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| NTRODUCTI ON

Simul ation nodeling efforts have shown that one of the consequenées
of oil spill events on the Bering Sea fauna is contam nation of fishes
vi a uptake of oil (Gall agher and Pola 1984). O uptake by fishes and
i nvertebrates occurs through passive uptake processes (adsorption and
absorption) and the ingestion of oil contam nated food. Contam nation
was shown to be nore persistent, lasting at |east two weeks longer, in
fishes consum ng demersal food itens because of the |onger residence tinme
of weathered oil in the denmersal habitat (Pola and M yahara 1985).
Laevastu and Fukuhara(1985) in their review of studies on oil sedinmentation
in the sea conclude that very high concentrations of oil can accumul ate
in the nepheloid | ayer near the bottom and later in sedinments and nay
possi bly persist in the sediments for years. Thus, species which utilize
demersal food items are nore likely to be inpacted in the |ong-term by
oil spill events than species which consume pelagic food. It becones
inportant to outline the existing know edge of patterns of demnersa
versus pelagic habitat utilization by nmarine fish species to determne
l'i kelihoods of oil spill inmpact on these species. In order to extrapolate
oil spill modelling results to other seasons or areas it isS necessary to
understand the variability in demersal versus pelagic food conponents in
marine fish species by season, area, and fish size.

It is the purpose of this study to summarize data regarding the food
habits of the marine fish and invertebrate species used in the Bl OS
(Biological Inmpact of an Gl Spill) Mdel. Differences in food habits by

fish size, season, and area in the Bering Sea will be discussed particularly

with reference to changes in pelagic versus denersal food habits. This



should provide an indication of the likely inmpact on these species from

oil spills occurring in different ‘areas and times in the eastern Bering

Sea. The species included in this report are sockeye salnon, Pacific
herring, walleye pollock, Pacific cod, Pacific halibut, yellowfin sole

rock sole, flathead sole, arrowooth flounder, Al aska plaice, and king

and Tanner crabs. New data will be presented for walleye pollock, Pacific
cod, vellowfin sole, flathead sole and arrowtooth flounder. Gt her evidence
for food habit trends are obtained fromthe literature.

SAMPLE COLLECTI ON AND PROCESSI NG

Speci nens were collected during 1983 and 1984 in the eastern Bering
Sea by U 'S. observers aboard foreign fishing vessels and by U S. scientists
aboard research vessels participating in resource assessment surveys of
the area. Stomachs of Pacific cod, walleye pollock, yellowfin sole,
arrowtooth flounder, and flathead sole were taken from bottom and m dwat er
tram sanples of variable tow duration. The 5436 stomach sanpl es which
were obtained came nostly fromthe middle shelf to slope areas of the
eastern Bering Sea in depths of 45mto 200m (Table 1).

I ndi vidual fish were first checked for signs of regurgitation, i.e.,
food itens in nouth or gill plates or flaccid stonach and discarded if
any such signs were noted. Stomachs fromthe remaining fish were excised
and placed individually into nuslin bags with a specinmen |abel containing
fish fork length, sex, and station information. All sanples were preserved
in a 10:1 seawat er/formal dehyde nmixture

Stonmachs were analyzed individually in the |aboratory. Prey itens

were identified to the |owest practical taxon and damp weight to the



Table 1---Stomach sampling dates, areas, and depths for five groundfish species in the eastern
Bering Sea and the respective sanple sizes.

Depth interval

Species Sampling dates Area (m) No. stomachs
Arrowtooth flounder Mar-0tt 1983-84 Outer shelf, 65-200+ 825
(Atheresthes stomias) slope
Pacific cod Sep~-Jan 1983-84 Middle-outer 50-200+ 184
(Gadus macrocephalus) shelf, slope
Flathead sole Jun-Sep 1984 Middle-outer 45-125 271
(Hippoglossoides elassodon) shelf
Walleye pollock Jul-Jun 1981-83 Middle-outer 45-200+ 3098
(Theragra chalcogramma) shelf, Aleutian

Basin
Yel lowfin sole Feb-Aug 1984 Inner-outer 45-125 1058
(Limanda aspera) shelf




nearest mlligram and nunber of each prey taxon were recorded. Length
nmeasurenents of fish and crab prey were taken when enough remained of the
itens to permt measurenent.
FOCD HABI TS OVERVI EW OF KEY PREDATORS
Ceneral Prey Types

Pacific cod

Figure 1 shows the main categories of food consumed by Pacific cod
sanpled in autum and winter in the eastern Bering Sea. GCrab and fish
constituted the major portion of cod's diet by weight. Mst of the crab

consunmed was Tanner crab (Chionoecetes sp.) and the najor fish prey was

the walleye pollock , Qher fish consumed were fromthe fanmlies Zoarcidae,
Cottidae, Stichaei dae, Cyclopteridae, and Pl euronectidae. Cod also
consuned a variety of invertebrates including crangonid and pandalid
shrinp, anenones, squid, polychaetes, and snall epibenthic crustaceans.

