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ÀBSTRÀ T

This document describes the feeding habits of najor
groundfish species in the eastern Bering Sea based on st,omach
content info¡mation collected since 1984. The total consumption
of commercially important prey species by groundfish populations
is calculated for the nain feeding period of May through
Septenber during L984, 1985, and 1986. Estimated predation
mortaLity in terms of numbers and biomass during this period is
presented. These estimates are conpared with existing knowledge
of prey species abundance. Possible impact of predation on prey
species abundance patterns is discussed.
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EXECT'TIVE SI'MMARY

by

Patricia A. Livingston

This docunent summarizes groundfish predation on
commercially inportant stocks of fish and crabs on the eastern
Bering Sea shelf from 1984 to 1986. The amount of predation is
caLculated using estimates of predator biomass, daily ration, and
the proportion of various prey categories in the stomach
contents. Estirnates are presented in terms of numbers and
biomass of prey consuned during the nain sanpling period of May
Èhrough Septenber of each Year.

Predator and Prey Species

Consumption by the following groundfish predators is
included in this report because these species are dominant
mernbers of the eastern Bering Sea shelf fish fauna that consume
comnerciatly irnportant fish or crab. The conmercially inportant
prey eaten by sone of these predators are also listed below:

Groundfish predators
Yüalleye pollock
Pacific cod
Yellowfin sole
Greenland turbot
Arrowtooth flounder
Flathead sole

Commercially important prey
Yfalleye pollock
Pacific cod
Yellowfin sole
Greenland turbot
Arrowtooth flounder
Flathead sole
Rock sole
Pacific halibut
Pacific herring
King crab
Snow crab
Tanner crab

Food habits of less abundant groundfish such as Pacific halibut,
rock sole, and Alaska plaice are su¡nmarized in a section on other
species, but no consumption est,inates are presented for these
species due to insufficient sanple sizes. Future reports will
include these speciesr consumption in a more comprehensive
manner.

Total Groundfish Consumption Estinates

The total amount of each prey consuned from May to Sepfenber
of 1984 to 1986 is presented below. These estimates are the sum
of the consumption by each predator species. consumption of
walleye pollock also includes cannibalism estimates during
october to Dece¡nber of 1985 and 1986. Bio¡nass consumed is
converted to numbers consumed using available prey size
infor¡nation. If prey size infomation is lacking for a predator,
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numbers consumed cannot be estinated. Total numbers consumed are
underestimates in these cases and are strown in parentheses.

Predation on Kincl Crabs

1984
Biomass (netric tons) 21684
Numbers (nillions) (35r566)

1985
1r136

(21

1986
2,867

(5)

sole.

100 nn CL (cod) and
(yellowfin sole).

approximately
megalops lan¡ae

Cod consumed nainly red king crab although most of the king
crab consumed in 1985 was blue king crab. Crabs were assumed to
be soft-shelI females based on tining and location of consunption
by cod. High nr¡mbers of king crab consr¡med in 1984 ltere due to
predation oñ small megalops larr¡ae of blue king crab by yellowfin
sole near the Pribilof Is1ands.

Predation on Snow Crabs (Chionoecetes opilÍo)

I{AIN PREDATORS: Pacific cod, yellowfin
MAIN SIZES CONSIII.IED: soft-shell fenales

Biomass (netríc tons)
Numbers (nillions)

Biomass
Numbers

1984 1985
98r818 L32,467

(30r921) L2,235

1986
L49,O78

L3,O42

MAIN PREDATORS: Pacific cod, yellowfin sole, flathead sole-
MAIN SIZES CONSttl,fED: pre-fishery juveniles less than 70 qn CVÍ.

Cod were responsible for 80* of the predation in terms of
biomass in all 3 years" Yellowfin sole consumed the nost snow
crab ín 1"984 in tems of numbers. Biouass and numbers of snow
crab consr¡.med by yellowfin sole and flathead sole decreased from
1984 to 1985" A gradual increase in size of snow crab consumed
from 1984 to 1986 suggest that these predators were preying on an
abundant year class of crab, possibly the 1983 or 1984 year
class.

