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Proceedings of the 28 Northeast Pacific Pink and
Chum Salmon Workshop

Keynote Speaker
Presented bfRichard J. Beamish
Is changing capacity of the Strait of Georgia to produce more pkand chum salmon
and less coho and chinook salmon an indication of a similar trelnthroughout the
subarctic Pacific?

Dr. Richard Beamish, O.B.C., C.M., Ph.D., F.R.Sthe Senior Scientist at the
Pacific Biological Station in Nanaimo, B.C. Dick Beish finished his Ph.D. at the
University of Toronto in 1970 and went directly to Woods Hoteanographic Institute for a
Post Doctoral Fellowship with Dick Backus. He then workiethe@ Freshwater Institute in
Winnipeg for a few years, ending up at the Pacific Biaalgbtation in Nanaimo, British
Columbia in the mid-1970s. He was the Head of the Grosim&ection from 1977-1979 and
Director from 1980-1993.

He is an Editor for Transactions of the AmericarnEiges Society, a member of the
Science Panel for the North Pacific Research Bdaindjrman of the Scientific Steering
Committee for the North Pacific Anadromous Fish Corsiais, an active member of
PICES, a member of the Committee for Scientific Coati@n for the Pacific Salmon
Commission, the Department’s representative on th#i®&isheries Resource Conservation
Council, one of two scientists on the Deputy Minist&sience Management Board, a
former Canadian Commissioner for the Internatiorsaific Halibut Commission and a
Professor at Vancouver Island University.

Dr. Beamish has been honoured with a number of awactlgling the Order of
Canada and the Order of British Columbia. He was maadlaw of the Royal Society of
Canada and recently became the first foreign scigotls¢ made an honorary member of the
fisheries laboratory TINRO in Vladivostok, Russia. s published over 350 articles with
about half in peer reviewed journals.

His research interests have included the discovergidfrain, age determination and
the discovery of the longevity of some of our Pacih fspecies, the identification of new
lamprey species and the evolutionary relationship betwese species, and the effects of
climate on fish populations. He was one of the firgrdests to write about climate regimes
and regime shifts.

Banquet Speaker
Presented by Robert R. Fuerstenberg
A Science of the Long View: Thoughts on Fishery Scienéer an Uncertain World
Sr. Ecologist, King County Department of Natural Resesiiand Parks
Seattle, Washington

Robert Fuerstenberg is a Senior Ecologist with the Kiagnty Department of
Natural Resources and Parks in Seattle, Washington, eopdsiihas held for some 23
years. During that time, he has been involved with pragrand projects ranging from
investigating the effects of urban development on salmesodystems to the design of
stream and wetland restoration projects. For thedlstde, his attention has been focused on
salmon recovery in King County and throughout the Puget Sagmin. He was a member
of the Puget Sound Technical Recovery Team, a group aé®ltists responsible for
developing the biological and ecological criteria for oleik and chum recovery in the Puget



Sound. Working with the Shared Strategy for Puget Sound?3Ad&RT helped craft the Puget
Sound Chinook Recovery Plan, a ground-breaking collaborafioiizens, agencies and
scientists. His most recent work involves crafting aliversity strategy for King County and
investigating the effects of landscape change and clichatiege on regional biodiversity in
collaboration with scientists from the US Geolo8iarvey and The National Marine
Fisheries Service.

Foreword

The 23" Pink and Chum salmon workshop continued the traditigtuafinating
current research being conducted with not only these pedes but on the ecosystems that
support these and many other species. This workshop exhotean ecology, population
enhancement by hatcheries, projects by Global Oceary§ieas Dynamics (GLOBEC) and
reports from international biologists outside the Unieates and British Columbia. This
workshop also continued the liaison between the Nogh#sheries Science Center
(NWFSC) in Seattle, Washington and the Northwest In@ialtege (NWIC).
Representatives from the NWIC presented the workshopandmamic opening ceremony
including a traditional Native prayer and dance while showgabeir scientific endeavors
as part of the GLOBEC and International session atidavposter.

As in previous proceedings, all abstracts and matenadlss documented are not
considered peer reviewed and have only undergone minimaltfeditag to present a
cohesive document. Any reference to work published in fheseeedings should be
approved by the author of the abstract.

Session Leaders

Session I Ocean Ecology. Alex Wertheimer, Alaska Fisherieeixe Center, Auke Bay
Laboratory, Juneau, Alaska.

Session Il. Enhancement. Kyle Adicks, Washington Department s Bnd Wildlife,
Olympia, Washington.

Session lll. Southern Populations. Orlay Johnson, Northwest Fish8aence Center,
Seattle, Washington.

Session IV. GLOBEC and International. Katherine Myers, Universit Washington,
School of Aquatic and Fishery Sciences.

Session IV A. Northwest Indian College, Bellingham, Washington.

Session V Northern Populations. Laurie Weitkamp, Northwestdfigls Science Center,
Newport, Oregon.

Session VI. Contributed papers. Jamal Moss, Alaska Fisheriesa&zi€enter, Auke Bay
Laboratory, Juneau, Alaska.
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KEYNOTE

Is changing capacity of the Strait of Georgia to produce more pkand chum salmon

and less coho and chinook salmon an indication of a similar trelnthroughout the
subarctic Pacific?

Richard J. Beamish, R.M. Sweeting, C.M. Neville and &nde

Fisheries and Oceans Canada, Pacific Biological $t&8i90 Hammond Bay Rd., Nanaimo,
B.C. V9T 6N7, Canada.

Tel: 250-756-7029, email: beamishr@pac.dfo-mpo.gc.ca.

Pink salmon returns to the Fraser River probably ahestoric high levels. It is
difficult to be confident that the accuracy of recescapement estimates is similar to past
estimates. However, we do know that the recent estame are at least a magnitude larger
than anything recorded since the 1950s when reliable redartds The recent large
escapements result in large numbers of juvenile pimkaalearing in the Strait of Georgia
in even-numbered years. Our research shows thatdaheecosystem impacts of these large
abundances of juvenile pink salmon. For example, dahlg marine survival of coho salmon
is lower in even-numbered years, but the impact is gréat hatchery coho salmon than
wild coho salmon. We speculate that pink salmon arevsing better than in the past
because the production of prey in their early marine gasionore stable and perhaps larger.
We also know that the total production of pink salmonlbgauntries is at historic high
levels. It is possible that one of the impacts ofianging climate and a warmer ocean is that
the capacity of the subarctic Pacific to produce pink salmill continue to increase. If this
is true, the greatly expanding Russian hatchery programesillit in a rapid increase in the
total abundance of pink salmon. There are currenthyir@galmon hatcheries on the
Sakhalin and Kuril Islands with 10 more planned to be in dparavithin five years. By
2010 it is expected that hatcheries in this region widlage about 1.8 billion pink and chum
fry per year. We propose that it is time to haveardinated, International research plan to
determine how climate is affecting the ocean carryimgaciy for pink and chum salmon
and what the consequences are for other species ocRadmhon.



OCEAN ECOLOGY
Chair: Alex Wertheimer

Chum salmon migration patterns in the lower Columbia River

G. Curtis Roegner

Point Adams Field Station, Northwest Fisheries Saddenter, NOAA Fisheries, 520
Heceta Place, Hammond, OR 97121. Curtis.Roegner@noaa.gov

Chum salmon spawning habitat in the Columbia River hass @eamatically reduced
from historical levels. Viable chum populations are fbonly in the Chinook and Grays
rivers in Washington and at the Ives Island Compleavbdonneville Dam, although
scattered adult returns have been recorded elsewherecMos spawning population in
Oregon have been expatriated. We have been monitormegije chum abundance and size
at selected sites in the lower Columbia River and egfuam 2002-2007. We have also
been studying chum habitat use in restoration sitesntitiei Grays River. In the mainstem
river, chum abundance is relatively low in tidal fresiter sites and increases in estuarine
water; CPUE from beach seines made on opposite sidks dfier are similar despite the
large migrant source emanating from Chinook and GrayssriWgashington side). Chum
have a short temporal signal (Feb-May) compared to Gkisalmon (found year-round) and
are generally < 70 mm when exiting the river. Many churha& 50 mm. In the Grays
River, we monitored chum, Chinook, and coho distributiorestored wetland and reference
sites during 2005-2007. The Grays River hatchery released 130-146 ik #006 and 2007.
Chum were abundant in restored wetlands the run y#awing tidal reconnection.
Abundance was sharply punctuated (at 2 wk sampling injemth a synchronous
distribution in wetland and reference sites, and outmagraras mostly complete by 1 May.
Based on reported sizes at hatchery release, mastwkuve of natural origin and measured
just 30-40 mm FL. Diet analysis of a limited number ofvidtbials indicated food included
insect prey derived from the marsh. Conversely, chum prerged upon by yearling coho in
restored wetlands.

Ocean ecology of juvenile pink and chum salmon in the NortharCalifornia Current
Laurie Weitkamp and Paul Bentléy

'Newport Research Station, Northwest Fisheries Sci€eager, National Marine Fisheries
Service, 2032 SE OSU Drive, Newport, OR 97365. laurie.weitkanga@gov

Point Adams Field Station, Northwest Fisheries SeiéDenter, National Marine Fisheries
Service, 520 Heceta Place, Hammond, OR 97121. paul.bentley@oe

Pacific salmon research programs currently occuc@anic waters from San
Francisco Bay to the Bering Sea (Grimes et al. 2007 obfective of these programs is to
understand the ecology of juvenile Pacific salmon duiheg first summer in the ocean and
therefore the factors affecting their survival at aetiwhen most marine mortality is thought
to occur. These programs employ surface rope trawlslectuvenile salmon, with
concurrent measures of physical (e.g., temperature andysptofiles, nutrients) and
biological (e.g., zooplankton samples, chloroplytoncentrations) characteristics at each
sampling station (Fisher et al. 2007). Two of these stadeesonducted in the Northern



California Current (NCC), off the coasts of Washingaod Oregon, by the Northwest
Fisheries Science Center: the Columbia Plume stndythe Predator study (Emmett et al.
2005, Fisher et al. 2007). The Columbia Plume study samagesdes of transects from
Cape Flattery to Newport, Oregon (Fig. 1), during daylighate May, June, and September.
The Predator study samples just two transects (Coluamoid/Villapa Bay; Fig. 1) at night
(when most piscivorous predators are near the surfab@yeekly intervals from mid April
until August (Emmett et al. 2005).

Although catches of juvenile salmon by these studied@menated by Chinook
(Oncorhychus tshawytschand coho ©. kisutch originating from the Columbia River (Teel
et al. 2003, Orsi et al. 2007), they also catch juvenilencdind pink salmon. However, both
chum and pink salmon are minor members of the juvealtaa community caught by the
Plume study, representing only 12% (n = 1875) and 2% (n = 26pgatvely, of all
juvenile salmon caught off the Washington and Oregon salastng summers of 1998-2007
(n=15,548; Table 1). Few subadult or adult pink (n = 18) omcdaimon (n = 11) were
caught in the Plume study during the 10 year period.

In the Plume study, the density of juvenile chum salmean = 15.5 fish/kfjh was
nearly an order of magnitude higher than that of pinkisal(1.9 fish/krf). However, their
distributions in September were quite similar: botircgsewere primarily caught in the
extreme northern end of the sampling area, with fetwdaught south of the Queets River
transect (Fig. 1). During this period, mean density ofpuggink salmon caught in the
plume study (5.2 fish/kf was nearly twice that of chum salmon (2.8 fistfkRig. 2). By
contrast, in early summer (late May and June), pilkh@a are effectively absent from the
Plume study area (mean density = 0.03 fisR)kmhile juvenile chum salmon are widely
dispersed throughout the study area (mean density = 2d/l6nffs Fig. 1). Catches of
juvenile chum salmon were also quite high in the Pordaitidy through the middle of July
then decreased by late summer (Fig 2). No pink salmonceaeight in the Predator study.

In addition to these seasonal and distributional gffees in abundance between
juvenile pink and chum salmon, there are also diffe¥erat finer scales. For example, chum
salmon caught in the Plume study were typically ightly deeper water (124 vs. 109 m,
respectively) and further from shore (26.6 vs. 15.8 knpe@s/ely) than pink salmon (Table
1). Chum salmon were also caught in waters thatligtelg warmer (13.2°C) and less salty
(31.1 ppt) than pink salmon (11.4°C and 32.3 ppt, respectivehje T3.

Both studies also indicated rapid growth of juvenile clsatmon throughout the
summer. Juvenile chum salmon caught by the Predatorlams Btudies were similar sized
by date, with fish averaging 92 and 94 mm FL in late Magpectively, and 127 and 125
mm in late June, respectively (Fig. 3). By Septembenyigen size of juvenile chum salmon
caught in the Plume study (172 mm FL) was somewhat lingarthat of pink salmon (150
mm FL; Fig. 3). Growth rates estimated from changeékarmean size of fish during the
summer suggest growth rates for juvenile chum salmapm@foximately 1.0 mm/day in the
early summer (May- mid July) and 0.7 mm/d for the ersinrmmer (May - September).

The marked distributional differences observed betwy@amile pink and chum
salmon in early summer (i.e., pink salmon effectiadgent and chum salmon found
throughout the study area) likely reflect geographic diffiees in source populations and
migratory behavior for the two species. Chum salm@ujfadions exist in most basins along
the Washington and northern Oregon Coasts as far sgtitle ¥ aquina River (just south of
the Newport transect; ODFW 2005). Juvenile chum salmoreapp@ccupy coastal marine



habitats early in the summer, but have largely dispdrgdate summer. By contrast, no
pink salmon populations exist on the Washington and Oregatsc@éthough extremely
large populations occur in protected waters of Puget Soundher&triait of Georgia.
Juvenile pink salmon caught in our study area likely origth&item these large “inside”
populations and enter our study area after exiting thet 8frdisan de Fuca. Although
salmon research in the NCC is focused on juvenile CkRiaod coho salmon, these
programs can be used to increase our understanding ofadae ecology of juvenile chum
salmon at the southern end of their range.
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Table 1. Number, density, and mean location (depth atandie offshore) and physical
parameters (surface temperature and salinity) of catdhesgenile pink and chum salmon
caught off the Washington and Oregon coasts by the Plwdg, sturing summers of 1998-

2007.

Characteristic Chum salmon Pink salmon
No. caught (1998-2007) 1875 267
Mean no./krf 15.5 1.9

Mean depth (m) 124.3 109.4
Mean distance (km) 26.6 15.8
Surface temperature (°C) 13.2 114
Surface salinity (ppt) 31.1 32.3
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Figure 1. Mean densities (no./Rnof juvenile pink and chum salmon by transect in there study for years 1998-2007. lllustrated
are densities of juvenile chum salmon in late May, amteSeptember, and densities of pink salmon in Septemhkrdgmsities in
May and June are extremely low [< 0.1 fishfkand are not shown).
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Distribution, migration, and growth of juvenile pink and chum salmon off British
Columbia and southeast Alaska

Marc Trudel

Fisheries and Oceans Canada, Nanaimo, Canada, trudeim@puapalgc.ca

The dynamics of marine ecosystems are strongly infle@ by climate variability
on both regional and basin-wide scales. On decadal sehlegpt climate change can
reorganize the structure of marine food webs and lead tbcdiaslines in fisheries
resources. However, the impacts of climate changditii@lt to assess on highly
migratory species due to the diversity of environmentadlitimms encountered
throughout their migration. Hence, an understandingigfation behaviour is required
to determine how climate and ocean conditions regutat@roduction of highly
migratory species. Here we investigate the coastalldison, migration, and growth of
juvenile pink and chum salmon along the west coastritéB Columbia and southeast
Alaska. We show that a large number of juvenile pink dmancsalmon remain in costal
waters of British Columbia and southeast Alaskaitatbe fall and through the winter.
We also show that of juvenile pink and chum salmon anergdly larger further north
suggesting either that ocean conditions are more favaut@lgrowth in southeast Alaska
than in British Columbia, or that larger individualgietie their northward migration
earlier than smaller ones. Defining the marine regsutgect to poor ocean conditions
and the groups of stocks that move to these regionsheiéfore be important to
establish management and conservation strategies fdicRadmon stocks.



Field and laboratory observations of salmon licel(epeophtheirus salmon)s
infections on juvenile pink salmon Oncorhynchus gorbuschgindicate a stable host -
parasite system in coastal British Columbia

Simon R. M. Jones

Pacific Biological Station, Fisheries and Oceans @and8190 Hammond Bay Road,
Nanaimo, British Columbia, V9T 6N7, Canada

The significantly reduced return of pink salmon to stresmtie Broughton
Archipelago (BA) in 2002, combined with the observation aflge on juvenile salmon
in 2001 led to the suggestion that sea lice were the cagsddanism. To explore this
possibility, intensive research efforts focusing on atgons between salmon farms, sea
lice (L. salmonisandCaligus clemeniand wild juvenile pink and chum salmon are
presently underway. Since 2003, DFO has conducted annual sufv@sa lice on post-
emergent pink salmon fry in the BA. These effortsehaentified significant
interannual, spatial and temporal variations in licendmce. Surface seawater salinity
and temperature appear to be important drivers of sotigsofariation. The marine
stickleback Gasterosteus aculeafuand juvenile chum salmo®( ketg were also
shown to be abundant hosts of the salmon louse iBAheA controlled laboratory
infection model using healthy naive salmon has been usedi¢ostiand the effects of
lice infections. Juvenile pink salmon showed few if almjical signs of infection and no
mortality. This innate resistance to the salmon lavse shown to be developed in fish
as small as 0.7g and to function despite feed deprivalibe.resistance appears to be
based on the ability of pink salmon to mount a rapid inflatomy response in the skin.
The presentation will summarize these studies and éngtle. salmonisand juvenile
pink salmon in the BA represent a well adapted andivelgtstable host — parasite
system.

Trophic Interactions among Wild and Hatchery Juvenile Chum Salmon

in Taku Inlet, Southeastern Alaska

M. Sturdevant, E. FergussonC. Reese A.Wertheimet, N. Hillgrubef?, W. Smokef,
and J. Orsi

'AukeBay Laboratories, Alaska Fisheries Science Center, NGisAeries

Ted Stevens Marine Research Institute

17109 Pt. Lena Loop Rd.

Juneau, Alaska 99801 USA

Phone: (907) 789-6041 Emanholly.sturdevant@noaa.gov

ZJuneau Center, School of Fisheries and Ocean Scighuigsrsity of Alaska Fairbanks,
11120 Glacier Highway, Juneau, Alaska 99801 USA

This study was conducted to examine trophic interactioaspasential cause for
the decline in harvests of wild, fall run, chum salng@ncorhynchus kejan Taku Inlet,
southeastern Alaska. Large scale hatchery productionurh and pink@. gorbuscha
salmon began near Taku Inlet in the late 1970’s, peakedat 400 million releases in
the early 1990’s, and is now steady at about 50 milllmmtonly. As hatchery
production increased, declines in the wild harvest werereéd. This stimulated interest
in the potential for negative stock interactions duriagyemarine residency, when



mortality of Pacific salmon is highest and may bates to competition for food. Thus,
we examined the diet and energetic condition of wildtatdhery chum salmon
juveniles throughout the spring and summer period of outatmigr. This cooperative
investigation by NOAA Auke Bay Laboratories, the UniversifyAlaska, the Alaska
Department of Fish and Game, and Douglas Island PinkCaoch Hatchery (DIPAC)
was supported by the Southeast Sustainable Salmon Furiic(Babtnon Commission).

In 2004 and 2005, juvenile chum salmon were caught weekly ishea beach
seines and townets at stations in Inner, Middle, and Quatian Inlet from late April to
June, and were caught monthly in epipelagic Nordic trawlsha Icy Strait in June and
July (Figure 1). Samples representing initial conditibhaichery fish were also
collected from netpens throughout the release perioty (day to early June). Fish were
frozen for energy condition analyses or preservedtfmmach analyses. In the laboratory,
all fish were measured (fork length, FL, mm) and weigest weight, WW, g) and
otoliths were extracted to examine for hatchery themaaks. Subsamples representing
wild and hatchery stocks were then processed to comparértipdic status and
condition from time of release throughout residencyaku Inlet and migration
westward through Icy Strait en route to the Gulf ofskia

Measures of condition on frozen fish included dry we{@W, g), moisture
content (%), whole body energy content (WBEC, c&ly/), stomach content percent
body weight (%BW), and index of stomach volume (%ieds), in addition to FL and
weight. Univariate graphics were used to examine trendsndition measures by stock
and location over time. Multivariate analyses (Priswaftware) were used to examine
patterns and test for differences in mean conditiomgusil seven measures. These
measures were either log(x+1) transformed or square ewformed, then a Bray-
Curtis similarity matrix was computed on the data, fe#d by non-metric dimensional
scaling (hMDS) and Analysis of Similarities (ANOSIM).

For diet analyses, prey were counted and identifiepeoiss, then grouped into
18 taxonomic categories; these categories were themaddio three broad prey
communities including epibenthic prey (e.g., harpacticoid poge, gammarid
amphipods, and cumaceans); drift prey (e.g., adult and lemrahomid insects); and
pelagic prey (e.g., calanoid copepods, barnacle, craleupithusiid larvae, hyperiid
amphipods, pteropods, and larvaceans). We calculatedettie percent weight (%W),
mean percent number (%N), and percent frequency of erma(%FO) of each
category and for each prey community. Univariate graph@&e wsed to examine trends
at both levels: prey composition by stock and locatieer éime, and overall prey
community utilization of the stocks by location. Mudinate analyses were used to
examine overall patterns and test for differences in dg#g the three measures on all
18 prey categories for fish grouped by stock, location, amdkwikhe Bray-Curtis
similarity matrix was computed on square root transformeal, dallowed by nMDS
ordination and ANOSIM.

