studies of waterfowl in British Columbia: Barrow’s goldeneye, American goldeneye. Trans.
Royl. Can. Inst. 22:259-318.

346. Munro, J. A. 1938a. The northern bald eagle in British Columbia. Wilson Bulletin 50:38-35.
347. Murie, O. J. 1959. Fauna of the Alutian Islands and Alaska Peninsula. North American Fauna. 61 pp.

348. Murota, T. 1998a. Material cycle and sustainable economy. Pages 12@188ll, L. Fawcett, R. Keil, and P. Penz,
editors. Political Ecology. Routledge, London-New York.

349. Murota, T. 1998b. Nutrient shadow cast by anadromous fishes: Perspectives in comparison with marine fishery and
guano occurrence. Paper presented at the Western Division American Fisheries Society Symposium, held in Anchorage,
Alaska (Sept.-Oct., 1998).

350. Murota, T. 1987. The environmental economics of the water planet earth. In: Environmental Economics - The
Analysis of a Major Interface. Pages 185-i98&. Pilet and T. Murota, editors. R. Leimgruber, Geneva.

351. Murota, T., and Faculty of Environmental Studies. 1994. Material cycle and sustainable economy: A
thermodynamical approach to political ecology. A paper read at The Global Political Ecology Conference (Harold Innis
Centenary Celebration). Held March 3-6, 1994. York University, Toronto, Canada.

352. Murphy, M. L., and J. D. Hall. 1981. Varied effects of clear-cut logging on predators and their habitat in small
streams of the Cascade Mountains, Oregon. Canadian Journal of Fisheries and Aquatic Sciences 38:137-145.

353. Myers, G. L., and J. J. Peterka. 1976. Survival and growth of Rainbovabao(gairdnediin four prairie lakes,
North Dakota. Journal of Fisheries Research Bd. Can. 33:1192-1195.

354. Myers, K. W. 1980. An investigation of the utilization of four study areas in Yaquina Bay, Oregon, by hatchery and
wild juvenile salmonids. M. S. Thesis, Oregon State University. Corvallis, OR.

355. Myers, K. W., and H. F. Horton. 1982. Temporal use of an Oregon estuary by hatchery and wild juvenile salmon.
Pages 377-39%2 V. S. Kennedy, editor. Estuarine comparisons. Academic Press, New York, N.Y.

356. Myers, J. M., R. G. Kope, G. J. Bryant, D. Teel, L. J. Lierheimer, T. C. Wainwright, W. S. Grant, F. W. Waknitz, K.
Neeley, S. T. Lindley, and R. S. Waples. 1998. Status review of chinook salmon from Washington, Idaho, Oregon, and
California. U.S. Dept. of Commerce, NOAA Tech. Memo. NMFS-NWFSC-35. 443pp.

357. Myers, J. P. 1980. Territoriality and flocking by Buff-breasted Sandpipers: variations in non-breeding dispersion.
Condor 82:241-250.

358. Nagorsen, D. W., K. F. Morrison and J. E. Forsherg 1989. Winter diet of Vancouver Islandvaatten (
americana. Canadian Journal of Zoology 67:1394-1400.

359. Nagorsen, D. W., W. R. Campbell and G. R. Giannico 1989. Winter Food Habits of Martes,americanaon the
Queen Charlotte Islands. Canadian Field-Naturalist 105:55-59.

360. Naiman, R. J.,and E. C. Anderson. 1997. Streams and rivers: their physical and biological variability. Pages 131-148
(Chap. 7)n P. Schoomaker, B. von Hagen, and E. Wolf, editors. The Rain Forests of Home: Profile of a North American
Bioregion. Ecotrust/Interain Pacific and Island Press. 480 pp.

361. Naiman, R. J., T. J. Beechie, L. E. Benda, P. A. Bisson, L. H. MacDonald, M. D. O’'Connor, C. Oliver, P. Olson, and
E. A. Steel. 1992. Fundamental elements of ecologically healthy watersheds in the Pacific Northwest Coastal Ecoregion.
Pages 127-188 R. J. Naiman, editor. Watershed Management - Balancing Sustainability and Environmental Change.
Springer-Verlog. New York, N.Y.

101



362. Naiman, R. J., and R. E. Bilby. 1998. River ecology and management: Lessons from the Pacific Coastal Ecoregion.
Springer-Verlag, New York, N.Y. 705 pp.

363. Nakatani, R. E. 1969. Effects of heated discharge on anadromdusfisA. Krenkel, and F. L. Parker, editors.
Biological aspects of thermal pollution. Vanderbilt University Press. Nashville, TN.

364. National Marine Fisheries Service (NMFS). 1997. Investigation of scientific information on the impacts of
California sea lions and Pacific harbor seals on salmonids and on the coastal ecosystems of Washington, Oregon, and
California. U.S. Dep. Commer., NOAA Tech. Memo. NMFS-NWFSC-28. 172 pp.

365. National Research Council (NRC). 1996. Upstream - Salmon and society in the Pacific Northwest. National
Academy Press. Washington D. C. 452 pp.

366. National Marine Fisheries Service (NMFS). 1998. Essential Fish Habitat Advisory Report to the Pacific Fishery
Management Council for Pacific salmon species of California, Oregon, and Washington. Draft report prepared by the
Pacific State Marine Fisheries Commission. Gladstone.

366a. National Marine Fisheries Service (NMFS). 1991. Final rule for endangered status of Snake River sockeye
salmon. November 20, 1991. Federal Register 56: 58619.

367. Nehlsen, W., J. E. Williams, and J. A. Lichatowich. 1991. Pacific salmon at the crossroads: stocks at risk from
California, Oregon, ldaho, and Washington. Fisheries 16 (2):4-21.

368. Netboy, A. 1980. The Columbia River salmon and steelhead trout: Their fight for survival. University of
Washington Press, Seattle, WA.

369. Newbold, J. D., J. W. Elwood, R. V. O'Neil, and W. V. Winkle. 1981. Measuring nutrient spiralling in streams.
Canadian Journal of Fisheries and Aquatic Sciences 38:860-863.

370. Newton, M., B. A. El Hassen, and J. Zavitkovski. 1968. Role of red alder in western Oregon forest succession. Pages
73-84in J.M. Trappe, J.F. Franklin, R.F. Tarrant, and G.M. Hansen, editors. Biology of alder. USDA Forest Service.
Portland, OR.

371. Nichol, L. M., and D. M. Shackleton. 1996. Seasonal movements and foraging behavior of northern resident
killer whales Qrcinus orcd in relation to the inshore distribution of salm@mng¢orhynchuspp.) in British Columbia.
Canadian Journal of Zoology 74:983-991.

372. Nicholas, J. W., and D. G. Hankin. 1988. Chinook salmon populations in Oregon coastal river basins: Description of
life histories and assessment of recent trends in run strengths. Oreg. Deptartment of Fish and Wildlife, Fisheries
Division. Info. Rep., No. 88-1. 359 pp.

373. Nickelson, T. E. 1986. Influences of upwelling, ocean temperatures, and smolt abundance on marine survival of
coho salmon@ncorhynchus kisutghn the Oregon Production Area. Canadian Journal of Fisheries and Aquatic
Sciences 43:527-535.

374. Nickelson, T., J. Rodgers, S. Johnson, and M. Solazzi. 1992. Seasonal changes in habitat use by juvenile coho salmon
(Oncorhynchus kisutglin Oregon Coastal Streams. Canadian Journal of Fisheries and Aquatic Sciences 49:783-789.

375. Nicola, S. J. 1966. The relationship of Alloperla nymphs to incubating@irdo(hynchus gorbuschand chum
(Oncorhynchus ke)aalmon eggs, alevins, and pre-emergent fry in a southeastern Alaska stream. M. S. Thesis, University
of Washington, School of Fisheries. Seattle, WA.

376. Nicola, S. J. 1968. Scavengingiiipperla(Plecoptera: Chloroperlidae) nymphs on dead gbvikcprhynchus
gorbuschaand chum®@ncorhynchus kejaalmon embryos. Canadian Journal of Zoology 46:787-796.

102



377. Nikol'skii, G. V. 1952. The type of dynamics of stocks and the character of spawning of th©cdlcomynchus
keta, Walb) and the pink salmorOncorhynchus gorbuscha, Walin the Amur River. Doklady Akademii Nauk. SSSR,
86(4): 873-875

378. Norris, K. S., and J. H. Prescott. 1961. Observations on Pacific cetaceans of California and Mexican waters.
University of California. Publ. Zoo. 63:291-403.

378a. North, M. R. 1994. Yellow-billed looBavia adamsiiThe Birds of North America No.121n A. Poole, and F. Gill,
editors. The Academy of Natural Sciences, Philadelphia, PA, and The American Ornithologist's Union, Washington, D.C.

379. Northwest Power Planning Council (NPPC). 1986. Compilation of information on salmon and steelhead losses
in the Columbia River basin. Appendix D of the 1987 Columbia River Basin Fish and Wildlife Program. Portland, OR.
252 pp.

380. O'Connell, M. A., J. G. Hallett, and S. D. West. 1993. Wildlife use of riparian habitats: A Literature review.
Washington Department of Natural Resources, Timber/Fish/Wildlife, Report TFW-WL1-93-001.

381. Oakley, A. L., J. A. Collins, L. B. Everson, D. A. Heller, J. C. Howerton, and R. E. Vincent. 1985. Riparian zones
and freshwater wetlands. Pages 58rA/®. E. Brown, editor. Management of Wildlife and Fish Habitats in Forests of
Western Oregon and Washington. U. S. For. Serv. Portland, OR.

382. Obermayer, K. E., A. Hodgson, and M. F. Willson. 1999. American D@ipehis mexicanygoraging on Pacific
salmonOncorhynchuspp., eggs. Canadian Field-Naturalist 113:288-290.

383. Ofelt, C. H. 1975. Food habits of nesting bald eagles in southeast Alaska. Condor 77:337-338.

384. Olesiuk, P. F. 1993. Annual prey consumption by harborReatd vituling in the Strait of Georgia, British
Columbia. Fish. Bull. 91:491-515.

385. Olson, R., and W. Hubert. 1994. Beaver: Water resources and Riparian Habitat Manager. University of Wyoming.
Laramie, WY. 48 pp.

386. Ordal, E., and R. E. Pacha. 1963. The effects of temperatures on diseasmin¥ester temperature: Influences,
effects and control. Proceedings of the twelfth Pacific Northwest symposium on water pollution research. U.S. Public
Health Service, Pacific Northwest Water Laboratory. Corvallis, OR.

