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Bering Sea Salmon Diet Overlap in Fall 2002 and
Potential for | nteractions Among Salmon

Abstract

Food habits data from Pecific sdmon collected from the Bering Seain fal 2002
were analyzed and contrasted with data collected in summer 1991-2002 for seasonal
(summer-fdl 2002) and long-term comparisons of sdmon diets. Samples were grouped
into three mgjor habitats: (1) eastern Bering Sea shdf (<200-m depth contour), (2) central
Bering Seabasin (>200-m depth contour), and (3) Aleutian Idands. In fdl diet overlap
vaues (modified Schoener’ sindex) were low to moderate for sockeye and chum sdmon
(49%, basin), sockeye and chinook (21%, basin), and chum and chinook (28% basin,
30% shelf). Diet overlap between sockeye and chum salmon was very high (80%) in the
Aleutian Idands, where both species consumed macro-zooplankton (crustaceans and
pteropods), and was reduced when chum salmon consumed gel atinous zooplankton
(medusae and ctenophores). In contrast, chinook salmon consumed predominately small
nekton (squid and fish). Shiftsin prey compostion of sockeye, chum, and chinook
sdmon between seasons, habitats, and salmon age groups were likely due to changesin
prey availability. If prey availability isreduced by poor ocean conditions, then increased
food competition could decrease growth and surviva of sdmon in the Bering Seaand
Aleutian Idands.

I ntroduction

Linkages between recent changesin sdlmon carrying capacity, growth, and a
changing marine environment in the Bering Sea prompted the North Pacific Anadromous
Fish Commisson (NPAFC) to initiate the Bering- Aleutian Samon Internationa Survey
(BASIS; NPAFC 2003). The overdl objective of the BASIS program is to investigate
the biological response by sdimon to conditionsin the Bering Sea caused by climate
changes. Routingly during BASIS cruises, data are collected on physical oceanography,
primary and secondary production, and sdmon biologica characteridtics, including data
pertaining to salmon feeding ecology. Results presented in this report include sdmon
food habits data collected during aU.S. BASIS sdmon research cruise and cooperative
Japanese-U.S. BASIS cruises.

Ocean salmon feeding ecology is an important component of the BASIS program
because there is evidence that sdlmon are food limited during their offshore migrationsin
the North Pacific Ocean and Bering Sea (Rogers 1980, Rogers and Ruggerone 1993,
Aydin et a. 2000, Kagriyama et d. 2000, Ruggerone et d. 2003). Increases in aundance
of Adan and North American sdlmon since the mid-to late 1970s corresponded with
decreases in the body size of adult sdlmon returning to both continents, indicating alimit
to the carrying capacity of sdlmon in the ocean (Kaeriyama 1989, Ishida et d. 1993, Helle
and Hoffman 1995, Bigler et d. 1996, Ruggerone et d. 2003). Results of internationa
cooperative high seas sdmon research suggest that inter- and intra- specific competition
for food and density- dependent growth effects occur primarily among older age groups of
sdmon, when stocks originating from &l geographic regions around the Peacific Rim mix



and feed in offshore waters (Ishida et a. 1993, Ishida et a. 1995, Tadokoro et a. 1996,
Walker et a. 1998, Azumayaand Ishida 2000, Bugaev et a. 2001, Davis 2003,
Ruggerone et . 2003). Samon research cruises generdly operate in the summer,
therefore the mgority of Bering Sea food habits data reflect summer feeding conditions.
However, thefdl, for which there is scant food habits data, may be a critical period for
density-dependent growth and survival effects on sddmon (Nomuraet a. 2002).

In this report, we estimate diet overlap in sdmon by species and geographic
region of the Bering Seaiin fall 2002, compare results of summer and fall 2002 datawith
an exiging time series of summer Bering Sea sdmon food habits (1991-2001), discuss
inter-and intra- goecific overlap in sdmon food habits, and speculate on the potentid for
competitive effects on marine salmon growth and survivl.

M ethods

Study Area and Fishing Methods

Station locations were categorized according to three geographic habitats: Bering
Sea basin, eastern Bering Sea shelf, and Aleutian Idands. The basin islocated north of
the Aleutian Idands and west of the shelf. Stationsin the basin were located in weter
depths ranging from 480 m to greater than 1000 m. The Aleutian Idands ations were
located in the immediate vicinity of idands (gpproximately 15 nm north or south or in
passes between idands). The depth of Aleutian 1dands stations ranged from 85 m to
greater than 1000 m. The shelf isthe shalow area of the eastern Bering Sea, and stations
were located over bottom depths ranging from 39 m to 188 m.

Samples of samon stomach contents were collected during the September 2002
cruise of the Japanese research vessel Kaiyo maru, which conducted asamon survey in
the Bering Sea basin (>200-m depth contour) and the central Aleutian Idands (Fig. 1). In
addition, ssomach contents data were collected during the September-October 2002
sdmon survey of the US vessel Northwest Explorer, which conducted operationsin the
Bering Sea basin, western and centrd Aleutian Idands, and eastern Bering Sea shdlf
(<200-m depth contour). Salmon food habits data collected during the centrd Bering Sea
survey of the Wakatake maru (June-July 1991-2002) were included for seasonal (summer,
2002) and long-term comparisons (odd- numbered years, 1991-2001, and even-numbered
years, 1992-2000) with sdmon food habitsin 2002. Stations sampled during the
Wakatake maru 1991-2001 cruises were in essentidly the same locations as those
sampled in 2002.

Sdmon were caught using trawls, gillnets, and longlines. The Northwest
Explorer and the Kaiyo maru caught fish usng a surface trawl, however the Sze of the
trawls differed (Azumaya et d. 2003, Murphy et a. 2003a, b). The Northwest Explorer
used asmdler net, which fished from the surface to an average depth of 17 m, while the
Kaiyo maru towed alarger net, which fished from the surface to an average depth of 50
m (Murphy et a. 2003b). Both vessels towed the trawl for one hour and, except for one
location sampled by the Northwest Explorer, al fishing operations were conducted



during daylight (Azumaya et d. 2003, Murphy et d. 20038). The Wakatake maru caught
fish usng agillnet and alongline (Tanaka et d. 2002). The gillnet was alowed to soak

for 12 hours through the late afternoon and night, fished from the surface to

gpproximately 3-m depth, and conssted of 11 different mesh sizes, ranging from 48 mto
158 mm. The longline floated at the surface and baited hooks hung a gpproximately 1-m
depth. The longline was set 30 minutes before sunset and alowed to soak for one hour.
Scientists on board the three vessdls sorted the sdlmon catch by species, and avariety of
biologica data, such asfork length, body weight, sex, gonad weight, and a scde sample
for age determination, were collected (Tanaka et d. 2002, Azumaya et d. 2003, Murphy
et a. 2003a). Samon representing arange of body sizes from each species were set aside
for food habits andysis.