Wild chum salmon were captured throughout Taku Inlet frariest sampling in
mid-April in both years, prior to hatchery releasesgkpof abundance of wild fry
coincided with the first hatchery releases in early May, but mids$ fry disappeared from
the estuary by the time late hatchery fry were released y&are. Hatchery fry were rare
in the inner inlet in both years but outnumbered wild fry 20:1 irotlter inlet, where
residence overlapped most. Both stocks showed size-related movehsdref but rost
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hatchery chum passed through Icy Strait in June, whiteckum of unknown origin
continued to migrate through the strait into late summer.

We analyzed the condition of 718 and 970 juvenile chum $alm2004 and
2005, respectively. Univariate graphs of chum salmon groupedidysvihatchery
stock, sample week, and sample location indicatechttahery fish initially had greater
energy content (Figure 2), but were larger and had lowéstare content than wild fish.
Condition of wild fish improved over the weeks in Takietr{energy content increased
and moisture content decreased), while condition of hatdisé declined. However,
feeding indices were similarly high and increased foh lwatd and hatchery fish,
indicating that both stocks fed successfully. Multivarianhalysis of overall condition in
2004 showed strong separation among the groups, with a lesg stalue (0.07) from the
nMDS ordination (Figure 3). Overall wild and hatchery ctadidiffered significantly
(ANOSIM, R = 0.258; P < 0.001); paired comparisons indicatgdficant differences
(P < 0.05) between the stocks at all inlet locatibns,no difference in condition between
stocks captured in Icy Strait, thus confirming univariatglgical trends.

We analyzed diets of 554 and 881 juvenile chum salmon in 2602G05,
respectively. Wild and hatchery chum salmon generaligtjpared use of prey
communities at locations in Taku Inlet; use of pelagic jpmeseased for both stocks in
the outer inlet, and diets were indistinguishable byithe they reached Icy Strait
(Figure 4). Multivariate analysis of 2004 diets showed mddesgparation of the groups
(nMDS stress = 0.15; Figure 5). Overall diets of wild aattlery fish differed
significantly (ANOSIM, R = 0.573; P < 0.001); paired compargsmdicated significant
differences (P < 0.058) between the stocks at all la¢ettions, but no difference in Icy
Strait, thus confirming univariate graphical trends.

Based on graphical analysis of both 2004 and 2005 data and matiévemalysis
of 2004 data, prey partitioning in Taku Inlet did not necegsamdlicate competition
between wild and hatchery chum salmon. Inverse trendsndition over time were
observed for wild and hatchery (fed) fish, which initiadhowed low and high condition,
respectively. Both diet and condition converged by the tishereached epipelagic strait
habitat approximately two months later. If density-depehaheeractions affect wild
chum salmon in Taku Inlet, the negative effects must ogenyrrapidly because juvenile
survivors enter the GOA with no apparent disadvantage ysisadf 2005 data is in
progress to validate these patterns.
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Figure 1. Sampling locations for hatchery and wild juvenile chutmsa at hatchery
release sites, in Taku Inlet, and in Icy and Upper ChatBiaits, northern Southeast
Alaska, in 2004 and 2005. The migration route of hatchery addchum salmon from
inside passages of Southeast Alaska through Icy Stré&ie tGulf of Alaska, a distance of
approximately 200 km, is indicated by arrows.
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Figure 2. Hatchery and wild chum salmon energy densltcations in Inner, Middle
and Outer Taku Inlet and Icy-Chatham Straits from Aprdaly in 2004 and 2005. Data

points for netpen samples serve as the baseline hatigtecondition and represent

discreet releases, which are therefore not connectiddsy earliest hatchery releases

were fed the longest, while late releases were fethéoshortest period.
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Figure 3. Multivariate non-metric dimensional scalindgnatichery (open symbols with
‘H’ and asterisks) and wild (closed symbols with ‘Wy@nile chum salmon condition
measures near Taku Inlet, southeastern Alaska, from tapiily 2004. Symbol shape
represents location and each symbol represents ondesamgk for each of 62 hatchery
or wild sample groups. Locations include net pen relegsergear Juneau (Limestone
and Gastineau Channel), at Inner, Middle, and Outer Taky &md at Icy and Chatham
Straits.
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Figure 4. Hatchery and wild juvenile chum salmon utii@abf epibenthic, drift, and
pelagic prey communities in Inner, Middle and Outer Taket lahd Icy-Chatham Straits,
April to July, 2004 and 2005. Data are pooled across sample wedksey categories to
show overall patterns by stock and location.
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Effects of Starvation on Energy Density of Juvenile Chum Salmon &ptured
in the Marine Waters of Southeastern Alaska

Emily A. Fergusson, Joseph A. Orsi, and Molly V. Sturdeva

Alaska Fisheries Science Center, NOAA Fisheries

Auke Bay Laboratories, Ted Stevens Marine Researchutesti

17109 Point Lena Loop Road, Juneau, Alaska 99801-8626 USA

Tel: (907) 789-6613; e-maikmily.fergusson@noaa.gov

Abstract

We conducted two laboratory starvation experiments wanjle chum salmon
(Oncorhynchus kejacaptured in the neritic marine waters of the nortihhegmon of
southeastern Alaska in June and July of 2003. Fish wétenhgow-through live tanks
of ambient temperatures. Up to 10 fish were randomlytselext 5-10 day intervals.
Laboratory water temperatures averaged approximatelyrBd@nie and July, and were 3-
4°C lower than field temperatures. Fewer fish werelabks in July than in June (n = 54
vs. 101), thus limiting the duration and intervals of tHg éuperimental group.
Measurements taken for each fish included: fork length (wex) weight (WW; g); and
dry weight (g; DW). Three measures of condition caltad for each fish included:
energy density (whole body energy content, WBECgadallVV), moisture content (%; (1-
DW/WW) x 100), and size condition residuals (CR) frotarayth-weight regression.
Changes in fish condition were compared from initigtaee across sacrifice time
intervals. Over the 45-day experimental period in JuneagedVBEC and CR
decreased by 40% and 300%, respectively, while average maistusst increased by
8% (P < 0.01) (Figures 1-3). Over the 20-day experimental periodlyn dverage
WBEC and CR decreased by 11% and 200%, respectively, whilegga@verwisture
content increased by 2% & 0.01). Our study validates that WBEC and percent moisture
content are appropriate measures of condition whenifigiagtchanges in juvenile chum
salmon condition in response to variations in habitatitgude to temperature, food
availability, and competitive interactions; and that @s€R can account for size bias in
subsampling intervals.
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Figure 1. Average whole body energy content (cal/gwegght) and one standard error
about the mean of juvenile chum salmon starved inaheratory after being
captured in the marine waters of Icy Strait and Uppett@ima Strait in the
northern region of southeastern Alaska, June and20@3.
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Figure 2. Average moisture content (%; (1-dry weighD(@/))/wet weight (g, WW)) x
100) and one standard error about the mean of juvenile shbmon starved
in the laboratory after being captured in the marine watkicy Strait and
Upper Chatham Strait in the northern region of soutieea Alaska, June and
July 2003.
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Interactions of Hatchery Chum Salmon with Juvenile Chum and ik Salmon

in the Marine Waters of Southeastern Alaska

Joseph. A. Orsi, Alex C. Wertheimer, Emily A. Fergussand Molly. V. Sturdevant
Auke Bay Laboratories, Alaska Fisheries Science CeN@AA Fisheries,

Ted Stevens Marine Research Institute, 17109 Point Lena Road, Juneau, AK 99801
(907) 789-6034joe.orsi@noaa.gov

Hatchery chum salmor®©pcorhynchusketg comprise an economically important
harvest component of commercial salmon fisherieoutheastern Alaska (SEAK), yet
little is known of how these fish interact as juvesilvith wild chum and pink salmo®(
gorbuscha in the marine environment. Because the early marinegéerioften
identified as critical one for the survival of salmon, ustending early marine
interactions of these species in ecosystems mayimggight to mechanisms governing
year class strength. In June and July of 2005, surfacéngamas conducted to examine
these interactions in strait habitats of the norttaerd southern regions of SEAK (Figure
1). A bioenergetics model was used, with juvenile salméa aad associated biophysical
parameters (temperature, fish growth, predator and pergedensity, and prey fields),
to estimate the consumption of zooplankton and compgodhe available standing crop.
Species and hatchery stock group densities were highasthimdgions during June (391
to 2,313 fish km®) (Table 1), and the modeled zooplankton consumption wasstighe
during this period by all stock groups (2.8 to 3.2 kg zooplankkom® - d*) (Table 2).
Salmon diet and energy density varied between spewiesrae periods. However, of the
available standing crop of zooplankton measured in eachrregd time period (25 to
145 MT zooplankton km®), simulations indicate juvenile salmon only consumenhalls
fraction (<2%) (Table 3). These results suggest hatattargn stocks interact with
juvenile chum and pink salmon in strait habitats of SEp&tticularly in June, but only a
small percentage of the available zooplankton was cagdioy both species and stock
groups.
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Table 1.—Average CPUE (catch per haul) of juvenile chalmen and pink salmon stock groups in Icy Strait and Clar&tiait,
southeastern Alaska, June and July 2005. Stock groups ar&ltuivarked fish, MC= Macaulay, HF=Hidden Falls, and
NB=Neets Bay. Trawl catch ability was assumed to be 1@@&asities of juvenile salmon (fish/Kinvere based on a trawl
area swept of 36,000°mand a conversion factor of CPUE/0.036.

June July
Salmon Stock  Trawl Density  Trawl Density

Region Strait habitat species group  hauls CPUE (fish/kn?) hauls CPUE (fish/kn?)
Northern Icy Chum UM 20 21.05 585 23 2.79 77

Icy Chum MC 20 31.64 879 23 0.27 7

Icy Chum HF 20 29.81 828 23 1.86 51

Icy Pink UM 20 24.75 688 23 5.17 144
Southern Clarence Chum UM 20 14.07 391 20 2.95 82

Clarence Chum NB 20 19.98 555 20 4.40 122

Clarence Pink UM 20 83.25 2,313 20 4.30 119
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Table 2.—Zooplankton consumption rates of juvenile pink andhcdalmon stock groups calculated from 28 bioenergetics maa|
based on biophysical parameters in Icy Strait and Glar8irait, southeastern Alaska in June and July, 2@68k §roups are
UM=Unmarked fish, MC= Macaulay, HF=Hidden Falls, and NBetseBay. The two temperature simulations used to model
consumption (3 m depth and 20 m integrated) rates are shovele 2.

Consumption rates of zooplankton (g of prey/ g of preddjor/

Strait Salmon Stock June temperature simulations July temperature simulations
Region habitat species group 3m 20 m integrated 3m 20 m integrated
Northern  lcy Chum UM 0.049302 0.042376 0.046044 0.040637
lcy Chum MC 0.084087 0.074917 0.069012 0.063129
Icy Chum HF 0.085867 0.074488 0.074348 0.066227
lcy Pink UM 0.092518 0.081109 0.079236 0.071326
Southern  Clarence Chum UM 0.121122 0.113258 0.096114 0.091469
Clarence Chum NB 0.104449 0.096849 0.088040 0.083078
Clarence Pink UM 0.141971 0.133533 0.111062 0.106315
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Table 3.—The percentage of available zooplankton consumgeddnyile pink salmon and chum salmon stock groups caéxifeom 28
bioenergetics model runs based on biophysical parametiess $trait and Clarence Strait, southeastern Alaskaimne and
July, 2005. Stock groups are UM=Unmarked fish, MC= Macati&ygHidden Falls, and NB=Neets Bay. The percent
consumed shown here is based on the 3 m temperatuldatsamdhat yielded the highest consumption rates showiable 2.
The percentage consumption is also determined for twoaglankton sample measurements (338esh and 50h mesh)

and two metrics (surface area%amd cubic kr}).

Consumption krh Consumption krh
Strait Salmon Stock June July June July
Region habitat species group 333 505 333 505 333 505 333 505
Northern Icy Chum UM 0.000 0.000 0.000 0.000 0.003 0.003 0.001 0.001
Icy Chum MC 0.001 0.001 0.000 0.000 0.008 0.010 0.000 0.000
Icy Chum HF 0.001 0.001 0.000 0.000 0.006 0.008 0.001 0.001
Icy Pink UM 0.001 0.001 0.000 0.000 0.005 0.006 0.004 0.005
Total 0.002 0.003 0.001 0.001 0.021 0.027 0.006 0.007
Southern  Clarence Chum UM 0.001 0.001 0.000 0.000 0.008 0.015 0.005 0.004
Clarence Chum NB 0.001 0.002 0.001  0.000 0.012 0.023 0.006  0.005
Clarence Pink UM 0.005 0.008 0.001 0.001 0.051 0.093 0.007 0.006
Total 0.006 0.012 0.002 0.001 0.072 0.131 0.018 0.015
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Kuskokwim Bay juvenile chum salmon: An overview

Nicola Hillgruber*, Sean E. Burril3, Christian E. Zimmerman
School of Fisheries and Ocean Sciences

University of Alaska Fairbanks

11120 Glacier Highway, Juneau, AK 99801
n.hillgruber@uaf.edu

2USGS Alaska Science Center

4230 University Dr., Suite 201

Anchorage, AK 99508

ABSTRACT

Little is known about the estuarine residence of jueecium salmon@ncorhynchus
ketg in western Alaska. It is at this stage, howevieat juveniles might experience high
mortality rates that may ultimately determine yeasslstrength. Recent fluctuations in the
abundance of chum salmon in the Kuskokwim River haveodstrated a need for more
information on chum salmon life history, but particiyaon factors impacting the critical
estuarine life stage. Here we present results onasatd temporal patterns of estuarine
distribution, diet, and condition of chum salmon juvesiln 2003 and 2004 in Kuskokwim
Bay. Juvenile chum salmon were collected in two yeatls a modified Kvichak surface
trawl. Chum salmon were caught in the estuary the lmidtiMay until late July; no chum
salmon were caught in August. Environmental conditionsticogarly sea surface
temperature (SST) changed remarkably during the juvenile outmigravith uniformly low
temperatures of 7°C in May, increasing to SST as high asC56°June. In May,
distribution of juvenile chum salmon was confined prillgdo the waters of the river plume,
with fish leaving the plume towards the later parthair outmigration, indicating that they
were using the river plume as a staging area to adjisghber salinity water and possibly as
a nursery area to protect them from visual predators.

Juvenile chum salmon feeding success was variable amdedifivith size, season,
salinity, and year. Feeding incidence increased signtficavith size and season. Feeding
incidence and intensity were lowest for those juvectilem salmon of the smallest size class
that were collected early in the season. Prey composias similar between years. Drift
insects and small calanoid (< 2.5mm) and harpacticoid caigegpere the primary prey items
for juvenile chum salmon within the bay. Calanoids ssécts combined made up > 50% of
all prey consumed and > 80% of the overall prey biomasallf@ize classes and sampling
weeks.

Mean energy content of chum salmon increased signific from 2003 to 2004. In
2004, energy density decreased significantly from 5,371 caWgidAaMiay to 4,932 cal/g in
mid-June. The decrease in energy densities from bldyne was apparent in all size classes,
except for the> 60 mm class. The observed decrease in energy contargeaison and fish
size might suggest that juvenile chum salmon were allog the majority of their energy
into growth, rather than the storage of lipids. Tigaificantly lower energy content of chum
salmon of similar sizes outmigrating into the bayunelin comparison to May might be the
result of higher metabolic costs, possibly due to higkarsurface temperatures.

Age and duration of residence in saltwater habitats wénie chum salmon was
examined using otolith microstructure and microchemisiwenile chum salmon were
captured from stations distributed throughout the bay areka a salinity gradient from O to
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26. Post-emergence ages ranged from 12 to 44 d and were weaklated with standard
length (F = 0.31, n = 192, p < 0.001). Dates of emergence ranged fronprl%d\24 May
with a median date of 6 May. Otolith strontium-toetain ratios were examined to
determine the timing of saltwater entry. Duration otiaghe residence was estimated for 8
fishes and ranged from 8 to 18 d. Identification of tlestiwvater to saltwater transition was
not possible for 42 otoliths, most likely due to the if@ence from maternally inherited
effects and short freshwater residence.

Our study represents the first research effort on dteadane ecology of juvenile
chum salmon in Kuskokwim Bay. Our results indicate tinaihg of outmigration may be of
essential importance for condition, growth, and subsegsiawival probability of juvenile
chum salmon. A more thorough understanding of thiscatiperiod in the life of juvenile
salmonids may provide some information on mechanisms ms#pe for regulating chum
salmon population size and on the role of environmengalation, which may be of
particular importance in light of changing climatic ddion as recently observed in the
Bering Sea.

Melting of arctic sea-ice and utilization of the Chukchi Sa by juvenile pink and chum
salmon during 2007.

James M. Murphy, Jamal H. Moss, Lisa B. Eisner, ElleMartinson, Edward V. Farley
NOAA Fisheries, Auke Bay Laboratories

Ted Stevens Marine Research Institute

17109 Pt Lena Loop Road

Juneau AK, 99801-8344

The arctic has been loosing sea-ice at rate of 1% \e=ar; however the loss of sea-
ice during the summer melting season in 2007 was exterBi&eptember (the end of the
summer melting season) the ice extent reached adr&mey shattering the previous
minimum extent set in 2005 by 23%. The United States Bétegtian Salmon
International Survey was extended into the Chukchi Seaptegber, 2007 to provide
insight into how juvenile salmon and associated epipefalicspecies are responding to the
loss of sea ice. Juvenile pink and chum salmon werafousignificant numbers
throughout the survey area in the Chukchi Sea and theriage size was larger in the
Chukchi Sea than the eastern Bering Sea shelf. Theicanon of longer day-length
associated with high latitude regions (longer feeding geaod the anomalously warm sea
surface temperatures (1P0) associated with the loss of sea ice may havéteesin higher
growth potential in the Chukchi Sea. However, largex d@es not necessarily imply higher
growth rates as timing of ocean entry can also haigndisant impact on juvenile size.
Scale-circuli spacing and counts are used to provide insighthe relative effect of growth
rate and ocean entry timing on the size of juvenilmasalin the Chukchi Sea.
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Hatchery Pink and Chum in Alaska: Supplementing or Supplaning Wild Stock
Production?

Benjamin W. Van Alen

U.S. Forest Service, Juneau Ranger District, 8510 Menddmdal Road, Juneau, AK,
99801, bvanalen@fs.fed.us, 907-789-6257

In Alaska, circumstances of poor runs (escapementgyenty competitive fishing
industry, can-do technically savvy hatchery biologists, ticagil use of hatcheries, and oil
money led to financing “ocean ranching” hatchery progriantise 1970s. Meanwhile,
projects to estimate and manage for wild stock escapemmmnésned chronically under
funded. Is the hatchery effort boosting salmon productiomise investment, needed, and
natural? Or are we simply operating hatcheries becaeisan? For pink salmon in
southeast Alaska, the management focus since Statel@®s@) (has been to rebuild wild
stock escapements and returns are now at historicaldvigls. Return-per-spawner
relationships show that wild fish are filling the oceargsrying capacity for pink salmon
production. In contrast, in Prince William Sound, tebuilding of wild stock escapements
and returns has been superceded by production releasesharigdish. The commercial
fishery is now dependent on hatchery fish, an irotii@asion given the near pristine habitat
and the tremendous cost of hatcheries. This is ne&rlyaime situation for chum fisheries in
southeast Alaska and Prince William Sound. This paperigneshe biological
assumptions and financial investment behind the ocean rammoiggam. I'll conclude that
the production of wild and hatchery salmon is ultimatidpendent on the carrying capacity
of shared freshwater and marine habitats and that weeateable to fully seed available
rearing habitat by maintaining the natural distributiod abundance of wild stock
escapements. Each hatchery fish released increasgsfition, increases straying,
decreases fitness, decreases growth, increases predatosases survivals, decreases
management precision, and increases harvest pressurt&dishvi Our limited funds are
best spent on the assessment and management of weld.sto

Implementation and Operation of an ESA-listed Hood Canal SummeChum Recovery
Project: The Nuts and Bolts
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In March of 1999, the National Marine Fisheries ServicklAS) determined that the
summer chum originating from Hood Canal and the Stfaluan de Fuca represented an
Evolutionarily Significant Unit (ESU), and formally fesd these fish under the Endangered
Species Act (ESA) as a threatened species. In Augd&9&, the Summer Chum Salmon
Conservation Initiative (SCSCI) identified Tahuya Risammer chum as one of four
extirpated stocks in the Hood Canal summer chum ESlsadpotential future candidate
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for a summer chum reintroduction project. The UnioveRBupplementation/ Tahuya River
Reintroduction Project was implemented in June of 20@0ca®perative project between
Washington Department of Fish and Wildlife (WDFW) andiae®d Canal Salmon
Enhancement Group (HCSEG). The following is a discusdiovhat is entailed in
implementing and operating a summer chum recovery prioj@ctmpliance with the
protocols set forth in the SCSCI and the Union/TahuyarmRHatchery and Genetic
Management Plan (HGMP).

