
 

 

 

 

 

n Between 
Yukon Riv atchery Salmon in the 

Gulf of Alaska in Summer 
 

by 

 

 

Katherine W. Myers, Robert V. Walker,  
Nancy D. Davis, and Janet L. Armstrong 

 

 

 

High Seas Salmon Research Program 
Fisheries Research Institute 

ry Sciences  
University of Washington 

Box 355020 
Seattle, Washington 98195-5020 

 

 
 

Final Report to the Yukon River Drainage Fisheries Association, Contract Number: 
04-001; Financial Coding: #4 NRDA, Obj. 1; Project Name: Stock Origins, 

Migration Patterns, and Marine Productivity of Yukon River Salmon

Diet Overlap and Potential Feeding Competitio
er Chum Salmon and H

School of Aquatic and Fishe

 
November 2004 



 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

A publication of the Yukon River Drainage Fisheries Association pursuant to National 
Oceanic and Atmospheric Administration (NOAA) Award No. NA06FM0316.  The 
views expressed do not necessarily reflect the views of NOAA or any of its sub-agencies. 

 
 



  SAFS-UW-0407 

 
 

n Between 
Yukon Riv atchery Salmon in the 

Gulf of Alaska in Summer 
 

by 

 

 

Katherine W. Myers, Robert V. Walker,  
Nancy D. Davis, and Janet L. Armstrong 

 

 

 

High Seas Salmon Research Program 
Fisheries Research Institute 

ry Sciences  
University of Washington 

Box 355020 
Seattle, Washington 98195-5020 

 

 
 

Final Report to the Yukon River Drainage Fisheries Association, Contract Number: 
04-001; Financial Coding: #4 NRDA, Obj. 1; Project Name: Stock Origins, 

Migration Patterns, and Marine Productivity of Yukon River Salmon  

 
Diet Overlap and Potential Feeding Competitio

er Chum Salmon and H

School of Aquatic and Fishe

 
November 2004 

 



  

 

ition Between 
Yuk  Hatchery Salmon  

in the Gulf of Alaska in Summer 
 

dy in late 
oncerns about the effects that competition with hatchery 

salmon may have on the ocean growth and survival of Yukon River chum salmon.  Data 
compilation and analyses were completed in September 2004.  A final report of research results 
was submitted to YRDFA in Nov 4. 

on and 
aska in summer 
d geographic 

 of Alaska in summer 
s of our Gulf of 

 Yukon River chum 
s among different 

otential for intra-
 and Alaska 

hatchery chum salmon.  Although inter-specific overlap in salmon diets was low to moderate, the 
quality of chum salmon diets (mean calories per fish) was low compared to diets of all size 
groups of pink salmon and large-size sockeye salmon in all geographical regions where these 
species co-occurred.  When the ality of prey available to chum salmon is reduced 

 and oceanographic changes are 
more likely to result in a decrease the ocean growth and survival of Yukon River chum salmon. 

 

 

Project Data 
 Project data result from the analysis of salmon stomach content samples collected during the 
Gulf of Alaska survey of the R/V Kaiyo maru (August 2003) and historical data collected during 
research vessel surveys of the T/S Oshoro maru (July 1993-2002).  These data include 
environmental (sample location and date, sea surface temperature), salmon biological (species, 
size, sex, age), and salmon food habits data.  Data are formatted as Microsoft Excel spreadsheets.  

Diet Overlap and Potential Feeding Compet
on River Chum Salmon and

Study History 
The Yukon River Drainage Fisheries Association (YRDFA) funded this stu
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Abstract 

Diet overlap and potential feeding competition between Yukon River chum salm
Asian and Alaskan hatchery chum, pink, and sockeye salmon in the Gulf of Al
(1993-2003) were investigated.  Our results indicate that overlap in the diets an
distribution of Yukon River chum salmon and hatchery salmon in the Gulf
varies by species, body size group, and geographic region.  We identified region
Alaska study area with the highest potential for feeding competition between
salmon and Japanese and Alaska hatchery salmon in summer.  Overlap in diet
body size groups of chum salmon in these regions was high, indicating a high p
specific feeding competition between Yukon River chum salmon and Japanese

amount or qu
by locally abundant stocks of hatchery salmon, adverse climatic
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and body-size 
sing a 
ach species 

the mean number 

h seas salmon tag 
abase (1980-

to plot maps of the 
ocean distribution of Yukon River chum salmon and salmon from geographic regions that 
produce the majority of hatchery chum (Japan, Prince William Sound, and Southeast 
Alaska), pink (Prince William Sound and Kodiak Island), and sockeye salmon (Cook 
Inlet and Prince William Sound) by month with respect to the Gulf of Alaska food habits 
study area.  We also reviewed information from the literature on the genetic stock 
composition of immature and maturing chum salmon in the Gulf of Alaska.  These data 
were used to infer spatial and temporal overlap in distribution and potential feeding 

 With funding from the Yukon River Drainage Fisheries Association (
contract no. 2004-001), we investigated diet overlap and potential feedin
between Yukon River chum salmon and hatchery chum, pink, and socke
offshore waters (primarily, international waters beyond the U.S. 200-mile
Gulf of Alaska in summer.  The specific objectives of this study were: (1) to estim
salmon diet overlap by species, body size group, and region, (2) to prov
on the times and areas where intermingling of hatchery salmon and Yuko
salmon in the Gulf of Alaska are likely to occur, and (3) to ev
respect to the potential effects of large-scale releases of hatchery salmon o
growth and survival of Yukon River chum salmon in the Gulf of Alaska. 

We collected salmon stomach contents data aboard Japanese research
NOAA-funded international cooperative high seas salmon research cru
Alaska in summer 1993-2003.  The pooled (summer 1993-2003) stomach c
were stratified into six geographic regions, including two (North and Sout
regions and three (West, Mid, East) longitudinal regions in the Gulf of A
boundary of the two latitudinal regions was d
(July) sea surface temperature minimum, which is associated with two di
feeding zones for salmon in our Gulf of Alaska study area.  The three longi
(West, 157°-165°W; Mid, 149°W-156°W; and East, 139°W-148°W) in
lines with the most similar oceanographic conditions.   

We assumed that similarity in diets is likely to be highest am
body sizes.  The results of a previous study indicated that in the Gulf of A
sockeye salmon between the body weights of 600 and 1200g switch 
zooplankton to squid.  We stratified our stomach contents data into three 
groups (small=<600 g, medium = 600-1200 g, and large = >1200 g) of chu
and pink salmon in each of the six geographic region

Diet overlaps of the three species (chum, pink, and sockeye salmon) 
groups in the six regions of our Gulf of Alaska study area were estimated u
modified Schoener’s index, called the Percent Similarity Index (PSI).  For e
and body-size group, we also calculated an index of diet quality (Q) or 
of calories consumed per fish in each of the six regional strata. 

  The North Pacific Anadromous Fish Commission (NPAFC) hig
recovery database (1956-2003), the high seas coded-wire tag recovery dat
2004), and the otolith mark recovery database (1997-2002) were used 
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competition between Yukon River 
salmon in the Gulf of Alaska in summer.    

Food habits data from 4,996 salmon stomachs collected in 1993-2003
including 1,719 chum, 1,499 pink, and 1,778 sockeye salmon.  The samples included a 
mixture of immature and maturing chum and sockeye salmon and maturi
For all body weight groups of chum salmon the percentages of fish with 
which may indicate poor feeding conditions, were highest in the eastern re
Gulf of Alaska study area.  The quality of chum salmon diets was low co
diets of all size groups of pink salmon and large-size sockeye salmon in a
regions where the species co-occurred.  The diets of medium- and small-
sockeye salmon were often si
area, where chum salmon had lower quality diets than sockeye salmon
diets of chum, pink, and sockeye salmon in the Gulf of Alaska varied by sp
size group, and geographic region.   

The PSI values for pairwise comparisons between different size groups
salmon in regions north of the SST minimum were usually high, and ten
in northern regions than in southern regions.  In northern regions, the prey c
the highest PSI values for all size groups of chum salmon was usually pt
are a low-calorie food.  In the three southern regions, PSI values were high
and medium-size chum salmon that fed on amphipods, which are also a
calorie food (although they have a higher caloric content than pteropods).  T
were moderate to low in the Southwest region, and were high in the Southe

pink salmon were usually low to moderate.  The PSI values for pairwise co
between different size groups of chum and sockeye salmon were often h
regions than in southern regions.  Interspecific overlap in diets tended to b
all species were feeding on amphipods or pteropods or both.  

Limited data from high seas tagging experiments indicate that imm
chum salmon are distributed in the Gulf of Alaska throughout the summer,
distribution shifts to the north and west as the season pro
immature Yukon River chum salmon tend to be distributed farther to the no
than younger age groups.  Maturing Yukon River chum salmon are 
in the northern regions of our study area.  Maturing Yukon River ch
Gulf of Alaska to the Bering Sea in June and July.  By July maturing Yuko
summer chum salmon 
salmon may occur only in the Northwest region of our study area.   
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chum salmon and hatchery chum, pink, and sockeye 

 were analyzed, 

ng pink salmon.  
empty stomachs, 

gions of our 
mpared to the 
ll geographical 

size chum and 
milar in quality, except in the eastern regions of the study 

.  Overlap in the 
ecies, body 

 of chum 
ded to be higher 

ategory with 
eropods, which 

est for small- 
 relatively low-

he PSI values 
ast region.  

The PSI values for pairwise comparisons between different size groups of chum and 
mparisons 

igher in northern 
e highest when 

ature Yukon River 
 although their 

gresses.  Older age groups of 
rth and west 

distributed primarily 
um migrate from the 

n River 
have left the Gulf of Alaska, and maturing Yukon River fall chum 

High seas salmon tag, otolith-mark, and genetic data indicate that in our study area in 
summer overlaps in the distributions and diets of Yukon River chum salmon and 
Japanese hatchery chum salmon are most likely to occur in the West regions, and 
overlaps with Alaskan hatchery chum, pink, and sockeye salmon are most likely to occur 
in the Mid and East regions. 

In our Gulf of Alaska study area in summer, the highest potential for feeding 
competition between maturing Yukon River chum salmon and hatchery chum salmon is 



 
 
 
probably in the Northwest region.  Tag recovery data indicate that by la
July, many maturing Yukon River and Japanese hatchery chum salmon h
migrated to the Bering Sea.  Previously published genetic stock compositio
indicate that approximately 30% of maturing chum salmon in the western r
study area in summer are Japanese hatchery fish, and only 10% are western
Even though similarity in the diets of different size groups of chum salmo
Northwest region was high, the quality of large- and medium-size chum
also high relative to other regions of our study area, and percentages of fish
stomachs were low.  These results suggest that the poten
competition between maturing Yukon River chum salmon and Japan
in our Gulf of Alaska study area in summer may be relatively low.   