387. Oregon Coastal Salmon Restoration Initiative (OCSRI). 1997. OCSRI Conservation Plan. Draft Revision February
24,1997. Salem, OR.

387a. Oregon Department of Fish and Wildlife (ODFW). 1986. Comprehensive plan for production and management of
Oregon’s anadromous salmon and trout. Partlll. Steelhead Plan. Oregon Department of Fish and Wildlife, Division of
Anadromous Fish Section. Portland, OR.

387b. Oregon Department of Fish and Wildlife. 1981. Oregon’s commercial harvest of Coho salmon, Oncorhynchus
kisutch (Walbaum), 1892-1960. Information Report Series, Fisheries. Number 81-3.

388. Pacific Fishery Management Council (PFMC). 1998. Review of 1997 ocean salmon fisheries. A Report of the
Pacific Fishery Management Council pursuant to National Oceanic and Atmospheric Administration, Award No.
NA87FC0008. Portland, OR.

388a. Pacific Fishery Management Council (PFMC). 1991. Review of 1990 ocean salmon fisheries. Portland, OR.

389. Palmer. 1962. Handbook of North American Birds 1. Yale University Press. New Haven, Connecticut.

103



390. Palmisano, J. F., R.H. Ellis, and V. W. Kaczynski. 1993. The impact of environmental and management factors on
Washington’s wild anadromous salmon and trout. Washington Forest Protection Association and State of Washington
Department of Natural Resources. Olympia. 371 pp.

391. Parker, M. S. 1994. Feeding ecology of stream-dwelling Pacific giant salamandebDiaaraptodon tenebrosys
Copeia 3:705-718.

392. Parker, M. S. 1991. Relationship between cover availability and larval Pacific giant salamander density. J. Herp.
25:355-357.

393. Parker, M. S. 1993. Predation by Pacific giant salamander larvae on juvenile steelhead trout. Northwest Naturalist
74:77-81.

394. Pearcy, W. G. 1997. What have we learned in the last decade? What are research priorities? Pagef27.1-277
Emmett, and M.H. Schiewe, editors. Estuarine and Ocean Survival of Northeastern Pacific Salmon, NOAA Technical
Memorandum NMFS-NWFSC-29.

395. Pearcy, W. G., R. D. Brodeur, and J. P. Fisher. 1990. Distribution and ecology of juvenile cutthroat trout
(Oncorhynchus clarki clarkiand steelheadX, mykisyin the ocean off Oregon and Washington. Fisheries Bulletin
88:697-711.

396. Pearcy, W. G., R. D. Brodeur, J. M. Shenker, W. W. Smoker, and Y. Endo. 1988. Food habits of Pacific salmon
and steelhead trout, midwater trawl catches and oceanographic conditions in the Gulf of Alaska, 1980-1985. Bull.
Ocean Res. Instit., Univ. of Tokyo 26(2):29-78.

397. Pearcy, W. G. 1992. Ocean ecology of north Pacific salmonids. Washington Sea Grant Program, distributed by
University of Washington Press. Seattle, WA.

398. Peterson, N. P. 1980. The role of spring ponds in the winter ecology and natural production of coho salmon
(Oncorhynchus kisutgton the Olympic Peninsula, Washington. M. S. Thesis, University of Washington, College of
Fisheries. Seattle. 96 pp.

399. Peterson, N. P. 1982a. Population characteristics of juvenile coho salmsorhynchus kisutgtoverwintering in
riverine ponds. Canadian Journal of Fisheries and Aquatic Sciences 39:1303-1307.

400. Peterson, N. P. 1982b. Immigration of juvenile coho sal®ooarhynchus kisutglinto riverine ponds. Canadian
Journal of Fisheries and Aquatic Sciences 39:1308-1310.

401. Peterson, N. P., and L. M. Reid. 1984. Wall-base channels: their evolution, distribution, and use by juvenile coho
salmon in the Clearwater River, Washington. Pages 21%12RBl. Walton and D.B. Houston, editors. Proceedings of the
Olympic Wild Fish Conference, March 23-25, 1983, Port Angeles, WA.

401a. Peterson, N. P., and T. P. Quinn. 1996. Persistence of egg pocket architecture in redds of chum salmon,
Oncorhynchus ketaEnvir. Biol. Fish. 46:243-253.

402. Phinney, L. A., and P. Bucknell. 1975. A catalog of Washington streams and salmon utilization. Washington
Department of Fisheries, Olympia, WA.

403. Pike, G. C. 1950. Stomach contents of whales caught of the coast of British Columbia. Progress Report of the
Pacific Coast Stations. Fisheries Research Board of Canada 83:27-28.

404. Piorkowski, R. J. 1995. Ecological effects of spawning salmon several southcentral alaskan streams. Ph. D.,
University of Alaska, Fairbanks. 177 pp.

405. Poage, N. J., and T. A. Spies. 1996. A tale of two unmanaged riparian forests. COPE Report 9(1):6-9.

104



406. Poelker, R.J., and H.D. Hartwell. 1973. Black bear of Washington. Washington State Game Department. Biological
Bulletin No. 14. Olympia, Washington. 180 pp.

407. Pitcher, K. W. 1981. Prey of the Steller sea Eometopias jubatysn the Gulf of Alaska. U. S. Fish and Wildlife
Service Fishery Bulletin 79:467-472.

410. Pitcher, K. W. 1977. Population productivity and food habits of harbor seals in the Prince William Sound, Copper
River Delta Area, Alaska. Pages li@@Report to U.S. Marine Mammal Commission for Contract MM5ACOL.

411. Pitcher, K. W., and D. G. Calkins. 1991. Reproductive biology of Steller sea lions in the Gulf of Alaska. Journal of
Mammalogy 62:599-605.

412. Pomery, L. R. 1970. The strategy of mineral cycling. Annu. Rev. Ecol. Syst. 1:171-190.

413. Pritchard, D. W. 1967. What is an estuary: Physical viewpoint. Pages343. Lauff, editor. Estuaries. Am. Assoc.
Adv. Sci. Pub. 83, Washington, D.C.

414. Quinn, T. P., and N. P. Peterson. 1994. The effects of forestry practices on fish populations: Incubation
Environment of Chum Salmom®acorhynchus kejan Kennedy Creek - Part A. Persistence of Egg Pocket
Architecture in Chum Salmon Redds. Washington Department of Natural Resources, Olympia, WA. Timber/Fish/
Wildlife Report. TFW-FA-94-001.

415. Rader, R. B. 1997. A functional classification of the drift: traits that influence invertebrate availability to
salmonids. Canadian Journal of Fisheries and Aquatic Sciences 54:1211-1234.

416. Ralph, S. C., G. C. Poole, L. L. Conquest, and R. J. Naiman. 1994. Stream channel morphology and woody debris
in logged and unlogged basins of western Washington. Canadian Journal of Fisheries and Aquatic Sciences 51:37-51.

417. Reeves, G. H., P. A. Bisson, J. M. Dambacher. 1998. Fish Communities. Pagesr280-23aiman and R. E. Bilby,
editors. River Ecology and Management: Lessons From the Pacific Coastal Ecoregion. Springer-Verlag. New York, N.Y.

418. Reeves, G. H., F. H. Everest, and J. D. Hall. 1987. Interactions between the redsidRicandsg¢nius balteatiis
and the steelhead trol8dImo gairdnediin western Oregon: the influence of water temperature. Canadian Journal of
Fisheries and Aquatic Sciences 44:1602-1613.

419. Regier, H. A. 1997. Old traditions that led to abuses of salmon and their ecosystems. Paged.1¥-3®uder, P.
A. Bisson, and R. J. Naiman, editors. Pacific Salmon and Their Ecosystems: Status and Future Options. Chapman & Hall.
New York, N.Y.

420. Reice, S. R. 1994. Nonequilibrium determinants of biological community structure. American Scientist 82:424-435.

421. Reid, L. M. 1981. Sediment production from gravel-surfaced forest roads, Clearwater Basin, Washington. M. S.
Thesis, University of Washington Department of Geological Sciences. Seattle, WA. 350 pp.

422. Reimchen, T. E. 1994. Further studies of predator and scavenger use of chum salmon in stream and estuarine
habitats at Bag Harbour, Gwaii Haanas. Island Ecological Research, Queen Charlotte City, B.C., Prepared for Canadian
Parks Service. 58 pp.

423. Reimer, S. D., and R. F. Brown. 1997. Prey of pinnipeds at selected sites in Oregon identified by scat (fecal)
analysis, 1983-1996. Oregon Department of Fish and Wildlife, Wildlife Diversity Program, Technical Report No. 97-6-02.
34 pp.

424. Reinhart, D. P., and D. J. Mattson. 1989. Bear use of cutthroat trout spawning streams in Yellowstone National Park.
International Conference of Bear Research and Management 8:343-350.

105



424a. Read, L. B. 1997. A Bayesian decision theory approach to harvest management of salmon and steelhead. Report
prepared for Washington Trout, P. O. Box 402. Duvall, WA 98019.

425. Richey, J. E., M. A. Perkins, and C. R. Goldman. 1975. Effects of kokanee €atmorhinchus nerka
decomposition on the ecology of a subalpine stream. J. Fish. Res. Bd. Can. 32:817-820.

425a. Ricker, W. E. 1954. Stock and recruitmehtFish. Res. Bd. Can. 11:559-623.

426. Ricker, W. 1980. Causes of the decrease in age and size of chinook €aloarhy{nchusshawytschpa Can. Tech.
Rep. Aquat. Sci. 944

427. Robertson, I. 1973. Predation by fish-eating birds on stocks of Pacific héhiipga pallasijn the Gulf Islands of
British Columbia. Unpublished Report, Pac. Biol. Stn., Nanaimo, BC. 29 pp.

428. Robertson, I. 1974. The food of nesting double-crested and pelagic cormorants at Mandarte Island, British
Columbia, with notes on feeding ecology. Condor 76:346-348.

429. Roby, D. D., D. P. Craig, K. Collis, and S. L. Adamany. 1998. Avian predation on juvenile salmonids in the lower
Columbia River - 1997 Annual Report. Oregon Coop. Wildl. Res. Unit., Oregon State University, Corvallis, OR. 69 pp.

430. Roby, D. D., D. P. Craig, K. Collis, and S. L. Adamony. 1998. (Unpublished) Avian predators on juvenile
salmonids in the lower Columbia River. Annual Report to Bonneville Power Administration and U. S. Army Corps of
Engineers. 87 pp.