Fluctuations in Abundance of North American Pink Salmon(Oncorhynchus gorbuscha
Populations.
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Pink salmon populations are known to experience large ameual variations in
abundance, Increases or declines of 90%+ from one gemet@tioe next are not
uncommon. Recently, artificial propagation program¥anth America have been
correlated with or hypothesized for generational populatariability among some pink
salmon populations in Alaska, British Columbia, and Mfagton. However, before the
impacts of artificial propagation on pink salmon populaican be evaluated, it is important
to first describe normal annual average run size and ieeri|mom the mean. This paper will
present long-term abundance data for several North idarepink salmon populations.

ESA-listed Hood Canal Summer Chum Salmon: A brief update osupplementation
programs, natural-origin vs. supplementation-origin returns and recovery
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Abstract

Hood Canal summer chum (including the eastern Straitasf de Fuca) were listed
as threatened under the Endangered Species Act in 1999. eReptanning and
implementation were underway prior to the listing, Wwilrvest reductions and
supplementation programs enacted in the early 1990’s. WHshington Department of Fish
and Wildlife and Point No Point Treaty Tribes distriadithe Summer Chum Salmon
Conservation Initiative (SCSCI) in April 2000. The initvat described a comprehensive
plan for the implementation of summer chum salmemovery in Hood Canal and eastern
Strait of Juan de Fuca. The Summer Chum Recovery ptiypared by the Hood Canal
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Coordinating Council, incorporated the harvest and adlifproduction management
provisions of the SCSCI and also addressed habitat pratesterestoration. The Recovery
Plan was formally adopted by National Marine FisherewiSe (NMFS) under rule 4(f) of
the Endangered Species Act in March 2007.

Run sizes of summer chum have been on theinse the mid-1990’s, with some of the
highest returns on record occurring in recent years. 8ongpitation programs have
succeeded in reducing the extinction risk of several sthelksvere at critically low levels
prior to supplementation and these stocks have demonsstedaed returns of both
supplementation-origin and natural-origin fish in reécggars. Reintroduction programs also
appear to be succeeding, with natural-origin spawners regumitree streams where
summer chum had been extinct for more than 10 years.

Interim recovery goals for summer chum have loEseloped by the Washington
Department of Fish and Wildlife and the Point No Pdirgaty Tribes — the fish resource co-
managers in the summer chum region - based on higmpiglation sizes, and include
abundance, escapement, productivity, and diversity tar§etsimer chum populations are
not yet meeting the Co-managers’ abundance-based rg@nads, due in part to the
requirement that all stocks must meet recovery abwasddmesholds over a period of 12
years. The outlook for summer chum, however, ishmargyhter than it was just 10 years
ago, based on recent increased abundances and othetoirgica

Introduction and Background

Summer chum in Hood Canal and the Strait of Juan dedymienced a severe
decline in abundance in the 1980’s, extending into the &8€9s. Abundances reached
record lows in 1989 and 1990, with less than 1,000 spawnersrestaphe region each
year. By 1991, seven of the sixteen recognized summaer stacks were considered
extinct, eight stocks were at high risk of extinctiangd one stock was at moderate risk of
extinction. In 1992, the state and tribal Co-managepseimented harvest reductions aimed
at protecting summer chum, and together with the Us®. &d Wildlife Service and local
citizen groups, initiated three hatchery supplementatiograms utilizing native brood
stocks. In 1999, the Hood Canal summer chum Evolutioraigigificant Unit (ESU)
(including the Strait of Juan de Fuca), was listed aatbned under the Endangered Species
Act. The Washington Department of Fish and Wildlife 8aiht No Point Treaty Tribes
distributed the Summer Chum Salmon Conservation Iniad®CSCI) in April 2000
(WDFW and PNPTT 2000). The initiative described a comprevempdan for the
implementation of summer chum salmon recovery indHGanal and eastern Strait of Juan
de Fuca. The harvest and artificial production comporadritee SCSCI were subsequently
approved by the National Marine Fisheries Service (NMFer Limits 6 and 5,
respectively, of the Endangered Species Act 4(d) rule (NRIFR,, 2002). Since then, the
SCSCI hatchery (supplementation) programs have beeswedifavorably by the Hatchery
Scientific Review Group (HSRG 2002, 2004) and by the Recoveen&e Review Panel
(RSRP 2004). The SCSCI's harvest and artificial productianagement provisions were
also incorporated into the Summer Chum Recovery Plannaepg the Hood Canal
Coordinating Council (HCCC 2005). A key premise of the SGS@lat “commensurate,
timely improvements in the condition of habitat cafifor summer chum salmon survival
are necessary to recover the listed populations tohiydalvels”. The HCCC Recovery Plan,
which also addressed habitat protection and restoratienfouaally adopted by NMFS as
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an acceptable plan to recover the listed summer chumua8ér section 4(f) of the
Endangered Species Act in March, 2007 (NMFS 2007a, 2007b).

Since recovery efforts for Hood Canal summer chumewrgtiated, six conservation-
directed supplementation and three reintroduction proghawes been undertaken. Harvest
rates on summer chum have been severely curtailedyarcdraently managed under the
risk averse harvest management plan described by the SEBGlest rates were decreased
from an average of ~49% prior to implementation of ptotedarvest measures (1974-
1991) to an average of <5% after the measures were ap3i@a-2006). A variety of
habitat restoration and protection projects have also ibggamented by local, state and
federal governmental entities and non-governmental cotiy@groups on summer chum
streams and in critical estuarine areas. Reportsiogvsiock assessment, management, and
supplementation activities from 2000-2006 have been completBéF\Wand PNPTT 2001,
2003; WDFW and PNPTC 2004, 2005, 2006, 2007a, 2007b), and the Co-maiagers h
identified interim recovery goals for summer chum (PNRiid WDFW 2003).

This paper gives general updates on population trends, suppétioe programs,
and achievement of SCSCI performance standards meaeature progress toward
recovery of the Hood Canal summer chum ESU. For met&led information, consult the
five-year report on progress of the SCSCI (WDFW and PNEOO7b) available on the
Washington Department of Fish and Wildlife (WDFW) website
(http://wdfw.wa.gov/fish/chum/chum.htm).

Abundance Trends and Extinction Risk

Abundances of summer chum in Hood Canal declined fhenfette 1970’s through
the early 1990’s (Figure 1). All stocks of summer chudaod Canal except the Union
River suffered declines in abundance during this periodhdrstrait of Juan de Fuca, the
decline started approximately 10 years later, with a radtieeand lasting drop in abundance
in 1989. Populations rebounded to higher levels quickly imtide1990’s, after the
initiation of harvest reductions and several supplentient@rograms. Larger escapements
were seen from 1995-1997 for the major streams enteringasieside of Hood Canal.
Abundances were down again in 1998 and 1999 (although stilirines thigher than
abundances just prior to recovery efforts), but begamctease in 2000. The 2003 and 2004
escapements were the largest on record, with a totalenf79,000 fish escaping to the
region in 2004. However, 2004 is the peak return year iroagt-year production cycle
and, as expected, production declined in 2005 as the run cycledfidowthe high year.
Overall, the average total annual escapement has secté@m 2,367 fish in 1988-1991 to
38,353 fish in 2004-2007.

Extinction risks for all stocks have decreased sincetiset of recovery activities,
with increases in population sizes, and effective pojoulatizes per generation greater than
500 for all but two stocks (Adicks et al. 2005, WDFW and PNRUT7b). In addition, three
stocks have been reintroduced into watersheds wherediigemous stock was extinct,
further reducing the extinction risk for the donor stocks @nitiating natural summer chum
production in these streams.

Supplementation Programs

Artificial production was identified as an important téml use in recovery of
summer chum salmon, and supplementation programs migaged early in the recovery
process. Supplementation as a salmon recovery tookastive subject of much debate, in
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part due to differing application of the term supplementats®if. Supplementation, as
defined by the SCSCI, is “The use of artificial propagat@maintain or increase natural
production while maintaining the long-term fitness of #ngét population, and keeping the
ecological and genetic impacts to non-target populatigtisn specified biological limits.”
Implicit in this definition is the intent to halt supplentation when the wild population has
recovered.
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Figure 1. Total escapement and harvest of summer cHomarsaeturning to Hood Canal
and Strait of Juan de Fuca, 1974-2007.

The controversy surrounding the use of artificial produnctechniques to supplement
depressed wild salmon populations is based on the unt¢gréivhether this type of
intervention would lead to irreversible losses ofdfta and genetic diversity, and a concern
that the hatchery programs would continue indefinitelgnhance fishing opportunities.
Because of past chum salmon supplementation successes @hd Adicks 2003), the Co-
managers were confident that well-founded hatchery pnegreould result in rapid
increases in the numbers of returning fish and a corresmgpretiuction in extinction risk.
The primary challenge facing the Co-managers was to geaedet of protocols that would
minimize the risk of deleterious hatchery-related effext supplemented stocks.

The definition of supplementation used in the SCSCeégral to the strict criteria
and standards used for selecting and conducting supplememqiedgrams for Hood Canal
summer chum. Supplementation is to be used only whemmer chum stock is at risk of
extinction, or to develop a broodstock in support of a progeareintroduce summer chum
to previously occupied habitats. Tynan et al. (2003) sumnobtieestrict standards guiding
supplementation programs set forth by the SCSCI. Tdteseards included strategies for
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minimizing potential deleterious effects of supplementaténd requirements for monitoring
and evaluation of supplementation programs. Schroder ares A2004) further detalil
specific protocols to be followed during artificial prodoatito insure the SCSCI standards
are met. Early results of monitoring and evaluatiosupiplementation programs are
presented in WDFW and PNPTT (2001, 2003, 2007b) and Johnson aled (2@03).

Table 1 lists the supplementation (and reintroduction)rprag undertaken to date
for Hood Canal summer chum and Figure 2 shows the distibof the programs in the
ESU. Four of the programs have been terminated ather eeaching the three chum
generation (12-year) maximum program duration limit spetifiethe SCSCI (Quilcene and
Salmon), or because adult return targets were beingefaklithe three generation limit was
reached (Chimacum and Union).

Table 1.Listing of summer chum supplementation and reintrodugifograms, including brood years when
programs began and brood years when mass marking (obalitting or adipose clipping) was initiated. Also
shown are the first year of marked adult returns ahe@re&vapplicable, the last brood year before program
termination.

Brood year Brood year First year Brood year
Supplementation/ program mass marking  marked adults program terminated

reintroduction program initiated initiated to returrf
Salmon Creek 1992 1993 1996 2003
Big Quilcene Rivet 1992 1997 2000 2003
Lilliwaup CreeR 1998 1997 2000
Chimacum Creek (reintro.) 1996 1999 2002 2003
Big Beef Creek (reintro.) 1996 1998 2001 2004
Hamma Hamma River 1997 1997 2000
Jimmycomelately Creek 1999 1999 2002
Union River 2000 2000 2003 2003
Tahuya River (reintro.) 2003 2003 2006

' First year of returning age 3 fish is shown. Mahilts return at ages 3 and 4, with perhaps a few at ages 2
and 5.

2 Adipose clip.

3 Attempts to initiate supplementation efforts at Lilliyabegan in 1992, but broodstock collection efforts
were largely unsuccessful until the 1998 brood, when a thumadtirap was first installed on the creek.

Natural-origin vs. supplementation-origin returr§ince 1997, all supplementation program-
origin fish have been mass marked with adipose clipgddénhe) or with program-unique
otolith marks (all other programs). This means tlegfifming with the 2001 return, the vast
majority of supplementation origin recruits were idiaible as supplementation fish, and
also to their program of origin. Reintroduction fishrevaeot necessarily marked for the first
few years of the program, since the streams seleatedihtroduction did not have extant
summer chum populations, and all returns were assuneddbsupplementation origin.
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Figure 2. Map of Hood Canal summer chum salmon ESWyisgdocations of
supplementation and reintroduction projects.

Summer chum adults returning to Hood Canal streamsarpled for marks as a
part of broodstock collection, and on the spawning grouiitiss allows determination of
natural-origin and supplementation-origin returns, araduation of return rates and straying
of supplementation-origin fish. Scales are also $adp@llowing analysis, by brood year, of
age structure and productivity for natural-origin fish andaftributions of supplementation-
origin fish. For the years 1999 to 2006, summer chum frast of the spawning
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aggregations within each population were sampled for age, @mnd genetic composition.
Sample sizes meet or exceed goal collection levelsyeshwith generally well over 100
fish sampled per stream, and from 300-1000 fish for thet frduan de Fuca population
and 300-3000 for the Hood Canal population (WDFW and PNPTT 2000, 2003;
WDFW and PNPTC 2004, 2005, 2006).

In the Strait of Juan de Fuca region, total supplementatiigin recruits accounted
for 19% to 74% of annual summer chum returns from 1999 to 2006 (Zrbla the
Discovery Bay and Chimacum management units, supplen@nf@abgrams were
discontinued after brood year 2003 and the proportion oflsoygmtation-origin fish
declined as summer chum populations returned to primatilyaigroduction. For
example, mark data indicates that 4,909 (89%) and 1,480 @13¥g fish returning in 2006
to Discovery Bay and Chimacum, respectively, were afnahorigin, indicating that success
of the programs in increasing spawner abundances has@otiimited to supplementation-
origin fish.

Table 2. Estimates of natural-origin and supplementation-origin rerfsiz Strait of Juan de Fuca
summer chum management units from 1999 through 2007.

Management Return year
Unit (MU) Origin 1999 2000 2001 2002 2003 2004 2005 2006
Sequim Bay Nat. origin Ng. 7 55 253 2 69 614 496 344
%| 100% 100% 97% 5% 15% 37% 38% 48
Supp. origin No| O 0 9 40 381 1,051 821 387

%| 0% 0% 3% 95% 85% 63% 62% 52%
Discovery Bay | Nat. origin No 141 460 1,230 4,100 4,021 4,402 4,656 4,909
%| 27% 52% 44% 68% 67% 68% 66% 89%
Supp. origin No{ 391 419 1581 1,972 1,983 2,028 2,356 605
%| 73% 48% 56% 32% 33% 32% 34% 11
Chimacum Nat. origin Nop O 0 0 129 229 593 894 148p
%| 0% 0% 0% 15% 41% 52% 64% 73%
Supp. origin Nof{ 38 52 909 738 334 548 510 554
%| 100% 100% 100% 85% 59% 48% 36% 27p6
SJFuca tota| Nat. origin Ng. 148 515 1,483 4,231 4,319 5,609 6,046 6,735
%| 26% 52% 37% 61% 62% 60% 62% 81%
Supp. Origin | No| 429 471 2,499 2,750 2,698 3,627 3,687 1,541
%| 74% 48% 63% 39% 38% 39% 38% 19%
Total 577 986 3,982 6,981 7,017 9,359 9,735 8,279

In the Hood Canal region, total supplementation-omgaruits accounted for 12% to 41% of
annual summer chum returns from 2001 to 2006 (Table 3). Suppémarprograms were
discontinued after brood year 2003 in the Big QuilcenerR®eilcene/Dabob Bays
management unit) and the Union River (Southeast Hood Gamragement unit), but the
reintroduction program in the Tahuya River (also inSbetheast Hood Canal management
unit) is ongoing. Again, the proportion of supplementatiagin fish declined as summer
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chum populations returned to primarily natural production: example, mark data indicates
that 13,093 (92%) and 1,747 (48%) of the fish returning in 2006 to Qeik@ch Southeast
Hood Canal, respectively, were of natural origin.

Table 3. Estimates of natural-origin and supplementation-origin rerfsiz Hood Canal summer
chum management units from 2000 through 2006.

Management Return year
Unit (MU) Origin 2000 2001 2002 2003 2004 2005 2006
Quilcene/Dabob Bays| Nat. origin Np. -- 3,632 4,330 10,850 59,333 6,231 13,093
%| -- 48% 72% 84% 94% 89% 929
Supp. origin| Nol 6,704 3,964 1,720 2,013 3,833 792 1,1p8
%| -- 52% 28% 16% 6% 11% 8%
Mainstem Hood Cana] Nat. origin Np.2,035 2,696 2,832 8,748 20,905 4,767 8,928
%| -- 63% 46% 79% 81% 67% 789
Supp. origin| Nol] -- 1,552 3,388 2,394 4,984 2,360 2,497
%| -- 37% 54% 21% 19% 33% 229
SE Hood Canal Nat. origin| Ng¢. 757 1,517 890 7,974 3,611 709 1,747
% 100% 100% 100% 66% 60% 35% 48%0
Supp. originf Nol 0 0 0 4,045 2,386 1,293 1,888
%| 0% 0% 0% 34% 40% 65% 529
Hood Canal tota| Nat. origin| Ng. -- 7,845 8,062 27,572 83,849 11,707 23,768
%l -- 59% 61% 77% 88% 72% 819
Supp. origin| No| -- 5,516 5,108 8,452 11,203 4,445 5,5[8
%l -- 41% 39% 23% 12% 28% 199
Total 9,542 13,361 13,160 36,024 95,062 16,152 29(346

Reintroduction programs also appear to be succeeding. dfgtctigin summer chum adults
originating from stock reintroduction programs on Chimactneek, Big Beef Creek, and
the Tahuya River returned in high numbers to the watdssizespawn naturally. As a result,
natural-origin spawners are now returning again to ChimamuohBig Beef Creeks, streams
where summer chum had been extinct for more than 18 ¢atDFW and PNPTC 2004,
2005, 2006, 2007a); the first natural-origin recruits in tHeuVa River are expected in 2009.

SCSCI Performance Standards

The SCSCI describes performance standards “meant taprowmediate criteria
upon which to measure progress toward recovery of sumraer paopulations”. The
standards, described for abundance, escapement, proguatititnanagement actions, are
evaluated in the five year review of the SCSCI (WDFW BNPTC 2007). Following is a
brief overview of how well some of the standards Hasen met.

One standard is that annual abundance should be stabtzeasing and the five year
mean abundance must be higher than the critical aboedareshold. Post season
abundance estimates for the five years, 2000 through 200drcaided in Table 4 for the
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ESU, each population (region), and each management bteite$U and the Hood Canal
population exceeded the abundance critical thresholdsyeactand exceeded the recovery
threshold several times; the Strait of Juan de Fuca gtigulexceeded the recovery
threshold in 4 of 5 years, but was lower than thecalithreshold in 2000. Similarly, each
management unit has generally exceeded the critical tidsslthe exceptions being Sequim
Bay in 2000 and 2002 and Mainstem Hood Canal in 2000.

Table 4. Abundance thresholds and post-season runsize estimatésdd Canal and Strgit
of Juan de Fuca summer chum, 2000-2004.
Abundance Thresholds Post Season Estimates
Unit Critical Recovery | 2000 2001 2002 2003 2004
H. Canal - SJFuca ESU 5,590 22,760 10,483 17,342 20,43]040 104,289
Strait of Juan de Fuca 1,010 2,080 9§7 3,982 6,981 7,016 9,236
Sequim 220 520 55| 262 450 1,665
Discovery 790 1,560 879 2,811 6,072 6,004 6,430
Chimacum na na 52 909 867 563 1,1401
Hood Canal 4,580 20,680 9,496 13,360 13,168,024 95,053
Quilcene 1,260 4,570 6,704 7,595 6,050 12,863 63,167
Mainstem Hood Canal 2,980 15,560 2,0385 4,248 6,220 11,123,889
SE Hood Canal 340 550 757 1,516 890 12,019 5,997
Note: Boxed entries indicate abundance below critical thiegisiBplded entries indicate abundance above recc
threshold.

Another standard is that natural-origin escapement dhlmuktable or increasing and
the five year mean escapements must be higher thanitibal abundance thresholds. The
natural-origin escapements have been estimated faageament units and stocks beginning
with 2001, the first year when the vast majority otireing supplementation fish were
marked and the ongoing sampling of spawners would accomenseladrating natural-origin
from hatchery-origin for all stocks. Table 5 showd tha four year mean natural-origin
recruit (NOR) escapement exceeded the critical thiegbpall management units, that
annual escapements generally exceeded the critical thaleshnd that, excepting Lilliwaup,
the management units and stocks show increasing trendthevieur years.

A third standard is that the five-year mean productivityuddh be greater than 1.2
natural-origin recruits per spawner. As shown in T&blmean productivity for the five
brood years, 1996 through 2000 (or for available years astedi; has ranged from 3.22 to
6.89 natural-origin recruits per spawner for the stockearagement units. The table results
are based on analysis of collected mark and age daaddtirreturn years 1999 through
2004.
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Table 5. Thresholds, actual annual, and mean NOR escapentemtes for Hood Canal

summer chum, 2001-2004.