Consrrmption of age-l snow crab by all predators, expressed
as a proportion of reconstrr¡cted age-l population size in 1984
and 1985, was 83 and 34t, respectively. These large changes in
percent predation removals are an indication that predators may
be exerting density-dependent influences on snow crab populations
at age 1.

Predation on Tanner Crabs (Chionoecetes bairdi)
1984 1985 1986

(netric tons) 63 rL89 89,99L 48,822
(nitlions) ( 152 , 850) (L3 ,926') 9 , 898

MAIN PREDATORS: Pacific cod, yellowfin sole, flathead sole.
MAIN SIZES CONSttl,tED: pre-fishery juvenÍIes less than 70 nm CI{.
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Most Tanner crab biomass consumed was due to cod predation
in aII 3 years. In 1984, nost Tanner crab eaten in tems of
numbers wère consumed by yellowfÍn sole. The increasing size of
crab consumed from 1984 to 1986 suggests that predators elere
tracking an abundant year class of Tanner crab, possibly the 1,984
year class.

Predation as a percent of reconstructed age-l population
size in 1984 and 1985 was 95 and 96*, respectively. These are
high but stable rates of removal across years, indicating
predators may not be exerting a density-dependent influence on
Tanner crab population size.

Predation on Pacific Cod

1984
Biomass (rnetric tons) 13r430
Nurnbers (nillions) (L,L24l

1984
0
0

1985
9,978
3,263

1985
L9 t322

(303)

1 986
9,3O2

(7 6)

198 6
44 | 44O

(554)

MAIN PREDATORS: Pacific cod, walleye pollock, flathead sole,
yellowfin sole.

MAIN SIZES CONSttl,fED: mostly less than 10 cm (age 0) .

Pacific cod was the main predator in tetns of biomass
rernovals during 1985 and 1986. Flathead sole and yellowfin sole,
which tend to eat only age-O cod, consr¡med the nost cod in terns
of nunbers in 1984.

Predation on lilalleve Pollock

1984 1985 1986
Biomass (netric tons) 3L4 ,783 3 ,846 r 85L L,493 ,7L2
Numbers (nillions) (47,832) (1,049,6L7 ) (23L,64L)

l,tAIN PREDATORS: I{alleye pollock, Pacific cod, arrowtooth
flounder, flathead sole, yellowfin sole,
Greenland turbot.

MAIN SIZES cONSt[tlED: mostly less than 15 cm (prinarily age 0) .

WaIIeye pollock was the nain predator both in terms of
numbers and bio¡nasc¡ removals during 1985 and 1986. Pollock
stomach sanples were not taken during 1984r so the total
predation estinates in that year are much lower than the other
2 years. More age-O pollock were consumed in 1985 than in 1986,
which nay be the result of increased density of age-O pollock
avaÍIable to predators in 1985 relative to 1986.

Predation on Pacific Herrina

Biomass (netric tons)
Numbers (nillions)



IIÍAIN PREDATORS: PACifiC COd,
I,ÍAIN SIZES CONSIIIIED: 10 to 30

x

walleye pollock.
cm.

Cod consuned the most herring in 1985 while pollock was the
main predator in 1986. Groundfish predation, expressed as a
perceätage of available herring biomass, was 4t in 1985 and 11å
Ln 1986. - Herring consumptíon by these predators tends to be
sporadic in ti¡ne and space and nay depend on encounter rates of
hèrring schools rather than overall biomass.

Predation on Flatfish
1984

Biomass (metric tons) 82'433
Numbers (rnillions) 108 r 823

I'{AIN PREDATORS: Pacific cod, yellowfin sole-
l,tAIN SIZES CONSIIII|ED: 5 to 25 cm (Pacific cod) 'Iess than 5 cm (Yellowfin sole).

Flatfish specÍes consumed included arrowEooth flounder,
flathead sole, rock sole, yellowfin sole, Greenland turbot, and
pacific hatibut. Most of the biomass lras consuned by Pacific cod
with the nain prey species consisting of yellowfin so1e. Cod
also ate more flathead sole and rock sole, in terms of biomass,
than other groundfish predators. Yellowfin sole was the olly
groundfish predator that consumed Greenland turbot and Pacific
halibut. Arrowtooth flounder cannibalism accounted for most of
the bionass removals of arrowtooth flounder in 1984 while pollock
was the main predator in 1985. Evidence suggesÈs groundfish
predators do ñot have a significant inpact on flatfish population
size.