431. Roche, J., and M. McHutchison. 1998. First fish/first people: Salmon tales of the North Pacific rim. University
of Washington Press. Seattle, WA. 199 pp.

432. Roemmich, D., and J. McGowan. 1995. Climatic warming and the decline of zooplankton in the California Current.
Science 267:1324-1326.

433. Roffe, T. J., and B. R. Mate. 1984. Abundances and feeding habits of pinnipeds in the Rogue River, Oregon. Journal
of Widlife Mangagment 48:1262-1274.

434. Rosgen, D. 1996. Applied river morphology. Wildland Hydrology. Pagosa Springs, CO.

435. Ruttner, F. 1971. Fundamentals of limnology. English translation of Third Edition Copyright University of Toronto
Press. Toronto, Canada.

436. Rowlett, R. A. 1980. Observarions of marine birds and mammals in the northern Chesapeake Bight. U. S. Fish
Wildl. Serv., Biol. Serv. Prog., FWS/OBS-80/04.

437. Ruggerone, G. T. 1986. Consumption of migrating juvenile salmonids by gulls foraging below a Columbia River
dam. Transactions of American Fisheries Society 115:736-742.

438. Ryall, R., and C. D. Levings. 1987. Juvenile salmon utilization of rejuvenated tidal channels in the Squamish estuary,
British Columbia. Can. Manuscript Rep. of Fisheries Aquat. Sci. 1904.

439. Salo, E. O., and W. H. Bayliff. 1958. Atrtificial and natural production of silver sadmmorhynchus kisutglat
Minter Creek, Washington. State of Washington Department of Fisheries. Res. Bull. No. 4.

440. Salo, E. O. 1991. Life history of chum salmon. Pages 23ib-80%root, and L. Margolis, editors. Pacific salmon life
histories, University of British Columbia Press. Vancouver, British Columbia, Canada.

441. Salyer, J. C., and K. F. Lagler. 1940. The food and habits of the American merganser during winter in Michigan,
considered in relation to fish management. Journal of Wildlife Management 4:186-219.

106



442. Sandercock, F. K. 1991. Life history of coho salmmtérhynchus kisutghPages 397 to 446 C. Groot and L.
Margolis, editors. Pacific Salmon Life Histories, University of British Columbia Press. Vancouver.

442a. Sanger, G. A. 1983. Diets and Food Web Relationships of Seabirds in the Gulf of Alaska and Adjacent Marine
Regions. Pages 631-7iflFinal Report Outer Continental Shelf Environmental Assessment Program, US Fish and Wildlife
Service Denver Wildlife Research Center Migratory Bird Project.

443. Schlorff, R. W. 1978. Predatory ecology of the Great Egret at Humboldt Bay, California. Pagesi347-B53
Sprunt, J. C. Ogden, and S. Winkler, editors. Wading Birds. National Audubon Society Research Report No. 7.

444. Scheffer, V. B., and J. W. Slipp. 1944. The harbor seal in Washington State. American Naturalist 32:374-416.

445. Scheffer, V. B. 1950. The food of the Alaska fur Ssal. United States Dept. of the Interior, Fish and Wildlife Service.
Wildlife Leaflet No. 329. Washington D.C. 16 pp.

446. Scheffer, T. H., and C. C. Sperry. 1931. Food habits of the Pacific Harb&t®ealrichardii Journal of
Mammalogy 12:214-226.

447. Schwartz, J. E. Il, and G. E. Mitchell. 1945. The Roosevelt elk on the Olympic Peninsula, Washington. Journal of
Wildlife Management 9:295-319.

448. Scott, J. M. 1973. Resource allocation in four synotic species of marine diving birds. Ph. D. Dissertation,
Oregon State University, Corvallis, OR. 107 pp.

449. Scott, W. B., and E. J. Crossman. 1973. Freshwater fishes of Canada. Fish. Res. Bd. Can., Bull. 184. 966 pp.

450. Schuldt, J. A., and A. E. Hershey. 1995. Effect of salmon carcass decomposition on Lake Superior tributary streams.
J. N. Amer. Benth. Soc. 14 (2) 259-268.

451. Sedell, J. R., F. J. Triska, and N. S. Triska. 1975. The processing of conifer and hardwood leaves in two coniferous
forest streams. 1. Weight loss and associated invertebrates. Verh. Int. Ver. Limnol. 19:1617-1627.

452. Sedell, J. R., R. J. Naiman, K. W. Cummins, G. W. Minshall, and R. L. Vannote. 1979. Transport of particulate
organic material in streams as a function of physical processes. International. Verh. Int. Veer. Limnol. 20:1366-1375.

453. Sedell, J. R., and K. J. Luchessa. 1981. Using the historical record as an aid to salmonid habitat enhancement. Pages
210-223n N. B. Armantrout, editor. Aquisition and Utilization of Aquatic Habitat Information. Proceedings of a

Symposium held 28-30 October, 1981. Portland, OR.

454. Seliskar, D. M., and J. L. Gallagher. 1983. The ecology of tidal marshes of the Pacific Northwest coast: a

community profile. USDI - . Fish and Wildlife Service, Division of Biological Services. FWS/OBS-82/32. Washington,

D.C.

455. Senn, H. G. 1958. Merganser depradation. Unpublished Report to Fisheries Management Division, State of
Washington Deptartment of Game. Olympia, WA.

456. Serdar, C. F. 1999. Description, analysis, and impacts of the Grouse Creek Landslide, Jefferson County, Washington,
1997-98. Master of Environmental Studies, The Evergreen State College. Olympia, WA. 171 pp.

457. Servheen, C. W. 1975. Ecology of the wintering bald eagle on the Skagit River, Washington. M. S. Thesis.
University of Washington, Seattle, WA.

458. Seufert, F. 1980. Wheels of fortune. Oregon Historical Society. 259 pp.

459. Shea, D. S. 1973. White-tailed deer eating salmon. Murrelet 54:23.

107



460. Shreffler, D. K., and R. M. Thom. 1993. Restoration of Urban Estuaries: New approaches for site location and design.
Prepared for the Washington State Department of Natural Resources by Battelle/Marine Sciences Laboratory. Sequim,
WA.

461. Shreffler, D. A., C. A. Simenstad, and R. M. Thom. 1992. Temporary residence of juvenile salmon in a restored
estuarine wetland. Canadian Journal of Fisheries and Aquatic Sciences 47:2079-2084.

462. Shuldt, J. A., and A. E. Hershey. 1995. Effect of salmon carcass decomposition on Lake Superior tributary
streams. Journal of Wildlife Management 14:1-9.

463. Sibatani, A. 1992. Naze sake ha kawa wo sozyousuruka (Why do salmon go up rivers). In: Tyuuou Kouron/Chuo
Koron (Tokyo) 1992(4): 286-295 (In Japanese).

464. Sibatani, A. 1996. (English translation by: R. Davis). Why do salmon ascend rivers? Selected Papers on Entropy
Studies 3:3-11.

465. Simenstad, C. A., W. J. Kinney, S. S. Parker, E. O. Salo, J. R. Cordell, and H. Buechner. 1980. Prey community
structures and trophic ecology of outmigrating juvenile chum and pink salmon in Hood Canal, Washington: A synthesis of
three years’ studies, 1977-1979. Final Rep. to Washington Department of Fisheries. Fisheries Research Institute,
University of Washington. FRI-UW-8026. Seattle, WA. 113 pp.

466. Simenstad, C. A, K. L. Fresh, and E. O. Salo. 1982. The role of Puget Sound and Washington coastal estuaries in
the life history of Pacific salmon: An unappreciated function. Pages 34i3+8368. Kennedy, editor. Estuarine
Comparisons. Academic Press. New York, N.Y. 709 pp.

467. Simenstad, C. A., and E. O. Salo. 1982. Foraging success as a determinant of estuarine and nearshore carrying
capacity of juvenile chum salmo®corhynchus kejan Hood Canal, Washington. Pages 21i8B. R. Melteff, and R.

A. Neve, editors. Proceedings of the North Pacific Aquaculture Symposium, 18-27 August 1980. Anchorage, Alaska and
Newport, Oregon. Alaska Sea Grant Rep. 82-2. Univ. Alaska, Fairbanks. 372 pp.

468. Simenstad, C. A. B. S. Miller C. F. Nyblade K. Thornburgh and L. J. Bledsoe. 1979. Food web relationships of
northen Puget Sound and the Strait of Juan de Fuca. MESA Puget Sound Project, Eviron. Res. Labs. DOC/EPA
Interagency Energy /Environment R&D Program Rep., EPA-600/7-79-259.

469. Simenstad, C. A., M. Dethier, C. Levings, and D. Hay. 1997b. The Land-Margin Interface of Coastal Temperate Rain
Forest Ecosytems: Shaping the Nature of Coastal Interactions. Pages 149-187 (@ chHoonmaker, B. von Hagen,

and E. Wolf, editors. The Rain Forests of Home: Profile of a North American Bioregion. Ecotrust/Interain Pacific and
Island Press. 480 pp.

470. Simenstad, C. A., J. R. Cordell, W. G. Hood, B. E. Feist, and R. M. Thom. 1997a. Ecological status of a created
estuarine slough in the Chehalis River estuary: Assessment of created and natural estuarine sloughs, January-December
1995., Fisheries Research Institute, School of Fisheries, FRI-UW-9621, University of Washington, Seattle, WA. 47 pp.

471. Simenstad, C. A., J. R. Cordell, J. A. Miller, W. G. Hood, and R. M. Thom. 1993. Ecological status of a created
estuarine slough in the Chehalis River estuary: Assessment of created and natural estuarine sloughs, January-December
1992. Fisheries Research Institute, University of Washington. FRI-UW-9305. Seattle, WA. 56 pp.

472. Simenstad, C. A., J. R. Cordell, W. G. Hood, J. A. Miller, and R. M. Thom. 1992. Ecological status of a created
estuarine slough in the Chehalis River estuary: Report of monitoring in created and natural estuarine sloughs, January-
December 1991. Fisheries Research Institute, University of Washington. FRI-UW-9206. Seattle, WA. 49 pp.

473. Simenstad, C. A., W. G. Hood, R. M. Thom, D. A. Levy, and D. L. Bottom. In press. Landscape structure and scale

constraints on restoring estuarine wetlands for Pacific Coast juvenile flsHdsP. Weinstein, and D. A. Kreeger,
editors. Concepts and Controversies in Tidal Marsh Ecology, Kluwer Academic Publ., Dordrecht.