Management Unit / Critical
Stock Thresh./Flag 2001 | 2002 2003 2004 Mean
Sequim Bay 200 251 7 68 613 235
Discovery Bay 720 1,222 4,085 3,986 4,392 3,421
Quilcene 1,110 3,048 3,211 10,740 35,838 13,209
Mainstem H.C. 2,660 2,616 | 2,755 8,672 20,720 8,691
Dosewallips 736 757 1,313 6,510 10,325 4,726
Duckabush 700 662 355 1,600 7,850 2,617
Hamma 1042 1,155 1,050 535 2,409 1,287
Lilliwaup 182 41 36 27 136 60
S.E. Hood Canal 300 1,491 872 7,923 3,603 3,472

1 Shown areritical thresholds that apply to management units and mimrescapement flags
that apply to stocks within the Mainstem Hood Canal mamageunit (WDFW and PNPTT 2000).
Values that fall below the applicable threshold/flag &g with bold and italicized font.

years 1996-2000

Table 6. Mean productivity of management units and stocks, br

pod

Management Unit

1996-2000 Mean Productivity

p—

Stock (natural-origin recruits/spawnel
Sequim Bay

Jimmycomelately 5.83
Discovery Bay

Salmon/Snow 4.23
Port Townsend

Chimacum 5.52"
Quilcene/Dabob Bays

Big/Little Quilcene 3.27
Mainstem Hood Canal 5.05

Dosewallips 6.13

Duckabush 5.68

Hamma Hamma 6.45

Lilliwaup 6.89
SE Hood Canal

Union 5.94

! Applies to only two brood years, 1999 and 2000.

z Applies to only four brood years, 1997 through 2000.

3 Applies only to two brood years, 1997 and 1998.

Recovery Goals

In 2003, the co-managers identified interim recovery gioalgdividual summer
chum stocks that addressed annual abundance (run size3ampement, productivity, and
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diversity (PNPTT and WDFW 2003). The goals were develop#ddtive information
available at that time, with the expectation thatrdeovery standards will be reviewed and
revised as more is learned about the population dynarmiésarl Canal summer chum. The
recovery goals were based on historic (pre-decline) populsizes and also specified
criteria for meeting the thresholds.

More recently, the Puget Sound Technical Recovery TESMWRT 2007) identified
two independent summer chum populations (Strait of Ju&ucke and Hood Canal) within
the ESU. The PSTRT also identified viable salmonid popuilatiiteria providing for low
extinction risk for these two populations. The PSTRT suppoanaging for recovery at the
level of the co-managers’ individual stocks (or whay iina@ described as sub-populations of
the PSTRT's two independent populations) as compatibleamitlha reasonable intermediate
step toward the PSTRT's long-term population viabilityecia.

Despite recent abundant returns of Hood Canal sumren,ahwill be some time
before stocks can meet recovery thresholds over tiedpaf twelve years required by the
recovery goals (WDFW and PNPTC 2007b). These interinsgoifllbe revisited as more is
learned about summer chum population dynamics and product®itg important issue
remaining involves how to include reintroduced summer chumalptions in recovery goal
setting.

Conclusion

The overall goal of the SCSCI is “To protect, restor@ @nhance the productivity,
production, and diversity of Hood Canal summer chummgaland their ecosystems to
provide surplus production sufficient to allow future direcéed incidental harvests of
summer chum salmon.” The SCSCI acknowledged thatdbatti-term and long-term
measures would be necessary to meet that goal. Retemts of summer chum to Hood
Canal indicated that the short-term measures havetigkly successful. Harvest
reductions and supplementation programs, along with fawwfeddhwater and marine
conditions are all believed to have contributed taéeent success in recovering the summer
chum populations. The total abundance and escapemanhofes chum in 2004 were the
largest on record for Hood Canal and returns in 2005 and 20@6deawn good. Although
summer chum stocks are not yet meeting the Co-manageosery targets, recent returns
are a positive sign that the goals can be met.

The true measure of success of recovery efforts mugeled over the longer term,
as supplementation programs are discontinued, and as swmnme potentially face less
favorable freshwater and marine survival regimes. Tisegeod reason to be optimistic that
summer chum can remain at abundances higher than priemgopation levels even after
supplementation is stopped, as has happened with SouthSewget summer chum (Ames
and Adicks 2003). Continued monitoring of escapement andlahuaes, careful
management of harvest rates, and commensurate protactitor restoration of habitat
critical to Hood Canal summer chum are all imperaifitke goal of the SCSCI is to be met.
On-going data collection will contribute to better untemding of the population dynamics
of Hood Canal summer chum, and will help to focus long-teanagement actions to
maximize benefits to summer chum.
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Hatchery Chum Salmon Straying into Southeast Alaska Streams

Andrew W. Piston

Alaska Department of Fish and Game, 2030 Sea Level Drie 05, Ketchikan, AK
99901, (907) 225-967andrew.piston@alaska.gov

Hatchery production of chum salmon in Southeast Alast&i@ased dramatically over
the last two decades, from 8.7 million fry releasedigtitdocations in 1980, to 367 million
fry released at 16 locations in 2006. Hatchery fish accduliotean average of 75% of the
commercial harvest of chum salmon—94 million fish—oves 10 years, 1995-2004 (Heinl
2005). In 2006, the estimated proportion of hatchery-produced salmon in the Southeast
Alaska commercial fisheries was almost 85% (White 2007)thodigh the Alaska
Department of Fish and Game (ADF&G) is concerned abtyaying of all species released
from hatcheries, the scale of the chum salmon sekeaakes this one of the most important
species to monitor in Southeast Alaska. In 2008, we witldrelucting the initial season of a
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study designed to estimate the fraction of hatcherynckalmon strays in wild stock index
streams in Southeast Alaska.

Alaska’s Sustainable Salmon Policy states that “waltinen stocks and fisheries on
those stocks should be protected from adverse impaats drdificial propagation and
enhancement efforts (5 AAC 39.222).” High rates of stigaywould make it difficult for
fisheries managers to monitor chum salmon populationsigfr standard survey techniques,
and greatly reduce the department’s ability to formulagammgful escapement goals and
test whether those goals are being met for wild chumasapopulations as required by the
Sustainable Salmon Fisheries Policy. Although ADF&G hmaplicitly assumed that that
hatchery-reared chum, coho, sockeye, and Chinook sanemessfully home to their release
site, there have been no organized, region-wide studiesdess the rate of straying of
hatchery salmon in Southeast Alaska, nor studies essaitke effect of this straying on wild
populations.

The Alaska Department of Fish and Game currently trackssalmon escapements
in Southeast Alaska by different means, using speciesfisgaograms that developed over
time. For pink salmon, Heinl and Geiger (2005) describedoandance index derived from
a series of aerial peak counts using 718 streams annualgysdrin Southeast Alaska. This
escapement measure is not a measure of total abundancetheer it is a time series
intended to show the relative trends in escapemeatgamg back to 1960. Heinl (2005)
developed an index for chum salmon, similar to the pitia index, using 82 streams
distributed across the Southeast region (increased soré&ms in 2007). This index for wild
chum salmon escapements has shown a slight upwarddvendhe past two decades. An
obvious criticism of this approach is that this index mayehancreased because of an
increase in hatchery strays, while the actual wildistescapements did not increase, or
could have even declined.

From 1995 to 2002, ADF&G collected otolith samples from 15mmanthum salmon
streams, primarily near Juneau, in northern Southekstk® (Table 1). Nearly all of the
streams sampled were within 50 km of the nearest hatcbkrase site. Although many of
the samples were small and not representative ofiming within each system, they
indicate that a significant number of hatchery stragse present in the summer chum
salmon systems that were examined. The four Junealclwea salmon index streams that
were sampled (Berners River, Fish Creek, PetersorkCamel Sawmill Creek) had a very
high proportion of hatchery strays. Approximately 60% & fish sampled in these index
systems were hatchery strays from local releass §ltable 1). Non-index streams that were
sampled in the Juneau area (Cowee Creeks, Gilkey R3adal, Creek, Salmon Creek, Ralphs
Creek, Lawson Creek, Eagle River, Slocum Creek, LagerRalso had a relatively high
proportion of hatchery strays. In contrast to summantbkalmon streams, samples collected
from three large fall chum salmon systems in the haort Southeast Alaska (the Taku,
Chilkat, and Alsek rivers) showed virtually no evidence a€hery straying, which would be
expected given that there are no large-scale fall ckalmon release sites in northern
Southeast Alaska.
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Table 1. Chum salmon streams sampled for otoliths inh®ast Alaska, 1995-2002.

Hatchery
Wild Marked

ADF&G Stream Sample Chum Chum Number  Proportion
Stream Name Number Date Year Salmon Salmon Sampled of Strays
Alsek River 182-30-010 13-Oct 2000 50 0 50 0%
Berners River 115-20-010 August 1996 1 11 12 92%
Berners River 115-20-010 6-Aug 2000 21 9 30 30%
Berners River 115-20-010 15-Aug 2001 17 2 19 11%
Chilkat River 115-32-025 24-Jul 2000 20 1 21 5%
Chilkat River (24 Mile Channel) 115-32-025 SeptctO 2000 126 1 127 1%
Chilkat River (Herman Creek) 115-32-048 Aug - Oct 00Q 112 0 112 0%
Chilkat River (Klehini River) 115-32-046 28-Sep 200 43 43 0%
Chilkoot River 115-33-030 24-Jul 2000 6 16 22 73%
Cowee Creek 115-20-062 17-Aug 1996 4 20 24 83%
Eagle River 111-40-092 14-Aug 1995 12 6 18 33%
Fish Creek 111-50-069 July - August 1995 28 17 45 8%3
Fish Creek 111-50-069 1-Aug 1996 15 51 66 7%
Gilkey River 115-20-030 9-Aug 1996 27 2 29 7%
Gold Creek 111-40-020 6-Aug 1996 67 3 70 4%
Cowee Creek 111-40-090 17-Aug 1996 35 13 48 27%
Lace River 115-20-020 8-Aug 1996 33 9 42 21%
Lawson Creek 111-40-089 17-Aug 1995 5 0 5 0%
Lawson Creek 111-40-089 8-Aug 1996 51 8 59 14%
Peterson Creek 111-50-010 August 1995 12 10 22 45%
Peterson Creek 111-50-010 6-Aug 1996 0 50 50 100%
Ralphs Creek 112-21-006 31-Jul 2002 59 1 60 2%
Salmon Creek 111-40-015 August 1995 63 8 71 11%
Salmon Creek 111-40-015 August 1996 35 38 73 52%
Sawmill Creek 115-20-052 18-Aug 1995 21 2 23 9%
Sawmill Creek 115-20-052 17-Aug 1996 5 18 23 78%
Slocum Creek 111-32-099 14-Aug 1996 10 40 50 80%
Taku River 111-32-032 6-Jul 1996 4 2 6 33%
Taku River 111-32-032 August 1998 10 0 10 0%
Taku River 111-32-032 4-Oct 2000 43 0 43 0%
Summer Chum Total 527 334 861 38.8%
Fall Chum Total 404 2 406 0.5%

! Six fish sampled at Taku River on 6 July 1996inoluded in fall chum totals

In 2006, we collected otolith samples from chum salmooaszes at Traitors Creek
(ADF&G Stream Number 101-90-029), located in the next bay smiulleets Bay hatchery
in southern Southeast Alaska. The creek mouth is apprtetym@s km by water from the
release site in Neets Bay. Traitors Creek was histlyriaa important producer of wild chum
salmon (e.g., chum escapement of 32,000 in 1962). We @ulldd@?2 otolith samples on
three separate sampling events from early to late Augu%b of the samples had hatchery
marks, primarily from Neets Bay hatchery. This otolémgpling indicates that recent wild-
stock escapement estimates in this system have beemdnfigtlarge numbers of hatchery
strays.

In 2007, we collected otolith samples from chum salmacasses at Fish Creek
(ADF&G Stream Number 101-15-085), a chum salmon index stream hiyder, Alaska.
The nearest hatchery release site to Fish Creecadd approximately 180 km south in
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Nakat Inlet. We collected 148 otolith samples on two semg@vents conducted 13 and 27
August 2007, and found no otolith marked fish.

Without implementing a program to sample chum salmowotolith marks in streams
at varying distances to hatchery chum salmon reletese we have no way of knowing if the
region-wide upward trend in our wild chum salmon stoaects increased wild chum
salmon abundance, or if it is simply a result of @ased hatchery chum salmon production
over the past two decades. Currently, most of the nmdtion we have concerning chum
salmon straying is for streams located relatively elws hatchery release sites. The limited
sampling conducted to this point indicates that aeriabesuoant estimates for streams within
50 km of a hatchery release site (distance by water)ikely to be biased high to some
degree by the presence of hatchery chum salmon straysid® of the Fish Creek sample
(ADF&G stream number 101-30-085), we have little informati@mcerning hatchery
straying into streams located greater than 50 km frorohbay release sites. In addition,
almost all of the samples collected have been framltineau and Ketchikan areas and large
regions of Southeast Alaska have not been samplatl at

In 2008, ADF&G will conduct a study to look at straying by haty chum salmon
into wild stock chum salmon index streams in South&kstka. Our purpose with this study
is to estimate the fraction of hatchery strays ea¢hum salmon wild-stock escapement index
for each management area in Southeast Alaska. initiag year of this study, we will be
sampling streams in the Ketchikan and Sitka managemeat, &g well as streams in and
around Tenakee Inlet in the Juneau management area.tba@ssumption that some release
strategies may make returning hatchery fish more pmsedying, we will develop a list of all
hatchery chum salmon release groups with major ageeslasturning during the study period.
Each release will be classified as to (1) remote releasot, (2) early release or late release,
(3) and other categories to be defined later. We wdlltbs information to evaluate the
relationship between hatchery release strategiesteadng rates in hatchery produced chum
salmon.
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SOUTHERN POPULATIONS
Chair: Orlay Johnson

Population changes and genetics of chum salmon in the southeyortion of their range
(California, Oregon, and Columbia River) and possible impactsf climate and other
changes.

Orlay W. Johnson, Anna Elz, and Jeffrey J. Hard

NOAA, National Marine Fisheries Service, Northwesthéries Science Center, 2725
Montlake Blvd. East, Seattle, WA 98112. 206-860-3253 orlay.johnsoa@&@gov

Spawning populations of chum salmon historically extendedr a®tah as the San
Lorenzo River in California and 322 km upstream in the&aento River. In 1905-06
chum salmon juveniles were the most abundant salmamespea streams surveyed between
the Sacramento and Columbia rivers. Today, these pgamddave greatly declined, and in
the Columbia River are now listed under the ESA aseatbned species. Little life history,
genetic, or other biological information has been @gax on these fish. This information
is important as southern populations may represent reésaghistorical populations with
characteristics essential to the successful restarafidepleted present day populations.

Information developed in conjunction with ODFW, WDFW, asneiFWS includes
demographic, genetic, and life history data, such as preseabtsence of spawning
populations, age structure, and timing of migrations. Pnedingimicrosatellite genetic data
indicate population structure among coastal populations #iedesices from interior and
Puget Sound runs. Coastal populations may also containeugeqnotypes and adaptations
which may be important as increasingly rapid changebnmate, pollution impacts, and
development expose salmonids to pressures beyond tHegy mbadapt, forcing further
declines and even extinction.

Estimates of genetic introgression into North Creek chumadmon from historic Hood
Canal-origin chum salmon supplementation using microsatell@s and single nucleotide
polymorphisms

Denise K. Hawkins, Scott M. Blankenship, Sewall F. Youngnider Von Bargen, Cherril
Bowman, and Kenneth I. Warheit

Washington Department of Fish and Wildlife, Moleculan&t&s Laboratory

Contact: hawkidkh@dfw.wa.gov

During the 1970s and 1980s, south Puget Sound streams receivedatimam
outplants with Hood Canal ancestry. North Creek batairy to Gig Harbor received some
of those fish by-way-of Minter Creek Hatchery, whiston Carr Inlet. Washington
Department of Fish and Wildlife (WDFW) established algdaemoving Hood Canal genes
from South Puget Sound chum salmon populations and sgipan threshold on
introgression of Hood Canal chum salmon genes atA%&gional enhancement group
wants to collect and spawn chum at North Creek, andateluthe eggs on-site for release
into the stream, but can do so only if estimates ofdHOanal ancestry are below that 5%
threshold for 5 consecutive years. WDFW'’s Geneticsrigtory has estimated introgression
levels in the North Creek chum population using allozymenaintbsatellite markers. Here
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we use single nucleotide polymorphism (SNP) assays #at developed with
ascertainment panels that focused on separating wedtskef populations, to make a
parallel assessment of introgression in the Nor#gelCpopulation. We assess the relative
power of our chum salmon microsatellite panel and the 8idrkers that were developed
with an Alaskan ascertainment bias, and we examineatheordance of the two sets of
estimates.

Lower Columbia River chum salmon genetic population structee estimates using
microsatellites and single nucleotide polymorphisms

Sewall F. Young, Maureen P. Small, Jennifer Von Bargemid2 K. Hawkins, and Kenneth
|. Warheit

Washington Department of Fish and Wildlife, Moleculan&t&s Laboratory

Contact: youngsfy@dfw.wa.gov

Historic records suggest that chum salmon once maydpaened in the Columbia
River basin as far inland as the Walla Walla Rivery ®@9 km from the Pacific Ocean.
Typical run sizes were likely one million or moegurning adults. By the late 1950s, chum
salmon returns to the Columbia basin had decreasegidmatbundred fish per year,
spawning in the Columbia River and its tributaries belmmriville Dam. We used a suite
of 17 microsatellite loci to characterize chum popufairom three ecoregions in the lower
Columbia basin and found significant heterogeneity in ggmotistributions between
samples collected in the three regions. We analffmedame groups with a panel of single
nucleotide polymorphism (SNP) assays that were develapéidtiguish western Alaskan
chum populations to evaluate their power for populatisara@nination at the southern end of
the eastern Pacific range of chum salmon. We alsbtheeSNP panel to characterize
samples from the Abishiri River on Hokkaido in Japan t& limo evidence of genetic
introgression from over one million fry planted int@tElochoman River in the 1970s.
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GLOBEC and International
Chair: Katherine Myers

Morphological development and molecular expression of the olfeary organ in chum
salmon ©Oncorynchus keta

Hideaki Kudo, Masakazu Shinto and Masahide Kaeriyama

Laboratory of Strategic Studies on Marine Bioresouraasérvation and Management,
Graduate School of Fisheries Sciences, Hokkaido University,

3-1-1, Minato-cho, Hakodate 041-8611, Japan

(tel & fax: 81 138 40 5602, e-mail: hidea-k@fish.hokudai.ac.jp)

It is generally accepted that anadromous salmonids imgowme odorants of their
natal streams at the seaward migration, and use tfagtion for discriminating those
streams during spawning migration. Despite the importantieeaiflfactory organ for the
olfactory imprinting, developmental process of this ongamot well understood in Pacific
salmon Oncorhynchuspp). Olfactory stimuli are transmitted to the brainatigh two cell
types (ciliated and microvillus) of the olfactory reaaptells in olfactory organ. We
analyzed the morphological developments of olfactogans in chum salmoi®( ketg
during the period of their life history. In addition, werformed molecular morphological
observation in order to identify cell types of theaotbry receptor cells. Number of olfactory
lamellae in one side of the olfactory organ indicatbdut 4.5 lamellae in the fry stage, and
reached a state of equilibrium at about 18 lamelleez Afgh seas phase (Fig. 1A). Chum
salmon had about 370,000 cells in the fry stage and 21 mi#idsat the maturity in one
side of this organ (Fig. 1B). In the immunohistochemidtre olfactory marker protein
(OMP) localized the mature ciliated olfactory recetelts (Fig. 2B), and glutathiore
transferase (GST) localized both ciliated and mucrovdléesctory receptor cells (Fig. 2C).
Expressions of OMP and GST in the olfactory receptlis ceuld distinguish both cell
types. Our results provide the first quantitative analysrmumber of the olfactory receptor
cells and the method for distinction of two the olfagtreceptor cell types in Pacific salmon.
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Figure 2 Protein expresmns OMP and GS the cralmon olfactory epitheliumA.
Hematoxylin and eosin stainin@g, Immunohistochemistry of OMPC. Immuno-
histochemistry of GST. Scale bar indicates 50 pm.

Modeling the feeding and growth potential of juvenile pink almon in the Gulf of
Alaska

Michael M. Mazur

School of Aquatic and Fisheries Sciences, Universityashington

Box 355020, Seattle, WA, 98195-5020, USA

(206) 616-3660 mazurm@u.washington.edu

A bioenergetics-based light-dependent foraging model f@njle pink salmon
(Oncorhynchus gorbuschavas integrated within a spatially-explicit framewook t
investigate the influence of temperature, prey quality, anglquantity on the size-specific
growth potential of age-0 pink salmon during the fall of 2004e quality of pelagic habitat
in terms of the volumetric proportion of the Coa&alf of Alaska offering positive growth
to a juvenile salmon was quantified and used to identify patespatial and temporal
periods of growth limitation for juvenile pink salmon.élbioenergetics-based light-
dependent foraging model provided a reliable, predictive appfoa@valuating the spatio-
temporal trade-offs between food types, feeding, temperaand growth. Similarly, the
model was able to account for the non-linear influené¢déisitobody size, and water
temperature critical to the feeding and growth procegsvehile salmon. These results
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support the utility of these models for quantifying the aality of growth habitat for
pelagic fishes and illustrate their potential as a ptizditool for fisheries management.