Analysis of salmon stomach contents

On board the Kaiyo maru, sdlmon somach samples were placed individualy in
labeled bags and stored frozen until they were examined in the laboratory. Inthe
laboratory, each sdlmon stomach sample was thawed, blotted, and weighed (0.1 g). The
stomach was opened, and the fullness was estimated visudly. Stomach contents were
removed, the empty somach was weighed again, and the weight of somach contents
obtained by subtraction. An average digestion stage of ssomach contents was estimated,
and the stomach contents were sorted to the lowest possible taxonomic group using a
binocular dissecting microscope. Life history stage, degree of digestion, and percent
volume of each prey group was estimated visudly. If the number of prey itemsina
taxonomic group was less than 100 individuas, then the group was weighed and the
number of individuals was counted. In cases where the number of individuas was
greater than 100, a subsample was weighed and counted and extrapolated to the whole
group. Reatively fresh squid (mantle length, ML) and fish (sandard length, SL) prey
were measured (£ 1 mm). Samon stomachs collected during the cruise of the Northwest
Explorer and the Wakatake maru were examined by scientists on board the research
vessas and followed the same generd procedure used in the [aboratory. Exceptions to
this procedure included the use of scales measuring to £1 g (rather than 0.1 g), individua
prey items were not counted, and the degree of digestion of individua prey groupswas
not noted.

Data Analysis

For the fall 2002 samples amodified Schoener’ sindex, caled the Percent
Similarity Index (PSl), was used to caculate diet overlap between pairwise combinations
of sockeye, chum, and chinook salmon in habitats where the sample sizes of both species
were each greater than or equd to 15. The PSl is the sum of the proportiona volumes of
individua prey categoriesin common between two predators and is calculated according
to the formula (Buckley et d. 1999):

PSI =7 [min (py, pyi)]

where p is the percentage (or proportion) of prey i in predatorsx andy. The PSI ranges
from O to 100%, where 0% indicates no overlap and 100% indicates complete overlap in
diet of the two predators.



To examine shiftsin prey composition from summer to fal 2002, samples
collected in the basin, shelf, and Aleutian Idands were compared graphicaly. Datawere
dratified by salmon age, and results from summer and fall 2002 were compared to results
of previous data collected in odd- (1991-2001) and even-numbered years (1992-2000) in
the Bering Sea basin.

Results

A total of 349 salmon stomachs was anadyzed, including 47 sockeye, 238 chum, 1
pink, and 63 chinook salmon, from the fall 2002 cruise of the Kaiyo maru (sample dates
September 3-18). In addition 467 stomach samples, including 90 sockeye, 302 chum, 1
coho, and 73 chinook salmon and 1 steelhead trout, were analyzed from the fal 2002
cruise of the Northwest Explorer (sample dates September 8-October 6). For the seasonal
comparison, we used 523 samples, including 141 sockeye, 249 chum, 40 pink, 4 coho,
and 89 chinook salmon, from the summer 2002 cruise of the Wakatake maru (sample
dates June 27-duly 14).

In summer and fal 2002, the grestest overlgp in station locations occurred in the
Bering Seabasn (Fig. 1). The Wakatake maru and Kaiyo maru each had one station
located in the Aleutian Idands, and did not conduct any sampling on the shdf. In
contrast, the Northwest Explorer surveyed stationsin al three habitats. Aswould be
expected from the large number of stations located in the basin, most of the ssomach
samples (1,125 or 84% of the total) were collected in this area (Table 1). Within the
basin, most of the samples were collected from chum (22% summer, 36% fdl), followed
by sockeye (12% summer, 9% fdl), chinook (8% summer, 10% fdl), and pink (3%
summer, <1% fal) sdmon. On the shdf, ardatively smal number (99) of somach
samples was collected by researchers on the Northwest Explorer inthefdl, of which 72%
were from chum, 23% from chinook, and 5% from sockeye salmon (Table 2). Thetota
number of somach samples from the Aleutian Idandswas 109 (Table 3). Most of the
samples were collected from chum (6% summer, 60% fall), and sockeye (2% summer,
32% fdl) samon.

Sockeye Salmon Samples

Sockeye salmon stomach samples were collected from June to October, and the
largest component of samples came from ocean age-.1 (47%) and -.2 (34%) fish with
broad coverage in the basin and Aleutian Idands (grand total=278, Fig. 2). Older ocean
age-.3 and -.4 sockeye sdmon stomach samples were less numerous and came from fish
caught dmogt entirely in the bagin.

In summer, sockeye sdmon in the basin consumed primarily amphipods, followed
by euphausids, squid, and fish, while those in the Aleutians I dands ate amphipods and
gelainous zooplankton (Fig. 3). Infal, sockeye sdmon in dl three habitats consumed a
higher proportion of euphausids than in summer. Sockeye sdmon in the basin and
Aleutian 1Idands consumed fish. The fish consumed by sockeye salmon in the basin
included northern lampfish (Stenobrachius leucopsarus), and juvenilefish, such aslIrish



lord sculpins (Hemilepidotus spp.) and flatfish (Table 4). Sockeye sdmon on the shelf
did not eat fish. Instead, they ate a high proportion of pteropods and “other” prey (crab
larvae and shrimp, Fig. 3).