Our results indicate that the highest potential for feeding competitio
immature Yukon River chum salmon and Alaska hatchery salmon is in t
regions of our study area.  Chum salmon in the Northeast and Southeast
relatively high percentages of empty stomachs and low calorie prey (e.g
zooplankton) in their diets compared to fish in other regions.  Although 
have a diverse diet, it is likely that competition for food within and bet
chum salmon could occur, particularly when chum salmon are locally abun
potential for intra-specific feeding competition between immature Yukon R
salmon and Alaska hatchery chum salmon may be particularly high in the N
region, where all size groups of chum salmon had lower diet quality and hi
similarity than in the Southeast region.  The potential for inter-specific com
Alaska hatchery pink and sockeye salmon also seems to be higher in th
than in the Southeast region.  In the Northeast region, the diets of large
pink salmon and large-size sockeye salmon contained hig
zooplankton and squid and the diets of large-size chum salmon contained a
percentage of low-calorie gelatinous zooplankton than in the South
studies have indicated that when pink salmon abundance is high, chum sal
switch their diets to alternative low-calorie prey, e.g., gelatinous zooplankto
decreases feeding competition with other zooplanktivorous salmon.   

We hypothesize t
Gulf of Alaska may reduce the growth of immature Yukon River chum salm
particularly when adverse oceanographic and climatic conditions limit 
We also hypothesize that reductions in growth due to competition with hatc
reduce the survival of immature Yukon River chum salmon by several po
mechanisms, e.g., an increase in predation, a decrease in storage of lipids, a
in parasites and diseases.   

In conclusion, our results indicate that overlap in the diets and geograp
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mon may 

n, which 

hat inter- and intra-specific competition with hatchery salmon in the 
on, 

prey availability.  
hery fish may 

ssible 
nd an increase 

hic distribution 
of Yukon River chum salmon and hatchery salmon in the Gulf of Alaska in summer 
varies by species, body size group, and geographic region.  Regions of the Gulf of Alaska 
with the highest potential for feeding competition between Yukon River chum salmon 
and hatchery chum, pink, and sockeye salmon in summer were identified.  Overlap in 
diets among different size groups of chum salmon in these regions was high, indicating a 
strong potential for intra-specific feeding competition between Yukon River and hatchery 
chum salmon.  Although inter-specific overlap in salmon diets was low to moderate, the 



 
 
 
quality of chum salmon diets in the Gulf of Alaska was low compared to th
and sockeye salmon.  Consumption of low quality prey (e.g., gelatinous zo
chum salmon may decrease intra-specific competition between different 
groups of chum salmon and inter-specific competition with pink and sock
When the amount or quality of prey available to chum salm
stocks of hatchery salmon, adverse climatic and oceanographic changes
to result in a decrease the ocean growth and survival of chum salmon. 

A better understanding of the spatial and temporal patterns of o
abundance, food habits and feeding behavior, growth, and bioenerg
wild salmon and their prey is needed.  Future investigations of potential f
competition between Yukon River chum salmon and hatchery salmon
expanded to include other oceanic regions where they are distributed, pa
central North Pacific Ocean, Aleutian Islands, and eastern Bering Sea.  Littl
about interactions between immature and maturing Yukon River chum salm
hatchery salmon in coastal and offshore waters within the U.S. 200-mile z
international waters of the Gulf of Alaska, new field research should focus 
between maturing Yukon River chum salmon and Japanese hatchery
western regions of our study area, and immature Yukon River chum salmon and Alaska 
hatchery chum, pink, and sockeye salmon in the Mid and East regions of ou
Historical salmon food habits data collected in the Gulf of Alaska and oth
regions during the winter, spring, and fall seasons should be incorporated
existing summer database.  Further analyses of these data would expand ou
of other critical lo

h in mixed-sto
including the tagging or marking of all hatchery salmon released into the
Ocean and Bering Sea. 

 

Introduction 
Approximately 5 billion juvenile Pacific salmon (Oncorhynchus spp.) a

annually into the North Pacific Ocean by hatcheries in Asia and North America (Table 1).  
Limited information from high seas tagging studies indicates that in summ
River chum salmon (O. keta) are distributed in both the Bering Sea and
(Myers et al. 1996), where they intermingle with Asian and North Am
salmon.   There is increasing evidence that western Alaska stocks of salmon are food 
limited during their offshore migrations in the North Pacific Ocean and Be
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e diets of pink 
oplankton) by 

size or maturity 
eye salmon.  

on is reduced by abundant 
 are more likely 

cean distribution, 
etics of hatchery and 

eeding 
 should be 

rticularly the 
e is known 
on and 

one.  In the 
on interactions 

 chum salmon in the 

r study area.  
er oceanic 
 into the 

r knowledge 
cations and seasons when inter- and intra-specific competition between 

Yukon River chum salmon and hatchery salmon are most likely to occur.  Finally, new 
research should emphasize the development and application of methods to identify the 
stock origins of individual fis ck ocean fishery and research vessel samples, 

 North Pacific 

re released 

er Yukon 
 Gulf of Alaska 

erican hatchery 

ring Sea (e.g., 
Rogers 1980; Rogers and Ruggerone 1993; Aydin 2000; Aydin et al. 2000; Kaeriyama et 
al. 2000, 2004; Ruggerone et al. 2003).  Since the mid 1970s, there has been a large 
increase in the commercial catches of Asian and North American salmon (Fig. 1).  This 
increase in commercial catches is correlated with climate change (e.g., Beamish and 
Bouillion 1993), as well as an increase in the production of hatchery salmon and a 
decrease in the body size of adult salmon returning to both continents, indicating a limit 
to the carrying capacity of salmon in the ocean (e.g., Kaeriyama 1989, Ishida et al. 1993, 



 
 
 
Helle and Hoffman 1995, Bigler et al. 1996).  U.S. marine research on salm
capacity in the ocean has focused largely on the early (juvenile) life-history phase, wh
salmon are migrating in waters over the continental shelf during their fir
(Brodeur et al. 2003).  Results of international cooperative high seas s
however, suggest that inter- and intra-specific competition for food and d
dependent growth effects occur primarily among older age groups of salmo
stocks originating from all geographic regions around the Pacific Rim mix a
offshore waters (e.g., Ishida et al. 1993, Ishida et al. 1995, Myers e
al. 1996, Walker et al. 1998, Azumaya and Ishida 2000, Bugaev et al. 20
In addition, time-series analysis of scale pattern and abundance data indicat
substantial decrease in marine survival of western Alaska salmon during ye
abundance of Asian salmon (Ruggerone et al. 2003).  The period of ove
survival was affected seems to
Alaska salmon move off the continental shelf, through at least summer of the second year 
at sea, when they are distributed across broad regions of the North Pacific
Bering Sea (Ruggerone et al. 2003).   

In a previous study funded by the Yukon River Drainage Fisheries Asso
(YRDFA), food habits data from salmon collected in fall 2002 from the Be
in summer 1991-2002 were analyzed for seasonal (summer-fall 2002) and 
comparisons of salmon diets (Davis et al. 2003).  Samples were grouped i
habitats, representative of the distribution of Yukon River salmon: (1) e
shelf (<200-m depth contour), (2) central Bering Sea basin (>200-m depth 
(3) Aleutian Islands.  In fall diet overlap values (modified Schoen
moderate for sockeye (O. nerka) and chum salmon (49%, basin) and c
(O. tshawytscha) salmon (28% basin, 30% shelf).  Diet overlap between
chum salmon was very high (80%) in the Aleutian Islands, where both s
macro-zooplankton (crustaceans and pteropods), and was reduced whe
consumed gelatinous zoop
composition of sockeye, chum, and chinook salmon between seasons, 
salmon age groups were likely due to changes in prey availability.  Davis 
concluded that if prey availability is reduced by poor ocean conditions, then increased
food competition could decrease growth and survival of Yukon River sal
Bering Sea and Aleutian Islands. 

In the current study we extend our work on trophic interactions to salm
offshore waters of the Gulf of Alaska, primarily in international waters
200-mile zone.  Limited information from high seas tagging studies indicat
summer immature Yukon River chum salmon are distributed in both the 
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Gulf of Alaska (Myers et al. 1996), where they intermingle with salmon released from 
hatcheries in Asia and North America.  Poor offshore rearing conditions (low 
zooplankton abundance, warm water temperatures) in the Gulf of Alaska in summer may 
increase food competition between hatchery salmon and Yukon River chum salmon 
(Kaeriyama et al. 2004).  We examine this problem by analyzing time-series data on 
salmon food habits (1993-2003) and stock distribution (1956-2003) in the Gulf of Alaska 
in summer.  We assume that these stomach contents data are representative of the food 



 
 
 
habits of all hatchery an
m

Objectives 
The specific objectives of this study were: (1) to estimate salmon die

species, body size group, and region, (2) to provide information on the
where intermingling of hatchery salmon and Yukon River chum salmon
Alaska are most likely to occur, and (3) to evaluate
po

lmon in th

 

Methods 
The methods used to collect high seas salmon food habits data in the Gu

are described by Kaeriyama et al. (2000; 2004).  In August 2003, the Japa
vessel Kaiyo maru conducted an extensive (approximately 1-month) surve
the Gulf of Alaska.   Scientists from the School of Aquatic and Fishery Sc
University of Washington participated in this survey (Myers et al. 2004a).  
funding was used to analyze salmon food habits data from the 2003 survey.
were combined with our existing time-series of summer (late June-July 1
of Alaska salmon food habits data.  Diet overlap by species, size group
region were estimated.  Stock
and genetics was used to infer spatial and temporal overlap in distribution
the potential for feeding competition between Yukon River chum sa
chum, pink (O. gorbuscha), and sockeye salmon in the Gulf of Alaska in 

Study Area and Fishing Methods 
Our Gulf of Alaska study area was located primarily in international w

the U.S. 200-mile zone (Fig. 2).  In 1993-2002, SAFS scientists collect
stomach contents data during cooperative Japan-U.S. sa
Japanese research vessel Oshoro maru in the Gulf of Alaska, primarily alon
south transects (145°W and 165°W) in June and July.  Salmon were cau
research gillnet.  The net, designed to eliminate fishing (salmon body s
was constructed of web panels with 10 different mesh sizes (48, 5
121, 138, and 157 mm stretched mesh).  The net hung from the surface to a depth of 
approximately 6 m below the surface, and was soaked overnight.   