Winter Distribution of chum salmon in the central Gulf of Alaska

Shigehiko Urawa*, Shunpei Sato, Toshiki Kaga, Masaya TakalBewiAgler,

Ron Josephson, Terry Beacham, and Masa-aki Fukuwaka

*North Pacific Anadromous Fish Commission, Suite 502, 8&@3tWender St., Vancouver,
B.C., Canada V6C 3B2; phone: 604-775-5550; e-mail: urawa@npafc.org

Winter is believed to be a crucial period for marine salrsurvival, but little
biological data exists to support this hypothesis. Infeidruary 2006, a winter research
cruise was conducted to examine the spatial distributidrberogical status of salmon in
the central Gulf of Alaska. A total of 535 chum salmare caught at 7 stations (48-54°N,
145°W) by surface trawl. The water temperature (4.5- 6 &°eir winter habitat was
apparently lower than that of the summer habitat. @ega 2 and 3 fish were dominant at
all sampling stations, and young fish (ocean age 1) disthebuted in the warmer southern
waters. The samples included 46 otolith marked fish redefase hatcheries in Prince
William Sound (PWS, n=7), southeast Alaska (n=37), Briislumbia (n=1), and Japan
(n=1). The stock composition of chum salmon biomatsated by 14 microsatellite loci
markers was 11.1% western Alaska/Peninsula, 10.9% PWS, 15u@Beast Alaska, 5.6%
northern BC, 16.7% southern BC, 1.7% Washington, 17.5% Russidri9.8% Japanese
stocks. All young fish (ocean age 1) were North Anaariorigin (mostly PWS, southeast
Alaska and southern BC), while the proportion of Asiaxclss increased with the ocean
ages. Asian and Alaskan chum salmon were relati®ipdant between 48°N and 51°N,
while BC stocks were abundant in the northern water (88853The results confirmed that
the Gulf of Alaska is an important winter habitat ¥@rious chum salmon stocks of North
American and Asian origins. Our trophic analysis suggestsyoung fish are extremely
undernourished during winter. Further winter surveys shoulikbeficial to understand the
marine mortality of salmon.

Marine habitat use and its effect on Growth and Condition ofluvenile Pink Salmon in
the Northern Gulf of Alaska

Lewis Haldorsoh Milo Adkisont, Jack Piccol Jennifer Boldt, Steve Moffitt, Jamal
Moss

!School of Fisheries and Ocean Sciences

University of Alaska Fairbanks, Juneau

Alaska Dept. of Fish & Game, Cordova AK

3NMFS, NOAA, Auke Bay Laboratory, Juneau

Juvenile pink salmon released from hatcheries in Prind@kV Sound (PWS)
sequentially occupy three distinctly different habitiising summer: PWS, the Alaska
Coastal Current (ACC) and shelf water seaward of th€ AGnt (SHELF). PWS is a large
estuary (9000 km2) that has a relatively fresh mixed-ldyeing the summer due to large
amounts of freshwater input. The ACC is a fast-flgnoastal current that typically

50



extends 30 — 40 km from the shore. SHELF water seawdhd &CC front is notably more
saline than the ACC. In 2001 — 2004 juvenile pink salmoewampled as they migrated
through the three habitats. Growth and condition wstinated for fish from each hatchery,
based on an exponential growth model and residuals fraghtvelength regression.

Growth was consistently fastest in fish sampledHzBF water, especially compared to
those from the ACC habitat. Fish from the SHELF talwere also consistently in better
condition (than those found elsewhere). There wisedifferences among years in both
growth and condition, with fastest growth and betterdadan found in fish sampled in 2002
and 2004. Interannual variation in growth and conditiopeeslly among fish from the
SHELF habitat, appears to be related to survival of hatghek salmon.

Interannual and Spatial Feeding Patterns of Hatchery and Wd Juvenile Pink Salmon
in the Gulf of Alaska in Years of Low and High Survival.

Janet L. Armstrong*, Katherine W. Myers, David A. Beaamip,

Nancy D. Davis, Robert V. Walker

School of Aquatic and Fishery Sciences

University of Washington Box 355020 Seattle, WA 98195-5020

To improve understanding of mechanisms affecting growth ant/ayjrwe
evaluated summer diets and feeding patterns (prey congpo&hergy density, stomach
fullness) of large and small, hatchery and wild juvenitkgalmon Qncorhynchus
gorbuscha in Prince William Sound (PWS), Alaska, and in thrééecent habitat regions of
the northern coastal Gulf of Alaska (CGOA). Our Gtyrdy (1999-2004) included two
years each of low (~ 3%), mid (~5%), and high (~8-9%) sahaf PWS hatchery pink
salmon. Since variation in diet of juvenile pink samshould affect growth and ultimately
survival, we expected variation in diet, growth and suniiwdle correlated. Diet
composition and gut fullness in July and August, but not d@ewas significantly
different among years, but we could not identify any btest differences composition or
gut fullness between low- and high-survival years. Withingia@ significant differences
were found in diet composition or gut fullness betweatichery and wild fish or among the
four PWS hatchery stocks. Diets varied by water madsit@t) as juveniles moved from
PWS to progressively more saline habitats in the CG@Aluly, when juveniles were most
abundant in PWS, their diets were dominated by pteropmtibyperiid amphipods. Once
fish moved to inner-shelf (least saline) habitat in the @@QJuly, their diets were
dominated by larvaceans in low-survival years or pteropotgh-survival years. Diet
guality was higher in CGOA habitats than in PWS in JulyHad no consistent relationship
to annual survival. In August, fish moved to the more prodeictiter-shelf (most saline)
CGOA, where large copepods and pteropods were dominant @reytesults indicate that
spatial variation in diets of juvenile pink salmon in Jahd migration to the inner-shelf
CGOA play a critical role in marine growth and survival.
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Scale Measurements Indicate Size-Selective Mortality inrlace William Sound Pink
Salmon

R.V. Walker and J.A. Armstrong

School of Aquatic and Fishery Sciences, University of Wagon, Box 355020, Seattle,
WA 98195-5020

Use of thermal otolith marks and scale growth measuresnadilows comparison of size-
at-age between juvenile pink salmon released from Pwilliam Sound hatcheries and
surviving adults that returned to the same hatcherieolibg/ing year. A previous analysis
of scales from 2001 release groups showed that faster-gydginduring their first summer
in the ocean had higher survival rates than slower-ggp@sh (Moss et al. 2005).
Comparisons were made at similar landmarks (circulusorunon scales of juveniles and
surviving adults of the same cohort for growth during tret summer.

The analysis was extended to juveniles and adults from 2002-2@@&e groups (Cross
et al. in press). Hatchery juveniles were significalatfger during 2002 and 2004 (years of
higher survival) than during 2001 and 2003 (years of lower surviliaBll four years
surviving fish began growing faster than the average juyv@mimid-summer (determined
from scales of returning adults), and scale size digtoibs of surviving fish and all juveniles
diverge as summer progresses (Cross et al. in prébs.demonstrates that larger, faster-
growing juveniles experienced higher survival, and signifiser@-selective mortality occurs
after the first growing season.

These results support the “critical size — criticaiqa#thypothesis, which postulates that
in addition to an early period of predation-based moytadilmon year class strength is also
influenced by a later physiologically-based mortalitgé&Bish and Mahnken 2001).
“Juvenile salmon that fail to reach a critical sizethiy end of their first marine summer do
not survive the following winter.”

We updated the previous studies with scales from hatchemynsan subsequent years
and from open-ocean sampling in earlier years. S&alesadults returning from 2005-2006
releases showed a similar tendency, with less scaletlgin late summer in a year with poor
survival, and better growth in a year with higher survivdd sampling for juvenile pink
salmon in late summer has been conducted since 2004npngvieirther comparisons of
growth of average juveniles with those that survive.

In contrast, summer scale growth from unmarked (origikeann) pink salmon caught
in 1994-2002 in the Gulf of Alaska by the training sBighoro marushowed no relation to
survival rates. However, these samples (from 52°-566Ngglongitude 145°W in early
July) include a number of stocks (such as Kodiak, Cook, latet other areas of south central
and southeastern Alaska) in addition to Prince Williamr8dish. The lack of an overall
relationship to Prince William Sound hatchery survivalgaties that summer growth
influencing survival may differ from region to region, ava geographically contiguous
areas. Monitoring growth of Prince William Sound pinkrsah in late summer may provide
a useful predictor of survivorship the following year.
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Interannual Patterns in Stage-Specific Feeding, Growth, ath Survival of Pink Salmon
in the Gulf of Alaska

Dave BeauchantpKate Myers$, Jan Armstronty Mike Mazur, Trey Walket, Nancy
Davis', Jamal Mos5s and Ed Cokelét and Peggy Sullivar

! University of Washington, School of Aquatic & Fisheryeuies, Box 355020
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* Joint Institute for the Study of the Atmosphere andaBce
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The goals of the U.S. GLOBEC (Global Ocean Ecosyst@ymamics) program are
to understand and predict how populations of marine anifmalszooplankton, fish, and
benthic invertebrates) respond to global climate changks.focal species of fish in the
GLOBEC coastal Gulf of Alaska (CGOA) program is pinknsah. This paper provides a
brief overview of our GLOBEC CGOA research on stage-fipéeeding, growth and
survival of juvenile pink salmon. Our objectives are ¢lydlate inter-annual growth
variation in juveniles to adult survival, (2) to determimeitig and relative magnitude of
stage-specific, size-selective mortality, (3) to deteeninter-annual variation in summer
distribution, diet, and thermal experience, (4) to esenrger-annual variation in monthly
feeding rate of pink salmon during their first summed &) to determine the relative
importance of temperature, feeding rate, and prey qualitynfluencing inter-annual growth
and survival. To date, our major results and conclusiansaarfollows:

. Ocean survival is related to juvenile size and growth

. Significant size-selective mortality occurs afteg first summer and is correlated
with higher overall marine survival

. High ocean survival is correlated with:

- Higher juvenile feeding and growth rates

- Growth of survivors diverged from “average” during July-August

- Broader spatial distribution during the first summer

. Climate effects on growth and survival

- Minor direct thermal effects on summer growth metabol

- Major bottom-up effects on prey composition and avdilgbi

- Feeding rate influences summer pink salmon growth tharetemperature or prey
quality in CGOA

- Non-crustacean zooplankton prey are very importanni galmon diets
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BANQUET PRESENTATION

A Science of the Long View

Thoughts on Fishery Science for an Uncertain World

Robert R. Fuerstenberg

Sr. Ecologist, King County Department of Natural Resesiiand Parks
Seattle, Washington

Introduction

| owe two debts for the subject of this address: thetbr&teter Schwartz and his
outstanding book “The Art of the Long View”, whichiiatluced me to important concepts of
strategic thinking for an uncertain world; and the seconditaee Gunderson and Carl Folke
of the Resilience Alliance who have taken an obscuwegical concept and enlarged it for
the work of science and society. You will hear echdé¢bese works throughout this address.
Just what is théong viewthat | refer to here? This view would have us integaatess long
time and large spatial scales in order to accommodatetaimtyg about the future. The long
view has three components:

1. The consideration of slow, broad variables: the longp dématic cycles that
are context for environmental variation, for examplegvolutionary
pathways with origins in the deep past;

2. Attention to fast, specific variables such as yeaetar productivity and
abundance; and

3. Anunderstanding of key uncertainties in both knowledgecam ability to
predict future events.

For us, as fishery scientists, it means considering states from decades to
centuries, spatial scales from habitats to bioregiongdical structure from genes to meta-
populations, and the recognition that some ecologicaégatiitionary processes play out
slowly, often far more slowly than out patience atoor our management strategies
accommodate.

The objective of théong viewis to craft scenarios, modes of action that are tdbus
the uncertain future. Peter Schwartz calls this wordcehario-building an “art”; | think, in
this, we can do him one better. We can, if we set our mdscreate and employ concepts
and modes of thought robust to scale and time, managedertaimty, and establish
principles of practice that can accommodate the chaegeilvexperience in the future.
Who better, than those of us in the natural sciencdsheries and ecology, which confront
our imperfect knowledge almost every day, to take ontdéisis? An important component of
the long view is that of civic engagement. The craftihgcenarios robust to the uncertain
future requires the effective use of knowledge, experjearae skill—all attributes of our
work as fishery scientists. An important question, thefHow can we participate in this
work?” We have powerful tools—concepts, approaches, methaus$tha experience
working with the natural world. We are, | believe, walited for this work.

Things Change

“We have entered an era of unsurpassed uncertainty. The modes of theap&st m
no guide to the future.”
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The evidence of change—significant change at our doorstépse-ompelling to
ignore. The human population of Puget Sound and the Gdgagia is increasing quickly.
The region may accommodate an additional 2 milliorpgeby 2020; important components
of biodiversity in the region are imperiled: Chinook, sumptaum, steelhead and Bull Trout
have been listed as threatened, the southern poputdtialier whales as endangered,;
climate change is likely to have profound and far-reachifegisf on populations and
ecosystems; even the relationship between scienceoaistiysappears to be changing. In
resource management, for example, we have witnessiaitt #om the mode of sole
professional management to a much more democratic formamagement with considerable
public influence. Almost all areas of scientific endegawut especially the biological
sciences, are being scrutinized and influenced by sociaty st@ngly now than in my
recent memory. These and other changes bring incrgagagure and uncertainty to our
work as scientists and managers and present us withchalgnges:

* What should the goals of our work be?
0 Sustainability?
0 Minimum viable populations?
o Triage?
0 Increased resource exploitation?
* Who will (and should) set these goals?
* How should we as scientists engage with society wegimg goals and
implementing them?
* How do we act ethically and professionally, and mainsaiantific integrity
in the face of societal pressures?
* How should we address and communicate the uncertaintgiatgsbwith our
knowledge and management?

We have the knowledge and acumen to meet these chedldBgt it will require
some, if not all, of us to move beyond our comfort zanbg—for some of us, quite a bit.
Here’s how | think we can do this as fishery scientists.

Meeting the challenges in an uncertain world

| have three guiding principles, rules of engagement, rdaliyus as scientists in this
uncertain world. | believe they are useful to keep in mgwd@ do our work, and necessary if
our work is to have the influence we wish it to have.

First, we must develop and maintain a broad, integrative perspedieemust
always place our work in perspective, in the larger camtkather species and communities,
and, fundamentally, in larger spatial and longer temgraaies, always larger, longer, more
inclusive.

Secondjnvestigate and apply novel concepts and approadfiasy of our current
scientific and management strategies are likely to lensate to the uncertainty and
variation we expect. We should seek out and developapgnoaches and concepts that will
help us apply théiong viewto our work. Some of these concepts may come fronr othe
professions or from a broader view of nature itself.

Third, and most difficult for many of us as professiow#stists, is t&engage more
fully with scientific issues in the public domaiio do so will require us to use our
experience and knowledge to communicate and engage witlxteaded, non-scientific
community. This is the essence of civic science.
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We are all ecologists now
Integrating and broadening our perspective requires, atiteanst view, ecological
and evolutionary perspectives, and an ecosystem appanplementing the perspectives.
The ecological perspective has several components:

» It is relationship-based—environment to organism, organisonganism, the
relationships described by food webs and ecological comisingnd the
linkages among process, structure and function in ecosyste

» It accounts for the contingent nature of ecologicaigoas, that is, the present
bears the imprint of the past;

» It reflects multiple scales of space and time, anchiéearchical structure of
ecosystems.

The evolutionary perspective is a necessary completoehe ecological one. It, too,
has many elements:

* The importance of long time frames;

» Past events shape current and future responses;

» Selection is always occurring;

* Management strategies usually have distinct evolutioc@ngequences.

The ecosystem approach may be more familiar to mass.df has been described in
a variety of publications over the years but a fews$dlient features bear repeating here. It
is based on a few important features of ecosystemsglgdhat ecosystems are complex,
functional entities that can be described and mapped; cenpowithin an ecosystem are
more closely linked to each other than to componentsdeutise ecosystem; and ecosystems
are embedded in larger systems and linked to adjacent emosy3the approach calls for us
to recognize the following in our management activities:

» Hierarchical contextA focus on a single level of the biodiversity hierarchy
(genes, species, populations, ecosystems, landscapes)ficient to address
an ecological problem.

» Ecological boundariesSince ecosystems are a component of larger and
smaller ecological units, it is critical to descrtbe boundaries and scale of
the ecosystem appropriate to the question being asked.

* Ecological integrity.Protecting native diversity and the ecological patterns
and processes that produce and maintain that diversigdamental to
sustainable ecosystem function.

“The first rule of intelligent tinkering is to save alhe pieces...”

The investigation and use of novel concepts and approeetess the spirit of
scientific curiosity and inquiry, one of many attributéshe scientific endeavor that gives it
such strength and durability. In the novel ecosystemsatiedtkely to emerge in the future,
some concepts and approaches are likely to be more tbbasbthers. We must be open to
the possibility, no, the probability, that there areasl, concepts, and approaches that we
have not investigated thoroughly or applied diligently, orehgat to develop. That some of
these concepts and approaches may derive from areatecaft®iur common scientific
experience should not be an excuse to ignore them. Weftvar such concepts and
approaches that, | believe, have much merit and should bedapmre explicitly in fishery
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science: the precautionary principle, the adaptive pimcipe use of emerging resilience
concepts, and a renewal of a conservation ethic ameawgtimnmers.

The precautionary principlanay be familiar to many of us and is a straightforward
expression of the relationship between uncertaintyaatidn. Briefly, one form of the
principle states that the lack of knowledge should robme an excuse for not taking
conservation actions. If one of our main fishery gasbustainability, and if environmental
conditions in the future are likely to be both highly ahfé and increasingly unpredictable,
then we should act carefully to err on the side otigseand ecosystem conservation as a
hedge against unforeseen outcomes.

Theadaptive principlehas taken many forms over the past decade; the atesitad
adaptive management and has, by overuse, become almoshgiess to many of us. But at
its core, this principle reflects an intentional atpe to learn from our management actions
and apply that knowledge to improving the next generati@tiodns. In many ways we have
been adaptive, but not explicitly so. In general we hmaen conducting a long-term
experiment with fish populations--particularly salmon—auitth their ecosystems. We have
intended our management strategies and actions to produeebkange in populations or
ecosystems but we have often been less than cleat tgopotential outcomes. Recognizing
this, we should construct strategies and actions agixpipotheses and evaluations that we
can and should be testing.

New concepts and frameworks will be necessary to copeanticipated large-scale
change and uncertainty. The notiorredilienceis a set of emerging concepts that has much
promise as such a framework or organizing model. Derived éwiogical theory and
ecosystem studies, C.S. Holling made the concept mefieiein his 1973 book on adaptive
environmental management. Since then, the concept hddystganed credibility and
influence in understanding both ecological and socitkesys and exploring the linkages
between them. Resilience is a measure of the distoebar disruption a (ecological or
social) system can undergo before it changes “statbisasubject to a new set of controlling
variables. An “emergent” property of ecological and d&yatems, resilience is the focus of
considerable research on just what attributes of thyetems lends them resilience. The
interaction of system structure—including biologicalisture—with system processes
(demographic and physical processes, for instance) sedrmaskgy to understanding system
resilience.

A bit distinct from the first three principles butteal to our work is to embed it, or
set it upon, an ethical foundation that can provide astoae for right and wrong action. |
believe that a conservation ethic, as Aldo Leopold dssdrit inA Sand County Almanais
an appropriate foundation. It seems to me, as an estltitgat our fundamental obligation as
scientists, but especially as biologists, is to twatt our subjects, whether species or
ecosystems, as members and “plain citizens” of the@giwall community of which we are a
part. This is a renewal of Leopold’s Land Ethic taken theowater. Perhaps our ecological
knowledge—our awareness of the relationships that drmeatto the sustainability of
ecosystems and populations—places a higher demand omusdbas on an ordinary
citizen unaware of such inter-dependencies. Desptgdhrs since Leopold first described
the ethic, it has yet to take widespread hold. We areimcue position to contribute to this
renewal and we should accept the responsibility to do so.
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Science and Society

In the uncertain future, how can we, as fishery s@entengage with the rest of
society in constructive rather than destructive ways® Ean we use our knowledge, our
methods, and our experience to meet the expectationsiefys even when those
expectations seem to be at cross purposes? How chelpvestablish those expectations?
Science and scientists have, for many years, enjoyedtaemed place in society, although
at times during public debates about harvest rates, didigtoperations, or habitat
protection, or endangered species, it may not seem likesttrae. At times like these, | find
myself asking “What is it that society wants from aisyway?” Is it reassurance—we have
the problem under control--or some acceptable and penfiseter that will send everyone
away nodding in agreement? And more to the point, wdratar should, we provide when
such questions are raised?

We have some tricks, some standard responses thspiéct we have all used at one
time or another. We can successfully avoid the questive’ll get back to you on that” or
“That’s not really a scientific question” or “We doiliave enough information to answer
that”, which may be true as far as it goes. We somstpnavide an answer by invoking the
objective, collective of science: “Science tells usor.*The data shows...” More rarely,
and a good example of civic engagement by scientistasetthe question to open a
thoughtful dialogue with non-scientists, to use the opmitst to probe the question further,
to describe the state of knowledge and uncertaintygtai@a the logic and context of the
strategies we employ. It may be rare, but it cannbepgortunity to educate and engage our
community around the issues we face each day. This engagehseientists with the public
in an open and honest fashion, with our knowledge, methodsexperience in the service of
clarifying the debates around natural resources—especgiigries here in the Northwest—
is the essence of civic science.

Civic Science
“It is an unfulfilled civic duty of scientists...to engage theresmore fully and
actively in public debate and action on important issues.”
--D. N. Langenberg, 1991
American Association for the
Advancement of Science

“Conservation biologists have a social obligation to participate in the public
debate about the nature of ecosystem health...this rislymaust be
accepted squarely...”