1985 1986
7O,568 95r908
(7 ,957) (2,760',)



INTRODUCTION

by

Patricia A. Livingston

Many large marine fish are predators of either juvenile or
small adult fish and crab. Because predation foms the largest
part of natural nortality of young fish and crab, it is important
Lo estimate the nagnitude of these predation losses from
commercially irnportant populations. Populat,ion models that
assume constant natural nortality rates due to a lack of
info¡mation on actual rates can be improved by providing more
accurate estimates of predation losses. The move towards
rnultispecies management of stocks can be nade through studying
the food web connections between components of marine ecosystems,
which include fish, crabs, narine ma¡nmals, and birds.

The prinary purpose of the Food Habits Progran of the
Resource Ecology and Fishery Management Division (REFM) at the
Alaska Fisheries Science Center is to study the food habi.ts of
key fish predators in the eastern Bering Sea that are consumers
of cornmeréiatty important fish or crab. These fish and the fish
they consume aie còmnercially inportant species and fotm a najor
parL of the groundfish biomass in the eastern Bering sea.
Þrograrn oUjeètives include providing inpact assessments relating
to iistr prádation effects on prey species populations, inproving
populat,ión nodel estimat,es of predation mortality.by marine fish,
ãnã aetecting possible changes in abundance and distribution of
juvenile fish and crab populations.

This collection of papers reports the progress of the Food
Habits Program of the Resource Ecology and Fisheries Management
Division of the AFSC in analyzing available data fron 1984 to
1986 on the predation of commercially important fish and crab
species. This first paper details the nethods used Èo estimate
the total biomass and numbers of prey consumed by the najor
groundfish species in the area. Subsequent papers su¡n¡narize the
iood habits and total prey consumption by the following
predators: walleye pollock, Pacific cod, yellowfin sole,
Greenland turbot, arrowtooth flounder, and flathead sole. A
section that outlines the available data on food habits of
nonco¡nmercial fish in the Bering Sea is also included. The final
paper sumnarizes the consumption of commercially inportant prey
by all the rnajor predators.
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METHODS

by

Patricia A. Livingston

Sanple Collection and LaboraÈory Ànalysis

Stomachs nere collected fro¡n najor groundfish species during
1984, 1985, and 1986 in the eastern Bering Sea. Samples $tere
taken year-round, but priuarily during May through Septenber,
using bottorn and pelagic trawl gear on research and commercial
fishing vessels. Sanpling occurred throughout the 24-hour day'
atthough prirnary sanpJ.ing times were betl¡een 0600 and 2000 Alaska
daylight tine. For all species except walleye pollock (Theragra
chálcéqranna), stomachs were removed at sea and placed in cloth
Èags labelled with infomation regarding the locatíon of capture
and the fork length, sex, and sexual maturity of the fish. Fish
showing evidence of regurgitation (i.e., food in the nouth or
throat, or a flaccid stomach) were not included in the sample.
Stomachs were preserîved in 10t for:¡ualin and later Èransferred to
?Ot ethyl alcohol. Contents sere identified to the lowest
taxonomic level possible and enumerated. Wet weights were
recorded after the contents etere blotted with paper towels.
Standard length measurements of prey fish and carapace width or
Iengths of crab prey ltere taken when whole prey were available.

There was no quantitative stonach infomation collected for
walleye pollock in 1984 but in subsequent years a conbination of
collection and analysis methods has been used" Stomach
information collected during the nain sanpling period of May
through Septenber (nonths 5 to 9) includes stomachs collected and
analyzed using the nethodology described above. Most stomach
information collected outside the nain sanpling period of May
through Septernber is from fishery obsen¡ers aboard commerciaL
fishing vessels. These obserrrers perfor"m quantitative shipboard
scans of pollock stomach contents. only fish that had not
regurgitated were selected for scans. Once a fish was selected
for scanning, the stomach was excised and the volume of the
stomach contents was determined by the water displacenent nethod
by enptying the stomach contents into a graduated cylinder or
beaker containing a known amount of water. The difference
between the initial water level and the new water level after the
stomach contents were added was the stomach volr¡me. Volume was
later converted to weight by assuming 1 nl of volume displaced
was eçlual to 1 g. The contents were then enptied onto a pet,ri
dish or tray, prey were separated into the lowest taxonomic
categories possible, and the volume (expressed as a percentage of
the total) was visually estimated and recorded for each prey
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category. Nu¡nbers of individuals in a prgy category !ûere
counted, if practical. Measurements of fish and crab Prey were
taken if an iten was whole.