Thelarge number of samples from the basin dlowed usto dratify prey
composition by salmon ocean age. Sockeye sdlmon prey composition showed subtle
changes in diet with increasing ocean age (Fig. 4). In summer, the proportion of
euphaudids increased with ocean age of the fish. However, in fal the proportion of
euphausiids decreased with increasing age. Age-.1 sockeye sdmon collected in summer
had alarger proportion of amphipodsin their somach contents than was found in older
fish. Infdl, the proportion of amphipodsin ssomach contents was not related to ocean
age. Squid, which was consumed by al ages of sockeye salmon, disgppeared from their
dietsinthefal. Comparison of prey composition collected during odd-numbered
(abundant pink salmon) and evert numbered (scarce pink salmon) years indicated that the
proportion of euphaudids was lower and the proportion of pteropods was higher in
sockeye salmon stomach contents, when pink salmon were abundant.

Chum Salmon Samples

Chum samon stomach samples were collected from June to October, and most
samples were from ocean age-.2 fish (34%) collected in the basin (grand total=789, Fig.
5). In addition to wide coverage in the basin, ocean age-.1, -2, and -.3 chum sdmon
samples were distributed broadly across station locations on the shelf and in the Aleutian
Idands. Ocean age-.4 chum samon were collected predominantly from the basin, with
spotty coverage of the shelf and Aleutian Idands. Only three samples were collected
from ocean age-.5 chum samon, al from the basin.

In summer, chum salmon in the basin consumed mainly euphausids and
pteropods, and lesser volumes of amphipods, squid, fish and gdlatinous zooplankton (Fig.
3). Inthe Aleutian Idands, chum samon consumed large volumes of gdatinous
zooplankton and “other” prey (appendicularia and chaetognaths). In genera, chum
sdmon consumed many of the same prey groups in the three habitatsin fal (i.e,
euphausids, amphipods, fish, and gelatinous zooplankton). However, pteropods were a
large component of the prey observed in chum salmon stomach contents from the shelf.
Fal samples of chum salmon collected in the Aleutian Idands contained alarge
proportion of euphausids and amphipods, while fish and gelatinous zooplankton were a
large component of the prey found in chum salmon collected from the basin and shelf.
Fish prey oecies consumed in the basin (northern lampfish, and juvenile fish including
Atka mackerel Pleurogrammus monopterygius, sculpins, and flatfish) were different
gpecies than fish prey observed in chum salmon stomach contents on the shelf (juvenile
rockfish Sebastes spp., walleye pollock Theragra chal cogramma, and sablefish
Anoplopoma fimbria, Table 4).

For chum salmon collected in the summer, the proportion of euphausids
increased with ocean age of the fish (Fig. 4). However, in fal samplesthe proportion of
euphausiids decreased with age. Like sockeye sdmon, age-.1 chum samon collected in
summer ate more amphipods than age-.3 and - .4 fish. However, in fal samples, the



proportion of amphipodsin ssomach contents was not related to ocean age. The amount
of gelatinous zooplankton (medusae, ctenophores, salps), increased with ocean age of
chum salmon in summer, however, in fal ahigher proportion of geatinous zooplankton
was consumed by younger (ocean age-.1 and -.2) than by older (ocean age-.4) fish. In
fdl older chum salmon consumed alarge proportion of fish. Comparison of prey
composition collected during odd- and even-numbered years indicated that the proportion
of euphausiids was lower and the proportion of pteropods and gelatinous zooplankton
was higher in chum samon stomach contents, when pink salmon were abundant.

Chinook Salmon Samples

Stomach samples from ocean age-.1 and -.2 chinook salmon were collected
primarily in the basin and on the shelf (grand total =225, Fig. 6). The most northerly
samplesincluded afew young chinook salmon collected on the shelf near St. Lawrence
Idand. Few ocean age-.3 and -.4 chinook salmon samples were collected, and they were
located predominantly in the basin.

The prey composition of chinook salmon diets was more limited than ether
sockeye or chum samon (Fig. 3). In summer chinook sdmon stomach samples from the
basin contained high volumes of euphausids, squid, and fish. In comparison, fall
samples of chinook salmon prey in this area were primarily composed of squid and a
lesser amount of fish with rdatively low volumes of euphausiids. On the shelf, fish were
the primary prey and squid contributed a lower proportion to ssomach contents. The suite
of fish prey species consumed by chinook in the basin (adult northern lampfish, and
juvenile rockfish, Atka mackerel, walleye pollock, sculpin, and flatfish) was somewhat
different than the fish prey consumed by chinook salmon sampled on the shelf (young
herring Clupea pallasii, capdin Mallotus villosus, walleye pollock, rockfish, and
sablefish, Table 4).

Squid was an important prey for ocean age-.1, -.2, and -.3 chinook salmonin
summer and fal (Fig. 4). Fish was alarge component of the somach contents of ocean
age-.1 chinook sdmon in summer, however, the proportion of fish in the somach
contents of young fish was comparatively lessin thefdl. Euphausids were an important
prey of ocean age-.1, -.2, and -.3 chinook salmon during summer, however, in fal
euphausiids were found only in somach contents of ocean age-.1 fish. The proportion of
squid in chinook salmon stomach contents was larger during the summer in event
numbered years, when there was a scarcity of pink sdlmon in the basin.

Pink Salmon Samples

Pink sdmon provided few samples, and dl were (maturing) ocean age-.1 fish
collected in the basin (grand total =41, Fig. 7). All samples, with the exception of one,
were collected during June-July in the vicinity of 180° longitude, while the remaining
pink salmon stomach sample was collected in September in the southeastern area of the
basin. Inthe summer, pink sdmon consumed a high proportion of fish and euphaugiids,
with lesser amounts of amphipods and squid contributing to the diet (Table 1). The one
pink sdmon caught in the fal consumed exdusvely euphausids.



Salmon diet overlap in fall 2002

Fall samples szes were sufficient (n = 15 fish) for three pair-wise estimates of
diet overlap in the basin (sockeye, chum, and chinook), and one estimate each for the
Aleutian Idands (sockeye and chum) and shelf (chum and chinook salmon; Table 5).