In 2003, SAFS scientists collected salmon stomach contents data dur
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tential effects of large-scale releases of hatchery salmon on the marine growth and 
survival of Yukon River chum sa e Gulf of Alaska. 

lf of Alaska 
nese research 
y of salmon in 
iences (SAFS), 
The YRDFA 
  The results 

993-2002) Gulf 
, and geographic 

 identification information from tags, thermal otolith marks, 
 and to evaluate 

lmon and hatchery 
summer.    

aters beyond 
ed salmon 

lmon gillnet surveys aboard the 
g two north-

ght using a 
ize) selectivity, 

5, 63, 72, 82, 93, 106, 

ing a cooperative 
Japan-U.S. salmon trawl survey aboard the R/V Kaiyo maru in the Gulf of Alaska in 
August (research funded by NOAA Contract 50ABNF1-0002; Myers et al. 2004a).  
Salmon were caught using a NICHIMO model NST-60-K1 surface rope trawl 
(manufactured by NICHIMO CO. LTD., Japan; 202.2 m total length, 63 m headrope 
length, hexagonal mouth opening, 13-mm liner in the codend, and a typical vertical and 
horizontal spread of 60 m).  Floats were attached to the headrope to keep it at the surface, 
and weights were attached to the front of the trawl to sink the footrope.  The trawl was 



 
 
 
towed for 1 hour at the surface at 5 knots w
w

 

Analysis of Salmon Stomach Contents  
Scientists on board the research vessels sorted the salmon catc

biological data, including fork length (mm), body weight (g), sex, gonad w
a scale sample for age determination, were collected.  The stomachs o
representing a range of body sizes and maturity groups from each species
for food habits analysis.  Aboard the research vessels, the stomach of eac
weighed to the nearest gram (full weight, FW), and then opened.  The s
was examined, and the number 
stomach contained food, the fresh contents were removed, and the empt

(PW) of each fish i was calculated as:  

PWi = FWi – EWi 

The fresh stomach contents were sorted into taxonomic groups, using a
dissecting microsco
euphausiids
pteropods (PT), fish (FI), polychaetes (PO), chaetognaths (CH), and gelat
zooplankton (medusae and ctenophores, GE).  The percent volume of eac

Data Analysis 

the weight (W, in grams wet weight) of each prey category j was calculated

  Wij = Vj× PWi 

where V is the percent volume of each prey category j (estimated v

The pooled summer 1993-2003 stomach contents data were stratifi
geographic regions, including two (North and South) latitudinal regions and
Mid, East) longitudinal regions (Fig. 2).   Aydin et al. (2000) found two dis
feeding zones for salmon associated with the July latitudinal sea surface tem
minimum.  The diets of salmon in the southern zone are often high in m
squid (primarily 60-120 mm mantle length, Berryteuthis anonychus), w
salmon in the northern zone are often higher in mesozooplankton (e.g
copepods, amphipods, pteropods).  The boundary between the
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(1)  

 binocular 
pe in most years.  The major taxonomic groups of prey included 

 (EU), copepods (CO), amphipods (AM), larval crabs (CR), squid (SQ), 
inous 
h prey category 

was estimated visually.   

For each fish i in the summer 1993-2003 Gulf of Alaska stomach contents samples, 
 as: 

(2) 

isually).   

ed into six 
 three (West, 

tinct summer 
perature 

icronektonic 
hile the diets of 

., euphausiids, 
 North and South latitudinal 

regions in summer varied from year to year and between longitude regions, depending on 
the location of the sea surface temperature (SST) minimum.  The annual summer position 
of the North-South boundary was determined from satellite data or from CTD data 
collected at the fishing stations in the study area, according to methods described by 
Aydin (2000) and Aydin et al. (2000).  In general, the three longitude regions (West, 
157°-165°W; Mid, 149°W-156°W; and East, 139°W-148°W) include transect lines 
having the most similar oceanographic conditions (Fig. 2; Aydin 2000).    



 
 
 

We assumed that similarity in diets is likely to be highest among salmon
body sizes.  In the Gulf of Alaska, pink and sockeye salmon betwee
600 and 1200g switch from feeding on zooplankton to squid (Aydin 2000)
calculated the percentage prey composition by total prey weight in the stom

chum, sockeye, and pink salmon in each of the six geographic regions (Fig

A modified Schoener’s index, called the Percent Similarity Index 
calculate diet overlap between pairwise combinations of the three size gr
pink, and sockeye salmon in the six geographic region
proportional weights of individual prey categories in common between
and is calculated according to the formula (Buckley et al. 

PSI = ∑ [min (pxj, pyj)] 

where p is the proportion of prey category j in predators x and y.   

The PSI ranges from 0 to 100%, where 0% indicates no overlap and 1
complete overlap in diet of the two predators (low similarity = 0-24%, m
40%; high = 50-74%, very high = 75
contents were identified to general taxa, the PSI may overestimate diet sim
identified to the lowest possible taxa, however, included the same major s

(Kaeriyama et al. 2004; Appendix Table 1).  

An index of diet quality (Q) or the mean number of calories consumed p
each predator x in each region and body weight stratum, was calculat

 Q xj ij j

where Cj  is the mean caloric content (cal/g wet weight) of prey category
number of fish in each strata, including fish with empty stomachs.  Caloric
calculate the mean for each prey category were derived from previous
studies.  

  The North Pacific Anadromous Fish Commission (NPAFC) high seas 
recovery database (1956-2003), the high seas coded-wire tag recovery data
2004), and the high seas otolith mark recovery database (1997-2002), arch
were used to plot maps of the ocean distribution of Yukon River chum salm
salmon from geographic regions that produce the majority of hatchery c
Prince William Sound, and Southeast Alaska), pink (Prince William Soun
and sockeye salmon (Cook Inlet and Prince William Sound) by month with respect to the 
Gulf of A
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 j, and n is the 
 values used to 

ly published 

salmon tag 
base (1980-
ived at SAFS, 

on and 
hum (Japan, 

d and Kodiak), 

laska food habits study area.  We also reviewed information from the literature 
on the genetic stock composition of immature and maturing chum salmon in the Gulf of 
Alaska.  We are not aware of any published genetic stock composition estimates for pink 
and sockeye salmon migrating in the international waters of the Gulf of Alaska in 
summer.  Data from ongoing studies by the Fisheries Agency of Japan on the genetic 
stock composition of chum salmon and the recovery of otolith-marked hatchery salmon 
in the August 2003 Kaiyo maru catches were not available at the time of completion of 
this report.    



 
 
 

Results  
Food habits data from 4,996 salmon stomachs collected in 1993-2003 w

including 1,719 chum, 1,499 pink, and 1,778 sockeye salmon (Table 2).  F
weight groups of chum salmon, the percentages of fish with empty stomac
in the eastern regions of the study area (Table 2).  The estimated m
salmon prey categories used in the analysis ranged from 92 cal/g wet w
zooplankton) to 1,561 cal/g wet weight (squid; Fig. 3, Table 3).  The ma
composition of chum and sockeye salmon in the stomach contents samples 
weight group and study area region is shown in Table 4.  All pink salmon i
2003 food habits samples were maturing fish.  For all body weight gro
chum salmon diets (mean calories consumed per fish) was always lower 
salmon in all regions where the two species co-occurred (Table 2, Fig.
large sockeye salmon diets was higher than that of large chum salmon in al
(Table 2, Fig. 4).  The diets of medium and small size chum and sockeye sa

sockeye salmon were higher in quality than those of medium-size chum
Fig. 4).  In the Southeast region, the diets of small sockeye salmon were hi
content than those of small size chum salmon (Table 2, Fig. 4).   

The PSI values for pairwise comparisons between different size groups 
salmon in regions north of the SST minimum were usually high, and tended
in northern regions than in southern regions (Figs. 5-10).  In northern regio
category with the highest PSI values for all size groups of chum salm
pteropods (Figs. 5, 7, and 9), although in the Northeast region similarities b
and medium-size chum
south of the SST minimum, diet overlaps were highest for small- and med
salmon feeding on amphipods (Figs. 6, 8, and 10).  The PSI values wer
in the Southwest region (Fig. 6), and were high in the Southeast region (Fig. 10).  
Samples of chum salmon were insufficient to adequately characterize diet
South Mid region (Fig. 8).   

Th
pink salmon were usually low to moderate (Figs. 11-15).  The PSI values 
between medium-size chum salmon and large-size pink salmon in the Nor
(61.6%, Fig. 12), between small-size chum salmon and medium-size p
Southwest regi
and medium-size pink salmon in the Southeast region (53.8% and 62.0%
Fig. 15).  
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The PSI values for pairwise comparisons between different size groups of chum and 
sockeye salmon were often higher in northern regions than in southern regions (Figs. 16-
21).  Overlap in diets was highest when both species were feeding on amphipods or 
pteropods or both.  

The results of high seas tagging experiments indicate that immature Yukon River 
chum salmon likely occur in the Gulf of Alaska throughout the summer, although their 



 
 
 
distribution shifts to the north and west as the season progresses (Fig. 22). 
groups of immature Yukon River chum salmon tend to be distributed far
and west than younger age groups (Fig. 22).  Maturing Yukon River chum 
distributed primarily in the northern (Mid and West) regions of our study ar
(Fig. 23).  Maturing Yukon River chum migrate from the Gulf of Alaska t
Sea in June and July.  By July ma
the Gulf of Alaska, and maturing Yukon River fall-run chum salmon m
the Northwest region of our study area.   

There have been few recoveries from tagged and otolith-marked Japane
salmon in the Gulf of Alaska in summer (June-July; Figs. 24 and 25).  The 
tag recoveries in Japan were from fish released farther to the west (west of
North Pacific Ocean, Aleutian Islands, and Bering Sea (Figs. 24 and 
our study area, overlaps in the summer distribution of Yukon River chum s
Japanese hatchery salmon are most likely to occur in the western regions 

The high seas tag and otolith mark recovery data indicate that maturing
William Sound (PWS) and Southeast Alaska (SE) chum salmon are 
in the North Mid and Northeast regions of our study area in June and July
27).  The distributions of immature PWS/SE chum salmon in internation
and August are not well known, but in July they seem to be distributed pr
eastern region of the study area.  Overlaps in the summer distribution of 
hatchery chum salmon and Yukon River chum salmon are most likely to o
maturing fish in the North Mid region, between maturing PWS/SE fish 
Yukon fish in the North Mid, Northeast, and Southeast regions, and betwee
fish in the Northeast and Southeast regions of the study area (Figs. 22, 2

In June and July, maturing Kodiak Island (KI) and PWS pink salmon 
throughout the mid- and east-regions of the study area (Figs. 28 and 29
limited otolith-mark recovery data show that PWS hatchery pink salmon 

may remain only in the North Mid region of the study area.  Overlaps in th
distribution of maturing KI/PWS pink salmon and maturing Yukon River c
are most likely to occur in the Northwest and North Mid regions, an
immature Yukon fish may occur throughout the entire Gulf of Alaska st
22, 23, 28, and 29).  

In June and July, maturing Cook Inlet (CI) and PWS sockeye salmo
across the northern regions of our study area, with major conc
and Northeast regions (F
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igs. 30 and 31).  Immature CI/PWS sockeye salmon are 
distributed to the south and west of maturing CI/PWS fish.  Overlaps in summer 
distribution of maturing CI/PWS sockeye salmon and immature and maturing Yukon 
River chum salmon in our study area are most likely to occur in the North Mid and 
Northeast regions (Figs. 23, 30, and 31).  Overlaps in summer distribution of immature 
CI/PWS sockeye salmon and immature Yukon River chum salmon are most likely to 
occur across the southern regions of our study area (Figs. 22, 30, and 31).  
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es of immature SE/PWS stocks are higher in the 
Southeast region than in the Northeast region, and are highest among age 0.1 fish.  
Percentages of western Alaska stocks are low (<1%) in age 0.1 fish, and are higher in 
older age 0.2 (21%) and age 0.3 (17%) fish.  A high percentage (58%) of maturing fish in 
the Northeastern region of our study area in July is from southern North American stocks 
(British Columbia and Washington).  Genetic analyses of chum salmon tissue samples 
collected by Japanese researchers in our Gulf of Alaska study area after 1998 are ongoing 
or postponed until funding is available.   