QG her studies of Pacific cod food habits in the eastern Bering Sea
produced simlar results. Shimada and June (1982) sanpled extensively
t hroughout the eastern Bering Sea and discovered pollock domi nated the

diet by weight (28% and other fish, Tanner crab, king crab (Paralithodes

sp.) and shrinp were also inportant food items. Mto (1974) and Feder
(1978) found pollock, tanner crab, and shrinp as the nost predom nant
items in the diet of Pacific cod.

Simlar prey types were consumed by cod in the Gulf of Al aska.
Jewett (1978) found that pandalid shrinp occurred nost frequently in the
diet of cod sanpled near Kodiak Island and that pollock and Tanner crab
were the next nost frequently occurring prey. In southeast Al aska,

Cl ausen (1980) reported that pollock and herring constituted the bul k of
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Figure 1.--Percentages by weight of main food items consuned by cod
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cod’'s diet (40% by volune) and tanner crab and shrinp nade up nost of the

remai nder.

Al l en (1984) sunmmari zed the feedi ng behavior of Pacific cod. He
described cod as a benthopelagivore that is a searcher-pursuer. Results
fromthe above studies support this observation that the main prey types
of cod are benthic invertebrates and pelagic fish which requires a search
and pursuit prey capturing behavior.

Arrowt ooth flounder

Figure 2 shows the percentages by weight of main food items consuned
by arrowtooth flounder sanpled in spring through autum in the eastern
Bering Sea. Pollock dominated the diet, constituting as nmuch as 67% by
wei ght of prey consumed by arrowtooth flounder. Qher fish were also
i mportant prey and included Zoarcidae, Macrouridae, Cottidae, Stichaeidae,
Ammodytidae, and Pleuronectidae. As nuch as 25% by wei ght of the diet

was squid, mainly Berryteuthis sp., and up to 26% by weight of prey

consuned were crustaceans (pandalid shrinp and euphausii ds)

The only other detailed analysis of arrowtooth flounder food habits
in the eastern Bering Sea was perforned by Mito (1974). He found fl ounder
consum ng nmostly pollock (56-100% by weight) and shrinp (1-38% by weight).
Smith et al. (1978) sanpled arrowtooth flounder in the @ulf of Al aska and
reported unidentified fish (23% by weight), pollock (10% by wei ght) and
euphausiids (37% by weight) as the nmain dietary conmponents. Of northern
California, arrowtooth flounder ate nmostly fish (47% by weight), the
majority of which were flatfish. Also inportant in the diet were pandalid
shrinp (38% by weight) and euphausiids (7% by weight)(Gotshall 1969).

Allen (1982) characterizes large-mouthed flatfishes with symetri cal

nmouths |ike the arrowtooth flounder as sight-feeders which are oriented
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Figure 2. --Percentages by weight of main food itens consunmed by
arrowtooth flounder sanpled in spring, sunmer, and autumm
in the eastern Bering Sea.



up in the water colum when foraging for prey. The presence of pelagic
fish and euphausiids or nektonic bénthopelagic crustaceans such as shrinp
in the arrowtooth flounder diet support these observations.
Fl at head sol e

Figure 3 shows the percentages by weight of nmain food itens consuned
by flathead sole sanpled in summer in -the eastern Bering Sea. Epibenthic
crustacea, wWhich includes shrinp and crab, constitute from 10 to 60% of
the diet by weight. Brittle stars are also an inportant prey item formng
up to 72% of the diet by weight. Qher lesser inportant dietary conponents
i ncl ude polychaetes, echiuroids, and molluscs. Fish formed from O 22% of
the diet by weight, the mgjor portion of which was pollock.,

Mte's (1974) study of flathead sole's diet in the eastern Bering
Sea classified flathead sole as a nmostly benthic feeder. Ophiuroids
(brittle stars) at tines formed up to 98% by weight of the diet. pandalid
shrimp (up to 47% by weight), Tanner crab (up to 23% by wei ght) and
pollock (up to 15% by weight) were the other mgjor dietary components.
Skalkin (1963) called flathead sole in the eastern Bering Sea a benthic
and nektonic feeder based on its consunption of benthic brittle stars and
nektonic shrinp, euphausiids, and hyperiid anmphipods. Simlarly, Mineva
(1964) found flathead sole consumng nostly brittle stars, along with
shrinp, amphipods, fishes, and molluscs. 1In the @Qlf of Al aska, flathead
sole ate euphausiids, brittle stars, pandalid shrinmp and juvenile pollock
(Smith et al. 1978). In the coastal waters of Washington state, Mller
(1970) reported flathead sole consuned nostly fish (39% by weight) and
mysids (36% by weight). Shrinp, clams, and polychaetes formed the remainder

of the diet.
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Allen (1984) classified flathead sole as a benthopel agi vore that uses
ambush, search, and pursuit techniques for food gathering. The above
results support this observation in that flathead sole uses benthic and
pel agic foods for prey. Sonme of these prey are sessile requiring searching
behavior while others are nore notile requiring anmbush or pursuit behavior
for capture.