Bering Sea Basin

In the basin, diet overlap between sockeye and chum salmon was moderate
(PSI=49%; Table 5), with both sockeye and chum salmon feeding on euphausiids (17%),
amphipods (12%) and fish (17%). Based on materid that could be identified from
stomach contents, both salmon predators consumed the same prey species and size ranges
within these generd categories. For example, both sockeye and chum salmon consumed
one genus of euphausid (Thysanoessa), and identical species of hyperiid amphipods
(Hyperia medusarum, Themisto pacifica, and Primno abyssalis) and fish (northern
lampfish, 64-120 mm SL) and juvenile Irish lord sculpin (9-22 mm SL). Diet overlap of
sockeye and chinook sdmon was low (21%), with overlgp mainly in the fish prey
category (17%). Northern lampfish in the same Sze range were identified from both
sockeye and chinook salmon stomach contents, however, chinook salmon stomach
contents aso contained juvenile Atka mackerdl (105-143 mm SL). Diet overlap between
chum and chinook salmon was dightly higher (28%) because chum salmon consumed
more fish prey than sockeye sdlmon. Northern lampfish and Atka mackerd of
goproximately the same size range (30-145 mm SL) were identified from the somach
contents of chum and chinook salmon. However, chum salmon caught in the basin
consumed a higher diversity of fish prey including juvenile stages of rockfish (19-52 mm
SL), walleye pollock (63-77 mm SL), and sculpin (9-22 mm SL).

Aleutian Islands

In the Aleutian Idands, diet overlgp in fal 2002 between sockeye and chum
sdmon was very high (80%; Table 5), with both consuming large volumes of identica
gpecies of euphausids (44%) and amphipods (27%). In contrast, fish prey wasasmaler
component of diet overlgp in this areathan in the basin (Aleutian Idands 5%).

Bering Sea Shelf

On the shelf, diet overlap during fal 2002 between chum and chinook salmon was
moderate (30%), with fish (23%) congtituting the largest prey category (Table 5). These
results were Smilar to the overlap vaue calculated for chum and chinook salmon in the
basn. On the shdf, both chum and chinook salmon consumed juvenile walleye pollock.
However, the walleye pollock consumed by chinook salmon were somewhat larger (60-
190 mm SL) than those consumed by chum salmon (45-95 mm SL). Other fish
consumed by chinook salmon included herring (190 mm SL) and capdin (90-115 mm
L), while other fish identified from chum stomach contents included juvenile sablefish
(200 mm SL) and juvenile rockfish (48-58 mm SL).

Discussion

For our comparison of seasond diet composition, we assume that the ssomach
contents data describe salmon feeding throughout the day. Seasond changesin prey



compogtion are possibly confounded with changesin the time of day the sdmon were

sampled because summer samples were collected from salmon caught during the evening

and nighttime, and fal samples were collected from fish caught during the daytime. This
difference in the time of day the fish were caught could underestimate the consumption of
crustaceans, fish, and squid in samples collected in the fal because sdmon consumption

of diel migrating prey has been observed to change throughout the day (Pearcy et al. 1984,
Davis et d. 2000). However, a present, our data are the only information available

regarding summer and fal diets of sdmon in these habitats in the eastern Bering Sea.

Our results reconfirm the observations of earlier Bering Sea sadlmon food habits
studies which showed that immature sockeye and chum are primarily predators of macro-
zooplankton (euphausiids, amphipods, pteropods, and gelatinous zooplankton), and
chinook sdmon are primarily consumers of small nektonic prey, such as fish and squid
(Andrievskaya 1966, Sobolevskiy et a. 1994, Davis et a. 1998, Temnykh et d. 2003).
Our results showed there were shiftsin prey composition among species and between
seasons in the three habitats. In addition, our resultsindicate there is a seasonad (summer
to fal) reduction in the diversity of Bering Sea sockeye, chum, and chinook salmon diets
(Fig. 4). Squid was reduced or diminated from diets of sockeye and chum salmon, and
chinook salmon consumption of euphausiids was dramatically reduced in fall. In contrast,
fish prey increased in the diets of sockeye and chum, and chinook salmon consumption of
squid increased in thefdl. Reduction in the diversity of prey groupsin fal could be
caused by changesin prey availability due to shiftsin their distribution, abundance, or
progression of life-history stages, resulting from the seasond shift in environmenta
factors (decreasing water temperatures, degpening thermocline depth, etc.).

Our results showed that in fall sockeye and chum samon had avery high leve of
diet overlap (80%) in the Aleutian Idands (Table 5), where they consumed predominately
euphausids and amphipods. In the basin, however, diet amilarity between sockeye and
chum salmon was reduced to a moderate level (49%) because chum salmon consumed a
high proportion of geatinous zooplankton (Table 1). Diet switching to dternative prey
may decrease competition between chum and other macro-zooplanktivorous sdmon
(Tadokoro et a. 1996, Davis 2003). Dulepova and Dulepov (2003) speculated that
consumption of gelatinous zooplankton is advantageous to chum samon in the find
stages of ocean migration because medusae and ctenophores are more easily digested
than prey with higher lipid content.

In summer in the centrdl Bering Seathereisa strong biennid pink sdmon
abundance cycle with summer catches showing a 30- to 50-fold increase in odd-
numbered years (Azumaya and Ishida 2000). Evidence from tagging indicates pink
sdmon in this area are primarily wild stocks from the Karaginsky region of eastern
Kamchatka, Russa (Myerset d. 1996). Because of the large amilarity in the diets of
sockeye, chum, and pink salmon, widely fluctuating pink salmon abundance seemsto be
the force driving dternating periods of increased (odd-numbered year) and reduced
(even-numbered year) inter- and intra- specific competition for food. Shiftsin prey
composition of saimon stomach contentsin odd- and even-numbered years have been
observed among sockeye, chum, and pink salmon (Ito 1964, Andrievskaya 1966,



Tadokoro et d. 1996, Davis 2003). Decreased size and abundance of Bristol Bay
sockeye salmon gppears to be linked to feeding competition with odd-year pink salmon
from eastern Kamchatka (Ruggerone et d. 2003).

Previous scale growth, ocean distribution, and food habits studies have indicated
that immature and maturing chum salmon compete with maturing pink salmon in the
Bering Sea and North Pacific Ocean. For example, Waker et a. (1998) observed that
edge- of-scde growth was negatively corrdated with Asian pink and chum salmon
abundance. In years when pink sslmon were abundant, Azumaya and Ishida (2000)
suggested the summer distribution of chum salmon shifts southeastward in the Bering Sea,
away from the coastward migration route of Agan pink samon, to reduce inter-pecific
competition.