Discussion 
The results of high seas tag and otolith-mark recovery experiments an

identification studies show that chum, pink, and sockeye salmon originatin
major salmon producing regions in Asia and North America are distributed
part of their ocean life in the Gulf of Alaska (e.g., Myers et al. 1996, Kawa
Urawa et al. 2000, Seeb et al. 2004).  We assumed that the 1993-2003 G
salmon food habits data used in our study are representative of hatchery a
originating from all Asian and North American regions, including Yukon R
salmon.  Maturing chum salmon were present in our summer samples from
Alaska (Table 4).  Because of the sample period (late June-August) and the
of our Gulf of Alaska study area from the Yukon River, however, it is un
of these were maturing summer-run Y
defined as those fish returning to the mouth of the Yukon River by July 15.
stomach content data from immature chum salmon in our study to be repr
both summer- and fall-run Yukon River fish. 

Our results do not account for any species, size-related, or seasonal 
behavior of salmon or their prey.  Davis et al. (2000) found inter-specific d
diel gillnet catches and feeding behavior of chum, pink, and sockeye salm
central Bering Sea, as well as shifts in their prey between daytime and ni
periods.  Pearcy et al. (1984) found that the consumption of diel migratin
euphausiids, fish, squid) by salmon in the Gulf of Alaska varies throughou
may have under- or over-estimated diet overlaps for salmon consuming di
prey because our 1993-2002 samples were collected by driftnets soaked
hauled in the early morning
hours by a surface research trawl.  In addition, diel vertical distribution of
among species, as well as by season and maturity stage.  For example, chum
migrate vertically throughout the day, and their maximum swimming dept
300 m below the surface, whereas sockeye salmon usually remain wi
surface (Walker et al., in press).    

To our knowledge, the only published estimates of the genetic sto
immature and maturing chum salmon our Gulf of Alaska study area in
July 1998) are by Urawa et al. (2000).  These estimates indicate that mo
in the eastern region of our study area are of North American origin (15% w
Alaska, 25% Alaska Peninsula/KI, 28% SE/PWS, and 18% British Columb
chum salmon in the western region are of Asian origin (25% Japan, 53% Ru
13% western Alaska).   Percentag
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Direct information on the distribution of Alaska hatchery salmo
Alaska study area in summer was limited to a few published studies of hig
recoveries of otolith-marked fish.  At present, approximately 1.4 billion oto
hatchery salmon are released by hatcheries in Asia and North America (T
hatchery releases of otolith-marked sockeye salmon, however, are re
million fish in 2004) compared to pink (69
salmon (Table 5).  To date, there have been no attempts to recover otolith
sockeye salmon in our Gulf of Alaska study area.   

One of the largest salmon hatchery programs in the world is located in P
over 600 million pink salmon fry are released each year (e.g., McNair 2002
marked hatchery pink salmon recovered in our Gulf of Alaska study area in
(27 June-10 July) were from four hatcheries in PWS (Kawana et al. 1999), w
295 million otolith-marked pink fry were released in 1997 (Geiger and M
catch per unit effort (CPUE) of the marked PWS hatchery pink salmon was
eastern regions of our study area than in the western regions, and in the
CPU
52°N) (Kawana et al. 1999).  There were no otolith-marked hatchery pink
samples collected from our Gulf of Alaska study area in late July 2002 (M
2004b). 

Recoveries of otolith-marked hatchery chum salmon in our study area
(9.7% of fish examined) were mostly immature fish from four hatcheries in
where about 200 million marked chum fry were released annually (Urawa e
Percentages of otolith-marked hatchery chum salmon were higher in the ea
our study area (14.5% of the total number of fish examined) than in the we
(1.1%; Urawa et al. 2000).  The percentages of otolith-marked chum sa
in the Southeast region (21.5%) than in the Northeast region (8.9%
concluded that most of the SE/PWS chum salmon in the eastern regions 
in summer may be hatchery fish, if the survival rate is similar among oto

with 1998 brood year stocks.  Analyses of chum salmon otolith samples co
Japanese researchers in our Gulf of Alaska study area after 1998 are ongo
postponed until funding is available.  The first reported recovery of an
Japanese hatchery chum salmon in the Gulf of Alaska in summer was in th
region of our study area in July 2002 (Fig. 24; Myers et al. 2004b).   

For maturing Yukon River chum salmon in our Gulf of Alaska study 
the highest potential for feeding competition with hatchery salmon is pro
Northwest region (Fig. 2).  Tag recovery data and published genetic stock c
estimates indicate that by late June and early July, most maturing Yukon
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Japanese hatchery chum salmon have migrated to the Bering Sea (Figs. 23 and 25; Seeb 
et al. 2004).  Genetic stock composition estimates indicate that approximately 30% of 
maturing chum salmon in the western regions of our study area in summer are Japanese 
hatchery fish, and only 10% are western Alaska fish (Urawa et al. 2000).  Even though 
similarity in the diets of different size groups of chum salmon in the Northwest region 
was high (Fig. 5), the quality of large- and medium-size chum salmon diets was also high 
relative to other regions of our study area (Fig. 4), and percentages of fish with empty 



 
 
 
stomachs were low (Table 2).  These results suggest that the potential for in
feeding competition between maturing Yukon River chum salmon and Japa
chum salmon in our Gulf of Alaska study area in summer may be relatively
in distribution and feeding competition between maturing Yukon River ch

and spring.   

Although chum salmon have a diverse diet (Table 2), our results indicat
specific competition for food between different size groups of immatur
likely (Figs. 5-10).  In locations where large numbers of Asian and North 
salmon intermingle, growth reductions of immature Yukon River chum sa
result.  Significant negative relationships have been observed between the 
chum salmon and mean fish size (e.g., Ishida et al. 1993, Kaeriyama 199
dependent factors explained 35% of the decrease in average size of
central North Pacific Ocean (Ishida et al. 1993).  Analyses of scale p
density-dependent interactions may reduce body size of immature chum
third year of ocean life (Kaeriyama 1989; Ishida et al. 1993; Walker et a

genetics data show that after their second summer at sea immature Japanese
chum salmon migrate between summer feeding grounds in the Bering Sea a
habitat in the Gulf of Alaska (Urawa 2004).   

For immature Yukon River chum salmon in the Gulf of Alaska in summ
highest potential for feeding competition with hatchery salmon is in the e
our study area.  Chum salmon in the Northeast and Southeast regions ha
percentages
their diets (Table 2).  The potential for intra-specific feeding competition between 
immature Yukon River chum salmon and immature and maturing hatcher
may be particularly high in the Northeast region, where all size groups of 
had lower diet quality and higher diet similarity than in the Southeast regio
Figs. 8 and 9).   

Our results substantiate earlier food habits studies in the Gulf of Al
which have shown that chum salmon feed primarily on zooplankton, 
sockeye salmon may feed alternatively on zooplankton or gonatid squid 
LeBrasseur 1966, 1972; Pearcy et al. 1988; Aydin 2000; Aydin et al. 2000
al. 2000, 2004; Table 2).  Carbon and nitrogen stable isotope (δ13C and δ15

indicate that all species of Pacific salmon in the Gulf of Alaska occupy the 
of the food web, and that sockeye salmon occupy a slightly higher t
chum and pink salmon (Satterfield and Finney 2002; Kaeriyama et al
potential for inter-specific competition between immature Yukon R
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tra-specific 
nese hatchery 
 low.  Overlap 

um salmon and 
Japanese hatchery chum salmon in the Gulf of Alaska are more likely to occur in winter 

e that intra-
e chum salmon is 

American chum 
lmon may 
abundance of 

6), and density-
 chum salmon in the 

atterns indicate that 
 salmon in the 
l. 1998; 

Azumaya and Ishida 2000).  Migration routes estimated from fish abundance and 
 hatchery 
nd winter 

er, the 
astern regions of 

d relatively high 
 of empty stomachs and low calorie prey (e.g., gelatinous zooplankton) in 

y chum salmon 
chum salmon 
n (Table 2, 

aska in summer, 
whereas pink and 

(B. anonychus; 
; Kaeriyama et 
N) analyses 
same branch 

rophic level than 
. 2004).  The 

iver chum salmon, 
maturing Alaska hatchery pink salmon, and immature and maturing Alaska hatchery 
sockeye salmon seems to be higher in the Northeast region than in the Southeast region.  
In the Northeast region, the diets of large- and medium-size pink salmon and large-size 
sockeye salmon contained higher percentages of high-calorie zooplankton and squid, and 
the diets of large-size chum salmon contained a higher percentage of low-calorie 
gelatinous zooplankton than in the Southeast region (Table 2).  When pink salmon 
abundance is high, chum salmon may switch their diets to alternative prey, e.g., 



 
 
 
gelatinous zooplankton, to decrease feeding competition with other zoop
salmon (Andrievskaya 1966, Tadokoro et al. 1996, Davis 2003).  Althoug
zooplankton are a low-calorie food, they may provide some dietary advanta
chum salmon guts are anatomically specialized to quickly digest prey (We
gelatinous zooplankton are more easily and quickly digested than prey with
conten
differences in digestion and consumption rates should be considered whe
quality.   

Inter-specific competition for food among Asian and North American c
and sockeye salmon is a likely mechanism for density-dependent reduction 
growth (e.g., Takagi et al. 1981, Heard 1991, Bugaev et al. 2001).  Leng
Ozernaya River (western Kamchatka) sockeye salmon were substantially 
years when marine abundance of Kamchatka pink salmon was high (Bugaev
Edge-of-scale growth in high-seas chum salmon was negatively correl
pink salmon abundance (Walker et al. 1998).  Davis (2003) observed incre
sockeye, 19% in chum, 72% in pink salmon) in the weight of low calorie
amphipods, or gelatinous zooplankton) in salmon stomach contents c
central Bering Sea in odd-numbered years, when maturing pink salmon we
Bioenergetic models indicate that salmon in summer are feeding at rates clo
physiological maximum, and that sm
competition could significantly decrease growth (Davis et al. 1998).  Under
conditions, small- and medium-size pink and sockeye salmon in the Gul
not attain a size large enough to feed on squid, and would continue to com
salmon for zooplankton prey (Aydin 2000).   

Our results showed that there were differences in diet overlap amon
groups in different regions in the Gulf of Alaska.  Regional differences i
could result from the effects of physical oceanographic conditions (water te
salinity, currents, mixed-layer depth, etc.) on the distribution, abundance, o
of life-history stages of salmon and their prey (Davis et al. 2003).  We
intra- and inter-specific competition with hatchery salmon in the Gulf of A
reduce the growth of immature Yukon River chum salmon, particular
oceanographic and climatic conditions limit prey availability.  Kruse (1
potential link between salmon run fail
anomalous ocean conditions.  Kaeriyama et al. (2004) reported an incre
overlap among chum, sockeye, and pink salmon in our Gulf of Alaska stud
summer 1997-2000, i.e., a shift in diets from micronekton (in pink and sock
diets) or gelatinous zooplankton (in chum salmon diets) to a more diverse a
zooplankton prey in all species, which corresponded to changes in ocean co
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lanktivorous 
h gelatinous 

ges because 
lch 1997), and 
 higher lipid 

t (Arai et al. 2003; Dulepova and Dulepov 2003).  In future studies, inter-specific 
n assessing diet 

hum, pink, 
in their ocean 

th and weight of 
reduced in 

 et al. 2001).  
ated with Asian 

ases (13% in 
 prey (pteropods, 

ollected in the 
re abundant.  
se to their 

all, short-term decreases in daily ration caused by 
 these 

f of Alaska may 
pete with chum 

g species and size 
n diet overlap 

mperatures, 
r progression 

 hypothesize that 
laska may 

ly when adverse 
998) discussed the 

ures in western Alaska in 1997-1998 and 
ase in food-niche 

y area in 
eye salmon 
rray of 
nditions 

caused by climate events (El Niño, La Niña).   