--Bryan Norton

For many of us, this is a perilous path, especially inrcetgaour reputations and our
standing among our peers. We fear loss of objectivitg, Iomstrust, and a descent into
advocacy. But, | submit, in this world of increasing and peting demands on living
resources, of rapidly changing ecosystems, and unpadallatertainty about our ecologic
future, we must engage in these important discussions ugirighowledge and experience,
our methods, and our skills—all the scientific toolswat@mmand. We have looked at
powerful concepts and approaches that can aid the debatexperience with the natural
world is without equal, our dedication is unquestioned. Howel@o about this important

58



work without risking our scientific integrity? Perhaps st®uld be asking how we use our
scientific integrity to participate in the debates.chsc scientists we can engage in the
debates in a variety of ways and remain true to ondstg as scientists.

First, we can be generous with our knowledge, open and traast that which we
know, that which we do not, and where the uncertainsy iee can aid in clarifying
assumptions and context, help create a common undersggand can bring tested and novel
concepts and approaches to bear on the issues; wekddne akfficult questions that others
may avoid; we can assist the public in learning expfieitid systematically, use the logic
and methods of science to refine goals and objective®\atdate alternatives; we can insist
on intellectual rigor and honesty; we can avoid siriplsnswers to complex questions; and
we can demonstrate the value and power of working cobdilkely. We can accomplish this
important work with honesty and integrity if we keep imdna very few simple rules:
Distinguish scientific questions from questions of valuenDallow advocacy to create bias;
Distinguish personal bias from scientific judgment; amd, [aractice humility and respect,
something most of us are familiar with in our dealinghwhe natural world. In the words of
the Unknown Fishery Biologist,

“In a world beset by the widespread loss of biodiversity, our obligataes not end
in the field or laboratory, in the classroom or in the pages of a jouifta. study of
ecosystems carries a responsibility to society to tell whatnalerstand as truthfully and
openly as we can and, if need be, advocate for the living world.”

Thank you.
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NORTHERN POPULATIONS
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Spatial distribution and dynamics of pink (Oncorhynchus gorbuscha chum salmon(O.
keta), and Chinook salmon Q. tshawytschain streams dominated by sockeye salmon
(O. nerka: insights into the processes of straying and colonization
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'United States Department of Commerce (DOC)
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Salmonids can quickly colonize new habitats and estaddisustaining
populations, and have done so repeatedly over the evohftibe species. Successful
colonization is influenced by several factors including,rmitlimited to, straying,
characteristics of the newly available habitat, lezdptations of the colonists, and
competition with other salmonids in newly opened habi& examine the correlation
between the occurrence of small salmonid spawning aggregaegeral salmon species,
habitat characteristics, and competing, numerically dantisockeye salmon at the stream
reach and watershed scale in 20 different stream® iWthod River system, Alaska. We
hypothesized that that the occurrence of non-domindmbsads will be greatest where
habitat conditions for spawning are most suitable, and citiopevith dominant adult
spawning sockeye is lowest. We used pink, chum, and Chintrakrsaccurrence as an
indicator of salmon colonists because their populatiomsedatively low in the streams
throughout the Wood River system, yet they have beeardented for over 35 years by the
University of Washington’s Fisheries Research InstitB&i) program. We found
considerable variation in historic occurrence of pink e@manms across Wood River streams.
However wider and deeper streams tended to have a higharence of pink and Chinook
salmon, and to a lesser extent chum salmon. Spelbjfisaleams with a drainage area
greater than 20 km2 consistently had pink and chum salecmnrence, whereas watersheds
less than 6 km2 are typically devoid of pink, Chinook, d@neht In addition sockeye density
was negatively correlated with both pink and chum ocagaeMultiple linear regression,
Principal Components Analysis (PCA), and model averagiolgniques indicates that
variables related to stream depth, in-stream covercampetition are the best predictors of
occurrence and abundance of pink, Chinook, chum, and sos&kyen in the Wood River
system.
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Straying of Hatchery Chum Salmon Oncorhynchus ketain Select Prince William
Sound Streams, 2004-2007
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Abstract:

During 2002 and 2003, the Alaska Department of Fish and Game thah>87% of
the chum salmornQdncorhynchus kejacollected at Eshamy Creek weir in western PWS
originated from PWSAC hatcheries. Following the remeteases of chum salmon fry,
unusually large escapements of chum salmon (up to 130,000k ex@ pbserved in streams
surrounding hatchery release sites, where few chunosahad been observed during the
past several decades. In 2004, we initiated a study to quén&igtraying of hatchery chum
salmon into PWS streams. In general, streams wezetsd|for sampling if they had an
historical average escapement of >1,000 chum salmontl8tsbm chum salmon carcasses
collected within streams (n=13 to 34 streams/year) waalyzad for hatchery thermal
marks. During 2004-2007, the vast majority of streams sarsplaéined chum salmon of
hatchery origin, with the percentage of hatchery chumaastrays in historically
significant chum salmon spawning streams as high as 63%perbentage of hatchery chum
salmon in streams within 15 km of hatchery releass sitieged from 90-100%. Annually,
2.5-10% of all the chum salmon carcasses sampled thraugN@S were of hatchery origin.
Our findings reveal serious concerns about the potentialeieterious impacts to wild
stocks of salmon and with the primary assumptions regguestimated wild stock
escapement and inseason management of chum salmorSin PW

Introduction

A number of studies and reviews have highlighted conceimg ée harmful
impacts that salmon enhancement programs can havddstagks of salmon (Araki 2007;
Naish 2007; Myers et al. 2007; Mobrand 2005; Aprahamian et al. 2@8yn and Eggers
2001, 2000). Despite their wild origin, in only a few generetibatchery breeding, feeding,
care, and release methods can result in domesticatieration in gene frequencies and
phenotypic differences from their wild counterparts (\yat al. 2002; Berejikian et al.
2001) that can be passed on to the progeny of hatchery-waiidgr(Ford et al. 2006; Wessel
et al. 2006; McClelland 2005). As such, the supportive breedingptive salmon and
subsequent hybridization of captive and wild salmon stogksesult in a decrease in the
fitness of wild salmon populations, even with relatively Irates of introgression (Ford
2002).

The Alaska Department of Fish and Game (ADF&G) finfigimetics policy states
that, “Gene flow from hatchery fish straying and intexgting with wild stocks may have
significant detrimental effects on wild stocks. Firsbpty will be given to protection of wild
stocks from possible harmful interactions with introadsecks.” (Davis 1985). Towards
this end, ADF&G, in association with the PWSAC crdatee Prince William Sound/Copper
River Comprehensive Salmon Plan agreement. This plassst the protection of wild
stocks in management and hatchery practices and states th.the proportion of hatchery
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salmon straying into wild-stock streams must remainw&% of the wild-stock escapement
over the long term.”

The Prince William Sound Aquaculture Corporation (PWSA@)ently release
~134 million chum salmorgncorhynchus kejanto PWS each year (White 2007). Average
annual returns to PWS are currently ~2.6 million chumaal(iollowell et al. 2007).

The Alaska Department of Fish and Game became coucaboait the straying of
hatchery chum salmon into PWS streams around the2@€&rwhen aerial surveys revealed
that the combined annual escapement of chum salmon sitieiams of the Montague and
Southwest districts to be more than 130,000 chum salm@onimast, the annual chum
salmon escapements in these districts had not excéga@@ chum salmon prior to hatchery
chum salmon releases. The increased escapementrofsetonon in these districts seemed to
coincide with remote releases of hatchery chum sakwdtort Chalmers, which began
during 1994. Also during 2000, weir crews at Eshamy Creek noted Uiguauge numbers
of chum salmon in the creek. The weir crews coligéctgum salmon otoliths during 2002
and 2003 at Eshamy Creek, and, based on hatchery thermkal MBIF&G concluded that
92% and 87%, respectively, of these chum salmon origiriadedhatcheries within PWS.
From these results, ADF&G decided to begin an invastg of hatchery chum salmon
straying within PWS streams.

The objectives of this study were to: 1) Quantify the propn of sexually mature
hatchery chum salmon in historically-significant chsatmon spawning locations in PWS,
and, 2) Determine the spatial and temporal extent of dalmon straying throughout PWS.

Materials and Methods
Sample sites

Streams sampled for chum salmon otoliths during this/stigde located throughout
PWS, in southcentral Alaska. In order to accomplishfististudy objective, streams were
first chosen for sampling if they had an historicalrage annual escapement of >1000 chum
salmon. Annual escapements were estimated from aenays of ~215 index streams that
have been surveyed by ADF&G biologists from May — Oatddyethe past several decades
(corrected for observer efficiency). When possibleinecisalmon otoliths were also sampled
at the Eshamy and Coghill Rivers. In 2007, seven streameusiding the AFK and Port
Chalmers release sites (not considered to be histgrgighificant chum salmon spawning
locations) were opportunistically sampled after ADF&Gldgists observed large masses of
chum salmon during aerial surveys.
Chum salmon otolith collections

Otolith sampling was conducted by walking along the stre@midors and sampling
every chum salmon that was encountered until the desaeple size of 96 chum salmon
was reached. After 2004, many of the streams were alsampled one or more times.
Except for the Eshamy and Coghill weirs, where chumaealwere sacrificed during
sampling, all otoliths were collected from dead chum salthat appeared to be sexually
mature. After slicing off the top portion of the heathliths were removed using tweezers
and placed into a 96-well sampling tray. The sex and appet&ilocation of the fish within
the stream corridor (intertidal or upstream and/or Gie&tion) was recorded. Otoliths were
analyzed for hatchery-specific thermal marks at traitBtAnalysis Laboratory within the
ADF&G office in Cordova, Alaska.
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Results and Discussion

Below we present what are essentially the raw teéam the first four years of this
investigation. All results are based on analyses ohtally marked otoliths by personnel at
the Otolith Laboratory in Cordova, Alaska. For the 2004t study we sampled a total of
916 chum salmon carcasses from 15 streams, mostly nottieand northwest PWS (Figure
1). We determined that 83 (9.1%) of these chum salmo@ @féhatchery origin. The
average stream contained 8.8% hatchery chum salmonacalerated for streams from
which more than 50 samples were collected.

During 2005 we greatly expanded the spatial and temporal efteat sampling.

We collected a total of 2,295 chum salmon carcasseslifosireams spread throughout
PWS (Figure 1) and many of these streams were sampléigplmtimes from late July
through September (Merizon and Moffitt, In Review). Wétermined that 204 (8.9%) of
these chum salmon were of hatchery origin. The geestream contained 9.4% hatchery
chum salmon when calculated for streams from whicrertttan 50 samples were collected.
A total of 227 chum salmon were sampled at the Eshamy ofdhese 222 (97.8%) were of
hatchery origin. A total of 61 chum salmon were samptetie Coghill River weir, of these
57 (93.4%) were of hatchery origin.

For 2006, adverse weather greatly curtailed our samplireglatsh A total of 1,576
chum salmon carcasses were sampled from 13 streandetédfenined that 40 (2.5%) of
these chum salmon were of hatchery origin. The geestream contained 2.8% hatchery
chum salmon when calculated for streams from whicrertttan 50 samples were collected.
A total of 160 chum salmon were sampled at the Eshanty efdhese 159 (99.4%) were of
hatchery origin. A total of 25 chum salmon were samptettie Coghill River weir, of these,
12 (48%) were of hatchery origin.

During 2007 we again expanded the extent of our sampling dadted otoliths
from 4,950 chum salmon carcasses from 31 streams. Wenttetdrthat 513 (10.4%) of
these chum salmon were of hatchery origin. The geestream contained 17.9% hatchery
chum salmon when calculated for streams from whickertttan 50 samples were collected.
A total of 199 chum salmon were sampled at the Eshany efdhese 197 (98.9%) were of
hatchery origin. A total of 13 chum salmon were samptetie Coghill River weir, of these
8 (61.5%) were of hatchery origin.

For approximately 70% of the sampled streams, theratlaast one year during
which the average percentage of hatchery chum salmbwésaabove the 2% threshold
recommended within the Prince William Sound/Copper Rivmn@ehensive Salmon Plan
(Figure 1). Although streams within 1-10 km of hatcheryasdesites generally had large
numbers of hatchery strays (Figure 1; PC and AFK relgits®), our results also indicate a
relatively high proportion of hatchery chum salmon (31-p8#%thin historically significant
chum salmon spawning locations that are considerablyefaf15-40 km) from release sites
(Figure 1; Siwash, Long and Swanson spawning locations). ®buéindings reveal serious
concerns about the potential for deleterious impactsltbstocks of salmon and concerns
with the primary assumptions regarding estimated wildksescapement and inseason
management of chum salmon in PWS.

As shown in Figure 2, the highest straying percentagasdmidual collection trips
were found to occur during the early portion of our sammemson, from July to early
August. This is likely because the original hatcherybstock was made up of chum salmon
from the early returning chum salmon into the WellgegRiand Beartrap Creek. In the near
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future we hope to add this temporal data to our existing naddeé spatial extent of chum
salmon straying within PWS (Moffitt and Raborn, 2007) in otdebetter understand,
predict and control chum salmon straying in this region.
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Figure 1. Individual boxes contain the common stream ngeaes sampled, and the range
of percentages of hatchery chum salmon found in theseePWilliam Sound streams from
2004-2007. The Coghill and Eshamy weirs are shaded becauséghegere sacrificed
during sampling. All other percentages were determined flaamcalmon carcasses found
within stream corridors. WNH = Wally Noeremburg regrand release facility, PC = Port
Chalmers remote release site and AFK = Armin F. Kgeramote release site.
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Straying of hatchery pink salmon in Prince William Sound — a gegmtial analysis.
Steve Moffitt (Steve.moffitt@alaska.gov)

Alaska Department of Fish and Game, Division of ComrakFisheries, 401 Railroad
Avenue, Cordova, Alaska 99574-0669. 907-424-3212

Hatcheries in Prince William Sound (PWS) releasedvanage of ~ 585 million
pink, from 1997-2006. If hatchery strays successfully inesthwith wild salmon, the
genetic variability of wild fish could be reduced. Subseqyetite resilience of stocks to
change, e.g., climate change or disease, may be redwsedaShreshold levels of hatchery
straying have been suggested to minimize the possible genpécts to wild salmon
(Copper River/PWS Phase 3 plan - 2%; Washington HatcheoriRefroup - 5%; Ford
(2002) — 10%). Alaska Department of Fish and Game stafatetl otoliths from pink
salmon carcasses in streams to estimate the propoftieaichery fish in 1997-1999. All
hatchery pink salmon returning to PWS had thermal markigeddp their otoliths beginning
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in brood year 1995. The proportion of hatchery fish engtieams was negatively correlated
with the distance from release site for severalifees and years. The relationship between
hatchery proportion and distance from release siseeusad to estimate 1) the proportion of
the escapement index streams and 2) the proportion tdtdleescapement index that
included hatchery fish proportions that exceeded thehbleddevels. The 1997 and 1998
data indicated the western side of PWS had a signiflftamber of streams that exceeded the
threshold levels.

Impacts of Food Supply and Predators on Juvenile Pink Salmon 8tival in Prince
William Sound

Richard E. Thorne

Prince William Sound Science Center, P.O. Box 705, GadaK 99574

Tel: (907) 424-5800 X226; email: rthorne@pwssc.org

Research during the mid-1990s indicated that juvenile pinkosai@ncorhynchus
gorbuscha survival in Prince William Sound was positively corretatvith the abundance
of large-bodied copepods of the genus Neocalanus, andvedgabrrelated with the
abundance of walleye pollocKlieragra chalcogramma The Prince William Sound
Science Center conducted annual monitoring of the springdamce and distribution of both
macrozooplankton and fish predator populations from 2000 to 2086.pFedators
exhibited a progressive inshore movement during years ofrwsery conditions, consistent
with prey-switching from large zooplankton to small nearrghishes, including pink
salmon fry. The correlation between adult returrslarge copepod abundance in nursery
years was high after the first four years of monitgyriout weakened with the subsequent
three years. The dominant factor in returns overekiersyear period is a two-year
oscillation. The basis of the two-year cycle is pngz These fish are primarily of hatchery
origin, and annual releases are similar in magnitudéwoAyear oscillation did not exist
prior to the 2001 return. It may be that the four-yeaiopesf alternating high and low
zooplankton abundance initiated an ecological mechasisoh, as cannibalism, that has
continued the two-year oscillation even though the oaigiorcing function no longer
matches.

Review of Recent Pink and Chum Salmon Investigations in th@entral Bering Sea
Conducted Onboard the R/V Wakatake maru

Nancy D. Davi§ Masa-aki Fukuwakaand Robert V. Walkeér

School of Aquatic and Fishery Sciences, University of Magon, Box 355020, Seattle,
WA USA 98125-5020

“Hokkaido National Fisheries Research Institute, Fisediesearch Agency, 116 Katsura-
koi, Kushiro, Japan, 085-0802

Since 1991 a high seas salmon research vessel, Wakatakéhasreturned in June
through July to the central North Pacific and the céBeaing Sea in the vicinity of 180°
longitude (40°N to 58°N latitude) to monitor the stock conditof salmon and steelhead in
the survey area (Fukuwaka et al. 2007). We review biologieahcteristics of chum and
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pink salmon caught in the central Bering Sea portiohatfsurvey. The results include
catch per unit of effort (CPUE; number of fish caught 1300 m of gilinet), body size at
age, food habits, and some results from archival dateetageries.

Chum salmon abundance varies year to year, but ddeshow a trend over the time
period (Fig. 1). Chum CPUE is higher in even-numbered ybarsodd-numbered years
when pink salmon are abundant in this area. Chum sabcean ages range from 1 to 4,
with ocean age- 2 and -3 the dominant age groups. No juwadnita salmon are caught in
this area in July. Juveniles may not have migratediaungh offshore to be present in the
survey area in mid-summer. In 1992, 1996, 1997, and 2006 reldtvgéypulses of ocean
age-1 fish were caught in this area. There is no dtdtiend in size at age changing over the
time series. (Fukuwaka et al. 2007). During summer, chumosataught in the survey area
of the central Bering Sea are composed of JapaneseaRumsd Alaskan stocks (Seeb et al.
2004)

Examination of chum salmon stomach contents colleittan the central Bering Sea
during summer indicates changes in diet compositioheagh grow (Fig. 2). Stomach
contents of 0.1 immature chum salmon contain more hgianphipods than do stomachs
of older fish, and the proportion of gelatinous animalsdusae and ctenophores) increases
in older, maturing chum salmon. The potential disadgntd consuming prey of low
energy density may be compensated for by high ratesnstienption and digestion, and high
prey availability. Diet shift by age affects the pai@for salmon inter-specific interactions.

All pink salmon caught during the survey are maturing fifhe abundance of pink
salmon in odd-numbered years is about 35 times more atiuhada in even-numbered years
(Fig. 3). Abundance of odd-year pink salmon was high in 19997, and 1999, and has
been increasing from a low in 2001. Abundance in even-ntgdbears was particularly
high in 1994 and 2004. There is no particular trend in pink safor& length over the time
period (Fukuwaka et al. 2007). Pink salmon stocks in thissaeeeomposed of Russian and
Alaskan stocks, with stocks from eastern Kamchatka prexdoimg in odd years when the
catches of pink salmon are higher (Myers et al. 1996).

Pink salmon diet in odd-numbered years is more taxaraiyidiverse than in even-
numbered years when pink salmon abundance is low (FidRidk salmon food habits data
were grouped into small, medium, and large sized fish basgdartiles of fish body weight.
Small pink salmon are those in the lowest 25% body wé#fl061 g BW). Medium-sized
fish are in the 25% to 75% grouping, and the largest fisinatre top quartile weighing
more than 1460 g. In even-numbered years the largesistume the least diverse diet,
one composed almost exclusively of euphausiids, copeppald, and fish, of which
euphausiids, squid, and fish are the most caloricallysamon prey (Davis et al. 1998).

During the Wakatake maru survey and on other vessels oftappgy all species of
salmon are tagged and released with disk tags, and soms@tagged with archival data
tags, which record environmental conditions the salmpergances (most often temperature
and depth; Walker et al. 2006). For more information onabeecovery program, please
seehttp://www.npafc.org/new/science_fishtag.htamid
http://www.fish.washington.edu/research/highseas/tagging.htimls far, all recovered
archival tag data from chum and pink salmon are from nmgdish released in the summer
and recovered in the fall. In general, depth and temperatcords from these tags show
that, except for Chinook salmon, all salmon displayyeh pattern of vertical distribution
moving between shallow and deep water during the day andmemakear the surface at
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night (Walker et al 1999, 2003, 2006). The diel pattern i;igast in chum and pink
salmon. Pink salmon have an average depth of 10 m aankeage daily maximum depth of
37 m. Chum salmon have a deeper vertical distributiath, an average depth of 16 m and
an average daily maximum depth of 58 m (Walker et al. 20@6)hel oceanic portion of the
data, the depth range recorded from tags placed on pink amdszgimon consistently
indicates a narrow depth range (approximately O to 50 mgroital movement, whereas the
daily temperature range experienced by these fish vartkdy (approximately 1° to 15°C),
depending on the water mass the fish traverses. Bhnerehum and pink salmon may
choose a particular depth range rather than a partiangrerature range, which could be
linked to their foraging behavior.