Although chum sdmon have a diverse digt, it is likely that competition for food
within and between stocks of chum salmon could occur, particularly when chum salimon
arelocdly abundant. Analyses of scae patterns have suggested that intra- Specific
competition may cause areduction in body size of high-seas and Japanese chum salmon,
which occursin the third year of ocean life (Kagriyama 1989; Ishida et d. 1993; Walker
et d. 1998; Azumayaand Ishida 2000). Significant negative relationships have been
observed between the population sizes of high-seas and Japanese chum salmon and mean
fishsze (Ishidaet d. 1993, Kaeriyama 1996), and density- dependent factors explained
35% of the decrease in average Size of chum salmon in the centra North Pacific Ocean
(Ishida et d. 1993). We speculate that when large numbers of Asan and western
Alaskan chum salmon intermingle in the Bering Seain summer (Urawa 2004), growth
reduction of chum salmon could occur from intra-specific competition for food.

Although shiftsin the proportion of severd prey groups may reduce diet overlap
among salmon, these shifts may not be without cost. Davis (2003) observed dramatic
increases (13% in sockeye, 19% in chum, 72% in pink sdmon) in the weight of low
energy-dendty prey (pteropods, amphipods, or gelatinous zooplankton) in sdmon
stomach contents collected during odd-numbered years, when pink salmon were
abundant in the central Bering Sea. Estimates of dally ration based on field observations
of high seas sdmon food habits have shown that fish are feeding at rates close to their
physiologica maximum, and over rdatively short time periods smdl decreasesin daily
ration caused by competition, or other causes, could significantly decrease growth (Davis
et d. 1998). Under conditions of reduced growth, sslmon may not aitain asize large
enough to feed on larger prey, thereby developing atrophic feedback. In this scenario,
samon relinquish the growth potentia afforded by a diet of larger, more energy-dense
prey, and remain competitors for consumption of zooplankton (Aydin 2000).

Competition for food among severd stocks of Asan and North American pink
and sockeye salmon is a likely mechanism for density-dependent reduction of ocean
growth (Takagi et a. 1981, Heard 1991, Bugaev et d. 2001). Ishidaet a. (1995)
compared pink saimon scale growth and pink salmon abundance in the Bering Seaand
western North Pacific and observed a density-dependent effect on growth that occurred in
the second year of ocean life. Length and weight of Ozernaya River (western



Kamchatka) sockeye sdmon were substantialy reduced in years when marine abundance
of Kamchatka pink sdlmon was high (Bugaev et d. 2001). Intra-Specific dengty-
dependent growth of maturing Bristol Bay sockeye salmon has been shown to be affected
by food abundance and other factorsin their find weeks at sea (Rogers 1980; Rogers and
Ruggerone 1993).

I nter- pecific food competition may aso regulate population abundance.
Ruggerone et d. (2003) observed that abundance of wild stocks of pink salmon
originating in eastern Kamchatka was inversaly related to growth and surviva of
immature Bristol Bay sockeye salmon. They reasoned that if inter-specific feeding
compstition (direct or indirect) reduces prey availability and subsequent growth of
immature sockeye salmon, then increased predation on sockeye sdmon would occur from
alarger number of predators able to consume small-bodied fish. During their find
summer a sea, competition between maturing Bristol Bay sockeye and maturing Asan
pink salmon could be minimized by a separation in their digtribution and run timing.
Maturing Bristol Bay sockeye saimon are distributed in the North Pecific, eastwards of
most maturing Asan pink sdlmon, and their migrations to coasta areas Sart earlier than
those of pink sdmon (Burgner 1991). After examining ssomach contents collected in
summer and fdl in the western Bering Sea, Andrievskaya (1966) concluded the largest
degree of diet overlap occurred between sockeye and pink salmon during the summer.
An andysis of sockeye samon food habits data observed a 36% reduction in sockeye
gomach fullness in odd-numbered years when pink salmon were abundant (Davis 2003).

While previous studies have focused on inter- and intra- pecific interactions
among pink, sockeye, and chum salmon, they do not provide any information about
chinook salmon comptitive interactionsin the Bering Sea. Our estimates of diet overlap
between chinook and sockeye salmon and chinook and chum salmon were lower than the
estimates obtained for sockeye and chum salmon (Table 5). These results suggest a
relaively low leve of inter-specific food competition between immature chinook and
immature sockeye or chum salmon in the Bering Sea because chinook salmon were more
specidized consumers. In addition, the relatively low abundance of immature chinook
salmon compared to other species may serve to reduce intra-pecific competition at sea.
Consumption of nektonic organisms (fish and squid) may be efficient because they are
relaively large bodied and contain a higher caoric density than zooplankton, such as
pteropods and amphipods (Tadokoro et a. 1996, Davis et a. 1998). However, the
energetic investment required of chinook to capture actively swimming prey islarge, and
if fish and squid prey abundance are reduced, a smaller proportion of ingested energy will
be available for sdmon growth (Davis et a. 1998).

We hypothesize that inter- and intra- Specific competition in the Bering Sea could
negativey affect the growth of chum and chinook sdmon, particularly during spring and
summer in odd-numbered years, when the distribution of Asian and North American
sdmon stocks overlap. Decreased growth could lead to reduction in salmon surviva by
increasing predation (Ruggerone et d. 2003), decreasing lipid Storage to the point of
insufficiency to sustain the sdmon through winter when consumption rates are low
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(Nomuraet a. 2002), and increasing susceptibility to parasites and disease due to poor
sdmon nutritiona condition.