Competition for food may also be a direct cause of shifts in ocean distribution of 
salmon.  For example, Azumaya and Ishida (2000) observed a southeastward shift in the 
summer distribution of Japanese hatchery chum salmon in years when Asian pink salmon 
are abundant, which could increase competition between Japanese hatchery chum and 
less abundant North American stocks distributed in the southeastern Bering Sea and Gulf 
of Alaska.  Shifts in salmon diets or geographic distribution and reductions in growth due 



 
 
 
to competition with hatchery fish may also reduce the survival of Yukon R
salmon by several possible mechanisms, including increased predation (Rug
2003), decreased storage of lipids needed to sustai

ility to parasite

Conclusions 
Our results indicate considerable overlap in the diets and distribution

chum salmon and hatchery salmon in the Gulf of Alaska in summer.  Our 
address the potential for feeding competition between Yukon River chum
major wild populations of salmon that are distributed in the Gulf of Alaska,
Bay and Fraser River sockeye salmon.  Regions of the Gulf of Alaska wi
potential for feeding competition between Yukon River chum salmon and h
pink, and sockeye salmon in summer were identified.  Overlap in diets a
size groups of chum salmon in these regions was high, indicating
intra-specific feeding competition between Yukon River and hatchery chum
quality of chum salmon diets in the Gulf of Alaska was low, compared 
pink and sockeye salmon.  Consumption of low quality prey (e.g., ge
zooplankton) by chum salmon may decrease intra-specific competition be
size or maturity groups of chum
sockeye salmon.  When the quantity or quality of prey available to chu
reduced by abundant stocks of hatchery pink, chum, and sockeye salmon
climatic and oceanographic changes are more likely to result in a decrease
growth and survival of chum salmon. 

A better understanding of the mechanisms that cause variation in the
temporal patterns of ocean distribution, abundance, food habits and feedi
growth, and bioenergetics of hatchery and wild salmon and their prey is n
investigations of potential feeding competition between Yukon River c
hatchery salmon should be expanded to include other oceanic regions whe
distributed, particularly the central North Pacific Ocean, Aleutian Islands, a
Bering Sea.  Little is known about interactions between immature and matu
River chum salmon and hatchery salmon in coastal and offshore waters 
200-mile zone.  In the international waters of the Gulf of Alaska, new f
should focus on interactions between maturing Yukon River chum salmon a
hatchery chum salmon in the western regions of our study area, and immatu
River chum salmon and Alaska hatchery chum, pink, and sockeye salmon
East regions of our study area.  Our salmon food habits data were limited
feeding competition may be more intense in winter, spring, or fall.  Histor
food habits data collected in the Gulf of Alaska and other oceanic region
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iver chum 
gerone et al. 

n salmon through winter (Nomura et al. 
2002), and increased susceptib s and disease.   

 of Yukon River 
study does not 
 salmon and 

 e.g., Bristol 
th the highest 

atchery chum, 
mong different 

 a strong potential for 
 salmon.  The 

to the diets of 
latinous 

tween different 
 salmon and inter-specific competition with pink and 

m salmon is 
, adverse 

 of the ocean 

 spatial and 
ng behavior, 
eeded.  Future 

hum salmon and 
re they are 
nd eastern 
ring Yukon 

within the U.S. 
ield research 

nd Japanese 
re Yukon 

 in the Mid and 
 to summer, but 
ical salmon 

s during the 
winter, spring, and fall seasons should be incorporated into the existing summer database.  
Further analyses of these data would expand our knowledge of other critical locations and 
seasons when inter- and intra-specific competition between Yukon River chum salmon 
and hatchery salmon are most likely to occur.  Finally, new research should emphasize 
the development and application of methods to identify the stock origins of individual 
fish in mixed-stock ocean fishery and research vessel samples, including the tagging or 
marking of all hatchery salmon released into the North Pacific Ocean and Bering Sea. 
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Tabl ases of juvenile salmon in Canada, Japan, Korea, 

in rth Pacific 
ous om n ).

Pin m o ook ry Total 

 

e 1.  Preliminary 2003 hatchery rele
Russia, and the United States  millions of fish. Data source: No
Anadrom  Fish C missio  (2004  

 
  Sockeye k Chu Coh Chin Cher
Can 234.69 .75 137.69 50       -ada* 15 18.34 .20  456.66
Jap 6 .03       -       15.0
Korea       14.7       -            -
Russia 1 .29 6.52 363.1 3.45 0.74 1.9
USA 85.61 962.46 496.25 67.13 210.57
  Alaska 66.11 962.46

an 0.1 144 1,840.60 - 5 1,999.83
   -      - 4  -  14.74

0 23 8 3 616.10
0.00 1,822.01

435.57 23.10 9.29       - 1,496.53
  WOCI 19.50 - 60.68 44.03 201.28       - 325.48
Total 330.74 1,358.76 2,852.45 88.92 261.50 16.97 4,909.34
*Not including releases from facilities that operate outside the direction of 

Oceans, Habitat, and Enhancement Branch.  
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Table 2.  Percentage prey composition by prey wet weight (W, grams) in the 

and pink  salmon caught in six regions of ed pe
index of diet quality (Q, see methods section).  Study area regions a on body weight categories: 
small = <600 g body weight, medium = 600-1200 g, and large = >1
stomachs.  % empty = percentage of fish with empty stomachs.   Prey categories include: EU  eup u ds O
AM = amphipods, CR = larval crab, SQ = squid, PT = pteropods, FI O
gelatinous zooplankton (medusae and ctenophores).   

 

    Salmon     Total Mean               

stomach contents of three size groups of chum, sockeye, 
the Gulf of Alaska in summer 1993-2003.  Mean calories consum r fish is an 

re shown in Fig. 2.  Salm
200 g. n =  total sample size, including fish with empty 

 = ha sii , C  = copepods, 
 = fish, P  = polychaetes, CH = chaetognaths, GE = 

       
% Prey composition by total prey wet weight 

F PO CH G
2.5 12.4 7.7 10.5 37.4 20.8 0 6.9
7.2 0.5 2 0.9
1.3 10.5 22.5 5.7 38.0 9 0.0
5.2 38.7 0.0 7.6 20.6 0 0 24.0

25.3 1.0 8.3 0.3 0 0.4 5
0 0.0 1

2.8 36.3 1.8 3.2 50.5 3 8 0.0
0.7 6.3 31.3 11.3 23.2 0.7 5 0.2 2
0.0 11.5 40.8 5.5 2 0.0 1
0.9 98.3 0.0 0.0 0.0 0.4

 Study area body  % Prey calories
Species regions weight n Empty W (g) per fish EU CO AM CR SQ PT I E 
Chum Northwest Small  19 10.5 50.9 2,386 0.0 0. 1.7 
Chum Northwest Medium  100 14.0 404.1 2,825 9.6 22.3 4.2 3.1 45.3 0. 6.6 
Chum Northwest Large  71 2.8 377.0 4,118 10.5 5.1 3. 2.4 
Chum Southwest Small  47 17.0 89.8 1,408 0.0 .0 0. 3.8 
Chum Southwest Medium  70 8.6 265.4 1,599 0.0 12.0 0.0 0. 2.6 
Chum Southwest Large  30 6.7 149.4 3,488 66.4 12.6 9.6 0.0 0.0 0.1 0.0 0. 1.4 
Chum North Mid Small  7 14.3 13.5 1,503 0.4 .2 1. 0.0 
Chum North Mid Medium  64 12.5 253.5 2,706 4.6 1. 0.2 
Chum North Mid Large  55 12.7 277.0 3,328 5.4 7.4 4.5 6. 8.6 
Chum South Mid Small  5 0.0 17.0 3,001 0.4 0.0 0.0 0.0 
Chum South Mid Medium  24 0.0 96.5 3,557 0.1 1.2 98.5 0.0 0.1 0.1 0.0 0.0 0.0 0.0 
Chum South Mid Large  2 0.0 8.0 6,109 0.0 0.0 5.0 0.0 95.0 0.0 0.0 0.0 0.0 0.0 
Chum Northeast Small  44 22.7 67.6 1,058 50.7 4.0 6.4 0.0 0.2 21.7 0.3 6.1 0.0 10.7 
Chum Northeast Medium  343 21.3 1,135.2 2,209 27.6 4.0 26.0 0.1 0.5 19.5 0.5 4.5 0.4 17.0 
Chum Northeast Large  450 23.8 2,228.0 2,335 10.7 3.4 15.8 0.3 0.7 18.9 1.6 3.6 0.0 45.0 
Chum Southeast Small  50 24.0 80.0 1,231 2.1 0.2 48.4 0.0 2.2 37.6 0.0 5.7 0.0 3.8 
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Table 2.  Continued. 

    Salmon     Total Mean                      
% Prey composition by total prey wet weight 