We thank the Fisheries Agency of Japan for its long serpport of the Wakatake
maru surveys and we are grateful to the Washington Sea, @ratic-Yukon-Kuskokwim
Sustainable Salmon Initiative, North Pacific ResearcarB, and NOAA for their financial
support.
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Figure 1. A. Chum salmon annual and mean CPUE in titeat®ering Sea (no./1500 m
gilinet). Bars indicate warm anomalies (NOAA/NESHI$85-1993 climatology) in the
time/area of fishing. Other time periods are averageitons. B. Estimates of CPUE
represented by age group.
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Figure 2. Chum salmon food habits in the central BeBea by age-maturity group.
Percentages represent average proportions (by weightgg@estandardized to 100%.
Samples from 2006 are not yet analyzed. Euph=euphausiide=Capepods,
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Figure 4. Pink salmon (maturing, age-0.1) food habits ic¢néral Bering Sea by body size
and odd- and even-numbered years. Small size fish=I®&8stn body weight (<1061 g),
medium size fish= middle 25% to 75%, large size fish=top dgiareighing (>1460 g).
Percentages and prey groups are the same as describgdan Fi
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Pink Salmon Stock Status in Southeast Alaska

Steven C. Heinl

Alaska Department of Fish and Game, 2030 Sea Level Dnivie 305
Ketchikan, AK 99901, (907) 225-9673teve.heinl@alaska.gov

Abstract

The Alaska Department of Fish and Game annually monk@serial surveys, 718
pink salmon spawning streams in Southeast Alaska. Theserst are divided into 45 stock
groups in three sub-regions (Southern Southeast, Nor®eutheast Inside, and Northern
Southeast Outside). Forty (89%) of 45 stock groups were statl#ghibited an increasing
trend over the past 21 years, whereas five (11%) stock gendniisited declining trends.
These declines were small and these stocks are comkitierée functionally stable.
Escapement goals based on broad sub-regions have beeneneeeded annually for more
than 11 years.

Introduction

Wild pink salmonOncorhynchus gorbuschspawn in approximately 2,500 short,
coastal streams throughout Southeast Alaska and supfaygeaand valuable commercial
fishing industry. Recent pink salmon harvests in South&laska have been at the highest
levels since record keeping began at the onset of fhe@ury. The annual harvest of pink
salmon averaged 47 million fish a year over the past a@syand fluctuated between 12
million and a historical high of 78 million fish (1999; Figure Over that same time period,
the ex-vessel value of pink salmon averaged $20.4 milliggaa More than 96% of the pink
salmon harvest in Southeast Alaska is of wild origirh{f@/2008, and previous reports in
that series). Pink salmon stocks in Southeast Alaskahanaged through extensive inseason
monitoring of harvests, fishing effort, and developing estegms (Van Alen 2000, Zadina
et al. 2004). Pink salmon escapements during the past twdedekbave been at the highest
levels since monitoring began in 1960 (Heinl and Geiger 2005; Figure

A 1996 American Fisheries Society sponsored study of saktamks at risk found
pink salmon populations to be increasing or stable in ¢ of the spawning aggregations
they examined in Southeast Alaska (Baker et al. 1996). Viam (RI000) also noted a general
upward trend in pink salmon abundance (only one of the 68am& he examined showed a
downward trend between 1960 and 1996). A more recent analyssnds in pink salmon
escapement survey data showed that seven of 45 pinkrsalimok groups in Southeast
Alaska exhibited declines in escapement survey measures bet®8dnand 2004, and
declines were so small that those stocks were condideretionally stable (Heinl and
Geiger 2005). Here | provide a brief update in trends of pinkn@alescapements in
Southeast Alaska, based on the most recent 21 yesusvely data, 1987-2007.

Methods

Area management biologists annually estimate salmonrspgvstock size for 718
pink salmon index streams via aerial surveys, conductedtatals, during most of the
migration period. Peak survey counts are identified fcheaream at the end of the season,
and compiled into various indices of abundance (Zadimd 2003). For example, Southeast
Alaska is divided into three broad sub-regions for the mepoof pink salmon stock
assessment (Figure 2). Numerous tagging studies (e.g.,1B&h Nakatani et al. 1975)
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demonstrated that the commercial fisheries in eachreggibn generally target pink salmon
that ultimately spawn in that sub-region; therefore, Beadgt Alaska pink salmon
escapement goals were developed at this broad level (Zeidala2003). Index streams are
further grouped into 45 smaller, management “stock groups,atkatiseful for assessing the
distribution of the pink salmon escapement acrossdg®n. Each stock group represents a
collection of streams that support pink salmon runs withla migration routes and run
timing, are managed as a unit, and are assumed to shdae productivity and exploitation
rates (Van Alen 2000).

| used a non-parametric approach described by Geiger and Z2@20®), to assess
trends over the most recent 21 years of pink salmaapestent survey data for each of the
45 pink salmon stock groups. This method provides a robustagstona stock’s increase or
decline over a given time series, by fitting a resistagression trend line to the data. The
regression line is then used to back-cast to an estiofeda escapement at year zero, the
“year-zero reference point,” and the slope of the Imea irobust estimate of the stock’s
decline (or increase). Geiger and Zhang (2002) suggested thatlise dee considered
“biologically meaningful” when the estimated underlying anrdedline was more than 3%
of the back-cast year-zero reference point; a dediiaewould result in an overall decline of
more than 60% over a 21-year period. | used rank index vedudisis analysis, rather than
raw survey counts; i.e., annual values for each stoclkpgwere ranked from lowest to
highest, and the ranked values were used for the trealysa&m This transformation
eliminated some of the noise inherent in the survey dathplaced all of the index values on
the same scale for easy comparison.

Results and Discussion

Biological escapement goals for pink salmon in southédaska were met, or
exceeded, for the two largest sub-regions since the late ,18&®Ddor all three sub-regions
since 1994 (Figures 3-5). Pink salmon escapements contiree well distributed across
southeast Alaska. Of the 45 pink salmon stock groups, 40 (889%bited stable or
increasing trends over the most recent 21 years of sdiatay 1987—2007, while five stock
groups (11%) exhibited declines. Only one of the 17 stock groupe iBouthern Southeast
sub-region exhibited a declining trend in survey data ovepaise 21 years (Figure 6), and
four of the 18 stock groups in the Northern Southeast Irsiberegion exhibited declining
trends in survey data (Figure 7). All seven of the pink salstock groups in the Northern
Outside sub-region exhibited strong increasing trends iregudtata over the past 21 years
(Figure 6); a trend that coincided with a large increasenik galmon runs in this area over
the last 15 years (Figure 5).

Although five stock groups exhibited recent declines, the mesidid not qualify as
“biologically meaningful” as defined by Geiger and Zhang (20&3capement indices for
these stocks have generally been recorded within establs$eapement management
targets, and these stocks could be considered functiatable. The four pink salmon stock
groups in the Northern Southeast Inside sub-regiondklaibited declining trends in this
analysis are located in central southeast Alaska,reddfick Sound and lower Stephens
Passage (Figure 2). These are early-run stocks and sothe oifst fish to arrive on the
spawning grounds (Sheridan 1962). These fish also enter sstuitheska waters early in the
fishing season (Nakatani 1975). Pink salmon spawning in FredeookdSand lower
Stephens Passage migrate a relatively long distanmegiinside waters: they enter through
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Icy Strait, move south through Chatham Strait, then iesstFrederick Sound and Stephens
Passage (Nakatani et al. 1975). Again, escapement managewgeis for these stock
groups have largely been met over the past decade, amd secell declines compared to
other stock groups simply suggests that these stocks arefutipnatilized than other stocks
that exhibited recent increasing trends in escapement.

In summary, pink salmon escapements have been at or aboapement goals and
well distributed throughout southeast Alaska and no steeks currently be considered
“stocks of concern” under the State of Alaska’s for@astainable Salmon Fisheries Policy.
More information on pink salmon stock assessment in 8agthAlaska can be found in
Zadina et al. (2003), and Heinl and Geiger (2005).
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Entrance), Northern Southeast Inside (all inside waterth of Sumner Strait),
and Northern Southeast Outside (all waters off outsiigst of Baranof and
Chichagof islands).
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Figure 3. Annual pink salmon harvest and escapement indexef@udilithern Southeast sub-
region, 1960-2007. Horizontal lines show the escapement gogé raf 4.0
million to 9.0 million index spawners.

Pink Salmon Harvest - NSEI Sub-region Pink Salmon Escapement Index - NSEI Sub-region
40 12
° @
5 °
30 A = 9
- £ /\
L 3
u“— < e e
2 20 . £ 6 ) i AN
- T ® ©
é L 4 * S / .Po \.,O \/.
= * ° P g .\[‘o ¢
10 [\/\.\ . ’ g 3 A ped AN e
? R .
'\/\"\ /\. ¢ R B Nvee Me**%0e_/
e ¢ e o ® g oo, ®oe
0 L3 S e WL il L o~ ; ;
(=] n o n (=] n o Yo} o Yo} (=] n o n (=] n o Yo} o Yo}
© © ~ ~ (o] (o] (o2} D o o © © ~ ~ (o] o] D D o o
(<2} (<2} (<2} (<2} (<2} (<2} (<2} o (<2} (<2} (<2} (<2} (<2} (<2} (<2} o
- - - - — — — — N N — — — — — — — — N N

Figure 4. Annual pink salmon harvest and escapement indethédoNorthern Southeast
Inside sub-region, 1960-2007. Horizontal lines show the escapgoa range of
2.5 million to 5.5 million index spawners.
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Figure 5.

Figure 6.

Figure 7.

Annual pink salmon harvest and escapement indethédoNorthern Southeast
Outside sub-region, 1960-2007. Horizontal lines show the esespeyoal range
of 0.75 million to 1.75 million index spawners.
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Resistant-regression trend lines of survey datanen for the 17 pink salmon
stock groups in the Southern Southeast sub-region of esmitiAlaska, 1987—
2007. Dashed lines show stock groups that were stable oriteghibcreasing
trends over the past 21 years; solid bold line showstmuk group that exhibited
a declining trend.
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Resistant-regression trend lines of survey datanen for the 18 pink salmon
stock groups in the Northern Southeast Inside sub-regiospuatheast Alaska,
1987-2007. Dashed lines show stock groups that were stable ortexkhibi
increasing trends over the past 21 years; solid bold lines $our stock groups
that exhibited declining trends.
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Figure 8. Resistant-regression trend lines of survey datane for the seven pink salmon
stock groups in the Northern Southeast Outside sub-redisoutheast Alaska,
1987-2007. All stock groups exhibited increasing trends over th@ pagstars.
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The influence of population dynamics and landscape condition dhink salmon
(Oncorhynchus gorbuschere-colonization in the Fraser River, British Columbia,
Canada.

G.R. Pes¢? T. Quint, R. Hilborrf, and K. Kloehh

'NOAA Fisheries, Northwest Fisheries Science Center

2725 Montlake Blvd East, Seattle, WA, U.S.A. 98112

george.pess@noaa.gov

“University of Washington, School of Aquatic and Fishery Swis

Box 355020, Seattle, WA, U.S.A. 98195-5020

We investigate how the establishment of pink saln@mcorhynchus gorbuscha
populations in the Fraser River, British Columbia, Cna newly reopened habitats is
related to specific life history variation and landscaepeditions. Pink salmon in the Fraser
River were cut off from most of the watershed betwE@h3 and the 1940s due to a
rockslide at Rkm 209 that altered flow conditions and maddét sh passage impossible.
Local spawning populations above the slide area disappearkgasisage facilities
developed in the 1940s allowed adult pinks to migrate padibthdarrier and re-colonize
the Upper Fraser. We hypothesize self-sustaining populaifadonists can be established
when the population growth rate of the colonizing populasayreater than one. This occurs
when specific population and landscape factors are needédeloped a general population
model with multiple parameters to fit observed spawning papualgrowth for each
watershed above the historic barrier. We use maximunihdad techniques to estimate
each of the parameters, and likelihood ratios to comgmele of the models to determine the
one which best fit the observed data. We found thassstiining spawning populations of
pink salmon can be established within 10 to 30 years ofdtdi@ing reopened to access.
However, a self-sustaining population in the uppermostensaeéd was not established during
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the dataset time period, and instead became a sink poputatiwvo of the nearest spawning
populations. Differences in colonization rates betwéerself-sustaining and non self-
sustaining populations were related to distance from soupdagtimn, population growth
rate, habitat area, and annual relative population Jike.results suggest that the
combination of distance from source population, habitélslity, natural barriers, and
population dynamics helped determine the spatial and tengaitarns of Fraser River pink
salmon re-colonization.

Nondestructive Field Estimation of Fat Content of Yukon RiverSalmon

F. Joseph MargrafKyle J. Hartmaf) M. Keith CoxX

'US Geological Survey, Alaska Cooperative Fish and Viéldtiesearch Unit, University of
Alaska Fairbanks, Fairbanks, AK 99775-7020 USA

(tel: 907-474-6044, fax: 907-474-7872, e-mail: joe.margraf@uaf.edu)

“Wildlife & Fisheries Resources Program, Division of€stry and Natural Resources, Davis
College of Agriculture, Forestry, and Consumer Sciend&st Virginia University,
Morgantown, WV 26506-6125 USA (e-mail: hartman@wvu.edu)

3Sheldon Jackson College, 801 Lincoln Street, Sitka, AK 99835 US

(e-mail: kcox@sj-alaska.edu)

Field measurement of the ecological condition of Rak been greatly constrained by
the lack of a means to directly determine in vivo enelgysity or fat (lipid) content.
Knowledge of the amount of fat (energy) available toifitasalmon during their upriver
spawning migration is a critical need for understanding ardigtiieg the consequences of
fisheries management practices, human developmenitiastiand global climate change.
Fortunately, recent developments of Bioelectrical ldgmee Analysis (BIA) promise a
simple, nondestructive means of estimating proximate cotipoée.g. fat, protein, water
content) for field applications with fish. In this syjude demonstrate the utility of BIA for
estimating the proximate composition of Chinook and chalmaen on their spawning
migration in the Yukon River, Alaska. From a samplé34 fish, we were able to estimate
fat content using BIA with 90% accuracy relative to th@ant of fat measured by standard
laboratory proximate analysis. Similar results wasgaimed for protein, water, and energy
density. While some minor refinements in field techniqeestitl needed, we now have a
reliable and accurate means of estimating proximate cotigyoand energy density of live
fish that can be used in a variety of research oragament contexts.
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Forecasting Pink Salmon in Southeast Alaska Revisited: Effacy of Predicting Harvest
from Indices of Juvenile Salmon Abundance

Alex C. Wertheimer, J. A. Orsi, M. V. Sturdevantddh. A. Fergusson

National Marine Fisheries Service Auke Bay Laboratory,113@&i&1 Highway

Juneau, Alaska 99801-8626 USA

email: Alex.Wertheimer@noaa.gov

A time series of indices of juvenile salmon abundaau® associated biophysical data
has been collected by Auke Bay Laboratories’ SoutheastkaAlCoastal Monitoring (SECM)
project in neritic marine habitats of the northernoa@f Southeast Alaska (SEAK) from
1997-2007. Beginning in 2004, SECM data have been used to fored¢asalpnon harvests
in SEAK. Linear models based on juvenile pink salmdatcper unit effort (CPUE) and
associated environmental data have provided forecasts Wibenof the actual harvests for
the 2004, 2005, and 2007 returns. However, the harvest was onlgf3@&forecast in
2006, when the return was the weakest since 1988. Potentigims with using juvenile
pink salmon indices for forecasting include: 1) the geogcagii temporal representation of
the juvenile sampling may not adequately represent the Suutheast region, and 2)
periods of major mortality occurring in the ocean subseigioethe sampling period. Adding
environmental data to the forecast model may improvedteracy of the forecast, but may
also reduce its precision. In 2007, juvenile pink salmonERds the lowest observed since
the inception of SECM, indicating another poor even-yeturn in 2008. The 2008 return
will thus be an important test of the use of the fuleepink salmon indices for forecasting
SEAK pink salmon harvest.

Pacific salmon population extinctions with an emphasis on logliversity among pink
and chum salmon

Rick Gustafson, Robin Waples, Jim Myers, Laurie Weitka@neg Bryant, Orlay Johnson,
and Jeff Hard

National Marine Fisheries Service, Northwest Fishe3ence Center,

Conservation Biology Division, 2725 Montlake Blvd E, $leatWashington 98112-

2097, USA (tel: 206 860 3372, fax: 206 860 3335, e-mail: rick.gustafson@noga.gov

We report the first attempt to systematically enuneeextinct Pacific salmon
populations and characterize lost ecological, geneaidt)ite history diversity types among
six species of Pacific salmon (Chinook salm@rntshawytschasockeye salmo®. nerka
coho salmor®. kisutch chum salmo®. keta pink salmorO. gorbuschg and steelhead
Oncorhynchus mykisfrom the western contiguous United States. Collettivnearly 30%
of historic populations of these six species have beerpated in the U. S. Pacific
Northwest and California since Euro-American contacivéheer, pink and chum salmon
have seen relatively low levels of population extinti{®8—21%) compared to the other four
species. The low overall number of pink and chum salpapulation extinctions may be
due to the fact that the majority of these historicgdytations occurred in northern coastal
portions of our study area, where overall extinctidesavere relatively low and to these
species’ short juvenile residence in freshwater (<1-2thg). We recognized two groupings
of both chum and pink salmon that possibly represema¥SUs.
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Juvenile Pink and Chum Salmon Food Habits and Associated Prdyields in the Bering
and Chukchi Seas

Jamal H. Moss, James M. Murphy, Edward V. Farley Jsa Bi. Eisner, Kristin D. Cieciel,
and Anatoly Volkov

Auke Bay Laboratories

Alaska Fisheries Science Center, NOAA Fisheries

Ted Stevens Marine Research Institute

17109 Point Lena Loop Road

Juneau, AK 99801

(907) 789-6609 jamal.moss@noaa.gov

The food habits and prey resources of juvenile pink anch@almon inhabiting the
northern Bering and Chukchi Seas were investigated ast atiep toward improving our
understanding of how climate change may impact pa@fioen ecology in the arctic and
subarctic. Juvenile pink and chum salmon were observeidmificant numbers throughout
the Chukchi Sea, Kotzebue Sound, and Bering Strait duringaatimn 2007, and preyed
heavily on larval pricklebacks gmpenus fabric)iin the Chukchi Sea and primarily on
zooplankton in Kotzebue Sound the northern Bering Sea. Hsiidfmwere abundant in the
water column of all regions and in the diets of bejghcies. Decopods were a favored prey
item of pink salmon while chum salmon preyed heavily upmicates and coelenterates.
Decopods, tunicates, and coelenterates were rarelyedserthe water column and may be
highly selected for by juvenile salmon and other pelagies. Fish prey commonly has
greater energy content than zooplankton prey, and that@dter fish growth in the
Chukchi Sea may be higher relative to more southegdipns due to a preponderance of
larval pricklebacks. Future investigations should focus ontifyeng the quality of marine
habitat in the Arctic in terms of the potential for suging fish growth.

Tracking of chum salmon fingerling in stream and coastal areasff the Korean
Peninsula
S. Kang, S. Kim, and J.K. Kim

Though the catches of chum salmon have more than dodinledy the past 20 years
due to favorable oceanic conditions and artificial enhaeogprograms, there is a
conspicuous low survival rate among Korean chum salraowpared to other stocks. To
evaluate the environmental effects on chum salmon sununidrean waters, a series of
larval/juvenile surveys were conducted in Namdae Stretenthky were released in
2005~2007. Six locations in the stream were chosen, angefig/ collected approximately
every 10 days during March through May. Also, 10~12 ocedinrstavere sampled for
juveniles with about 2~3 week interval in late sprihg.stream, fry seemed to be transported
toward the estuary in March. The highest densitiéspinl and May, however, were found in
upper stream. Fork length and weight were increasedtwid) but those parameters
decreased at mid May as fast growing fry moved downstrigaatean, chum salmon
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juveniles stayed mostly closed to the coastal aredsstamwed tendency of northward
distribution with time. Furthermore, negative corrielatbetween sea surface temperature
near the coastal area and return rate of spawnersdicstr@am three years later was found
(p<0.01).