For both quantitative shipboard scans and detailed
Iaboratory analysis, the prey category trfíshery discardsrr was
used if the ingested iten was obviously consuned dead upon its
return to the sea after being Processed aboard a ship (i.e., a
consuned fish that had its head sliced off with a clean diagonal
cut). Due to the difficulties involved in shipboard
identification of taxonomic categories, particularly by
inexperienced biologists, some prey taxa nay have been
¡nisidentified in shipboard stomach scans.

Data Analysis

General Diet

General diet analysis was performed by conbining all stomach
data for a groundfish species regardless of year, size, season'
or sampling area. Seasonal diets were calculated by grouping
stomachE aècording to season of capture. Interannual differences
in diet ltere obtained by lunping stomach data from the main
sarnpling period in each year (nonÈhs 5 to 9). Percentages of
prey itens shown in these figures are percentages calculated from
èactr fO cn predator size grouP, placed at the nidpoint of the
size group. Prey size frequencies shown in the general diet
section for each species are size frequencies from stomach
samples taken throughout the year. Linear regressions of
preáator size versus prey size were performed using the program
P6D in the BMDP statistical package.

Predator Population Consumption

Estimates of the total bionass of each prey species consumed
by the shelf portion of each groundfish population were
calculated according to Mehl and gfestgard (1983):

Ci=DRi*D*Bi*Pt

where C, is the consumption (by weight) of a prey species by size
group i'of a predator species, DR, is the daity ration (as a
proportion of body weight daily, bwD) of predator size group i, D

is the number of days in the sanpling period when the prey
species was vulnerable to predatÍon, Br is the biomass of the
predator size group i, and P, is the pioportion by weight of the
prey species in the diet of þredator size group i.

Total consunption estimates using Equation (1) were computed
within each najor stratum of the eastern Bering Sea (Fig. 1).
These strata were devised by the Resource Assessment and
Conserr¡atíon Engineering (RACE) Division of the Alaska Fisheries

(1)
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Figure 1. --Map of the eastern Bering Sea showing bottom depth
zones and strata.
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Science Center to reflect, in a general fashion, naÈural
boundaries based on bottom depth. Strata 1 and 2 are considered
inner sheÌf areas, strata 3 and 4 comprise the niddle shelf, and
strata 5 and 6 are the outer shelf zones.

Predator size groupings used for total consumption estimates
rrere based on size groupings used previously (Livingston et al.
1986) and on knowledge of each predatorts diet. ff consumption
of co¡nmercially important prey groups differed among predator
sizes, then predator size groups trere chosen to níninize such
consumption differences wiÈhin a size group.

oaily ration (DR) estimates were derived using some basic
bioenergetic considerations as an alternative to using rat,ions
estimated from gastric evacuation rate models and field estimated
stomach content weights. As Livingston et al. (1986) showed,
estimates derived from gastric evacuation rate models tend to be
Iower than e>çected based on known annual growth patterns of
eastern Bering Sea species. Part of the problern with rations
estimated in this fashion may be due to low mean stomach conÈent
weights from field collected stomachs due to undetected
regurgitation of sone stomach contents. It is believed that more
realistic rations can be derived using bioenergetic
considerations such as annual growth increments and food
conversion efficiency estimates and thus, that is the approach
used here. Daily gronth in weight of each species size group was
estinated from annual growth increments by length and length-
weight relationships for each species. A gross conversion
efficiency rate of food to somatic tissue for juvenile fish was
assumed to be 25* and for adult fish was assumed to be 10t based
on estimates presented by Brett and Groves (1979). Daity growth
increments could thus be converted to the amount of food required
to produce that growth. I{hen the daily food requirements are
divided by mean fish weight then the result is daily ration
expressed as a fraction of body weight.