4 12.1 41.1 0.0 0.3 11.9 6.0 6.4 0.0 19
11.6 0.0 4.3 31.2 27

5 9.1 41.9 2.1 11.2 17.4 18.0 0.0 0.0
0.0

8.9 3.4 0.6 69.7 1.2 2.0 0.0 0.0
7

3.0 21.9 0.0 74. 0.1 0.0 0.0 0.0 0
87.3 0.0 0

7.5 14.2 3.6 6. 51.4 8.1 0.0 0.0 0
3.2 14.4 9.8 .5 0.0

      
0.0 17.8 0.1 82. 0.0 0.0 0.0 0.0

15.6 31.2 0.5 8.7 29.6 9.0 0.0 0.2
8.6 33.9 0.1 29.6 9.7 1.1 0.2 0.0

0.0 .0 3.5 0.9 0.0
0.2 35.9 0.0 31.1 2.8 0.3 0.0

 Study area body  % Prey calories
Species regions weight n Empty W (g) per fish EU CO AM CR SQ PT FI PO CH GE 
Chum Southeast Medium  190 28.9 529.6 1,933 2. .7 
Chum Southeast Large  148 26.4 673.2 3,025 5.9 3.5 14.3 1.7 0.0 .5 
Sockeye Northwest Small  50 18.0 92.9 1,804 0. 0.0 
Sockeye Northwest Medium  88 17.0 462.4 6,223 1.8 3.9 20.1 4.7 46.6 13.7 8.7 0.4 0.0 
Sockeye Northwest Large  92 17.4 1,592.9 22,930 14.3 0.0 
Sockeye Southwest Small  13 7.7 20.0 1,458 2.7 3.7 6.8 0.0 12.5 4.2 0.0 0.0 0.0 0.0 
Sockeye Southwest Medium  9 0.0 92.7 14,191 0.3 4 .3 
Sockeye Southwest Large  31 19.4 577.4 27,423 0.1 0.8 11.3 0.0 0.1 0.0 0.2 .1 
Sockeye North Mid Small  17 5.9 32.9 1,549 8.3 8 .0 
Sockeye North Mid Medium  44 2.3 127.8 2,869 5.6 23 31.1 12.1 0.4 0.0 
Sockeye North Mid Large  53 11.3 422.4 8,571 14.4 12.8 5.7 9.5 41.1 13.2 2.9 0.0 0.0 0.4 
Sockeye South Mid Small  0        
Sockeye South Mid Medium  8 0.0 187.9 33,816 0.0 0 0.0 
Sockeye South Mid Large  4 0.0 251.4 96,117 0.0 0.0 4.7 0.0 95.3 0.0 0.0 0.0 0.0 0.0 
Sockeye Northeast Small  122 18.0 218.9 1,542 4.8 0.3 
Sockeye Northeast Medium  70 17.1 330.9 4,854 16.8 0.1 
Sockeye Northeast Large  732 21.0 9,904.5 17,390 10.1 13.1 2.5 66 2.9 0.9 
Sockeye Southeast Small  17 29.4 92.5 5,779 29.5 0.0 0.0 
Sockeye Southeast Medium  15 46.7 50.5 3,416 44.0 0.9 27.0 0.0 26.2 1.9 0.0 0.0 0.0 0.0 
Sockeye Southeast Large  413 15.3 11,222.8 39,846 1.1 1.8 6.0 0.0 87.3 2.5 1.1 0.0 0.0 0.2 
Pink Northwest Small  2 0.0 16.5 8,426 0.0 0.0 0.0 1.1 0.9 43.9 54.1 0.0 0.0 0.0 
Pink Northwest Medium  74 4.1 898.0 8,665 23.3 56.1 7.8 0.0 2.6 8.5 0.8 0.0 0.8 0.0 
Pink Northwest Large  75 5.3 1,204.9 17,563 6.5 28.1 4.8 6.8 43.9 5.4 4.0 0.0 0.5 0.0 
Pink Southwest Small  0              
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Table 2.  Continued. 

    Salmon     Total Mean                      
osition by total prey wet weight 

21.9 1.9 3.0 0.0 8.0 0
69.0 11.2 0

.4 5.6 1.5 5.6 0.0 0.0
9.9 .3 14.1 2.9 0.0

34.9 13.6 0.0 0.0

  
     

  
0.3 .1 12.2 1.0 0.0

    
0.1 38. 11 0.0 0.0

        

 Study area body  % Prey calories % Prey comp
Species regions weight n Empty W (g) per fish EU CO AM CR SQ PT FI PO CH GE 
Pink Southwest Medium  44 20.5 234.0 4,923 0.0 32.0 33.1 0.0 .0 
Pink Southwest Large  30 16.7 188.0 8,359 0.0 0.9 16.0 0.0 3.0 0.0 0.0 .0 
Pink North Mid Small  2 0.0 10.0 3,975 0.0 0.0 0.9 86 0.0 
Pink North Mid Medium  23 17.4 139.2 4,323 9.0 50.6 12.1 1 0.0 0.0 
Pink North Mid Large  59 10.2 755.1 12,757 1.2 15.3 3.7 30.3 0.9 0.0 
Pink South Mid Small  0              
Pink South Mid Medium  0            
Pink South Mid Large  0         
Pink Northeast Small  1 100.0 0.0          
Pink Northeast Medium  313 13.1 1,835.3 4,886 15.0 40.9 16.5 14 0.0 0.0 
Pink Northeast Large  496 22.2 3,862.1 7,800 19.0 23.5 9.2 0.7 32.5 12.7 2.2 0.0 0.1 0.0 
Pink Southeast Small  0          
Pink Southeast Medium  91 20.9 534.3 6,412 0.8 9.1 38.5 2 .8 1.1 0.3 
Pink Southeast Large  289 16.6 5,213.6 26,379 0.4 0.7 3.9 0.1 86.1 6.0 2.9 0.0 0.0 0.0 
Total Sample Size   4996                   
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Table 3.  Mean caloric values (cal/g wet weight) of prey categories used to calculate an index of salmon diet quality (Q, m n rie
per fish, Table 2). 

 
    Sample Body Part     cal/g

ea calo s 

le A R

Gulf of Alaska Davis 2003 0

3
 2

 

 

Group Species Month & Size Samp rea eference wet  wt

EU: Euphausiids      

 
Thysanoessa 
spinifera Jul 

whole, 23 
mm TL 84

 
Thysanoessa 
spp. Jun-Jul 

whole, 11-26 
mm TL 

N Pacific & Bering 
Sea Davis et al. 1998 74

mean      79
std dev      69

      

CO: Copepods      

 
Neocalanus 
cristatus Jun-Jul 

whole; 7-8 
mm TL 

N Pacific & Bering 
Sea Davis et al. 1998 627

mean       627
std dev       

      

AM: Amphipods      

 
Themisto 
pacifica Jul 

whole; 4 mm 
TL Gulf of Alaska Davis 2003 887

mean       887
std dev       
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Table 3.  Continued. 
 

    Sample Body Part     cal/g
Group Species Month & Size Sample Are Reference 

CR: Crabs       
a wet  wt

Bering Sea Nishiyama 1977 712
 
 

 

Davis 2003 

Gulf of Alaska vi 20  1737

vi 20  

 184

 crab zoea Jun-Jul whole 
mean      712

std dev      
       

SQ: Squids     

 
Berryteuthis 
anonychus Jul 

whole; 40 
mm ML Gulf of Alaska 1307

 
Berryteuthis 
anonychus Jul 

whole; 82 
mm ML Da s 03

 
Berryteuthis 
anonychus Jul 

whole; 86 
mm ML Gulf of Alaska Da s 03 1562

 
Berryteuthis 
anonychus Jul 

whole; 90 
mm ML Gulf of Alaska Davis 2003 1636

mean       1561
std dev     

PT: Pteropods      

 Limacina spp. Jun-Jul 
whole; 3 mm 
TL 

N Pacific, Gulf of 
Alaska, Bering Sea Davis et al. 1998 624

mean       624
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Table 3.  Continued. 
 

    Sample Body Part     cal/g
Group Species Month & Size Sample Area Reference wet  wt

FI: Fish       

 

Gasterosteus 
aculeatus 
(threespine 
stickleback) Oct 

whole; 32-44 
mm SL Gulf of Alaska Davis et al. 1998 1166

 
Gasterosteus 
aculeatus Oct 

whole; 56-62 
mm SL Gulf of Alaska avis t a 199 1533

 

Clupea pallasi 
(Pacific 
herring) Jul-Aug whole 

Gulf ka 
Beri (m 50

 Clupea pallasi Oct 
whole; 97-
104 mm SL ka Davis et al. 1998 1914

 

Mallotus 
villosus 
(capelin) Jul-Aug whole 

Gulf f ska 
( ean value) 1680

 
Mallotus 
villosus Oct 

whole; 63-71 
mm SL Gulf of Alaska Davis et al. 1998 1277

 

Thaleichthys 
pacificus 
(eulachon) 

Mar & 
Aug whole Gulf Alaska (mean value) 2630

 

Theragra 
chalcogramma 
(walleye 
pollock) Oct 

whole; 75-95 
mm SL Gulf of Alaska Davis et al. 1998 1011

 
Theragra 
chalcogramma  Summer 

whole; 52 
mm SL Gulf of Alaska 

Boldt 1997 
(mean value) 908

D  e l. 8 

 of Alas & 
ng Sea 

Perez 1994 
ean value) 20

Gulf of Alas

 o Ala & 
Bering Sea 

Perez 1994 
m

of 
Perez 1994 
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Table 3.  Continued. 
 

    Sample Body Part     cal/g
t

f Alas a (mean value) 927

Gulf of Alaska 
Boldt 1997 
(mean value) 

c Davis et al. 1998 896

Davis et al. 1998 

rin

f A a ( va e) 1300

Group Species Month & Size Sample Area Reference wet  w

FI:Fish (cont’d) 
Theragra 
chalcogramma  Summer 

whole; 55 
mm SL Gulf o k

Boldt 1997 

 
Theragra 
chalcogramma  Summer 

whole; 53 
mm SL 934

 

Tarletonbeania 
crenularis (blue 
lanternfish) Jun 

whole; 43 
mm SL N Pacific Davis 2003 1199

 
Tarletonbeania 
crenularis  Jun 

whole; 24-50 
mm SL N Pacifi

 
Tarletonbeania 
crenularis  Jun 

whole; 65-75 
mm SL N Pacific 1283

 

Pleurogrammus 
monopterygius 
(Atka 
mackerel) Jun-Jul 

whole; 42-70 
mm SL 

N Pacific, Gulf of 
Alaska, & Be g 
Sea Davis et al. 1998 1186

 

Anoplopoma 
fimbria 
(sablefish) 

Feb & 
Aug 

whole; 184-
258 g BW Gulf o lask

Perez 1994 
mean lu

 

Malacocottus 
kincaidi 
(blackfin 
sculpin) Feb 

whole; 50-59 
g BW Gulf of Alaska 

Perez 1994 
(mean value) 840

 

Hemilepidotus 
hemilepidotus 
(red Irish lord)  Jul 

whole; 21 
mm mean 
SL Gulf of Alaska Davis 2003 1561
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Table 3.  Continued. 
 

    Sample Body Part   cal/  g
le R er et t

N Pacific & Bering 
Davis et a 1998 1184
 
 

Steimle & 

 
 
 

Ber g 
D l. 1998 

Group Species Month & Size Samp Area ef ence w  w

FI: Fish (cont’d) 
Hemilepidotus 
sp. (Irish lord)  Jul 

whole; 18-31 
mm SL Sea l.  

mean      1341
std dev     465

       

PO: Polychaetes Polychaetes no data 

whole; mean 
for 11 
species NW Atlantic Terranova 1985 1094

 Polychaetes no data no data NW Atlantic Tyler 1973 673

 Polychaetes no data 
whole; mean 
for 3 species NW Atlantic 

Thayer et al. 
1973 849

mean      872
std dev     211

      
CH: Chaetognaths Chaetognaths Jun-Jul whole Bering Sea Nishiyama 1977 455

mean       455
       
GEL: Gelatinous 
zooplankton Small medusae Jun-Jul 

whole; 10-13 
mm TL 

N Pacific & in
Sea avis et a 136

 
Beroe 
sp.(ctenophore) Jun 

whole; 100 
mm TL N Pacific Davis 2003 47

mean       92
std dev           63
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e 4.  Maturity composition of three size groups of chum and sockeye salm

of the Gulf of Alaska in summer 1993-2003, collected for stomach con
Salmon bod

sh
 

  
 

Area   Sm bo y weight    M dium b y w ht   Lar
  UN MT    I  T n  IM MT n UN M M    UN

    
  Northwest No 0 9  6 81 1 10 1 

.0 0.0 .0 0  1.
 

west 0    6 0 14 16 30 
   0  0   91 .6  0 46.7 53.3  
                

 
North
Mid No  0   4 39 16 55 

  % 0.0 100    1.6 95  3.  0 70.9 29.1  
  

0 64 7  0 
% 0.0 10 .0 0.  0.0 .4 8  0.