Wl | eye pollock

Table 2 (from Dwer 1984)shows the major prey itens found in walleye
pollock collected fromthe eastern Bering Sea, Euphausiids (13% by
wei ght) and fish (48% by weight) were the main consuned prey. The ngjor
fish consumed was wal |l eye pollock. Other prey items consunmed included
copepods, amphipods, and larvaceans.

QG her studies have also reported juvenile pollock and euphausiids as
maj or prey items of pollock (Takahashi and Yamaguchi 1972; Mito 1974;

Bail ey and Dunn 1979). ©Pandalid shrinp is also consumed by pollock in
certain areas (Feder 1977). Alen (1984a) classifies pollock as a pelagivore
whi ch pursues it prey. The above findings substantiate this observation

in that pollock consume pelagic juvenile pollock, euphausiids and copepods.
Paci fic halibut

Most food habit studies on Pacific halibut showits main prey to be
fish, crab, shrinmp and molluscs. Fish consuned include sandlance (Smth
et al. 1978), pollock (Mito 1974), and crab(Feder 1977)(mainly Tanner
crab) . Allen (1984b) notes that Pacific halibut feed nostly on nektonic
and nmotile epibenthic fish. Athough its life nmode is benthic it obtains
prey primarily fromthe water colum and partly fromthe bottom Allen
(1984b) classifies halibut as an anbusher-pursuer that feeds nostly on

active prey-.
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Table 2- Major prey items found in the stomachs of pollock col | ected
from the eastern Bering Sea. AU itens which showed a
percent frequency of occurrence (% F.0.)310% are included.
IRI = Index of Relative |nportance (Pinkas et al. 1971)

Prey Organi sm 4z F.0. Mean % No. Mean % We. IR

No. / wt ./

Stem Stem

(8)
Thecosomata 16.8 6.8 2 0.02 <1 42
Calanus cristatus 14.9 19.5 6 0.11 2 117
Calanus sp. 10.7 34.5 11 0.06 l 128
Calanoida (unident.) 23.8 54.1 17 0.12 2 457
Parathemisto sp. 25.6 5.5 2 0.02 <1 52
Thysanoessa inermis 17.6 7.4 2 0.21 3 95
Euphausiacea (unident.) 30.2 18.2 6 0.72 10 481
Larvacea 11. 4 87.1 28 0.31 4 372
Theragra chalcogramma 10.3 0.4 <1 2.92 41 420

Osteichthyes (unident.) 13.7 0.7 <1 0.52 7 101
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Al aska plaice and Rock sole

The main food item of Al aska plaice appears to be infaunal polychaetes
{Skalkin 1963; Mineva 1968; Allen 1984a). Mnor food items include
amphipods, bivalve mollusecs, shrinp, and echiuroids. Allen (1984a)
classifies plaice as a benthivore which stal ks and extracts preyonor
associated with the bottom

Rock sole consunme simlar prey types. Polychaetes, clams and brittle
stars are major prey itens while anphi pods and even fish are ninor prey
items (Feder 1977, Mto 1974, Rogers et al, 1979; Snith et al. 1978).
Allen (1984a) also classifies rock sole as a benthivore. He reports that

rock sole is a searcherstalker which extracts and excavates for prey on

t he sea bottom

Yellowfin sol e

Yellowfin sole utilizes a nore diverse set of prey items than Al aska
plaice and rock sole. It consuned not only molluscs, polychaetes, brittle
stars, and anphi pods but al so euphausiids, shrinmp, and sand dollars.

Sone studies have reported fish (Feder 1977; Rogers et al. 1979; Wakabayash
1974) and crab larvae (Haflinger 1983) as prey itens (Table 3). Allen
classifies yellowfin sole as a benthopel agi vore which actively searches
and pursues its prey.

King and Tanner crab

King crab consune nostly bival ve molluscs, echinoderms and crustaceans
(McLaughlin and Hebard 1961; Feder 1977). Cunni ngham (1969) reports that
echi noderns conprise nost (49% by weight) of the adult diet while mollusecs
(37% by weight) formthe remainder (Table 4).

Tanner crab have sinmilar diet of which bival ves, crustaceans, and

polychaetes are the main food itens {(Feder 1978, 1979, 1981). Fish is
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Table 3. Myjor prey items of yellowfin sole by life history stage,
season, and area.

Food Habits

Life history
st age Ref er ence Season Ar ea Food Itenms (% by weight

Larvae (2-10 mm Last, 1980 Su North Sea | 90% copepodites, 10%
Limanda limanda decapod zoea.

Juveni |l es Rogers et Sp, su | Kodiak I. 22% fish (cottids), 20%

al . 1979 poly chaetes, 18% cr ab,
14% cl ans.

Adul ts Wakabayashi, Su Bering Sea| polychaetes, amphipods,

100- 200 mm 1974 echi uroi ds.

201-300 mm polychaetes, bival ves,
echiuroids, gadi ds,
osmerids, amphipods.

301+ mMm Mostly bi val ves and
echi ur oi ds.