108



474. Simons, D. D. 1983. Interactions between California condors and humans in prehistoric far western North America.
Pages 470-49 S.R. Wilbur, and J. A. Jackson, editors. Vulture Biology and Management. University of California Press,
Berkeley, Los Angeles & London.

475. Skagen, S. K., R. L. Knight, and G. H. Orians. 1991. Human disturbance of an avian scavenging guild. Ecological
Applications 1:215-225.

476. Slaney, P. A., B. O. Rublee, C. J. Perrin, and H. Goldberg. 1994. Debris structure placements and whole-river
fertilization for salmonids in a large regulated stream in British Columbia. Bull. Mar. Sci. 55:1160-1180.

477. Slaney, P. A., and D. Zaldokas. 1997. Fish habitat rehabilitation procedures. Watershed Restoration Technical
Circular No. 9. Watershed Restoration Program, Ministry of Environment, Lands and Parks, Vancouver, British Columbia.

478. Smith, C. L. 1979. Salmon fishers of the Columbia. Oregon State University Press, Corvallis, OR.

479. Smith, M. R., P. W. Mattocks, Jr., and M. K. Cassidy. 1997. Breeding birds of Washingtom8talté. Cassidy, C.

E. Grue, M. R. Smith, and K. M. Dvornich, editors (eds.). Vol. 4. Washington State GAP Analysis - Final Report. Seattle
Audubon Society, Publications in Zoology, No. 1. Seattle, WA. 538 pp.

480. Smith, J. L.,and D. R. Mudd. 1978. Food of the Caspian tern in Grays Harbor, Washington. Murrelet 59:105-106.

481. Smith, M. W. 1968. Fertilization and predator control to increase growth rate and yield of trout in a natural lake.
J. Fish. Res. Bd. Can. 25:2011-2036.

482. Spalding, D. J. 1964. Comparative feeding habits of fur seal, sea lion, and harbor seal on the British Columbia
coast. Fish. Res. Bd. Can. Bull. No. 146. 52 pp.

483. Spanier, E. 1980. The use of distress calls to repel night Heyatisqrax nycticoraxfrom fish ponds. J. Appl.
Ecol. 17:287-294.

484. Speaker, R.W., K. J. Luchessa, J. F. Franklin, and S.V. Gregory. 1988. The use of plastic strips to measure leaf
retention by riparian vegetation in a coastal Oregon stream. Ameircan Midland Naturalist 120:22-31.

485. Spence, B. C., G. A. Lomnicky, R. M. Hughes, and R. P. Novitzki. 1996. An ecosystem approach to salmonid
conservation. Report prepared by ManTech. TR-4501-96-6057. Corvallis, OR.

486. Spencer, C. N., B. R. McClelland, and J. A. Stanford. 1989. Shrimp stocking, salmon collapse and eagle
displacement: cascading interactions in the food web of a large aquatic ecosystem. BioScience 41:14-21.

487. Stalmaster, Mark V. 1980. Salmon carrion as a winter food source for red-tailed hawks. Murrelet 61(1):43-44.

488. Stalmaster, M. V., J. R. Newman and A. J. Hansen. 1979. Population dynamics of wintering bald eagles on the
Nooksack River, Washington. Northwest Science 53:126-131.

489. Stalmaster, M. V. 1976. Winter ecology and effects of human activity on bald eagles in the Nooksack River valley,
Washington. M. S. Thesis. Western Washington State College, Bellingham, WA.

490. Stalmaster, M. V., and J. A. Gessaman. 1984. Ecological energetics and foraging behavior of overwintering bald
eagles. Ecol. Monog. 54:407-428.

491. Stanford, J. A., and J. V. Ward. 1988. The hyporheic habitat of river ecosystems. Nature 335:64-66.

492. Stanford, J. A., and A. R. Gaufin. 1974. Hyporheic communities of two Montana rivers. Science 185:700-702.

109



493. Steeger, C., H. Esselink, and R. C. Ydenberg. 1992. Comparative feeding ecology and reproductive performance of
ospreys in different habitats of southeastern British Columbia. Canadian Journal of Zoology 70:470-475.

494. Stenson, G. B., G. A. Badgero, and H. D. Fisher. 1984. Food habits of the RiVentotteanadensisn the marine
environment of British Columbia. Canadian Journal of Zoology 62:88-91.

495. Stewart, B. S., and S. Leatherwood. 1985. Minke wiBalaenoptera acutorostrata Laceped804. Pages 91-136
in S. H. Ridgway, and R. Harrison, editors. Handbook of Marine Mammals. Volume 3. The Sirenians and Baleen Whales.
Academic Press, London, Orlando, FL.

496. Stockner, J. G., and E. A. Maclsaac. 1996. British Columbia lake enrichment programme: two decades of habitat
enhancement for sockeye salmon. Regulated Rivers: Research & Management 12:547-561.

497. Stockner, J. G., and K. R. S. Shortreed. 1978. Enhancement of autotrophic production by nutrient addition in a
coastal rainforest stream on Vancouver Island. J. Fish. Res. Bd. Can. 35:28-34.

498. Stolz, J., and J. Schnell. 1991. Trout - The Wildlife Series. Stackpole Books. Cameron and Kelker Streets, Harrisberg,
PA. 370 pp.

499. Stouder, D. J., P. A. Bisson, and R. J. Naiman, editors. 1997. Pacific salmon and their ecosystems: Status and future
options. I. T. P. Chapman and Hall International Thomson Publishing. New York, N.Y.

500. Stroud, R. K., C. H. Fiscus and H. Kajimura. 1980. Food of the Pacific white-sided dagkmgrhynchus
obliquidens Dall's PorpoisePhocoenoides dalland Northern fur seaLallorhinus ursinusoff California and
Washington. U. S. Fish and Wildlife Service Fish. Bull. 78(4):951-959.

501. Strub, P. T., C. James, A. C. Thomas, and M. R. Abbott. 1990. Seasonal and nonseasonal variability of satelite-
derived surface pigment concentration in the California Current. J. Geophy. Res. 95(C7):11503-11530.

502. Suckley, G., and J. G. Cooper. 1860. The natural history of Washington Territory and Oregon. Bailliere Brothers,
New York. 399 pp.

503. Sugai, S. F., and D. C. Burrell. 1984. Transport of dissolved organic carbon, nutrients, and trace metals from the
Wilson and Blossom rivers to Smeaton Bay, southeast Alaska. Canadian Journal of Fisheries and Aquatic Sciences
41:180-190.

504. Sullivan, K., J., Tooley, K. Doughty, J.E. Caldwell, and P. Knudsen. 1990. Evaluation of prediction models and
characterization of stream temperature regimes in Washington. Washington Department of Natural Resources. Timber/Fish/
Wildlife Rep. No. TFW-WQ3-90-006. Olympia, WA.

505. Sumner, F. H. 1962. Migration and growth of coastal cutthroat trout in Tillamook County, Oregon. Transactions of
American Fisheries Society 91:77-83.

506. Swanson, F. J., S. V. Gregory, J. R. Sedell, and A.G. Campbell. 1982. Land-water interactions: The riparian zone. Pages
267-291in R.L. Edmonds, editor. Analysis of coniferous forest ecosystems in the western United States. U.S. Int. Biolog.
Prog. Synthesis Series 14, Hutchinson Ross. Stroudsburg, PA.

507. Swanson, F. J., L. E. Benda, S. H. Duncan, G. E. Grant, W. F. Megahan, L. M. Reid, and R. R. Ziemer. 1987. Mass
failures and other processes of sediment production in Pacific Northwest forest landscapes. Pagas® @. Jalo,

and T. W. Cundy, editors. Streamside Management: Forestry and Fishery Interactions. College of Forest Resources,
University of Washington. Institute of Forest Resources, Contribution No. 57. Seattle, WA.

508. Sweeney, S. J. 1978. Diet, reproduction and population structure of the bpicatifus fasciatysin western
Washington. M. S. Thesis, University of Washington. Seattle, WA.

110



509. Sydeman, W. J., K. A. Hobson, P. Pyle, and E. B. McLaren. 1997. Trophic relationships among seabirds in central
California: combined stable isotope and conventional dietary approach. Condor 99:327-336.

510. Tagart, J. V. 1976. The survival from egg deposition to emergence of coho salmon in the Clearwater River, Jefferson
County, Washington. M. S. Thesis, University of Washington School of Fisheries, Seattle, WA. 101 pp.

511. Taverner, P. A. 1934. Birds of Canada. Canada Dept. Mines, Natl. Mus. Bull. No. 72 (Biol. Ser. 19). Ottawa. 445
pp.

512. Thedinga, J. F., and K. V. Koski. 1984. A stream ecosystem in an old-growth forest in southeast Alaska. Part VI:
The production of coho salmoBncorhynchus kisutglsmolts and adults from Porcupine Creek. Pages 99+108. R.

Meehan, T. R. Merrel, Jr., and T. A. Hanley, editors. Proceedings from a Symposium on Fish and Wildlife Relationhships in
Old-growth Forests. Am. Inst. Fish. Res. Biol., Juneau, AK.

513. Thom, R. M., and A. B. Borde. 1997. Human intervention in Pacific Northwest coastal ecosystems. Pages 5-37 in G.
R. McMurray, and R. J. Bailey, editors. Change in Pacific Northwest Coastal Ecosystems. Science for Solutions, Pacific
Northwest Coastal Ecosystems Regional Study (PNCERS). U. S. Department of Commerce. NOAA Coastal Ocean
Program Decision Analysis Series No. 11.

514. Thomas, A. C., and P. T. Strub. 1989. Large scale patterns of phytoplankton pigment distribution during the spring
transition along the west coast of North America. J. Geophy. Res. 94(C12):18-117.

514a. Thompson, G. G. 1992. A Bayesian approach to management advice when stock-recruitment parameters are
uncertain. Fishery Bulletin (U. S.) 90: 561-573.

515. Thomson, R. E. 1981. Oceanography of the British Columbia Coast. Can. Spec. Publ. Fish. Aquat. Sci. 56, Dept.
Fish. Oceans. Sydney, British Columbia. 291 pp.

516. Thut, R. N. 1970. Feeding habits of the Dipper in southwestern Washington. Condor 72:234-235.

516a. Tipping, J. M. 1997. Effect of smolt length at release on adult returns of hatchery reared steelhead. Progressive
Fish-Culturist 59: 310-311.