 
 

. 0 7  7  1 61 2 6   
.0 0.0 .3 1  0.

          

 
South

 

     
 

Mid No. 0 5 0 5  4 2  2 
   0   100  .0 0 100.0 0.0  
               

. 43 0 44 

0 24  2   0 
% 0.0 10 .0 0.0   0.0 .0 0    0.

  
 Northeast No 1  9 3  344 77 450 
  7  0

22 312 34 29 
% 2.3 9 .7 0.     91 .6  4 76.4 17.1  

  
6.4 .0 2  6.

         
 Southeast No.  0 50

      
4 46     1  2 0 11 120 17 148 

  % 8.0 92   .1 86  1.  4 81.1 11.5  
                
Socke North  No. 47 50  1 8 28 62 92 
  4   85 . 2 30.4 67.4  
                
 South  No. 10 3 13  0 2 9  7 24 31 
  0.0 76  2 .1  77 . 0 22.6 77.4  
     

 
North
Mid No 0.0  1    0 26 27 53 

  0. 0  0.0  .5  49.1 50.9  
  

23 65  19   
.0 0.0 12 .8 1  7.

 
ye west 0.0 3 2 75 1 8  2 

% 0.0 9 .0 6.0   2.3 .2 12 5   2.
 

west 0.0 7 0 
% .9 3    0.0 .8 22 2   0.

            
 

. 17 0 7  42 2 44 
 % 0.0 10 0 0.  95.5 4  0.0 

      

 
South 
Mid No. 0.0 0 0 0  0 8  8  0 4  4 

  % 0.0     0.0 100.0 0.0   0.0 100.0 0.0  
                 
 Northeast No. 0.0 106 16 122  1 54 15 70  4 83 646 733 
  % 0.0 86.9 13.1   1.4 77.1 21.4   0.5 11.3 88.1  
                 
 Southeast No. 0.0 16 1 17  0 15  15  1 33 379 413 
   % 0.0 94.1 5.9     0.0 100.0 0.0     0.2 8.0 91.8   

         

Tabl on in six regions 
tent analysis.  

y weight categories: small=<600 g, medium=600-1200 g, and large=>1200 
g.  UN = unknown maturity, IM=immature, MT=maturing.  Study area regions are 

own in Fig. 2.   

Study
 all d  e od eig ge body weight 

Species Region IM n
            
Chum  . 1 0 19  3 0  48 22 71 
  % 0.0 100    6.0 81  13.  4 67.6 31.0  
                
 South  No. 47 0 47 
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Tab  hatcheries in 2003 
eased from Pacific 

Rim hatcheries in 2004 (B).  WOCI = Washington, Oregon, California, and 
th Pacific Anadromous Fish Commission (2004). 

 

  Sockeye Chum Chinook oho Masu Total 

le 5.   Number of otolith-marked salmon released from Pacific Rim
(A), and preliminary number of otolith-marked salmon rel

Idaho.  Data source: Nor

A.  2003 releases of otolith-marked salmon 
 

Pink C
Canada*       

Korea 0 0 0 0 
R ia 8,7 ,060 271,050 6,869,070 3,702,000 
USA 54,3

WOCI 22,857,000 0 1,461,000 
o l 63 ,060 562,492,7 10,014,207 10,826,000 

*Da va

B.  Prelimin ry 2004 r eases of tolith-m
  Sockeye nk Chum Chinoo oh  Masu

ta not a ilable 
 

a el o arked salmon 
Pi k C o  Total 

Canad   a*      
J n 0 00,000 78,800,000 0 0 2,310
Korea 

 
Japan 0 3,078,000 64,783,000 0 0 32,000 67,893,000 

0 0 0 
uss 45 4  524,207 0 60,111,387 

38,000 736,752,763 450,840,665 9,490,000 7,124,000 0 1,258,545,428 
Alaska 31,481,000 736,752,763 449,379,665 6,535,000 6,680,000 0 1,230,828,428 

2,955,000 444,000 0 27,717,000 
T ta ,083 740,101,813 35 32,000 1,386,549,815 

apa 1,4 ,000 82,510,000 
0 0 0 0 0 0 0 

Russia 11,424,000 17,918,000 49,785,000 1,800,000 4,457,000 0 85,384,000 
USA 31,181,000 695,000,000 448,000,000 6,640,000 6,680,000 0 1,187,501,000 

Alaska 31,181,000 695,000,000 448,000,000 6,640,000 6,680,000 0 1,187,501,000 
WOCI*             0 

Total 42,605,000 714,318,000 576,585,000 8,440,000 11,137,000 2,310,000 1,355,395,000 

*Data not available 
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Fig. 1.  Commercial salmon harvests, by species, in Canada, Korea, Japan, Russia, and the United States from 1972 to 2003 (round 

weight in metric tons).  Source:  North Pacific Anadromous Fish Commission (2004). 
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Fig. 2.  Map of the study area in the Gulf of Alaska and adjacent North Pacific waters.  

The shaded areas indicate the approximate range of latitudes of the sea surface 
temperature minimum (SST Min) in 1993-2003.   The data were stratified into 
six regions: three longitudinal regions (West, Mid, and East) and two latitudinal 
regions (S = south of the SST Min and N = north, including stations at the SST 
Min).  N = north, S = south. 
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Fig. 3.  Mean caloric content (cal/g wet weight) of prey categories used in analysis of 

salmon diet similarity (see Table 2 for data sources).  Prey categories include: 
GE = gelatinous zooplankton (medusae and ctenophores), CH = chaetognaths, 
PT = pteropods, CO = copepods, CR = larval crab, EU = euphausiids, PO = 
polychaetes, AM = amphipods, FI = fish, and SQ = squid. 
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Fig. 4.  Mean number of calories per fish in the diets of large (top panel), medium 

(middle panel), and small (bottom panel) body weight categories of chum, pink, 
and sockeye salmon in the Gulf of Alaska food habits study area by region (Fig. 
2).  Salmon size group categories: small = <600 g body weight, medium = 600-
1200 g, and large = >1200 g.   
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Chum Salmon - Northwest GOA

EU

CO

AM

CR

SQ

PT

FI

PO

CH

GE

Pr
ey

 c
at

eg
or

y

Medium (n=100),
Large (n=71),
PSI = 69.9%

Small (n=19),
Large (n=71),
PSI = 69.5%

Small (n=19),
Medium (n=100),
PSI = 62.7%

 

0.0 10.0 20.0 30.0 40.0

Similarity in prey weight (%)

. 5.  Percent Similarity Index (PSI; values shown in figure legend) an
comparisons of similarity in the summer diets of three size group
salmon in the Northwest region of the Gulf of Alaska (GOA; nort
including

 
Fig d pairwise 

s of chum 
h of and 

 the sea surface temperature minimum and between 157°-165°W 
longitude, Fig. 2).  Size group categories: small = <600 g body weight, medium 
= 600-1200 g, and large = >1200 g.  PSI = Percent Similarity Index (Buckley et 
al. 1999; low similarity = 0-24%, moderate = 25-49%; high = 50-74%, very 
high = 75-100%).  Prey categories include: EU = euphausiids, CO = copepods, 
AM = amphipods, CR = larval crab, SQ = squid, PT = pteropods, FI = fish, PO 
= polychaetes, CH = chaetognaths, GE = gelatinous zooplankton (medusae and 
ctenophores).  
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Chum Salmon - Southwest GOA
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Medium (n=70),
Large (n=30),
PSI=33.1%

Small (n=47),
Large (n=30),
PSI=18.7%

Small (n=47),
Medium (n=70),
PSI=44.0%

 

0.0 10.0 20.0 30.0

Similarity in prey weight (%)

. 6.  Percent Similarity Index (PSI; values shown in figure legend) an
comparisons of similarity in the summer diets of three size group
salmon in the Southwest region of the Gulf of Alaska (GOA; 

 
Fig d pairwise 

s of chum 
south of the sea 

surface temperature minimum and between 157°-165°W longitude, Fig. 2).   
Size group categories: small = <600 g body weight, medium = 600-1200 g, and 
large = >1200 g.  PSI = Percent Similarity Index (Buckley et al. 1999; low 
similarity = 0-24%, moderate = 25-49%; high = 50-74%, very high = 75-100%).  
Prey categories include: EU = euphausiids, CO = copepods, AM = amphipods, 
CR = larval crab, SQ = squid, PT = pteropods, FI = fish, PO = polychaetes, CH 
= chaetognaths, GE = gelatinous zooplankton (medusae and ctenophores).  
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= polychaetes, CH = chaetognaths, GE = gelatinous zooplankton (medusae and 
ctenophores).  
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Fig. 11.  Percent Similarity Index (PSI; values shown in figure legends) a arisons of similarity in the summer diets of 

three size groups of chum and pink salmon in the Northwest region of the Gulf of Alaska (GOA; north of and including the 
sea surface temperature minimum and between 157°-165°W longitude, Fig. 2).  Size group categories: small = <600 g body 
weight, medium = 600-1200 g, and large = >1200 g.  PSI = Percent Similarity Index (Buckley et al. 1999; low similarity = 0-
24%, moderate = 25-49%; high = 50-74%, very high = 75-100%).  Prey categories include: EU = euphausiids, CO = 
copepods, AM = amphipods, CR = larval crab, SQ = squid, PT = pteropods, FI = fish, PO = polychaetes, CH = chaetognaths, 
GE = gelatinous zooplankton (medusae and ctenophores). 
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Fig. 12.  Percent Similarity Index (PSI; values shown in figure legends) and pairwise comparisons of similarity in the summer diets of 

three size groups of chum salmon and two size groups of pink salmon in the Southwest region of the Gulf of Alaska (GOA; 
south of the sea surface temperature minimum and between 157°-165°W longitude, Fig. 2).  Size group categories: small = 
<600 g body weight, medium = 600-1200 g, and large = >1200 g.  PSI = Percent Similarity Index (Buckley et al. 1999; low 
similarity = 0-24%, moderate = 25-49%; high = 50-74%, very high = 75-100%).  Prey categories include: EU = euphausiids, 
CO = copepods, AM = amphipods, CR = larval crab, SQ = squid, PT = pteropods, FI = fish, PO = polychaetes, CH = 
chaetognaths, GE = gelatinous zooplankton (medusae and ctenophores).  
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Fig. 13.  Percent Similarity Index (PSI; values shown in figure legends) a arisons of similarity in the summer diets of 

three size groups of chum and pink salmon in the North Mid region of the Gulf of Alaska (GOA; north of and including the 
sea surface temperature minimum and between 149°-156°W longitude, Fig. 2).  Size group categories: small = <600 g body 
weight, medium = 600-1200 g, and large = >1200 g.  PSI = Percent Similarity Index (Buckley et al. 1999; low similarity = 0-
24%, moderate = 25-49%; high = 50-74%, very high = 75-100%).  Prey categories include: EU = euphausiids, CO = 
copepods, AM = amphipods, CR = larval crab, SQ = squid, PT = pteropods, FI = fish, PO = polychaetes, CH = chaetognaths, 
GE = gelatinous zooplankton (medusae and ctenophores).  
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Fig. 14.   Percent Similarity Index (PSI; values shown in figure legends) and pairwise comparisons of similarity in the summer diets of 