Adults skalkin, Sp, Su SW of Cape| mysids, euphausiids
1963 Newe nham | (30-50 m depth)

polychaetes, molluscs
(50-65 m depth).
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Table 4. Major prey itens of king crab by life history stage,
season, and area.

Food habits
Life history

st age Ref erence Season Area Food itens (% by weight)
Pel agi ¢ Incze, pars. Sp, Su Bristol copepod nauplii, copepodites,
larvae comn . Bay cirripedia larvae.
Benthic Takeuchi, Su polychaetes, seaweed.
juveniles 1968
Adul ts Cunni ngham Su Bristol | 49% echinoderms, 37%

1969 Bay molluscs, 10% crustaceans,
polychaetes.
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asoa prey item but may possibly be consunmed only as dead carcasses
lying on the sed bottom  Feder (1977, 1978) calls both king and Tanner
crabs scavengers in describing their main food gathering behavior.
Pacific herring

Table 5 shows some of the main food itens of Pacific herring; copepod
eggs, copepods, algae, and euphausiids. Fish fry and anphi pods are al so
consumed occasionally (Rumyantsev and Darda 1970). It appears herring
utilize the pelagic environnent exclusively for food gathering.
Sockeye sal non

Table 6 outlines the mpjor prey consuned by sockeye sal non. Fish,
copepods, and euphausiids donminate the diet. other prey itmes include
pel agic crab |arvae, anphipods and pteropods. Simlar to herring, sockeye

sal non feeds exclusively on pelagic prey.

Si ze Rel ated Feeding Trends
Pacific cod

Figure 1 also shows changes in najor prey itens of Pacific cod with
increasing cod size. Cod appears to consume nore invertebrate prey and
particularly crab at smaller (<54 cnm) sizes and changes to nore of a
fish-feeder as it grows in length. By the tine cod are >75 cmin |ength,
their diet consists nostly of fish (90% by weight).

Most ot her studies found identical changes in diet with cod size.
Shimada and June (1982) report that the percentage of pollock by weight
in cod's diet increased from about 15%in cod <45cmto up to 60% in cod
>65cm in length. Mito (1974) found cod <50cm long ate nore shrinp and
crab while cod >50cm consumed nostly pollock. He noted that the proportion
of 1+ aged pollock consunmed increased with increasing cod size while the

proportion of O age pollock decreased in the diets of larger cod. This
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Table 5. Major prey items of Pacific herring by life history stage
season, and area
Food habits
Life history
st age Ref erence Season Area Food itens (% by weight)

Larvae Wailes, 1963 Sp British 40% i nvertebrate eggs

9-20 mm Col unbi a 40% di at ons, 20% copepods
nauplii.

Larvae Barr acl ough, Sp, Su| British 90% copepod nauplii, 10%

9-20 nmm 1967 Columbia eggs and al gae.

Juveni |l es Barraclough, Su British phytoplankton, copepod

20-100 mm 1967 Col unbi a eggs, copepods, amphipods,
larvaceans.

Adul ts Wailes, 1963 Su, F, British “|euphausiids, copepods.

100+ mm Sp Col unbi a

Adul ts Dudnik and Su Bering Sea |euphausiids, calanoid

Usol'tsev 1968 COPepopds, Sagitta.
Adul ts Barraclough, Sp, su | British 90% copepods, 10% amphipods,
1967 Col unmbi a euphausiids, brachyura

| arvae, and invert.

eggs.




Tabl e 6.

season and area.

Food habits

Life history
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Maj or prey itens of sockeye salnon by life history stage,

stage Ref er ence Season Area Food itenms (% by weight)
Smel ts Manzer, 1969 Su British 48% copepods, 24% fish, 14%
Col unbi a larvaceans, 5% decapods, 4%
i nsects, 3% amphipods.
Snelts Straty, 1974 Su Bri st ol Sandlance | arvae, euphausiid
Bay | arvae, copepods, cladocera,
pt er opods, decapod | arvae,
other fish larvae, invert.
eggs, i hsects.
Adul ts Kanno and Su E. Bering| 43% euphausiids, 27.7% fish,
Hamai, 1971 Sea shelf| 25.1% amphipods.
Adul ts Nishiyama, Su Bristol 70% euphausiids, 20% fi sh
1974 Bay | arvae, 10% crab zoea, amphi=

pods and pterapods.
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predator-prey size relationship was reported to be linear in that as cod
size increased the maxi mum pollock size which was consunmed increased in a
l'inear fashion. Causen (1980) and Jewett (1978) observed simlar trends
in the Gulf of Alaska. Crab and shrinp dominated in cod <50 or 60 cm
whil e cod between 50-70 cm or 60-70 cm had a transitional diet and cod
>70 cm consuned nostly fish. Thus cod have a definite change in diet
with increasing size; switching from a predom nantly crustacean and
other invertebrate diet to a fish dom nated diet when cod reach a length
of between 50 to 70 cm.