The ti¡ne period of analysis (D) for total consumption
estimates by all predator species was months 5 to 9, or J.53 days.
The analysis was restricted to this tine period because most
stomach sanples are collected during this period and surnrey
estinates of groundfish bionass are obtained at this tine.
Unquantified nigrations of fish into different strata occur and
insufficient numbers of stonach sanples are taken in each stratum
outside of this tine period. Thus, total consumption estimates
nade outside of this tine period would not be very reliable.
Since months 5 to 9 are probably the nain feeding and growth
period for groundfish in the eastern Bering Sea, these total
consumption estimateE can be considered consenrative estimates of
total annual predation removals by these groundfish populations.

Total consumption estimates of king crabs by Pacific cod
were restricted to a 31-day period during nonths 5 to 9 when it
is most, tikely that soft-shell (newly nolted) king crabs were
available.
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Total consumption estimates from walleye pollock as a
predator were alsó made for nonths 10 to 12 since there were more
i.ralteye pollock stomach content data available during this time
perioá when conpared to the other groundfish species. However,
þotlock biomass estimates for each stratun were assr¡med to be the
èane as during the months 5 to 9 period" Unknown changes_in
pollock bionass within each stratr¡m cause greater uncertainty in
Lhese estimates than those deríved during the nain feeding
period.

Predator biomass estimates (B) for all species except
walleye pollock and yellowfin sole were obtained from RACE
Division botton trawl surîvey data. These trawl suri\teys are
conducted in the eastern Bering Sea during months 6 to I of each
year. Biomasses of arrostooth flounder and Greenland turbot
include only the shelf portion of the populations. Thus, total
predation eétinates for these populations refer only to predation
óccurring on the shelf" Biomass estimates of walleye pollock, a
semipelagic fish, are probably underestimated by the trawl survey
so cohort analysis esti¡ûates of l{espestad, Bakkala, and Dawson
(1990) are used and biomass is apportioned into each stratun by
rising-the proportion of the trawl surivey biomass found in each
stratum. Biomass of yellowfin sole from trawl sunreys has
fluctuated unreasonabty in recent yearsr so cohort analysis
estimates of biomass for age-7+ fish from Bakkala and Wilderbuer
(1990) were used along with Èrawl surívey estimates of fish less
Ètran âge z. Cohort añalysis estinates of yellowfin sole biomass
were apportioned into each stratr¡m using the proportion of the
trawl suntey biomass found in each stratum.

The proportion by weight of each Prey iten in the diet of
each preaátol size group was calculated for each stratuu in the
following fashion. First, all stomach content data for a
particular fish species síze group that was collected in a
stratum during months 5 to 9 ín a given year were used"
Estimates of the percentage by weight of a given prey ite¡¡ in the
stomaeh contents were then calculated for each 20 nautical mile
square in the stratr¡m where stouachs were collected. The
eitinated percent by weight of the prey iten in the whole stratum
waE then calculated as the average of, the percentages from each
20 nautical nile square. Standard errors of the stratum
percentages were derived from the variance between squares.

For strata where prey size information was available, total
consumption estinates in terms of bionasE vere converted to
numbers. The size frequency of a partlcular prey in the stomach
contents of a given predator size group frou a stratum in a
particular year during nonths 5 to 9 was used along with the
Iength-weight relationship for the prey to convert bio¡nass
consumed within a particular prey size inten¡al to nunbers
consumed.
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Snow (Chionoecetes opilio) and Tanner (C. bairdi) crabs and
walleye pollock were assigned to approxinate age groups based on
the following age-Iength conversions¡

Standard length lcml
!{alleve pollockAge Carapacre width lnml

lvearsì C. opilio C. bairdi
<9

9-34
35-49
50-69
70-84
85-104

à105

mo. 5-9

<10
10-19
20-27
28-33
34-37
38-40

à41

uro. 10-12

<14
L4-22
23-29
30-34
35-38
39-41

>42

0<5
1 5-24
2 25-39
3 40-59
4 60-74
s 75-94
6+ 295
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POPULATION I.EVEL
OF GROUNDFISH

WÀIJLEYE POLI¡CK

by

Patricia A. Livingston

INTRODUCTION

The walleye pollock (Theragra chalcogramma) is the most
abundant groundfish species in the eastern Bering Sea, with an
estimated biomass of over 5 nillion metric tons or over one-third
of the biomass of the whole groundfish conplex in 1988 (Low
1990). Pollock feed pelagically on s¡nall crustaceans and with
increasing size become cannibalistic on their young. This
cannibalistic tendency is probably the largest source of
mortality of young pollock and deserves det,ailed analysis.