Diet of fish-eating “southern resident” killer whales: theuse of fish remains, fecal
samples, and genetic techniques to determine prey speziand stocks

Jennifer HempelmarinM. Bradley HansonRobin W. Baird, Candice EmmonsGregory
S. Schor?, John Sneva Don Van Doornik , Katherine Ayrey Samuel K. Wasser
Kenneth C. Balconfh Kelley Balcomb-Bartok and Michael J. Fofd

!Northwest Fisheries Science Center, National MdFisheries Service

2725 Montlake Boulevard East, Seattle, WA 98112

Cascadia Research Collective

218 % West Fourth Avenue, Olympia, WA 98501

3Washington Department of Fish and Wildlife

600 Capital Way North

Olympia, WA 98501

*Northwest Fisheries Science Center, Manchester Rés&4ation,

P.0.Box 130, Manchester, WA 98353

®University of Washington, Center for Conservation Biglog

Department of Biology, Box 351800, Seattle, WA 98195

®Center for Whale Research

PO Box 1577, Friday Harbor, WA 98250

Recovery plans for endangered “Southern Resident” killedeghQOrcinus orca
have identified reduced prey availability as a possibletoiske population. In order to better
assess this risk, we initiated a prey selection stuthyeinvhales’ San Juan Island and Puget
Sound range from 2004 to 2008. Following the whales in a smd]lweaollected fish
scales and tissue remains from predation events, aasvigltes, using a fine mesh net. We
identified prey species through scale analysis and malegehetics. Prey detection from
fecal samples provided a new dimension to killer whadé studies. Fecal samples represent
prey consumed over an extended period of time and ardateesxpected to be less biased,
or at least have different biases, than fish remzotiected after a predation event at the
surface. Chinook salmon, a relatively rare speciesbéas identified as the primary prey
species consumed during the whales’ San Juan Island suaimger (May-September). This
finding strongly supports previous studies based on small ngmbsamples collected from
the surface. Using genetic stock identification methagsfound that most of the Chinook
prey items originated from the Fraser River, and nedstifew originated from Puget Sound.
During the whales’ Puget Sound fall-winter range, Chumnealappear to be the dominant
prey species consumed. However, this data is incomdete &ave relatively small
numbers of fall-winter samples and they are geographitadited. In addition to Chinook
and Chum salmon, we identified Coho and Steelhead saswvell as Pacific Halibut,
Lingcod, and Rockfish as prey items. Nevertheless, viddal samples showed more
diversity in the whales’ diet, Chinook remains the prynarey item. These results are likely
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to be of significant value in guiding management actiongcover the Southern resident
killer whale population.

Multi- user analytical laboratory at Northwest Indian College
Charlotte Clausing

Environmental Tech.

Northwest Indian College

2522 Kwina Rd. Bellingham, WA, USA

Activities Associated with the Laboratory

In keeping with the goals of the College to engage ieareh and provide technical
support to tribal governments and organizations and the @optlleg lab is consistent with
using available resources for community needs, including &doceesearch and extension.
The laboratory provides the student resources to prepagechreer in natural resources
utilization, environmental protection and answers foretktension and outreach programs.
The land grant mission of the College, education, rekesnd extension is also consistent
with development of this resource.

Research

The analytical equipment provides opportunity for undergraditatients and faculty
and technical staff to investigate the usage of analygchhiques and equipment to answer
numerous questions in their individual research proj&cme of the potential projects are
summarized below:

* Bacteria associated with hydrogen production

* Pesticide analysis to provide impacts on aquatic litkaanmals

* Analysis of water samples containing various pollutaht©acern

* Fatty acid analysis to identify pathogens

» Fatty acid analysis to determine value of algae culturgrowth and survival of high
health shellfish larvae and seed.

Outfall analysis of industries
* Runoff analysis of agricultural, storm drains and othersiof toxic
contamination.
» ldentification of unknown chemicals
The accomplishments of a well run and equipped labgratdy begin here. Analysis of
well water, foods and other factors related to humantneadt high priorities for the lab and
will be available as this resource is developed.

Teaching

Teaching activities involve various upper level classesgmheilization of current
lab equipment to become familiar with their use. Theord practice of equipment use and
value will be gained through courses and student researgtstd=xtraction, isolation, and
characterization of chemical compounds through handseafuke equipment provides
cutting edge opportunities.
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Public Service
Answers to question posed by the public concerning pesticildes,diseases and
identification of microbial organisms that pose a watality threat to shellfish beds.

Previous Pink and Chum Workshop Proceedings

Seasonal patterns in diel feeding, gastric evacuation, and egg density

of juvenile chum salmon in Icy Strait, Southeast Alaska, 2001

M.V. Sturdevant, E.A. Fergusson, J.A. Orsi, and A.CrttAéemer.

Auke Bay Laboratories, Ted Stevens Marine ResearchutestAlaska Fishery Science
Center, NOAA Fisheries, 17109 Point Lena Loop Rd., Juneki§9801-8626, Phone:
(907) 789-6041, Emaimolly.sturdevant@noaa.gov

Abstract.

We report on the seasonal diel feeding, gastric evacuatie, and energy density of
juvenile chum salmor@ncorhynchus ketén = 574), in the Icy Strait migration corridor of
northern Southeast Alaska, from May-September, 2001.stinily is a component of the
Southeast Coastal Monitoring Project investigating anpwahile salmon abundance,
distribution, stock composition, and habitat parametearesi 997. We collected fish during
seven time periods over 24 hr, with a beach seine nesg sBhMay and a surface trawl
offshore from June-September. We sampled surface (2mperature and prey fields (243-,
333- and 505-um mesh zooplankton nets, to 20-m depth) concurfmtisice temperatures
and zooplankton biomass and density peaked in June. Sedssalf juvenile chum
salmon reflected changes in monthly zooplankton compasitind after May, fish selected
for larger, less abundant prey. Diel patterns in cdieymosition varied by month, but prey
%BW and numbers generally peaked late in the day alomgzevdplankton density. Juvenile
chum salmon consumption (%BW) was significantly highdvlay and June than in later
months, although monthly mean stomach fullness (73-87%n&)ldid not differ. From May
to July, evacuation rates increased concurrent with iseseia surface temperature and fish
size, a change in diet from crustacean to larvacezyy pnd an increase in prey numbers.
Daily rations ranged from 17-27%BW per month. Mean whotéylemergy content values,
determined by bomb calorimetry, increased significamtdynfapproximately 849 to 1123
cal/g wet weight from May to September, and moistureestd declined from 84% to 78%.
These results can be applied in bioenergetic modelsrease our understanding of carrying
capacity of marine ecosystems for juvenile chum salamzhother planktivores.

Introduction .

Fish feeding and condition are important componenssuidies on trophic
relationships, ecosystem carrying capacity, and surviviidloto adulthood. Juvenile salmon
(Oncorhynchusspp.) in Alaska are abundant and enjoy high survival rat@pared to those
in the Pacific Northwest region (Cooney and Brodeur 1998)d&mental information on
seasonal patterns and daily rhythms in what prey ara bgtgivenile salmon, what prey are
available, when fish feed most actively during the day fast they digest their food and
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need to feed again, and how these factors influencedduyrration and nutritional

condition, can help to explain regional differenbetwveen fish groups. We report on the diel
feeding rhythms, gastric evacuation, and nutritional canmiif juvenile chum salmor®

ketg in Icy Strait in northern Southeast Alaska, fromyM8eptember 2001.

Our objectives were to compare the seasonal prey Aehitable to seasonal diets of
juvenile chum salmon, monitor diel feeding intensity, datee seasonal changes in diel
feeding rhythms, monitor the passage of food through fish g@stimate gastric evacuation
rates, compute daily ration, and to relate feeding sutcessasonal nutritional condition.
While diet measures provide short-term information abeedihg success, measures of
condition reflect a longer, integrated history of theding environment prior to the time of
sampling.

Materials and Methods.

Sampling and shipboard experiments were conducted in 2004 $trkit, northern
Southeast Alaska, during five, 7-d cruises from May-Septeaitiard the NOAA shipgohn
N. Cobb(Orsi et al. 2004). We defined diel periods D1-D7 as 3-hrvate beginning at
04:00, 07:00, 10:00, 13:00 16:00, 19:00, and 22:00, respectively, sampted 482 hr
period each month, to examine diel feeding periodicity-§&arbples of large catches were
also defined asglwhen used to initiate timed evacuation experiments.W#sk collected
onshore on May 21-23 by beach seining with a 37-m long nein(seund hauls) in Icy
Strait in cobble habitat. Summer sampling was accongglisi station ISC, 6.4 km off the
northern beach, on June 29-30, July 30-31, August 28-30, and Sepgd8ierWe fished a
Nordic 264 rope trawl (20-m deep by 26-m wide mouth opening, 184 gthled8-cm mesh
knotless liner in cod end) at the surface, directlyrastétheJohn N. Cobphauls were 20
min in duration at a speed of 2-3 knots (Orsi et al. 2004). Bgmphloceanographic samples
were collected to accompany fish samples. Temperdlyend salinity (PSU) data were
collected at 3-m depth with a CTD and zooplankton was samyité three nets in the 20-m
surface water column in each diel period every mortegt May (one at mid-day). We used
a NORPAC 50-cm frame, 243-um mesh net, hauled verticity,a BONGO 60-cm frame
with 505- and 333-um mesh nets, hauled in double-oblique fashion.

After each haul, juvenile chum salmon were sortethfthe catch and anesthetized with
tricaine methanesulfonate (MS-222). Sub-samples wererpeglse 10% formalin-seawater
for diet or were frozen for energy density determaores (n< 12 each). In May and July,
approximately 100 additional live fish were immediatelysfarred to 2.5 fitanks of
seawater for the evacuation experiment. Seawatepwaped from 3 m below the vessel,
filtered to remove potential zooplankton food, and tankperature was monitored. Fish sub-
samples (ix10) were sacrificed at nine intervals ranging from 1-32 haftes To and
preserved as above for stomach analysis.

In the laboratorypreserved fish for stomach analyses were measured (rkriefmth,

FL) and weighed (nearest mg) and the stomachs weredxeaigighed (nearest mg), and
stored in 50% isopropyl alcohol. During stomach analygsrecorded visual percent
fullness (volumetric index in 25% increments) and totatent weight (nearest mg), then
teased apart, identified and counted prey organisms. Plagétibed volumes (SVs, ml) of
NORPAC samples and displacement volumes (DVs, mbpafjo samples were measured,
sub-samples were obtained with a Folsom splitten do®plankton taxa were identified and
counted by species, sex, stage and size groups, and saonpie were expanded by the split
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fraction (Sturdevant et al. 2002). Frozen fish for nutndilocondition analyses (12 per
month) were measured and weighed as above, stomachs weetexontents extracted and
weighed, and viscera were replaced in the body cavity.ehire carcass was dried to a
constant weight (nearest mg), homogenized into unifowdpo, and a pellet sub-sample (~
0.150 g) was pressed; the pellet was then combusted in 242&bomb calorimeter (Parr
Inst. Co. 1993) and the energy released recorded as sajatiy weight (cal/g DW).

Data were analyzed at two temporal scales, seasomali@l, using ANOVA (Minitab
13.2). For seasonal comparisons, data were averaged altissperiods per month; for
diel comparisons, samples were compared within month1bp7 time periods. We
summarized size as mean length, diet composition as pgrcent numbers of major prey
taxa, and feeding intensity as means of percent fulindss, prey percent body weight
(%BW, stomach content wet weight divided by fish boayght without stomach contents),
and total numbers of prey (Sturdevant et al. 2002). Zooplarsitondance was expressed as
density in number - h taxonomic percent composition was computed for corsparto
diet percent composition. For fish nutritional coraltipercent dry weight (%DW) was
calculated using wet and dry body weights; WBEC in ca#gweight (cal/g WW) was
estimated as (cal/g DW)(%DW/100). Moisture content wésitated as 100-%DW.
Seasonal summaries were computed as mean %moistureBa Yér month. Rates of
gastric evacuation (GER) were calculated for May ariyg flom the exponential decline in
stomach content mass or prey numbers of fish cau@htthtough successive intervals of
starvation, using the equation GER, y ="§(avhere S = prey number or weight, t = time,
and r = instantaneous evacuation rate. Daily rationceagputed for each month as
consumption d*, C = (24) (mean prey %BW) - (GER) (Adams and Breck 1990iaWs et
al. 2001). Direct values were used for May and July, wialaes in other months were
interpolated to adjust for changes in diet compositiah éffect evacuation rates (Adams and
Breck 1990).

Results.

Size and nutritional condition of juvenile chum salmahikited clear seasonal patterns
(Figure 1). Over the season, length increased signifjcét= 0.000) from approximately 40
mm to 200 mm FL (Figure 1a), but June and July fish sizze wot different, probably due
to the influx of a mixture of stocks into the area. 8oie content data were not available for
the May fish caught at Crist Point; we therefore UIBHMAC hatchery juvenile chum salmon
vouchers taken on April 30 to compare moisture content aBE@\to fish later in the
season (Figure 1b). Wild fish were approximately 10 mm shtnain these hatchery fish in
May (P < 0.001; Figure 1a), but because their cal/g DW did not dier 0.075), and
because body size is not correlated with WBEC (Rodgwetlal. 2007), we assumed the
hatchery fish were representative. Moisture conteclirs significantly P = 0.000) from
>84% in spring to about 80% in summer to <78% for the Sdpefish P = 0.000); no
significant difference among fish was observed acrossrer months. Seasonal WBEC
increased significantly} = 0.000) from 849.2 in May to a peak of 1122.7 in late September,
with no significant difference between summer valueguié 1b).

Juvenile chum salmon fed intensively throughout the surmaneronly one empty
stomach was observed. Stomach fullness averaged 73-87%fgito September, with
significantly (P = 0.021) greater fuliness only in May compared to August (FiBaye
Seasonal prey %BW gradually declined from spring overuherger, consistent with
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allometric growth patterns, from about 3.5% to about B®¢pprey %BW was significantly
(P =0.000) higher in May compared to all later months, anline compared to August and
September (Figure 2b). Prey numbers increased signifioq@hty0.000), from 49 prey in
May to 1370 in September (Figure 2c), with no significarfediinces in June-July-August
values of 527-644 prey per gut.

Diel patterns of feeding intensity were fairly weakl aaried by month (data not
shown). The complete diel sample series was avaitaiiefor June (n = 68, vs. 27-61 fish
in other months; Sturdevant et al. 2002). Stomach fulldielssot differ across diel periods
in any month except July, when %fullness was signitigamgher @ = 0.046) at night (D6)
compared to morning (D2). Prey %BW showed a significBrit 0.003) drop at mid-day in
May compared to earlier and later in the day, and anasurg trend from morning to night
in June and July, but no trenid % 0.129) in August or September. Prey number was also
significantly lower P < 0.014) at mid-day in May compared to morning or night, waglsdst
at night (D6) in June and July, showed no significeamid in August, then peaked in the
afternoon in September.

The seasonal diet of juvenile chum salmon was gralyi composed of a variety of
crustacean zooplankters, with large numerical contabstof larvaceans in summer (Figure
3). Diet focused on calanoid copepods in May, and includedadl proportion of epibenthic
harpacticoid copepods; small calanoids were important impat, while large calanoids
were important by weight. Juvenile euphausiids and larvacaanposed most of the diet in
June, with euphausiids dominant by weight. Hyperiid amphipodsaeggbén the diet in July,
and co-dominated with larvaceans for the rest ofélas@n in percent weight and percent
number.

Zooplankton prey size fields also varied seasonalboth density and composition
(Sturdevant et al., unpub. data). Density ranged from ledsdsf organisms in the 505-pum
mesh, to a few thousand in the 333-um mesh, up to nearly 20,0@9243-pm mesh.
Seasonally, zooplankton density and biomass usually pealkeden(Sturdevant et al. 2002).
The taxonomic composition of prey size fields diffefirean each other and from juvenile
chum salmon diets. The smaller meshes were domibgtechall and large calanoid
copepods throughout the season, but juvenile chum salomsnmed these prey only in
May. In contrast, chum salmon diets were most amniil composition to the 505-um prey
size field. Small calanoids made up much less ofdta in this large mesh, which,
consequently, reflected higher percentages of the téaea-esauphausiids, hyperiid
amphipods and larvaceans—than the smaller meshes didvelpyurenile chum salmon
consumed these taxa in greater proportions thantbey represented even in the largest
prey size field, indicating selective predation.

Diel rhythms in zooplankton abundance showed generallgrladensities during the
day and higher densities in evening-night (D6-D7) in all gieg fields and all months (data
not shown). For example, comparison of diel zooplamkbodiel chum diet in June showed
that, although principal taxa did not change dramaticalgr the course of the day, at mid-
day the number of prey eaten declined along with zooplaméonsity and corresponded
with a decline in the percentage of euphausiids available.

Instantaneous evacuation rates of juvenile chum saimaduly (GER =-0.653%° =
0.83) were more rapid than in May (GER = -0.289= 0.81) (Figure 4). Diets at the time of
capture were substantially different in both prey commysand prey number in the two
months, with low mean numbers (ramg&00-160) of principally crustacean prey in May
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fish guts (Figure 4a) and high mean numbers (rang@0-800 of principally larvacean prey
in July fish guts (Figure 4b). Fish emptied their guts in apiprately twelve hrs in May vs.
seven hrs in July. Evacuation rates and mean prey marabd biomass were used to
calculate daily ration. Daily ration in prey numberslked in June (~20,000), while ration in
%BW peaked in September (~27%; Figure 4c).

Discussion.

Food resources may be limited in some habitats a¢ siones during the critical early
marine period in salmon life history (e.g., Bailey etl®75, Cooney et al. 1981, Perry et al.
1996), and seasonal WBEC values provide insight into hab#&ataasistency of feeding
intensity, density-dependent feeding, and carrying capdayl(1997). While numerous
studies of juvenile chum salmon diet have been publighgd Bailey et al. 1975, Karpenko
and Nikolaeva 1989, Sturdevant et al. 1996, Landingham et al.,1298)represents one of
the more complete seasonal studies in the firstn@aummer, and no information has yet
been published on their energetic condition (Orsi 20aK). A few studies have been
published on energetic condition of juvenile pink salmonctvimave similar diets and early
life history as chum salmon (Paul and Willette 1997dBahd Haldorson 2004, Rodgveller
et al. 2007).

Juvenile chum salmon in our study in Icy Strait fed cadusly over the 24-hr diel
period each month from May to September; stomachs gee @ proximately 80% full
throughout the season. This observation supports the aseootinuous feeding model for
juvenile chum salmon (Adams and Breck 1990). Daily rati@kee in early summer, along
with seasonal peak zooplankton and temperature, but prdyensi@aten increased
seasonally. Juvenile salmon diet and zooplankton cotigposhanged more on a seasonal
scale than on a diel scale. Seasonal patternsdihfpetensity were consistent with
seasonal changes in prey composition and higher ratesdihg on abundant, smaller prey
organisms (larvaceans) even while selection for lessdani, large prey occurred. Diel
abundance of zooplankton generally peaked late in the daynganth. However, variable
diel feeding rhythms also suggested that feeding intens#yinflaenced by the prey
available seasonally and by prey diel rhythms. Thussiteeand/or principal type of prey,
such as vertically migrating, heavy-bodied or pigmented augtls and hyperiid
amphipods, affected measures of feeding intensity iereifit periods. Further analysis of
zooplankton individual taxa, measures of diet-zooplanktoiiasity, and prey selection
indices may elucidate the mechanisms for these pati®ehsgnd Shimizu 1998).

Evacuation rate of juvenile chum salmon increasech ftay to July, resulting in
shorter time to empty stomachs and seasonal maintenfadggh daily ration despite
utilization of prey with lower body mass. Factors influmg the high GER included a five-
fold increase in total number of prey in guts at timeagfture (greater number of particles
and therefore surface area for digestive enzyme fun(MacDonald et al. 1982); increase in
fish size (higher caloric requirement); a 5-degree a®s#an habitat temperature (increased
metabolic rate; Brett and Higgs 1970, Adams and Breck 1990);remgje in prey from
hard-bodied taxa that are relatively mobile to softibddaxa that are less mobile (easier to
capture and digest, no indigestible exoskeleton; MacDonald #9882, Arai et al. 2003)
without substantial loss in nutritional value and enemyent (Davis et al. 1998). These
good feeding conditions were reflected over the selgadhe steadily increasing fish size,
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declining moisture content and increasing energy denditywdédating good nutritional
condition and growth of juvenile chum salmon.

In Southeast Alaska and other regions, large—scaledmgtploduction of juvenile
salmon may increase the potential for competitive ioteras between enhanced and wild
stocks of salmon in both near shore, coastal, angnocéabitats (Wertheimer et al. 2004).
The demands of increased hatchery production on thargaegpacity of the marine
ecosystem have been assessed with bioenergetic modeaillg énd Haldorson 2004, Orsi
et al. 2004). However, such studies often rely on inputnpetexs derived for conspecifics or
other age classes. The daily ration values we computptlieay for juvenile chum salmon
are about five times as high as estimates from bioetiesgaodeling for which species-
specific physiological parameters were not availablsi(€ral. 2004) and juvenile chum
salmon in Icy Strait appear to be thriving. Our resultvideomodel parameters specific to
juvenile chum salmon, including information on diel fegdperiodicity and gastric
evacuation rates that can be used to validate and improgeergetic modeling.
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Figure 1. Seasonal size and condition of juvenile ckalmon in Icy Strait, 2001, as (a)
mean fork length in mm and (b) mean WBEC in cal/g weight (squares) and percent
moisture content (diamonds). Standard error bars shown.
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a) Stomach fullness
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Figure 2. Seasonal feeding intensity of juvenile chumaalm Icy Strait, 2001, as (a) mean
stomach fullness index, (b) mean prey percent body wé&gBW), and (c) mean number of
prey eaten. Standard error bars shown.
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a) Prey composition by number
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Figure 3. Seasonal prey composition of juvenile chumaalin Icy Strait, 2001, as (a)
mean percent of total prey number and (b) mean perténtiabprey weight by prey taxon.
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Figure 4. Juvenile chum salmon exponential evacuaties et numbers of prey declining
over time in (a) May and (b) July, with diet compmsitas percent number of prey at T
starting times (right hand inserts), and (c) seasonigl@daion in prey numbers and percent
body weight in Icy Strait, 2001.
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