Future investigations of sdmon food habits should include al mgor sdmon
species of the Bering Sea (sockeye, chum, pink, and chinook saimon). These sudies
should be expanded to include dl age groups, including juveniles and maturing fish. In
addition, samples collected during the winter and spring seasons are needed to help
determineif thereisatime of the year and life history stage when inter- and intra- Specific
competition islikely to have the greatest impact on saimon growth. Zooplankton samples
have been collected smultaneoudy with sdlmon sampling for food habits, and these
surveys have employed gear specificaly designed to catch sdlmon prey. Andysis of
sdmon prey availability together with new and existing sdmon food habits data, and
bicenergetics studies will substantialy increase our capacity to eva uate the rdaionship
between inter- and intra- gpecific competition for food among salmon and salmon ocean
growth.
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Table 1. Mean percent prey composition in salmon stomach contents from fish caught in the Bering Sea basin in summer (Wakatake
maru, June-July) and fall (Kaiyo maru, September and Northwest Explorer, September-October) 2002. Ocean age=unk
means ocean age could not be determined because the fish’ s scale was damaged. No. isthe total number of samples
examined (including empty stomachs). Percent empty stomachs are the percentage of the total number of samples examined
that did not contain stomach contents. Empty stomachs were not included in other table entries. SCl=prey weight* 100/body
weight. Prey composition based on visua estimates. Gel. Zoop.=gelatinous zooplankton (medusae and ctenophores).

Bering Sea Basin

% Mean Percentage Prey Composition by Volume
Ocean Percent Empty _Prey Weight SCI Euphau- Cope- Amphi- Crab Squid Ptero- Fish Poly- Chagto- Ged. Other Uniden-
Season  Species  Age  No. atAge Stomachs mean _sd  mean <d siids _pods pods larvee pods chaetes gnaths zoop. prey tified
Summer  Sockeye 1 49 35 14 35 34 0.98 093 12 4 69 0 3 1 10 0 1 0 0 0
2 52 37 8 110 115 082 0.87 21 13 23 0o 21 7 15 0 0 0 0 0
3 29 21 14 21.0 208 0.77 0.78 26 11 4 0 40 4 15 0 0 0 0 0
4 8 6 25 30.2 262 102 1.01 17 14 0 0 38 0 28 0 0 0 3 0
unk 1 1 0
Total 139 100 12 113 151 0.87 0.87 19 10 34 0 19 4 14 0 0 0 0 0
Fal Sockeye 1 56 58 23 35 30 061050 56 1 28 0 0 3 9 0 0 1 0 2
2 31 32 19 51 57 037 044 29 1 36 2 1 0 31 0 0 0 0 0
3 1 1 0 40 0.26 0 0 0 0 0 0 O 0 0 90 0 10
unk 9 9 0
Tota 97 100 20 40 41 0.50 0.50 48 1 29 1 0 2 16 0 0 2 0 1
Summer Chum 1 34 14 6 59 48 137 113 18 1 59 0 6 5 4 0 1 3 0 3
2 64 27 5 128 100 128 0.92 36 4 16 0 6 19 5 0 1 7 6 0
3 89 37 5 187 150 0.89 0.75 34 6 3 0 8 25 6 0 0 12 6 0
4 50 21 2 179 162 0.66 0.64 29 3 2 0 6 23 1 0 1 23 0 2
5 3 1 33 145 07 051 0.10 32 0 0 0 5 39 22 0 0 2 0 0
unk 2 1 0
Total 242 100 5 152 137 101 0.87 31 4 14 0 7 20 6 0 1 12 4 1
Fal Chum 1 106 26 9 51 68 087 103 21 0 11 1 1 0 19 0 4 42 0 1
2 232 57 9 80 83 069 0.75 16 1 13 0 2 0 18 0 1 47 2 0
3 47 12 17 121 141 0.64 0.74 13 0 14 0 2 0 42 0 1 26 2 0
4 13 3 54 116 106 042 044 10 0 11 0 0 0 61 0 0 11 0 7
unk 6 2 0
Total 404 100 11 7.7 89 0.73 0.83 17 0 12 1 2 0 22 0 2 42 2 0
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Table 1. (cont.) Mean percent prey composition in salmon stomach contents from fish caught in the Bering Sea basin in summer
(Wakatake maru, June-July) and fall (Kaiyo maru, September and Northwest Explorer, September-October) 2002. Ocean

age=unk means ocean age could not be determined because the fish’s scale was damaged. No. isthe total number of samples

examined (including empty stomachs). Percent empty stomachs is the percentage of the total number of samples examined

that did not contain stomach contents. Empty stomachs were not included in other table entries. SCl=prey weight* 100/body

weight. Prey composition based on visua estimates. Gel. Zoop.=gelatinous zooplankton (medusae and ctenophores).

Bering Sea Basin

%

Mean Percentage Prey Composition by Volume

Ocean Percent Empty _Prey Weight SCI Euphau- Cope- Amphi- Crab Squid Ptero- Fish Poly- Chaeto- Gel. Other Uniden-
Season Species  Age  No. at Age Stomachs mean mean _sd siids _pods pods larvae pods chaetes gnaths zoop. prey tified
Summer  Pink 1 40 100 10 139 120 1.23 1.00 33 8 10 0 10 2 37 0 0 0 0 0
Total 40 100 10 139 120 1.23 1.00 33 8 10 0 10 2 37 0 0 0 0 0
Fdl Pink 1 1 100 0 10 0.05 100 0 0 0 0 0O O 0 0 0 0 0
Total 1 100 0 10 0.05 100 0 0 0 0 0O o 0 0 0 0 0
Summer  Chinook 1 10 11 30 43 45 0.84 0.86 16 0 0 0o 27 0 57 0 0 0 0 0
2 44 49 30 16.0 174 0.72 0.79 48 0 0 0 3 0 17 0 0 0 0 0
3 29 32 31 325 410 0.70 0.81 18 4 0 0 60 0 18 0 0 0 0 0
4 1 1 0 190.0 2.18 0 0 0 0 100 0 O 0 0 0 0 0

unk 6 7 33
Total 90 100 30 224 349 0.73 0.79 33 1 0 0 45 0 21 0 0 0 0 0
Fall Chinook 1 82 73 27 182 164 1.66 1.47 6 0 0 0 65 0 29 0 0 0 0 0
2 22 20 18 233 249 0.75 0.73 0 0 0 0 69 0 3 0 0 0 0 0
3 2 2 0 33.0 240 0.67 0.33 0 0 0 0 50 0 50 0 0 0 0 0

unk 6 5 33
Total 112 100 25 195 184 1.43 1.37 5 0 0 0 66 0 29 0 0 0 0 0
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Table 2. Mean percent prey composition in salmon stomach contents from fish caught on the Bering Sea shelf in fall 2002 (Northwest

Explorer, September-October). Ocean age=unk means ocean age could not be determined because the fish’s scale was
damaged. No. isthe total number of samples examined (including empty stomachs). Percent empty stomachs are the
percentage of the total number of samples examined that did not contain stomach contents. Empty stomachs were not
included in other table entries. SCl=prey weight* 100/body weight. Prey composition based on visua estimates. Gel.