GENERAL FOOD HABITS

Diet

The pollockrs feeding mode and tendency toward consumption
of cornmercially important prey can be derived by looking at the
percent contribution of various prey in the overall diet (Table
L). Prey items listed in Table 1 are data obt,ained solely from
laboratory-based stomach content analysis. These analyses
provide the most accurate data on prey identification and also
include counts of prey items. The most frequently occurring prey
were invertebrates, primarily copepods, euphausiids, and
aurphipods" Because of their small size, these crustaceans also
tended to dominate the diet in terms of number. Major prey in
tems of weight were euphausiids and juvenile pollock. Several
commercially important species were consumed by pollock,
includÍng Pacific herring (Clupea harencrus BaLL^as.!) , snow crabs
(Chionoecetes spp. ) , Pacific cod (Gadus macrocephalus) , juvenile
walleye pollock, arrowtooth flounder (Atheresthes stonias), and
flathead sole (Hippoqlossoides elassodon). Rock sole
(Lepidoesetta bilineata) were also not,ed in the stomach contents
of poltock analyzed during shipboard scans. Of these species,
only juvenile pollock constituted a large portíon of the diet.

The pelagic nature of pollock feeding behavior is well
documented in other feeding studies in the Bering Sea (Mito L974i
Dwyer et aI. L987 ) and the GuIf of Àlaska (Clausen 1983).
SiníIar prey types, especially small crustaceans, are consumed by
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Table 1.--Diet of walleye pollock, Theraqra chaÌcoqramma, in the
eastern Bering sea, expressed in percent frequency of
occurrence (FO), numerical percentage (N) and percent
of total weight (I{) of diet.

Prey name FO wN

Thecosomata (pteropod)
Cephalopoda (squid & octoPus)
Crust,acea
Copepoda
Mysidacea (nysid)
Cumacea (cumacean)
Amphipoda (aurphipod)
Euphausiacea (euphausiid)
Decapoda (shrinp & crab)
Caridea (shrimp)
Pandalidae (shrinp)
Crangonidae (shrinp)
Chionoecetes sp.
Chionoecetes opilio (snow crab)
Chionoecetes bairdi (Tanner crab)
ChaeÈognatha (arrow worm)
tarn¡acea Copelata
osteichÈhyes Teleostei (fish)
Clupea harencrus pallasi (Pacific herring)
Myctophidae (lanternfish)
Gadidae (gadid fish)
Gadus macrocephalus (Pacific cod)
Theracrra chalcoqramma (walleye pollock)
Pleuronectidae ( flatfish)
Atheresthes stomias (arrowÈooth flounder)
Hippoalossoides elassodon (flathead sole)
Miscellaneous and unidentÍfied prey

Total prey count is
Total prey weight is
Nr¡nber of stomachs with food
Nunber of enpty stomachs

14.60
5.56
2.4L

51.06
11. 02
2.62

42.35
63.64
LL"23
5.99
7 "L6
4 "78
1. 38
0.43
0.11

15.98
16.05
13.68

0. L4
1.56
2.20
0. 04
9.92
0"46
0"04
0"11

20 "20

794,97O
19,555
2,822

435

2.2L
o. o3
0.03

49.82
0. 61
0. 06
5.16

L5.32
0.91
0.08
0"09
0. 05
0.06
0. 07
0. 00
1.43

23.36
o.22
0. 00
0.02
0. 01
0. 00
0.20
0. 00
0.00
0. 00
o.26

I

o.27
1.40
0.0L
6. 31
1.41
0. 02
1. 00

24.57
o.27
0.45
3.83
0.91-
0. 06
0. 00
0. 00
0.31
2.45
7.70
0.58
L.49
3.25
0. 02

40.96
0. 07
0. 18
0. 00
2 .48

'Prey nane indicates highest level of identifícation possible for
that category.
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pollock in other regions. The nain difference in-pollock feeding
in the eastern Aeriñg Sea conpared with other regions-appears t,o
be the predominance óf cannibalism in the eastern Bering Sea
conpareã with the relatively low occurrence of cannibalism
documented in other regions.