three size groups of chum salmon and two size groups of pink salmon in the Northeast region of the Gulf of Alaska (GOA; 
north of and including the sea surface temperature minimum and between 139°-148°W longitude, Fig. 2).  Size group 
categories: small = <600 g body weight, medium = 600-1200 g, and large = >1200 g.  PSI = Percent Similarity Index 
(Buckley et al. 1999; low similarity = 0-24%, moderate = 25-49%; high = 50-74%, very high = 75-100%).  Prey categories 
include: EU = euphausiids, CO = copepods, AM = amphipods, CR = larval crab, SQ = squid, PT = pteropods, FI = fish, PO 
= polychaetes, CH = chaetognaths, GE = gelatinous zooplankton (medusae and ctenophores).  
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Fig. 15.  Percent Similarity Index (PSI; values shown in figure legends) and pairwise comparisons of similarity in the summer diets of 

three size groups of chum salmon and two size groups of pink salmon in the Southeast region of the Gulf of Alaska (GOA; 
south of the sea surface temperature minimum and between 139°-148°W longitude, Fig. 2).  Size group categories: small = 
<600 g body weight, medium = 600-1200 g, and large = >1200 g.  PSI = Percent Similarity Index (Buckley et al. 1999; low 
similarity = 0-24%, moderate = 25-49%; high = 50-74%, very high = 75-100%).  Prey categories include: EU = euphausiids, 
CO = copepods, AM = amphipods, CR = larval crab, SQ = squid, PT = pteropods, FI = fish, PO = polychaetes, CH = 
chaetognaths, GE = gelatinous zooplankton (medusae and ctenophores).
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Fig. 16.  Percent Similarity Index (PSI; values shown in figure legends) and pairwise comparisons of similarity in the summer diets of 

three size groups of chum and sockeye salmon in the Northwest region of the Gulf of Alaska (GOA; north of and including 
the sea surface temperature minimum and between 157°-165°W longitude, Fig. 2).  Size group categories: small = <600 g 
body weight, medium = 600-1200 g, and large = >1200 g.  PSI = Percent Similarity Index (Buckley et al. 1999; low 
similarity = 0-24%, moderate = 25-49%; high = 50-74%, very high = 75-100%).  Prey categories include: EU = euphausiids, 
CO = copepods, AM = amphipods, CR = larval crab, SQ = squid, PT = pteropods, FI = fish, PO = polychaetes, CH = 
chaetognaths, GE = gelatinous zooplankton (medusae and ctenophores). 
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Fig. 17.   Percent Similarity Index (PSI; values shown in figure legends) and pairwise comparisons of similarity in the summer diets of 

three size groups of chum and sockeye salmon in the Southwest region of the Gulf of Alaska (GOA; south of the sea surface 
temperature minimum and between 157°-165°W longitude, Fig. 2).  Size group categories: small = <600 g body weight, 
medium = 600-1200 g, and large = >1200 g.  PSI = Percent Similarity Index (Buckley et al. 1999); low similarity = 0-24%, 
moderate = 25-49%; high = 50-74%, very high = 75-100%).  Prey categories include: EU = euphausiids, CO = copepods, 
AM = amphipods, CR = larval crab, SQ = squid, PT = pteropods, FI = fish, PO = polychaetes, CH = chaetognaths, GE = 
gelatinous zooplankton (medusae and ctenophores).  
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Fig. 18.  Percent Similarity Index (PSI; values shown in figure legends) and pairwise comparisons of similarity in the summer diets of 

three size groups of chum and sockeye salmon in the North Mid region of the Gulf of Alaska (GOA; north of and including 
the sea surface temperature minimum and between 149°-156°W longitude, Fig. 2).  Size group categories: small = <600 g 
body weight, medium = 600-1200 g, and large = >1200 g.  PSI = Percent Similarity Index (Buckley et al. 1999; low 
similarity = 0-24%, moderate = 25-49%; high = 50-74%, very high = 75-100%).  Prey categories include: EU = euphausiids, 
CO = copepods, AM = amphipods, CR = larval crab, SQ = squid, PT = pteropods, FI = fish, PO = polychaetes, CH = 
chaetognaths, GE = gelatinous zooplankton (medusae and ctenophores).  
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Fig. 19.   Percent Similarity Index (PSI; values shown in figure legends) and pairwise comparisons of similarity in the summer diets of 

three size groups of chum salmon and two size groups of sockeye salmon in the South Mid region of the Gulf of Alaska 
(GOA; south of the sea surface temperature minimum and between 149°-156°W longitude, Fig. 2).  Size group categories: 
small = <600 g body weight, medium = 600-1200 g, and large = >1200 g.  PSI = Percent Similarity Index (Buckley et al. 
1999; low similarity = 0-24%, moderate = 25-49%; high = 50-74%, very high = 75-100%).  Prey categories include: EU = 
euphausiids, CO = copepods, AM = amphipods, CR = larval crab, SQ = squid, PT = pteropods, FI = fish, PO = polychaetes, 
CH = chaetognaths, GE = gelatinous zooplankton (medusae and ctenophores).  
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Fig. 20.   Pairwise comparisons of similarity in the summer diets of three size groups of chum and sockeye salmon in the Northeast 

region of the Gulf of Alaska (GOA; north of the sea surface temperature minimum and between 139°-148°W longitude, Fig. 
2).  Size group categories: small = <600 g body weight, medium = 600-1200 g, and large = >1200 g.  PSI = Percent 
Similarity Index (Buckley et al. 1999; low similarity = 0-24%, moderate = 25-49%; high = 50-74%, very high = 75-100%).  
Prey categories include: EU = euphausiids, CO = copepods, AM = amphipods, CR = larval crab, SQ = squid, PT = 
pteropods, FI = fish, PO = polychaetes, CH = chaetognaths, GE = gelatinous zooplankton (medusae and ctenophores).  
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Fig. 21.  Pairwise comparisons of similarity in the summer diets of three size groups of chum and sockeye salmon in the Southeast 

region of the Gulf of Alaska (GOA; south of the sea surface temperature minimum and between 139°-148°W longitude, Fig. 
2).  Size group categories: small = <600 g body weight, medium = 600-1200 g, and large = >1200 g.  PSI = Percent 
Similarity Index (Buckley et al. 1999; low similarity = 0-24%, moderate = 25-49%; high = 50-74%, very high = 75-100%).  
Prey categories include: EU = euphausiids, CO = copepods, AM = amphipods, CR = larval crab, SQ = squid, PT = 
pteropods, FI = fish, PO = polychaetes, CH = chaetognaths, GE = gelatinous zooplankton (medusae and ctenophores).  
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Fig. 22.  The high seas distribution of seasonal races (summer and fall) of immature Yukon River chum salmon by month, as shown 

by tagging experiments (1956-2003).   The symbols indicate the ocean release locations (May-November; no data for 
September and October) of tagged fish that were recovered one or more years later in the Yukon River.  Summer-run chum 
salmon were caught in the Yukon River on or before July 15, and fall-run chum salmon were caught in the river after July 
15.   The food habits study area is indicated by dotted lines (Fig. 2). n = total number of tagged fish recovered. 
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Fig. 23.  The high seas distribution of seasonal races (summer and fall) of maturing 

Yukon River chum salmon by month, as shown by tagging experiments (1956-
2003).  The symbols indicate the ocean release locations (April-July) of tagged 
fish that were recovered during the same year in the Yukon River.  Summer-run 
chum salmon were caught in the Yukon River on or before July 15, and fall-run 
chum salmon were caught in the river after July 15.   The food habits study area 
is indicated by dotted lines (Fig. 2).  n = total number of tagged fish recovered. 
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Fig. 24.  The high seas distribution of immature Japanese chum salmon by month, as 
shown by tagging experiments (1956-2003) and otolith mark recovery 
experiments (2002).  The symbols indicate the ocean release locations (May-
August) of tagged fish that were recovered one or more years later in Japan or 
the ocean recovery location of otolith marked fish.  Recoveries in Japan from 
release locations west of 170°E are not shown.  The food habits study area is 
indicated by dotted lines (Fig. 2).  n = total number of tagged or otolith marked 
fish recovered.
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Fig. 25.  The high seas distribution of maturing Japanese chum salmon by month, as shown by tagging experiments (1956-2003).   The 

symbols indicate the ocean release locations (April-August) of tagged fish.  The food habits study area is indicated by dotted 
lines (Fig. 2).  n = total number of tagged fish recovered.
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Fig. 26.  The high seas distribution of immature and maturing Prince William Sound, Alaska, chum salmon by month, as shown by 

tagging experiments (1956-2003) and otolith mark recovery experiments (1997-2002).   The symbols indicate the ocean 
release locations (April-August) of tagged fish or recovery locations of otolith marked fish.  The food habits study area is 
indicated by dotted lines (Fig. 2).  n = total number of tagged or otolith marked fish recovered.   
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Fig. 27.  The high seas distribution of immature and maturing southeastern Alaska chum salmon by month, as shown by tagging 
experiments (1956-2003) and otolith mark recovery experiments (1997-2000).   The symbols indicate the ocean release 
locations (April-August) of tagged fish and recovery locations of otolith marked fish.  The food habits study area is indicated 
by dotted lines (Fig. 2).  n = total number of tagged or otolith marked fish recovered.  CWT = recovery locations of two 
coded-wire tagged hatchery chum salmon in the Bering Sea in September. 
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Fig. 28.  The high seas distribution of maturing Kodiak Island, Alaska, pink salmon by 

month, as shown by tagging experiments (1956-2003).   The symbols indicate 
the ocean release locations (May-August) of tagged fish.  The food habits study 
area is indicated by dotted lines (Fig. 2).  n = total number of tagged fish 
recovered.
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Fig. 29.  The high seas distribution of maturing Prince William Sound, Alaska, pink salmon by month, as shown by tagging 

experiments (1956-2003) and otolith mark recovery experiments (1998-2002).   The symbols indicate the ocean release 
locations (April-August) of tagged fish and recovery locations of otolith-marked fish.  The food habits study area is indicated 
by dotted lines (Fig. 2).  n = total number of tagged and otolith marked fish recovered. 
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Fig. 30.  The high seas distribution of Cook Inlet, Alaska, sockeye salmon by month, as shown by tagging experiments (1956-2003).   

The symbols indicate the ocean release locations (April-August) of tagged fish.  The food habits study area is indicated by 
dotted lines (Fig. 2).  n = total number of tagged fish recovered. 
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Fig. 31.  The high seas distribution of Prince William Sound, Alaska, sockeye salmon by 

month, as shown by tagging experiments (1956-2003).   The symbols indicate 
the ocean release locations (April-August) of tagged fish.  The food habits study 
area is indicated by dotted lines (Fig. 2).  In July, one immature fish is a CWT 
hatchery fish recovered in the northeast sector of the study area.  n = total 
number of tagged fish recovered.
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Appendix Ta f Pacific salmon in the Gulf of Alaska 
in 1994-2000.  Source: Kaeriyama et al. (2004). 
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