517. Todd, I., and P. Larkin. 1971. Gillnet selectivity on sock@yedrhynchus nerReand pink salmonQ@.
gorbuscha of the Skeena River system, British Columbia. J. Fish. Res. Bd. Can. 28:821-842.

518. Toweill, D. E. 1974. Winter food habits of River Otters in western Oregon. Journal of Wildlife Management 38:107-
111

519. Townsend, C. R., and M. R. Scarsbrook. 1997. The intermediate disturbance hypothesis, refugia, and biodiversity in
steams. Limnol. Oceanogr. 42(5):938-949.

520. Triska, F. J., J. H. Duff, and R. J. Avanzino. 1990. Influence of exchange flow between channel and hyporheic zone
on nitrate production in a small mountain stream. Canadian Journal of Fisheries and Aquatic Sciences 47:2099-2111.

521. Trotter, P. C. 1987. Cutthroat - native trout of the West. Colorado Associated University Press. Boulder. 219 pp.
522. Tschaplinski, P. J. 1982. Aspects of the population biology of estuarine-reared and stream-reared juvenile coho
salmon in Carnation Creek: A summary of current research. Pages 2BO&0+ Hartman, editor. Proceedings of the
Carnation Creek Workshop: A Ten-year Review. Malaspina College, Nanaimo, British Columbia.

523. Tschaplinski, P. J. 1987. The use of estuaries as rearing habitats by juvenile coho salmon. Pages T28:141

Chamberlin, editor. Proceedings of the Workshop: Applying 15 Years of Carnation Creek Results. Pacific Biol. Station.
Nanaimo, British Columbia.

111



524. Tsuchida, A. 1994. Resource physics and the limitations of nuclear fusion power generation. Selected Papers On
Entropy Studies, Vol. 1.

525. Tsuchida, A. 1996. The importance of the “Cycle of Matter”: A discussion of nutrient cycling in basins, land, and
human society from the viewpoint of entropy, pages 150-170. In Toyohashi, Proceedings of Clean Sea ‘96. International
Workshop and Symposium On Environmental Restoration for Enclosed Seas.

526. United States Army Corps of Engineers (USACOE), U. S. Environmental Protection Agency, U. S. Fish and
Wildlife Service, and National Marine Fisheries Service. 1993. Commencement Bay Cumulative Impact Study. U. S.
Army Corps of Engineers, Seattle District. Seattle, WA.

527. Van Daele, L. J., and H. A. Van Daele. 1982. Factors affecting the productivity of ospreys nesting in west-central
Idaho. Condor 84:292-299.

528. Vander Heyden, M. 1997. Female black bear habitat selection and home range ecology in the central Cascades of
Oregon. M.S. Thesis, Oregon State University, Corvallis, OR. 135 pp.

529. Vannote, R. L., G. W. Minshall, K. W. Cummins, J. R. Sedell, and C. E. Cushing. 1980. The river continuum
concept. Canadian Journal of Fisheries and Aquatic Sciences 37:130-137.

530. Vermeer, K., and K. Devito. 1986. Size, caloric content, and association of prey fishes in meals of nestling rhinoceros
auklets. Murrelet 67:1-9.

531. Vermeer, K., and S. J. Westrheim. 1984. Fish changes in diets of nestling rhinoceros auklets and their implications.
Pages 96-10@ D. N. Nettleship,, G. A. Sanger, and P. F. Springer, editors. Marine Birds: Their Feeding Ecology and
Commercial Fisheries Relationships. Minister of Supply and Services, Canada.

532. Vermeer, K. 1979. Nesting requirements, food and breeding distribution of Rhinoceros Aektatinca
monocerataand Tufted puffind,.unda cirrhata Ardea 67:101-110.

533. Vermeer, K. 1982. Comparison of the diet of the glaucous-winged gull on the east and west coasts of Vancouver
Island. Murrelet 63:80-85.

534. Vermeer, K., and K. H. Morgan. 1992. Marine bird populations and habitat use in a fjord on the west coast of
Vancouver Island. Canadian Wildlife Service Occasional Paper No. 75:86-96.

535. \erts, B. J., and L. N. Carraway. 1998. Land Mammals of Oregon. University of California Press, Berkeley, CA .
668 pp.

536. Wallace, J. B., S. L. Eggert, J. L. Meyer, and J. R. Webster. 1997. Multiple trophic levels of a forest continuum
concept. Canadian Journal of Fisheries and Aquatic Sciences 37:130-104.

537. Watson, J. W., M. G. Garrett and R. G. Anthony. 1991. Foraging ecology of bald eagles in the Columbia River
estuary. Journal of Wildlife Management 55:492-499.

537a. Ward, B. R., and P. A. Slaney. 1988. Life history and smolt-to-adult survival of Keogh River steelhead trout and the
relationship to smolt sizeCanadian Journal of Fisheries and Aquatic Sciences 1110-1122.

538. Warren, C. E. 1971. Biology and water pollution control. The Department of Fisheries and Wildlife, Oregon State
University. Corvallis, OR.

538a. Washington Department of Fisheries. 1992. Draft. Goals and objectives for stocks and fisheries. Olympia, WA.

538b. Washington Department of Fisheries. 1983. Strategic plan for management of Washington’s salmon resources.
Olympia, WA.

112



539. Washington Department of Fish and Wildlife and Western Washington Treaty Indian Tribes. 1994. 1992 Washington
State Salmon And Steelhead Stock Inventory. Appendix One, Puget Sound Stocks. 371 pp.

540. Washington Department of Fisheries (WDF) and Oregon Department of Fish and Wildlife (ODFW). 1992. Status
report. Columbia River fish runs & fisheries, 1938-91. Olympia, WA.

541. Washington Department of Fish and Wildlife (WDFW). 1998. 1998 Washington salmonid stock inventory,
coastal cutthroat trout appendix. DRAFT. Washington Department of Fish and Wildlife. Olympia, WA.

541a. Washington Department of Fish and Wildlife (WDFW). 1998. Forage fish management plan - A plan for
managing the forage fisheries in Washington. Adopted by the Washington Fish and Wildlife Commission on January
24, 1998.

542. Washington Department of Fisheries, Washington Department of Wildlife, and Western Washington Treaty Indian
Tribes. 1993. 1992 Washington State Salmon And Steelhead Stock Inventory. Washington Department of Fish and
Wildlife, Olympia. 212 pp.

543. Washington Department of Ecology. 1994. Inventory of dams in the state of Washington. Washington
Department of Ecology, Water Resources Program, Dam Safety Division. Revised Edition, January 1994, Publication
#94-16. 150 pp.

544. Washington Department of Fish and Wildlife (WDFW). 1997. Wild Salmonid Policy. Washington Department of
Fish and Wildlife. Olympia, WA.

545. Washington Department of Natural Resources (WDNR). 1997. Final Habitat Conservation Plan. Washington
Department of Natural Resources, Jennifer Belcher, Commissioner of Public Lands. Olympia, WA.

546. Washington Department of Fish and Wildlife and Oregon Department of Fish and Wildlife. 1994. Status Report.
Columbia fish runs and fisheries 1938-93. Olympia, WA. 275 pp.

547. Waters, T. F. 1969. Invertebrate drift - Ecology and significance to stream fishes. PagegiZ1€&.34orthcote,
editor. H. R. MacMillan Lectures In Fisheries. Held Feb. 22-24, 1968. University of British Columbia. Vancouver.

548. Wehle, D. H. S. 1983. The food, feeding, and development of young tufted and horned puffins in Alaska. Condor
85:427-442.

549. Weitkamp, L. A., T. C. Wainwright, G. J. Bryant, G. B. Milner, D. J. Teel, R. G. Kope, and R. S. Waples. 1995.
Status review of coho salmon from Washington, Oregon, and California. U.S. Dept. of Commerce. NMFS-NWFSC-24:
258 pp.

550. Wendler, H. O., and G. Deschamps. 1955. Logging dams on coastal Washington streams. Fish. Res. Pap. 1: 27-38,
Washington Department of Fisheries, Olympia, WA.

551. White, H. C. 1936. The food of kingfishers and mergansers on the Margaree River, Nova Scotia. J. Biol. Bd. Can.
2:299-309.

552. White H. C. 1939. Bird control to increase the Margaree River salmon. Bull. Fish. Res. Bd. Can. 58:30 pp.

553. White, H. C. 1957. Food and natural history of mergansers on salmon waters in the Maritime provinces of Canada.
Fish. Res. Bd. Can., Bulletin No. 116. 63 pp.

554. White, R. 1992. Land use, environment, and social change: The shaping of Island County, Washington. University
of Washington Press. Seattle, WA.

555. Whitman, J. S. 1981. Ecology of the mixkitela visonjn west-central Idaho. M.S. Thesis, University of Idaho.
101 pp.

113



556. Williams, W. R., M. Laramie, and J. J. Ames. 1975. Catalog of Washington Streams and Salmon Utilization -
Volume 1 Puget Sound. Washington Department of Fisheries. Olympia.

557. Williams, D. D., and H. B. N. Hynes. 1974. The occurrence of benthos deep in the substratum of a stream.
Freshwat. Biol. 4:233-256.

558. Williams, D. D., and B. W. Feltmate. 1992. Aquatic insects. CAB International. United Kingdom. 358 pp.

559. Willson, M. F., and K. C. Halupka. 1995. Anadromous fish as keystone species in vertebrate communities.
Conser. Biol. 9:489-497.

560. Winter, B. D. 1992. Determinate migratory behavior of steellamb(hynchus mykisparr. Ph.D. Dissertation.
University of Washington, School of Fisheries. Seattle, WA. 255 pp.

561. Willson, M. F., S. M. Gende, and B. H. Marston. 1998. Fishes and the Forest: Expanding perspectives on fish-
wildlife interactions. BioScience 48:455-462.

562. Willson, M. F., and K.C. Halupka 1995. Anadromous fish as keystone species in vertebrate communities.
Conservation Biology 9:489-497.

563. Wilson, U. W., and D. A. Manuwal. 1986. Breeding biology of the Rhinoceros Auklet in Washington. Condor
88:143-155.

564. Wipfli, M. S., J. Hudson, and J. Caouette. 1998. Influence of salmon carcasses on stream productivity: response of
biofilm and benthic macroinvertebrates in southeastern Alaska, U.S.A. Canadian Journal of Fisheries and Aquatic
Sciences 55:1503-1511.

565. Wissmar, R. C., and C. A. Simenstad. 1988. Energetic constraints of juvenile chum €alowhyhchus keja
migrating in estuarie€anadian Journal of Fisheries and Aquatic Sciences 45:1555-1560.