Arrowtooth fl ounder

Figure 2 shows trends in food itens consumed by arrowtooth flounder
of various size groups. No mmjor changes occur in percentages by weight
of various prey items in the diet. Cephal opod consunption appears to
repl ace crustaceans (euphausiids and shrinp) in arrowtooth flounder of
increasing length. The percentages of fish other than pollock (which are
nostly deep-water fishes) increase slightly while the percentage of
pollock decreases slightly with increasing arrowooth flounder |ength.
These trends may not be related directly to size but rather to depth of
sanpling; larger flounder may be captured in deeper water than smaller
flounder and where squid and deep-water fish are nore avail able.

Simlar to the present study, Mito (1974) found all sizes of arrowtooth
fl ounder consumng mostly pollock. He also noted increasing prey pollock
length with increasing flounder length. The results of Shuntov (1970),
Smith et al, (1978) and M kawa (1963) are somewhat different to those
above. Their studies all report increasing ambunts of predation on fish

and decreasing anounts of euphausiids consunmed as arrowtooth flounder
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increase in length. Thus, it appears arrowtooth flounder are predom nantly
a fish feeder but at snaller sizes may consume nore euphausiids and other
crustaceans. The maxi mum size of prey fish consuned also increases wth
arrowt oot h flounder |ength.

Flathead sole *

Figure 3 shows the proportions of various prey itenms in the diet of
flathead sole of different size groups. Flathead sole <25 cm appear to
consume nostly epibenthic crustacea such as crab and shrinp along with
peclychaetes, echiuroids and brittle stars. Sol e »25 cm consuned nore
brittle stars and pollock. The percentages of brittle stars in the diet
increased from 16% by weight in sole <25 cmto 72% by weight in sole >35
cmin |ength.

Mto (1974) reports no clear trends in diet with flathead size,
However Smith et al. (1978) note that flathead sole >30 cmin length
caught in deeper waters of the @lf of Al aska consuned nostly brittle
stars while flathead sole <30 cmlong captured in shal | ower water consuned
nore euphausiids. Mller (1970) stated flathead sole’ s diet changed from
nmostly mysids when sole were <18cm to shrinps when sole were 18-26 cm
long and finally to fishes and cl ans when sole were >26cm | ong. Thus,
there are sone size-related feeding trends in flathead sole as |arger
sole tend to consune nore fish and brittle stars than smaller sole.
There m ght be some confounding of predator size with depth of capture,
t hough, as larger flathead sole may be caught in deeper waters where
brittle stars and juvenile pollock nay be nore avail able.
Wl | eye pollock

Figure 4 (from Dwyer 1984)shows the changes in najor prey itens

consuned by pollock with increasing pollock length. |Mpst-notable is the
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increase in cannibalismwth length; small pollock (<50 cn) consunme only
10% by weight of prey pollock and pollock |arger than 50 cm cons ume

nostly pollock (nore than 50% by weight of the diet). There is an opposite
trend in the consunption of copepeds which decreases with increasing
pollock length. Euphausiids are consuned nostly by pollock which are
30-49 cm long. The consunption of other fish is fairly constant over all
pollock size groups (around 10% by weight of the diet)

Takahashi and Yamaguchi (1972), Mito (1974) and Bailey and Dunn
(1979) found simlar size related dietary trends. Pollock <50 cm consuned
most |y euphausiids and copepods whil e pollock >50 cm consumed nostly
pollock, herring, and euphausiids. Pollock in the Qulf of Alaska do not
appear to cannibalize but instead consune pandalid shrinp (Feder 1977;
Smith et al. 1978).

Pacific halibut

Pacific halibut also appear to change their diet with increasing
size. Smith et al. (1978) found juveniles in the eastern Bering Sea had
shrinp occurring in their stomachs about as frequently as fish. Novikov
(1964) found crustaceans occurring in alnost all (89% stomachs of halibut”
<30 cm while the percent frequency of occurrence of fish increased with
increasing size; from61%in halibut 30-60cm long to 87% in halibut >90
cm long. Thus, halibut appears to switch from an epibenthic crustacean
diet to a fish diet with increasing size.

Al aska plaice and Rock sole

Adult plaice appear to consune the sane food itens regardl ess of

size (skalkin 1963; Mineva 1964). Sinilar results have been noted for a

simlar species the European plaice, Pleurcnectes platessa, which feed
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primarily on polychaetes and bivalves at sizes >5 cm (see Allen 1984a).

Rock sole also exhibit little change in diet with size. The dom nant
food of nobst adults is polychaetes (Mito 1974; Smith et al. 1978). Rock
sole of the smaller sizes (20-30 cm nay consune nore anphi pods (Mito
1974) and larger rock sole include fish such as sandlance in their diet
(Smith et al. 1978). .

Yellowfin sol e

As Table 3 shows yellowfin sole change their feeding habits with
i ncreasi ng size. Wakabayashi (1974) noted that juveniles <20 cm consuned
polychaetes and anphi pods but with increasing size also included fish and
bivalves in their diet. Unpubl i shed NWAFC data indicate, however, that
at least 80% of the diet by weight for juvenile and adult yellowfin sole
(14-33 cm in Bristol Bay in spring was bivalves. sSmall anpunts of
polychaetes, echinoderns, and crustaceans were also consumed by all size
cl asses.