Zoop.=gelatinous zooplankton (medusae and ctenophores).

Bering Sea Shelf
% Mean Percentage Prey Composition by Volume
Ocean Percent Empty Prey Weight SCI Euphau- Cope- Amphi- Crab Squid Ptero- Fish Poly- Chaeto- Ge. Other Uniden-
Season  Species Age No. atAge Stomachs mean «d  mean o sids pods pods larvae pods chaetes ghaths zoop. prey tified
Fall Sockeye 1 3 60 33 10 00 021001 0 0 48 40 0 12 © 0 0 0 0 0
2 2 40 0 30 28 020024 38 0 7 0 0 5 O 0 0 0 5 0
Totd 5 100 20 20 20 021014 19 0 28 20 0 31 O 0 0 0 2 0
Fdl Chum 1 15 21 27 37 21 056 0.26 16 0 15 27 0 12 13 0 0 17 0 0
2 33 47 15 251 257 136 1.25 12 0 2 7 4 18 30 0 3 23 0 1
3 17 24 3B 372 272 132 093 2 0 0 3 0 55 18 0 0 22 0 0
4 4 6 25 253 127 0.61 0.66 3 0 0 0 0 31 33 0 23 10 0 0
unk 2 3 50
Tota 71 100 24 228 247 112 106 10 0 4 10 2 26 24 0 3 21 0 0
Fall Chinook 1 12 52 33 154 149 163 0.89 10 0 0 0 12 0 78 0 0 0 0 0
2 7 30 14 315 316 0.89 0.83 0 0 0 0 50 0 50 0 0 0 0 0
3 2 9 100
4 1 4 0 111.0 0.80 0 0 0 0 0 0 100 0 0 0 0 0
unk 1 4 0
Total 23 100 30 286 314 1.26 0.86 5 0 0 0 A 0 64 0 0 0 0 0
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Table 3. Mean percent prey composition in salmon stomach contents from fish caught in the Aleutian Ilands in summer (Wakatake
maru, June-July) and fall (Kaiyo maru, September and Northwest Explorer, September-October) 2002. Ocean age=unk
means ocean age could not be determined because the fish’s scale was damaged. No. isthe total number of samples
examined (including empty stomachs). Percent empty stomachs are the percentage of the total number of samples examined
that did not contain stomach contents. Empty stomachs were not included in other table entries. SCl=prey weight* 100/body
weight. Prey composition based on visua estimates. Gel. Zoop.=gelatinous zooplankton (medusae and ctenophores).

Aleutian |ands

% Mean Percentage Prey Composition by VVolume
Ocean Percent Empty Prey Weight SCI Euphau- Cope- Amphi- Crab Squid Ptero- Fish Poly- Chaeto- Gel. Other Uniden-
Season Species  Age No. atAge Stomachs mean s mean sd siids pods pods larvee pods chegtes gnaths zoop. prey tified
Summer  Sockeye 2 2 100 0 20 14 0415 010 0 0 73 0 0 0 2 0 0 21 4 0
Tota 2 100 0 20 14 0415 010 0 0 73 0 0 0 2 0 0 21 4 0
Fal Sockeye 1 24 69 8 43 35 069 051 68 0 26 0 0 3 0 0 1 0 0 2
2 7 20 0 54 34 033 016 32 7 31 6 0 0 23 0 1 0 0 0
3 1 3 0 20 0.15 45 10 35 0 0 0 0 0 10 0 0 0
unk 3 9 33
Totd 35 100 9 57 63 0.68 060 60 2 27 1 0 2 5 0 1 0 0 2
Summer Chum 2 3 43 0 113 50 129 057 0 2 3 0 0 1 0 0 8 61 25 0
3 3 43 0 267 76 138 022 0 2 2 0 0 0 0 0 7 67 22 0
4 1 14 0 650 1.88 0 0 0 0 0 0 0 0 0 100 0 0
Total 7 100 0 256 197 141 041 0 2 2 0 0 1 0 0 6 69 20 0
Fal Chum 1 14 22 14 39 48 055 054 63 0 22 1 0 0 8 0 2 4 0 0
2 35 54 11 74 80 061 059 38 3 36 5 1 0 8 0 1 7 1 0
3 14 22 0 145 244 080 1.28 39 7 19 6 1 0 14 0 1 13 0 0
4 1 2 100
unk 1 2 0

Tota 65 11 11 83 137 064 0.79 44 4 29 4 1 0 10 0 1 7 0 0




Table 4. Prey organisms observed in the ssomach contents of sockeye, chum, pink, and chinook
sdmon collected in the Bering Seain July-October 2002. Mgor prey groups are
indicated by bold font. Prey groups. valuesin parentheses are gpproximate size (mm)
of squid (mantle length, ML) and fish (sandard length, SL) found in Somach contents.
X indicates a prey item identified in samples of a particular salmon species. Samples
collected from three habitats including B= Bering Sea basin, S= Bering Sea shelf, and
A= Aleutian Idands.

Prey groups

Sockeye

Chum

Pink Chinook

B

S

A

S

A

B S A B S

Cnidaria

Aglantha

Cienophora

Beroe p.

Polychaetes

Tomopterus Spp.

Rhynchonerella
SPp.

Copepods

Neocalanus
cristatus

Candacia
columbiae

Euphausiids

Thysanoessa
longipes

Thysanoessa
Spinifera

Thysanoessa
inermis

Hyperiid Amphi

ppds

Themisto pacifical

Phronima
sedentaria

Primno
abyssalis

Hyperia
medusarum

Paraphronima

SPP.
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Table 4.

Continued.