566. Wissmar, R. C., and C. A. Simenstad. 1998. Variability of estuarine and riverine ecosystem productivity for
supporting Pacific salmon. Pages 253-B0G. R. McMurray, and R. J. Bailey, editors. Change in Pacific Northwest

Coastal Ecosystems. NOAA Coastal Ocean Prog., Decision Analysis Series No. 11, NOAA Coastal Ocean Office. Silver
Spring, MD. 342 pp.

567. Wood, C. C. 1986. Dispersion of Common Mergafidergus mergansgibreeding pairs in relation to
availability of juvenile Pacific salmon in Vancouver Island streams. Canadian Journal of Zoology 64:756-765.

568. Wood, C. C. 1985. Aggregative response of Common Mergaieegsi§ mergansér predicting flock size and
abundance on Vancouver Island salmon streams. Canadian Journal of Fisheries and Aquatic Sciences 42:1259-1271.

569. Wood, C. C., and C. M. Hand. 1985. Food searching behaviour of the common mevgmgsermergansef:
functional responses to prey and predator density. Canadian Journal of Zoology 63:1260-1270.

570. Wood, C.C. 1987a. Predation by the common mergavisegys mergansgon Eastern Vancouver Island. I
Predation during the seaward migration. Canadian Journal of Fisheries and Aquatic Sciences 44:941-949.

571. Wood, C.C. 1987h. Predation by the common mergavisegifs mergansgion Eastern Vancouver Island. II;

Predation of stream-resident juvenile salmon by merganser broods. Canadian Journal of Fisheries and Aquatic Sciences
44:950-959.

572. Wurtsbaugh, W. A., and G. E. Davis. 1977. Effects of temperature and ration level on the growth and food conversion
efficiency ofSalmo gairdnerRichardson. J. Fish. Biol. 11:87-98.

114



573. Wydoski, R.S., and R.R. Whitney. 1979. Inland fishes of Washington. University of Washington Press. Seattle,
WA.

574. Yoakum, J. 1964. Observations on bobcat-water relationships. Journal of Mammalogy 45:477-479.

575. Young, S. P. 1944. The Wolves of North America. Their history, life habits, economic status, and control. The
American Wildlife Institute, Washington, D.C. 635 pp.

576. Zarnowitz, J. E., and K. J. Raedeke. 1984. Winter predation on coho fingerlings by birds and mammals in relation to

pond characteristics. College of Forest Resources, University of Washington. Service Contract No. 1480. Seattle, WA.
34 pp.

115



Appendix I. The 9 wildlife species identified as having (or historically had) a strong, consistent relationship with
salmon in Oregon and Washington. An "x" identifies the life stage(s) of salmon applicable to the species.
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21513 2)| 9
S| L[S |&| O | Comments
Common Merganser | X | x | X
Harlequin Duck X X Strong relationship w/ drift eggs and alevin; indirect
relationship w/ carcass-derived insects
Osprey X | x [x
Bald Eagle X | x | x | Strong relationship w/ salmon; also indirect relationship --
feeds on gulls, terns, and waterfowl that eat salmon;
occasionally have been seen catching and consuming smolts.
Caspian Tern X | X
Black Bear X | x
Grizzly Bear X | X
Northern River X X |x
Otter
Killer Whale X




Appendix Il. The 58 wildlife species identified as having (or historically had) a recurrent relationship with salmon
in Oregon and Washington. An "x" identifies the life stage(s) of salmon applicable to the species.
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21512120
3|32 88| 5
S|l |8&|S | comments
Cope's Giant Salamander X | X ? | Also potential occasional relationship w/ carcasses
Pacific Giant Salamander X | x
Pacific Coast Aquatic Garter | x | X
Shake
Red-throated Loon X | X
Pacific Loon X Also potential relationship with spawning salmon or
carcasses
Common Loon X | X Also potential relationship with spawning salmon or
carcasses
Pied-billed Grebe X
Western Grebe X | X
Clark's Grebe X
American White Pelican X
Brandt's Cormorant X X
Double-crested Cormorant X | X
Pelagic Cormorant X | X
Great Blue Heron X | X
Black-crowned Night-heron X | X
Turkey Vulture X
California Condor X | A historic relationship based on 1800's literature and
archaeological evidence
Common Goldeneye X | X X
Barrow's Goldeneye X |x X
Common Merganser X
Red-breasted Merganser X | x ]x
Golden Eagle X | x




Bonaparte's Gull

Heermann's Gull

Ring-billed Gull

California Gull

Herring Gull

Thayer's Gull

Western Gull

Glaucous-winged Gull

Glaucous Gull

Common Tern

Arctic Tern

Forster's Tern

Elegant Tern

Common Murre

Marbled Murrelet

Rhinoceros Auklet

Tufted Puffin

Belted Kingfisher

American Dipper

Direct relationship w/ drift eggs and fry; indirect
relationship with carcass-derived insects

Steller's Jay

Black-billed Magpie

American Crow

Northwestern Crow

Common Raven

Virginia Opossum

Water Shrew May eat drift eggs, fry; indirect relationship with
carcass-derived insects

Coyote

Gray Wolf

Raccoon

Mink




Bobcat

Northern Fur Seal

Northern (Steller) Sea Lion

California Sea Lion

Harbor Seal

Pacific White-sided Dolphin




Appendix I1l. The 25 wildlife species identified as having an indirect relationship with salmon in Oregon and
Washington. An "x" identifies the life stage(s) of salmon applicable to the species.
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S| S| 8| E| &L
21513 2)| 9
S| L[| &| O | Comments
Harlequin Duck x | Indirect relationship w/ carcass-derived insects;
direct relationship w/ eggs
Bald Eagle X | X |X X | Indirect relationship -- feeds on gulls, terns, and
waterfowl that eat salmon; also strong, direct
relationship w/ salmon
Gyrfalcon X | X X | Feeds on waterfowl and gulls that eat fish
Peregrine Falcon X | X X | Feeds on waterfowl and gulls that eat fish
Killdeer X | Carcass nutrients support insect supply
Spotted Sandpiper X | Carcass nutrients support insect supply
Snowy Owl X Feeds on waterfowl that eat fish
Willow Flycatcher x | Carcass nutrients likely to support insect supply
Tree Swallow X | Carcass nutrients likely to support insect supply
Violet-green Swallow X | Carcass nutrients likely to support insect supply
Northern Rough-winged X | Carcass nutrients likely to support insect supply
Swallow
Bank Swallow X | Carcass nutrients likely to support insect supply
CIliff Swallow X | Carcass nutrients likely to support insect supply
Barn Swallow X | Carcass nutrients likely to support insect supply
American Dipper X | Indirect relationship with carcass-derived insects;
direct relationship w/ drift eggs and fry
Masked Shrew X | Likely to eat both carcass meat and insects
associated w/ carcasses
Vagrant Shrew X | Likely to eat both carcass meat and insects
associated w/ carcasses
Montane Shrew X | Likely to eat both carcass meat and insects
associated w/ carcasses
Fog Shrew X | Likely to eat both carcass meat and insects

associated w/ carcasses




Pacific Shrew

Likely to eat both carcass meat and insects
associated w/ carcasses

Water Shrew May eat drift eggs, fry; indirect relationship with
carcass-derived insects
Pacific Water Shrew Likely to eat both carcass meat and insects

associated w/ carcasses

Trowbridge's Shrew

Likely to eat both carcass meat and insects
associated w/ carcasses

Harbor Porpoise

Feeds on species that feed on smolts

Dall's Porpoise

Feeds on species that feed on smolts




Appendix IV. The 65 wildlife speciesidentified as having (or historically had) arare relationship with salmonin
Oregon and Washington. An"x" identifiesthe life stage(s) of salmon applicable to the species.

Comments

Freshwater Rearing

Incubation

Saltwater
Spawning
Carcass

Snapping Turtle X

Western Pond Turtle

Western Terrestrid X
Garter Snake

Common Garter X
Snake

Pacific Loon

Common Loon

Ydlow-hilled Loon

Horned Grebe X

Red-necked Grebe

Western Grebe

Sooty Shearwater

Brown Pdlican

Gresat Egret

Snhowy Egret

Green Heron

X | X | X [X

Trumpeter Swan

Mdlard

Green-winged Ted

Canvashack

Greater Scaup X

Surf Scoter

XX [X [X

White-winged
Scoter

Common Goldeneye X X

Barrow's Goldeneye
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Freshwater Rearing

5 T >
E ¢ | £ | 4
3 = 5 e
= & & O Comments
Hooded Merganser X
Red-tailed Hawk X
Grester Ydlowlegs
Franklin's Gull
Mew Gull
Black-legged X
Kittiwake
Pigeon Guillemot
Ancient Murrelet
Gray Jay X
Winter Wren X
American Robin
Varied Thrush X
Spotted Towhee X
Song Sparrow X
Masked Shrew X Likely to eat both carcass meat
and insects associated w/
carcasses
Vagrant Shrew X Likely to eat both carcass meat
and insects associated w/
carcasses
Montane Shrew X Likely to eat both carcass mest
and insects associated w/
carcasses
Fog Shrew X Likely to eat both carcass meat
and insects associated w/
carcasses
Pecific Shrew X Likely to eat both carcass meat
and insects associated w/
carcasses
Pecific Water Shrew X
Trowbridge's Shrew X




Incubation

Freshwater Rearing

Saltwater

Spawning

Carcass

Comments

Douglas Squirrel

X

Northern Hying
Squirrel

X

Deer Mouse

Red Fox

Gray Fox

Ringtail

American Marten

Fisher

Long-tailed Weasal

Wolverine

Striped Skunk

Mountain Lion

White-tailed Deer

Black-tailed Deer

XX XX XXX XX [ X |X|X

Minke Whde

Sperm Whde

Humpback Whae

Northern Right-
whde Dolphin

X [ X [X [X

Ddl-s Porpoise

X

Harbor Porpoise
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Appendix V. The 60 wildlife species identified as having an unknown relationship with salmon in

Oregon and Washington.