King and Tanner crabs

As Table 4 shows king crab switch from consum ng copepods when they
are pelagic larvae t 0 polychaetes as benthic juveniles and finally to
echi noderns, molluscs, crustaceans, and polychaetes as adults. Pearson
et al. (1984) found that the softs tissue contained in juvenile king crab
stomachs was predom nantly polychaetes, sand dollars, and clans.

Tarverdi yeva (1981) described the change in food habits with size in
Tanner crab. His data show some difference in frequency of occurrence of
the major prey itens; molluscs, polychaetes, crustaceans, and echi noderns
bet ween Tanner crab of 24-60 nm carapace w dths and 61-161 nm carapace

Wi dths. Polychaetes and decapod crustaceans occurred nore frequently in
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larger Tanner crab while echinoderns and amphipods occurred nore frequently
in small crab. Feder (1978), however, shows little difference in frequency
of occurrence of prey types among various sizes of Tanner crab in Cook
Inlet. Crabs of all sizes consumed clans, barnacles, and pagurid crabs.
Pacific herring

Table 5 shows differences in food itens consumed by herring of
various sizes. It appears that juvenile herring consune snaller food
items such as phytoplankton, copepod eggs, copepods and amphipods.
Adul ts usually consume nore euphausiids although copepods still remain in
the diet and at tines may still be predom nant in the stomach contents.
Sockeye sal non

Table 6 shows differences in food consunption between sockeye snelts
and adults. Snelts consume snall prey such as fish larvae, invertebrate
| arvae and eggs, and copepods. Adults consune nostly euphausiids and
fish. small portions of the diet are conposed of crab zooea, anphipods
and pteropods.

EASTERN BERI NG SEA FOOD HABI TS
Area and Season Trends

Pacific cod

The cod taken for the present study were sanpled fromthe centra
(165° Wlongitude to 171° W longitude) and northwest (westward of 1'71° W
longitude)regions of the eastern Bering Sea and pollock, tanner crab, and
other fish were the main food itens. Pollock were consuned by cod in
both these areas. Shimada and June (1982) sanpled during summer and
found that the frequency of occurrence of polleck in cod stomachs increased

from 8% in southeastern Bering Sea (eastward of 165° Wlongitude) to 27%
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in the central area and 32%in the northwest. They also noted that the
occurrence of euphausiids decreased from the southeast to the northwest
and that cod consuned sandlance, flatfish, and king crab in the southeast
regi on and pollock and Tanner crab in the central and northwest regions.
Simlarly, Mto (1974) in the autumm, Feder (1978) in spring and Allen
(1984) sanpled cod in the deeper waters (>70m) of the central region and
reported pollock, Tanner crab, and shrinp as the main prey itens. Thus,
cod appear to have definite area trends in diet conposition; nore pollock
and tanner crab are consumed in the central and northwest regions while
other fish, king crab and euphausiids are consuned in the southeast with
no real seasonal change in diet evident fromany of the studies.
Arrowt ooth flounder

St omach sanples from arrowtooth flounder taken for the present study
were obtained around the Pribilof Islands and to the northwest of the
Pribilof |slands at depths ranging from 65 mto nore than 200m. Pollock,
euphausiids, cephal opods, and bathypelagic fish were the nain food itens.
Pollock were consumed by arrowtooth flounder at virtually all shelf
stations sanpled and many of the slope sanpling sites. Larger arrowtooth
fl ounder were obtained nmostly from foreign comrercial fishing vessels
whi ch were fishing in the deeper slope waters of the northwest region so
the increasing percentages of cephal opods and bathypelagic fish in the
diet of larger arrowooth flounder are probably due to the increased
availability of those prey in the slope region of the eastern Bering Sea.
The only other detailed study of arrowtooth flounder food habits in the
eastern Bering Sea was by Mito (1974) who sanpl ed southeast of the Pribilof

Islands in waters about 200 min depth. H's study reported nostly pollock



25

and shrinmp in the stomach contents. Mikawa (1963) and Shuntov (1970)
both note a decrease in stomach content of arrowtooth flounder sanpled in
winter. They claimarrowtooth flounder feeds mostly during sunmmer and
autum.  Thus, arrowtooth flounder also has area trends in diet as fish
captured in deep slope waters consune nore cephal opods and bathypelagic
fishes than those captured in waters over the shelf.
Flathead sol e

Flathead sole were obtained during summer from the central and
nort hwest shelf regions of the eastern Bering Sea in depths from45 mto
125 mfor this study. The main food itens were shrinp, crabs, and brittle
stars. Pollock were consunmed by flathead sole only at a few stations
whi ch were |ocated northwest of the Pribilef |slands. Mito (1974) sanpled
the slope region in autum just south of the Pribilof |slands and Mineva
(1964) sanmpl ed fl athead sole northwest of the pribilof |sl|lands. Both
reported simlar trends; brittle stars, shrinp and fish were the main
dietary items. Mneva (1964) also reported that flathead sole do feed
during winter but only small anmounts conpared to sumrer feeding. Skalkin
(1963) noted that as sanpling of flathead sole noved further inshore in
the eastern Bering Sea, planktonic crustaceans such as hyperiid anphi pods
and euphausiids replaced brittle stars and pandalid shrinp in the diet.
Thus, flathead sole appear to consume nore brittle stars and fish with
i ncreasing depth and nore euphausiids inshore.
WAl | eye pollock