Prey groups

Sockeye

Chum

Pink Chinook

B

S

A

S A B S A

Gammarid
Amphipods

LySanassidae

unknown
gammarid

Shrimps

Hymendora
frontalis

Glyphocrangon

Pandalids

XXX

Crangonids

Pasiphageids

X PXPXPX] X

Crabs

Anomuran zoea
and megal ops

x

Brachyuran zoea
and megal ops

Insects

Gastropods

Limacina

Clionelimacina

XX

<X

<X X

<X X

Cephalopods

Berryteuthis
anonychus

(40-105)

Small squids
(5-30)

Gonatus
kamtchaticus

(50-159)

Gonatopsis
borealis (110)

unknown
gonatid squid

Chaetognaths

Sgitta spp.

Urochordates

Orkopleura sp.
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Table 4. Continued.

Prey groups Sockeye Chum Pink Chinook
C

B S A B S A B S A B S A

Pisces

Clupea pallasii
herring (190) X

Mallotusvillosus
capelin_(90-115) X

Senobrachius
leucopsarus

lampfish (40-120)

Sebastes SPp.
rockfish (20-58) X X X

Pleurogrammus

monopterygius
Atka mackerel

(53-145) X X X X

Hexagrammos
sp. greenling X

Theragra

chalcogramma
walleye pollock

(60-190) X | X X

Anoplopoma
fimbria
sablefish (100) X

Hemilepidotus

spp. Irishlord
(9-30) X X X X

Psychrolutes
phrictus giant
blob sculpin X

Cyclopteridae
lumpsucker X

Hippoglossus
stenolepis
P. halibut (20-30)| | x X X X

Atheresthes  sp.
flounder (20) X X X X

Unk. flatfish X [ X X

Unknown
juvenile fish X X X X X
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Table 5.

Percent diet overlap of sockeye, chum, and chinook salmon collected in the Bering Sea basin,
shelf, and Aleutian Idlands in fall 2002. Empty stomachs are not included in calculation of
overlap values. Bold values highlight prey groups representing a major component of diet
overlap. Overlap values calculated for salmon species for which sample sizeis > 15.

Percent overlap: |ow 1-24%
moderate 25-49%

high 50-74%
very high 75-100%

BASIN
Pairwise Comparison
Prey sockeye- sockeye- chum-

Group chum  chinook chinook
Euphausiids 17 4 4
Copepods 0 0 0 sockeye chum chinook
Amphipods 12 0 0 sockeye 49 21
Squid 0 0 2 chum 28
Pteropods 0 0 0 chinook
Fish 17 17 22
Gelatinous 2 0 0
Other 1 0 0
Total 49 21 28

ALEUTIANISLANDS
Pairwise Comparison
Prey sockeye-
Group chum

Euphausiids 44

Copepods

Amphipods 2

Squid

Pteropods

Fish

Gelatinous

Other

sockeye chum

sockeye [S] 80|
chum |

NOUToo NN

Total 80

SHELF
Pairwise Comparison
Prey chum-
Group chinook
Euphausiids
Copepods
Amphipods
Squid
Pteropods
Fish
Gelatinous

Other
Totd

chum chinook
chum 3
chinook

N
OO WO NMOOoOU,

w
o
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Summer Station Locations
June and July, 2002

Wakatake maru

EP

E

Nd’d’d s

k

ALASKA

Domain

BS-basin
Aleutians

A
A

74N

68N

62N

56N

50N

170W

160W

150w

140W

130W

Fall Station Locations
September and October, 2002

Kaiyo maru and Northwest Explorer
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Figure 1. Station locations in summer (upper panel) and fall (lower panel) 2002 where samples were collected
for food habits analysis. Shapes depict station locations for each research vessel. Triangles =
Wakatake maru, circles = Kaiyo maru, and squares = Northwest Explorer. Geographical habitats
are indicated by fill pattern; basin = no fill, shelf = solid fill, and Aleutian Islands = partia fill.
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Figure 2 Sample number and location in summer and fall 2002 where sockeye salmon stomach contents were collected by habitat
and sockeye salmon ocean age (number of winters spent in the ocean). Shape of the symbol indicates habitat; Bering Sea
basin = no symbol, shelf = diamond, and Aleutian Islands = square. Underlined numbers show values > 10.
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Figure 3. Diet composition (mean percent volume) of sockeye, chum, and chinook salmon collected in the basin, shelf, and Aleutian
Islands during summer and fall 2002. Prey categoriesinclude; eu = euphausiids, am = amphipods, sq = squid, fi = fish, pt =
pteropods, ge = gelatinous zooplankton (medusae and ctenophores), and oth = other. Sample size (n) shown for each habitat.
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Chum Chinook
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Figure 4. Diet composition (mean percent volume) of sockeye, chum, and chinook salmon collected in the Bering Sea basin stratified
by season and ocean age of fish. Sample sources include data for summer in odd-numbered years (1991-2001), summer in
even-numbered years (1992-2000), summer 2002, and fall 2002. Ocean age followed by number of salmon stomachsin
each age group containing prey is shown on the x-axis. Age groups labeled with “no data’ indicate sample sizestoo small
to characterize stomach contents (n < 5).
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Chum Salmon
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Figure5. Sample number and location in summer and fall 2002 where chum salmon stomach contents were collected by habitat and éhum

salmon ocean age (number of winters spent in the ocean). Shape of the symbol indicates habitat; Bering Sea basin = no symbol,
shelf = diamond, and Aleutian Islands = square. Underlined numbers show values > 10.
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Figure5 (cont.) Sample number and location in summer and fall 2002 where chum salmon stomach contentswere coll ected by habitat and chum
salmon ocean age (number of winters spent in the ocean). Shape of the symbol indicates habitat; basin = no symbol, shelf =
diamond, and Aleutian Islands = square. Underlined numbers show values > 10.
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Chinook salmon
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Figure 6. Sample number and location in summer and fall 2002 where chinook salmon stomach contents were collected by habitat
and chinook salmon ocean age (number of winters spent in the ocean). Shape of the symbol indicates habitat; Bering Sea
basin = no symbol, shelf = diamond, and Aleutian ISlands = square. Underlined numbers > 10.
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Figure 7. Sample number and location in summer and fall 2002 where pink salmon stomach contents were collected by habitat and
pink salmon ocean age (number of winters spent in the ocean). Shape of the symbol indicates habitat; Bering Seabasin =
no symbol, shef = diamond, and Aleutian Idands = square. Underlined numbers show vaues > 10.