Baird's Shrew

Big Brown Bat

Black Phoebe

Brazilian Free-tailed Bat
Brewer's Blackbird

Bullfrog

California Myotis

Cascade Torrent Salamander
Columbia Torrent Salamander
Columbian Mouse
Cordilleran Flycatcher

Dunlin

Dunn's Salamander

Dusky Flycatcher

Ermine

European Starling

Foothill Yellow-legged Frog
Fringed Myotis

Gray Catbird

Hammond's Flycatcher

Hoary Bat

Keen's Myotis

Least Flycatcher

Little Brown Myotis
Long-eared Myotis
Long-legged Myotis
Long-toed Salamander
Merriam's Shrew
Northern Leopard Frog
Northern Waterthrush
Northwestern Salamander
Olympic Torrent Salamander
Oregon Spotted Frog
Pacific-slope Flycatcher
Painted Turtle

Pallid Bat

Purple Martin

Pygmy Shrew

Red-eared Slider Turtle
Red-legged Frog

Rough-skinned Newt
Short-billed Dowitcher
Shrew-mole

Silver-haired Bat

Southern Torrent Salamander
Spotted Bat

Tailed Frog

Townsend's Big-eared Bat
Townsend's Chipmunk
Townsend's Vole

Van Dyke's Salamander
Warbling Vireo

Water Vole

Western Pipistrelle

Western Sandpiper

Western Small-footed Myotis
Western Spotted Skunk
Western Toad

Woodhouse's Toad

Yuma Myotis
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Appendix VI. The 407 wildlife species identified as having (or historically had) no relationship
with salmon in Oregon and Washington.

Acorn Woodpecker
Aleutian Canada Goose
Allen's Chipmunk
Allen's Hummingbird
American Avocet
American Badger
American Beaver
American Bittern
American Black Duck
American Coot
American Golden-Plover
American Goldfinch
American Kestrel
American Pika
American Pipit
American Redstart
American Tree Sparrow
American Wigeon
Anna's Hummingbird
Ash-throated Flycatcher
Baird's Sandpiper
Band-tailed Pigeon

Barn Owl

Barred Owl

Belding's Ground Squirrel
Bewick's Wren

Bison

Black Oystercatcher
Black Rat

Black Rosy-finch

Black Salamander

Black Scoter

Black Swift

Black Tern

Black Turnstone
Black-backed Woodpecker
Black-bellied Plover
Black-capped Chickadee

Black-chinned Hummingbird

Black-footed Albatross
Black-headed Grosbeak
Black-necked Stilt
Black-tailed Jackrabbit

Black-throated Gray Warbler

Black-throated Sparrow
Blue Grouse

Blue Whale

Blue-gray Gnatcatcher

Boreal Chickadee
Boreal Owl

Botta's (Pistol River) Pocket

Gopher
Brant
Brewer's Sparrow
Broad-footed Mole
Broad-tailed Hummingbird
Brown Creeper
Brown-headed Cowhbird
Brush Rabbit
Buff-breasted Sandpiper
Bufflehead
Buller's Shearwater
Bullock's Oriole
Burrowing Owl
Bushtit
Bushy-tailed Woodrat
Cackling Canada Goose
California Bighorn Sheep
California Ground Squirrel
California Kangaroo Rat

California Mountain Kingsnhake

California Qualil

California Slender Salamander

California Towhee
California Vole
Calliope Hummingbird
Camas Pocket Gopher
Canyon Mouse
Canyon Wren
Cascade Golden-mantled
Ground Squirrel
Cascades Frog
Cassin's Auklet
Cassin's Finch
Cassin's Vireo
Cattle Egret
Cedar Waxwing

Chestnut-backed Chickadee

Chipping Sparrow

Chisel-toothed Kangaroo Rat

Chukar

Cinnamon Teal

Clark's Nutcracker
Clay-colored Sparrow
Clouded Salamander
Coast Mole

Columbia Spotted Frog

Common Nighthawk

Common Poorwill

Common Porcupine

Common Redpoll

Common Snipe

Common Yellowthroat

Cooper's Hawk

Creeping Vole

Dark Kangaroo Mouse

Dark-eyed Junco

Del Norte Salamander

Desert Horned Lizard

Desert Woodrat

Downy Woodpecker

Dusky Canada Goose

Dusky-footed Woodrat

Eared Grebe

Eastern Cottontail

Eastern Fox Squirrel

Eastern Gray Squirrel

Eastern Kingbird

Ensatina

Eurasian Wigeon

European Rabbit

Evening Grosbeak

Feral Horse

Feral Pig

Ferruginous Hawk

Flammulated Owl

Flesh-footed Shearwater

Fork-tailed Storm-petrel

Fox Sparrow

Gadwall

Giant Canada Goose

Golden-crowned Kinglet

Golden-crowned Sparrow

Golden-mantled Ground
Squirrel

Gopher Snake

Grasshopper Sparrow

Gray Flycatcher

Gray Partridge

Gray Whale

Gray-crowned Rosy-Finch

Gray-tailed Vole

Great Basin Pocket Mouse

Great Basin Spadefoot

Great Gray Owl

Great Horned Owl

Blue-winged Teal Columbian Ground Squirrel Greater White-fronted Goose

Bobolink Columbian White-tailed Deer  Green Frog
Bohemian Waxwing Common Kingsnake Green-tailed Towhee
Hairy Woodpecker
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Harris's Sparrow
Heather Vole

Hermit Thrush

Hermit Warbler

Hoary Marmot
Horned Lark

House Finch

House Mouse

House Sparrow
House Wren

Hutton's Vireo
Juniper Titmouse

Kit Fox

Lapland Longspur
Larch Mountain Salamander
Lark Sparrow

Laysan Albatross
Lazuli Bunting
Leach's Storm-petrel
Least Bittern

Least Chipmunk
Least Sandpiper
Leatherback Turtle
Lesser Canada Goose
Lesser Goldfinch
Lesser Scaup

Lesser Yellowlegs
Lewis's Woodpecker
Lincoln's Sparrow
Little Pocket Mouse
Loggerhead Shrike
Long-billed Curlew
Long-billed Dowitcher
Long-eared Owl
Long-nosed Leopard Lizard
Long-tailed Jaeger
Long-tailed Vole

Lynx

Macgillivray's Warbler
Marbled Godwit
Marsh Wren

Meadow Vole

Merlin

Merriam's Ground Squirrel
Mojave Black-collared Lizard
Montane Vole

Moose

Mountain Beaver
Mountain Bluebird
Mountain Caribou
Mountain Chickadee
Mountain Goat
Mountain Qualil
Mourning Dove

Mule Deer

Muskrat

Mute Swan

Nashville Warbler

Night Snake

North Pacific Bottle-nosed
Whale

Northern Alligator Lizard

Northern Bobwhite

Northern Bog Lemming

Northern Elephant Seal

Northern Flicker

Northern Fulmar

Northern Goshawk

Northern Grasshopper Mouse

Northern Harrier

Northern Mockingbird

Northern Pintail

Northern Pocket Gopher

Northern Pygmy-owl

Northern Saw-whet Owl

Northern Shoveler

Northern Shrike

Northwestern Garter Snake

Norway Rat

Nutria

Nuttall's (Mountain) Cottontalil

Oak Titmouse

Oldsquaw

Olive-sided Flycatcher

Olympic Marmot

Orange-crowned Warbler

Ord's Kangaroo Rat

Oregon Slender Salamander

Pacific Golden-Plover

Pacific Jumping Mouse

Pacific Treefrog

Palm Warbler

Parasitic Jaeger

Pectoral Sandpiper

Pileated Woodpecker

Pine Grosbeak

Pine Siskin

Pink-footed Shearwater

Pinon Mouse

Pinyon Jay

Piute Ground Squirrel

Plateau Striped Whiptail

Plumbeous Vireo

Pomarine Jaeger

Prairie Falcon

Preble's Shrew

Pronghorn Antelope

Purple Finch

Pygmy Nuthatch

Pygmy Rabbit

Racer

ed Crossbill
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Red Knot

Red Phalarope

Red Squirrel

Red Tree Vole
Red-breasted Nuthatch
Red-breasted Sapsucker
Red-eyed Vireo
Redhead

Red-naped Sapsucker
Red-necked Phalarope
Red-shouldered Hawk
Red-tailed Chipmunk
Red-winged Blackbird
Ringneck Snake
Ring-necked Duck
Ring-necked Pheasant
Risso's Dolphin

Rock Dove

Rock Sandpiper

Rock Wren

Rocky Mountain Bighorn Sheep
Rocky Mountain Elk
Roosevelt Elk

Ross's Goose
Rough-legged Hawk
Rubber Boa
Ruby-crowned Kinglet
Ruddy Duck

Ruddy Turnstone

Ruff

Ruffed Grouse

Rufous Hummingbird
Sabine's Gull

Sage Grouse

Sage Sparrow

Sage Thrasher
Sagebrush Lizard
Sagebrush Vole
Sanderling

Sandhill Crane
Savannah Sparrow
Say's Phoebe

Scaled Quail

Sea Otter
Semipalmated Plover
Semipalmated Sandpiper
Sharp-shinned Hawk
Sharptail Snake
Sharp-tailed Grouse
Sharp-tailed Sandpiper
Short-eared Owl
Short-finned Pilot Whale
Short-horned Lizard
Short-tailed Albatross
Short-tailed Shearwater
Side-blotched Lizard



Siskiyou Chipmunk
Siskiyou Mtns. Salamander
Sky Lark

Snow Bunting

Snow Goose

Snowshoe Hare

Snowy Plover

Solitary Sandpiper

Sora

South Polar Skua
Southern Alligator Lizard
Southern Red-backed Vole
Spotted Owl

Spruce Grouse

Stilt Sandpiper

Striped Whipsnake
Surfbird

Swainson's Hawk
Swainson's Thrush

Swamp Sparrow
Taverner's Canada Goose
Three-toed Woodpecker
Tiger Salamander
Townsend's Ground Squirrel
Townsend's Mole
Townsend's Pocket Gopher
Townsend's Solitaire
Townsend's Warbler
Tricolored Blackbird

Tundra Swan

Upland Sandpiper

Vancouver Canada Goose

Vaux's Swift

Veery

Vesper Sparrow

Virginia Rail

Wandering Tattler

Washington Ground Squirrel

Western Bluebird

Western Canada Goose

Western Fence Lizard

Western Gray Squirrel

Western Ground Snake

Western Harvest Mouse

Western Jumping Mouse

Western Kingbird

Western Meadowlark

Western Pocket Gopher

Western Rattlesnake

Western Red-backed
Salamander

Western Red-backed Vole

Western Screech-owl

Western Scrub-Jay

Western Skink

Western Tanager

Western Whiptail

Western Wood-pewee

Whimbrel
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White-breasted Nuthatch
White-crowned Sparrow
White-faced Ibis
White-footed Vole
White-headed Woodpecker
White-tailed Antelope Squirrel
White-tailed Jackrabbit
White-tailed Kite
White-tailed Ptarmigan
White-throated Sparrow
White-throated Swift
White-winged Crossbill
Wild Burro

Wild Turkey

Willet

Williamson's Sapsucker
Wilson's Phalarope
Wilson's Warbler

Wood Duck

Wrentit

Wyoming Ground Squirrel
Yellow Rail

Yellow Warbler
Yellow-bellied Marmot
Yellow-billed Cuckoo
Yellow-breasted Chat
Yellow-headed Blackbird
Yellow-pine Chipmunk
Yellow-rumped Warbler




Appendix VII. List of published and unpublished observations of wildlife predation and scavenging on salmon.