Dwyer (1984) outlined seasonal and area differences in diet
for walleye pollock. |In spring, euphausiids and copepods were
consuned by nobst pollock while only small amunts of prey pollock

were consumed by fish >50 cm In summer, copepods were the nost
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domi nant prey itemfor snaller pollock While euphausiids and prey pollock
were consumed by |arger pollock. Copepods disappeared fromthe diets in
autum and the main prey itens for all polleck Size groups were pollock
and euphausiids. By winter, fish <30cm were consunm ng mostly euphausiids
while pollock 30-44 cm |long contained mostly fish (gadids and myctophids).
The | argest pollock size group {>50 cm) consuned nostly fish the majority
of which was pollock. Seasonal changes in nean stomach content weights
were al so observed with [owest amounts in winter and highest in the
summer.  Some differences were observed in pollock diet anong the Al eutian
Basin area, the area northest of the pribilofs, and the area southeast of
t he pPribilofs. Cannibalism was never observed in the Aleutian Basin.
Average stomach content weight varied anobng areas with the southeast area
having the greatest stonmach content weight (1.1% of the body weight)
followed by the northest area (0.7% body weight) and finally the Al eutian
Basin with the | owest value of 0.4% body weight. Cannibalism was nost
inportant in the southeast region during autum and winter and in the
nort hwest during sunmer.
Paci fic hali but

Novikov (1964) conpared halibut’s diet between the southeast
and northwest regions of the eastern Bering Sea. The main difference was
in the type of fish consuned; in the northwest pollock occurred nost
frequently in stomachs while in the southeast flatfishes such as yellowfin
sol e occurred nore frequently. Crustaceans also occurred nore frequently
in the northwest than in the southeast. Intensity of feeding changed
seasonally being lower in winter than in sumer. Novi kov (1964) al so

noted that young halibut continue feeding through the wi nter while |arge
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hal i but cease feeding during this season.
Al aska pl ai ce and Rock sole

Allen (1984a) 'summarized the literature on Al aska plaie and noted
that seasonal changes in diet have been reported. Echinoderns were nore
important in spring while mollusecs and polychaetes predomnated in sunmer.
Wnter feeding was al nost nonexistent. |t was mentioned that seasonality
in diet may be due to plaice' s seasonal mgration through different depth
zones.

Rock sole also change their feeding intensity seasonally. The npst
i ntensive feeding occurs in spring and summer while feeding ceases al nost
conpletely in winter. Some seasonal changes in prey itenms were also
noted by Allen (1984a); gammarid amphipods and crustaceans dom nating
spring and summer diets but polychaetes were nore inportant in autum.
Skalkin (1963) noted changes in famly of polychaetes consumed by season
but it is not clear whether region of sanpling also varied seasonally.
Yellowfin sol e

Seasonal changes in stomach content weight occur in yellowfin sole
with feeding ceasing alnmost conpletely in winter. Unpublished NwAFC data
i ndi cate frequency of occurrence of polychaetes, bival ves, sand dollard,
shrinp, euphausiids, and anphipods is high in the southeast area. In the
nort hwest, however, brittle stars occur nost frequently followed by
pol ychaet es, crustaceans, and molluscs, Fadeev (1972) noted that certain
areas in the Bering Sea, such as the Cape Newenham area, are poor in
benthic organi sms and thus yellowfin sole in those areas may consume nore
pel agic prey. Skalkin (1963) reports crustaceans in the diet of yellowfin

sol e sanpled inshore (30-50 nm), nostly polychaetes in waters 50-65 m
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molluscs at 6580 mand brittle stars at depths greater than 75 m  Thus ,
there does appear to be’'s trend in yellowfin sole's diet with depth with
nore brittle stars in deep waters and crustaceans and polychaetes in
shal | ower waters.

Ki ng and Tanner crab

There are little seasonal data available for conparison of king crab
diets. Feder (1978) sanpled in spring and reported bival ves occuring
most frequently” in the diet. MLaughlin and Hebard (1961) report a
similar trend in sunmer.

Tanner crab diets by Bering Sea area were discussed by Tarverdiyeva
(1981). In the western Bering Sea, Tanner crab consuned nostly sea
urchins. He found Tanner crab consuming primarily bivalve molluscs near
the Pribilof Islands. Decapods and sea urchins were the secondary foods
Further north near St. Matthew Island, polychaetes, bival ves and decapod
crustaceans were all inportant prey itens.

Dat a regardi ng seasonal changes in stomach fullness are not available
for either species.