Seasonal and Annual Changes in Diet

Prey compositíon of the walleye poltock diet changed
seasonal-ly (F-ig. 1) . Euphausilds tended to doninate the diet'
during wiñtèr ãnd 3pring-while copepods were inpg¡t11t i. spring
and summer. PoIIock laiger than 45 cm were cannibalistic in a1l
seasons although they coñsumed only emall amounts of juveniles in
spring. Snallãr poltock were cannibalistic mainly during autumn.

There were also some differences in diet during the rnain
sanpÌing periods (nonths 5 to 9 and nonths 10 to L2). across years
(Fió. 2i. No quantitative stomach content information was
èoflectäd for pollock during 1984. The diet composition in the
war¡rer feeding períod (roonths 5 to 9) of the 2 years was very
simiLar. Copepóas, euphausiids, and pollock were the nain prey
iterns in both 1985 and 1986. the only differences appear to be
the larger proportion of copepods in the diet in 1986 and the
occurrence of slightty uore cannibalisn in 1985. These
differences might be þartly attributable to differences in tining
and location oi stomach sample collectl.on during the 2 years.
AIso, sun/ey estimates of pollock abundance at age 1 indicate
that the 1985 year class is more abundant than the 1986 year
class (Wespestad and Traynor 1990).

Similarly, the interannual differences in diet during the
colder portioñ of the year (uonths 10 to L2) occurred nailly in
the proþortions of the main prey iteus (pollock, euphausiids, and
niscéllaneous fish) in the diet and not in the prey tlpes
consumed. Juvenile pollock formed the largest proportion of the
diet in late 1985 white euphausiids were the do¡¡inant food in the
1986 diet. trtiscellaneous fish consr¡ned in both years were nainly
unidentifiable fish remains. Since data from this tine of year
rrere nostly obtained from shipboard scans of stomach contents by
fishery ob-ernrers, prey identification was less reliable than at
other times of year.

Sizes of Co¡nmercially Inportant Prey Consumed

The relationshÍp between predator size and prey size for
walleye pollock consuning other walleye pollock is shown in
Figure 3. Although the llnear regression is significant
(P < 0.01), the r-squared value is fairly low (0.14). In
general, prey pollock size does increase with increasing predator
size but large predatory pollock still seem to focus prinarily on
small (nostly age-O) prey poltock. This general tendency aPPears
to hotd true in particular for 1985 and 1986 (Fig. 4). ÀIl size
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groups of predator pollock focused on-prey pollock less than
á¡ouL 100 nm standard length (SL), which are age-Q pollock.
Other analyses of pollock cannibalisn have shown sinilar trends
(Mito Lg74t Dw)rer et al . L987; Livingston 1989a, b).

Other conmerciatly inportant prey were consumed by pollock
but not in adequate nunbers to perfor:m a detailed size analysis.
LÍnited neasurements were available for these prey including
Pacific herring (average SL of 116 nn), Pacific cod (average SL
of 64 rnm) , flathead sole (average SL of 63 nrn) , and rock sole
(average SL of 86 nm).

PREDATOR POPUI,ATION CONST'!,TPTION OF CO!'MERCIALLY TMPORTAI'IT PREY

Geographic Trends in ConsunPtion

The amount of prey walleye pollock consumed by walleye
pollock according tó geographic location in the two main sarnpling
þeriods (nonths 5 to 9 and months 10 to L2, in 1985 and 1986 is
shown in Figfure 5. During uonths 5 to 9 of both years, pollock
cannibalism was high on the northwest outer shelf area of stratum
6 (see Methods section of this report, Fig. 1) where bottorn
aefttrs are greaÈer than 100 m. Some cannÍbalism was also seen in
thé ¡niddle shelf (5O to 100 n) east of the Pribilof Islands.
Samples taken during months 10 to 12 r¡ere linited nostly to the
nidáte shelf regÍon. Prey pollock formed a large portion of the
diet at a najority of those stations. Mito (L974) sanpled the
continental shelf break area south of the Pribilof Islands in
October and Novenber of 1973 and found a large amount of
cannibalism also occurring in that area. Sinilar trends to those
noted here were shown by Livingston (1989a) for 1981 and L982
although the year L987 was an exception, showing large amounts of
cannibalÍsu along the shelf break at depths of about 200 m frorn
the upper northr¡est region as far south as the Pribilof Islands
during autum¡r and winter"