Salmon life Species Relationship to References Location of
stage salmon study/report
INCUBATION — |Cope’s Giant Salamander Recurrent Johnson et al. 2000
EGGS AND Pacific Giant Salamander 'Recurrent Graf 1949 California
ALEVIN Pacific Coast Aquatic Recurrent Brown et al. 1995 Oregon
Garter Snake
Common Merganser Strong Munro and Clemens 1932, 1937, 1939 British Columbia
Hooded Merganser Rare Reimchen 1994 British Columbia
Red-breasted Merganser Recurrent Munro and Clemens 1939 Canada
Barrow's Goldeneye Recurrent Willson and Halupka 1995 Alaska
Munro 1938, 1939 British Columbia
Common Goldeneye Recurrent Willson and Halupka 1995 Alaska
Munro 1938, 1939 British Columbia
American Dipper Recurrent Ehinger 1930 Washington
Munro 1923, Obermayer et al. 1999, Piorkowski 1995, Willson | Alaska
and Halupka 1995
Reimchen 1994, Burcham 1904 British Columbia
Glaucous-winged Gull Recurrent Baird 1990 Washington
Reimchen 1994 British Columbia
Mossman 1958, Moyle 1966 Alaska
Bonaparte's Gull Recurrent Moyle 1966 Alaska
Harlequin Duck Strong Dzinbal and Jarvis 1982, Obermayer et al. 1999 Alaska
Horned Grebe Rare Palmer 1962 Washington
Munro 1941 British Columbia
Trumpeter Swan Rare Farley 1980 Alaska
Mallard Rare Willson and Halupka 1995 Alaska
Green-winged Teal Rare Ned Pittman, pers. comm. Washington
Greater Scaup Rare Munro 1941 British Columbia
Greater Yellowlegs Rare Elphick and Tibbitts 1998 Alaska
Mew Gull Rare Moyle 1966 Alaska
American Robin Rare Willson and Halupka 1995 Alaska




FRESHWATER
REARING —
FRY AND

~ A~

Varied Thrush
Water Shrew
Cope's Giant Salamander

Pacific Giant Salamander

Snapping Turtle
Western Pond Turtle

Pacific Coast Aquatic
Garter Snake

Western Terrestrial Garter
Snake

Common Garter Snake
Red-throated Loon

Common Loon

Pied-billed Grebe
Western Grebe
American White Pelican

Brandt's Cormorant
Double-crested

Pelagic Cormorant
Great Blue Heron

Rare
Recurrent
Recurrent

Recurrent

Rare
Rare
Recurrent

Rare

Rare
Recurrent

Recurrent

Recurrent
Recurrent
Recurrent

Recurrent
Recurrent

Recurrent
Recurrent

Ned Pittman pers. comm.
Banfield 1974

Antonelli et al. 1972
Antonelli et al. 1972

Parker 1993, Parker 1994
Johnson and Hasler 1954, Lagler 1943
Johnson et al. 2000

Brown et al. 1995, Fitch 1941, 1984, Drummond 1983
Hansen 1980

Anderson 1977, Tanner 1949

Lagler and Salyer 1945

Eriksson et al. 1990

Palmer 1962

Palmer 1962, Johnson and Hasler 1954, Alexander 1977
Fraser 1972, 1974, Matkowski 1989, Matkowski 1984, Barr
1973, Smith 1968, Munro 1945

Willson and Halupka 1995

Zarnowitz and Raedeke 1984

Modde and Wasowicz 1996

Myers and Peterka 1976, Lingle 1977

Palmer 1962

Johnson et al. 2000

Modde and Wasowicz 1996

Mayers and Peterka 1976

Johnson et al. 2000

Alexander 1977, 1979, Bent 1926, Johnson and Hasler 1954
Fraser 1972, Matkowski 1989, Smith 1968

Dolloff 1993, Willson and Halupka 1995

Zarnowitz and Raedeke 1984

Henney and Bethers 1971

Washington
Canada
Washington
Washington
California
Michigan

Oregon, California

Montana, Utah

Michigan
Sweden
Labrador
Michigan
Canada, British
Columbia
Alaska
Washington
Utah

North Dakota

Wyoming

Utah
North Dakota

Michigan
Canada
Alaska
Washington
Oregon



FRESHWATER
REARING —
FRY AND
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Great Egret

Snowy Egret

Green Heron
Black-crowned Night

Trumpeter Swan
Common Goldeneye
Barrow's Goldeneye

Hooded Merganser
Common Merganser

Red-breasted merganser

Osprey

Franklin's Gull
Ring-billed Gull
Caspian Tern

Rare
Recurrent

Rare
Recurrent
Rare
Recurrent
Recurrent

Rare
Strong

Recurrent

Strong

Rare
Recurrent
Strong

Johnson et al. 2000

Johnson et al. 2000

Jurek 1974

Spanier 1980

Myers and Peterka 1976
Farley 1980

Hampton 1981

Beach 1937

White 1939

Munro and Clemens 1938, 1939
Zarnowitz and Raedeke 1984

Alexander 1977, 1979, Beach 1937, Johnson and Halser
1954, Salyer and Lagler 1940, Shetter 1970

Miegs and Rieck 1967, Senn 1958

Fraser 1972, Huntsman 1941, Munro and Clemens 1932,

1937, 1939, Smith 1968
Willson and Halupka 1995
White 1936, 1957

Munro and Clemens 1939
Marquiss and Duncan 1993
Swenson 1978

Steeger et al. 1992
MacCarter 1972

Johnson and Hasler 1954
Van Daele and Van Daele 1982
French and Koplin 1977
Hughes 1983

Lind 1976

Myers and Peterka 1976
Nui Tateyama, pers. comm.
Johnson et al. 2000

California

Israel

North Dakota
Alaska

Montana
Michigan

Nova Scotia
British Columbia
Washington
Michigan

Washington
Canada

Alaska
Nova Scotia
Canada

Scotland
Wyoming
British Columbia
Montana
Michigan
Idaho
California
Alaska
Oregon

North Dakota
Washington



FRESHWATER
REARING —
FRY AND
PARR

Herring Gull
Forster's Tern
Common Tern
Arctic Tern
Marbled Murrelet

Belted Kingfisher

Black-billed Magpie
American Crow
Northwestern Crow
Common Raven
American Dipper

Water Shrew

Raccoon
Mink

Northern River Otter

Recurrent
Recurrent
Recurrent
Recurrent
Recurrent

Recurrent

Recurrent
Recurrent
Recurrent
Recurrent
Recurrent

Recurrent

Recurrent
Recurrent

Strong

Mendall 1939

Ayles et al. 1976

Ayles et al. 1976

Mossman 1959, Willson and Halupka 1995
Brooks 1928

Carter and Sealy 1984
Alexander 1977, 1979
Willson and Halupka 1995
Gould 1934, Eipper 1956
White 1936

Elson 1962, Huntsman 1941
Willson and Halupka 1995
Willson and Halupka 1995
Willson and Halupka 1995
Johnson et al. 2000

Dolloff 1993

Loegering 1997

Thut 1970

Kingery 1996, Cottam and Uhler 1937
Lampman 1947

Banfield 1974

Conaway 1952

Alexander 1977

Whitman 1981

Dunstone 1993

Banfield 1974, Burgess and Bider 1980, Fraser 1972
Ben-David et al. 1997
Grinnell et al. 1937
Alexander 1977, 1979
Akande 1972

Zarnowitz and Raedeke 1984

Maine
Canada
Canada
Alaska
British Columbia
Alaska
Michigan
Alaska

New York
Nova Scotia
Canada
Alaska
Alaska
Alaska

Alaska
Oregon
Washington
British Columbia
Oregon
Canada
Montana
Michigan
Idaho

New York
Canada
Alaska
California
Michigan
Scotland
Washington



FRESHWATER
— FRY AND
PARR

SALTWATER - Pacific Loon

SMOLT,
IMMATURE
ADULTS AND
ADULTS

Red-throated Loon
Common loon

Yellow-billed Loon
Horned Grebe
Red-necked Grebe
Western Grebe
Clark's Grebe
Sooty Shearwater
Brown Pelican
Brandt's Cormorant

Double-crested
Cormorant

Pelagic Cormorant

Great Blue Heron
Green Heron
Black-crowned Night
Heron

Great Egret
Harlequin Duck

Surf Scoter
White-winged Scoter
Common Goldeneye
Barrow's Goldeneye

Strong

Recurrent

Recurrent
Recurrent

Rare
Rare
Rare
Recurrent
Recurrent
Rare
Rare
Recurrent

Recurrent

Recurrent

Recurrent
Rare
Recurrent

Recurrent
Strong
Rare
Rare
Rare
Rare

Banfield 1974, Stenson et al. 1984

Dolloff 1993

Alexander 1979

Mace 1983

Johnson et al. 2000

Palmer 1962

Mace 1983

North 1994

Mace 1983, Vermeer 1992

Mace 1983

Vermeer et al. 1992, Mace 1983

Johnson et al. 2000

Emmett 1997, Bayer 1989

Bayer 1986a, Emmett 1997, McNeil et al. 1991
Aniley and Sanger 1979

Bayer 1986a, Scott 1973

Bayer 1986a, Bayer 1989, Erickson 1988, Hoffman and Hall
1988, Roby et al. 1998

Ainley and Anderson 1981, Mace 1993, Robertson 1974
Bayer 1986a, Scott 1973

Jewett et al. 1953

Mace 1983

Forbes and Simpson 1982, Mace 1983, Myers 1980
Johnson et al. 2000

Johnson et al. 2000

Johnson et al. 2000, Schlorff 1978
Cottam 1939, Mace 1983

Mace 1983

Mace 1983

Mace 1983

Mace 1983

British Columbia
Alaska

Michigan

British Columbia

Alaska

British Columbia
Russia

British Columbia
British Columbia
British Columbia

Oregon
Oregon
California
Oregon
Oregon
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