Pacific herring

Runyant sev and Darda (1970) noted seasonal changes in stomach filling
in Pacific herring. Stomach fullness was low in spring and increased to
mexi mum val ues in June and July. Feeding continued into autum but was
not as vigorous as in sumrer. Dudnek and Usol'tsev (1964) report herring
captured in the southeast area of the Bering Sea consune npstly euphausiids
and copepods and that foraging continued until Novenber
Sockeye sal non

Kanno and Hanmai (1971) report changes in sockeye salmon’s diet with

area. Squid was 95% of the diet by weight in the western and centra
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Bering Sea. Euphausiids (43% by weight) , fish (28% by weight), and
anphi pods (25% by weight) were the amn prey items in the south and
central Bering Sea. Further inshore in Bristol Bay, N shiyama (1974)
found euphausiids (70% by weight) as the dominant prey, with fish and
crustaceans formng the remainder of the diet.

In the inner portion of Bristol Bay, sockeye snelts have been found
Wi th enpty stonmachs. Feeding seens to have commenced though, by the tine

smelts reach Port Moller.

DI SCUSSI ON

The fish and crab diets reported here show a variety of trends
regarding the pelagic versus denersal nature of the diet. some of the
fishes utilize strictly demersal food itens as prey such as Al aska plaice
and rock sole. Ohers such as Pacific cod and flathead sole use demersal
and pelagic animals for food. Finally, nost of the pelagic fishes consune
only pelagic prey. Sonme fishes exhibited size related differences in the
pel agi ¢ versus demersal nature of the diet. Fish such as cod and fl at head
sol e feed nore demersally as juveniles and switch to pelagic fishes as
adul ts.

Seasonal trends in diet appeared nainly to be in the amount and not
the type of food consumed by predators. There was general agreenent
anong the studies cited here that fish feed nobst heavily in sumrer and
autumm, alnost none at all in winter, and small amounts in spring. There
were area differences in prey consuned but it appeared that although
different prey items were eaten the basic pelagic or demersal nature of
the diet did not change. The only exception was in the Soviet literature

whi ch reports the Bering Sea to be poor in benthos in sone areas (particularly
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Cape Newenham) where demersally feeding fishes may consune nore pelagic
prey.

Since the main differences in benthic versus pelagic diets are by
predator species and predator size, the diets nust be categorized by the
degree of demersal feeding of predators by species and size in order to
specul ate on the effect of oil on various fishes via uptake of benthic
prey. Table 7 shows such a summarization based on the results from
feeding studies cites in this paper. Al species except Pacific herring
and sockeye sal non have a demersal conponent in their diet. Juveniles of
some species feed nore demersally such as Pacific cod, flathead sole,
Paci fi ¢ halibut, and yellowfin sole. Finally, sone groups feed strictly
in the demersal habitat both as juveniles and adults: Al aska plaice, rock
sol e, and king and Tanner crabs.

Areas in the eastern Bering Sea likely to be inpacted nost by demersal
oil fractions would be those areas where demersally feeding fish are nost
abundant . Walters and Mcphail(1982) summarized community structure in
the eastern Bering Sea and concluded the areas with the highest density
of fish and invertebrates were the inner (southeast) and central shelf
regions. The npbst abundant species in these areas are yellowfin sol e,
Tanner crab, king crab, Alaska plaice, rock sole and Pacific cod. These
areas thus appear to be doninated by demersally feeding fishes whereas the
outer shelf and sole regions contain nore walleye pollock, large Pacific
cod and pelagically feeding flounders such as Greenland halibut and
arrowtooth flounder. There is still a high abundance of Tanner crab in
these outer shelf regions though, which could suffer if weathered oil was

present on the bottom
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Seasons of greatest inpact via uptake of demersal food woul d be
t hose seasons where feeding level (or amount of food ingested) is at its
hi ghest level. Summer is the season of greatest food intake for all the
groups discussed here and autumm is next in terms of nost food intake.
In spring fishes feed little and winter nost groups cease feeding entirely.
Thus, there are several groups of fishes and invertebrates which are
strict demersal feeders both as juveniles and as adults. Areas of highest
abundance of these groups in the eastern Bering Sea are the inner (southeast)
and central shelf. The season of greatest feeding activity by these
groups in sumer. The inpact of oil on the bottom would then be greatest

for the demersal groups inhabiting those regions during summer.
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Table 7. --Categorization of the pelagic versus demersal nature of the diets
of 10 predator species groups by predator size in the eastern Bering
Sea. (Predators which feed strictly pelagically = 0, predators which
obtain <25% of their food from the bottom = 1, predators which
obtain 25-49% of their food from the bottom = 2, predators which
obtain 50-74% of their food from the bottom = 3, and predators which
obtain >75% of their food from the bottom = 4.)

Size group
Predator Juveniles Adults

Pacific cod 4 1

Arrowtooth Tflounder 1 1

Flathead sole 4 3
Walleye pollock 1 ]
Pacific halibut 3 !
Alaska plaice and rock sole 4 4
Yel lowfin sole 4 3
King and Tanner crab 4 4
Pacific herring 0 0

Sockeye salmon 0 0
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