Total Consr,unpÈion Parameters

Tables 2-4 present the parameters, outlined in EquatÍon (1)
of the Methods section of this report, necessary to estimate the
total amount of a particular prey iten consumed by the walleye
pollock population on the eastern Bering Sea shelf during the
main sarnpling periods of months 5 to 9 and ¡nonths 10 to 12.
Esti¡¡ated pollock bionass from the cohort analysis of l{espestad,
Bakkala, and Danson (1990) for 1985 and 1986 is shown in Table 2.
Total estimated biomass is slightly higher in 1986.
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Table 2.--cohort analysis estimates of walleye pollock
biomass (netric tons) in the eastern Bering sea
from Wespestad, Bakkala and Dawson (1991) by
pollock size, Year, and stratum.

Size
9rouP

Biomass
Stratum 1985 1986

<30 cm

30-39 cm

40-49 cm

>50 cm

1
2
3
4
5
6

1
2
3
4
5
6

1
2
3
4
5
6

1
2
3
4
5
6

LOg,445
L4 r566
24 ,646
76 rO72

287
3 15, 984

559
248

59O r27L
44,937

977 ,584
2 , O97, 401

44 1859
0

706 r9L5
33L,726
876, 838

L1927 tL62

254 ,448
40, 055

628r311
3O3,337
22O r54O
377 ,8O9

9 ,964,000

63 ,484
25,O42

356,L82
2LL,O75

11, 438
833 r779

5r540
45

7 4 ,9L3
26 r843

LL3,446
3,697 ,2L3

32,794
0

527 ,566
2O4 ,446
389 r 788

1, 405, 906

43O r672
36,L87

7L5,849
340,O42
L32,O95
545 r 655

10, 180, oooTotaI
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The daily ration of pollock, in terms of fraction of body
weight daily (gWO), bY each size grouP is as follows:

oaily ratíon
ffraction bodv weiqht dailvl

0.011
0.011
0.008
0"004

These estimates are higher than those used by Livingston et aI.
(19g6) and Dunyer et al. (fgeZ), particularly for_the smaller size
groupi, but they are thought to be more reasonable. This seems
to bä true sincé estimates of pollock mean stomach weight needed
to derive daily rations using gastric evacuation rates (as done
by the above-méntioned authors) are probably biased downwards
bécause of undetected regurgitation of pollock stonach contents
in field collections. The daily ration estimates used here,
although they appear more reasonable than those derived from
gastric evacuation models, could be improved through more formal
bioenergetic models such as those enployed by Hewett, and Johnson
(Lgg7) that take into consideration changes in water temperature
and prey enerçry content.

The percentages by weight of pollock Prey in the dÍet (Table
3) varied-considerably by stratum, sanpling period, and year. In
generat, the percentages appear higher in 1985 than in 1986 for
both sarnpling periods. There was also a tendency for the
percentage consumed by a particular size group in a stratum to
increase from the nonths 5 to 9 period to the nonths 10 to L2
period. These estinates are comparable to those reported by
Owyer et aI. (1987) for 1981 to 1983, although the calculation
and stratification methods are different than those used here.

Other corn'nercially important prey did not fom a consistent.
or large proportion of the dlet (Table 4). Although Pacific
herring appear to constitute up to 14t by weight of the diet of
larger potlock, these data are suspect. Herring sizes reported
in pollock stomach contents during October to December in
offshore waters (stratun 6) íncluded some 40 to 60 mrn herring,
seemingly too snall for that tÍme of year so far offshore. It is
more likely these were juvenile pollock that had been
nisidentified in shipboard scans of stomach contents. Pacific
cod, flathead sole, arrowtooth flounder, and rock sole
occasionatly formed small proportions of the diet.

Total Consurnption Estinates

Esti¡¡ates of the total biomass of each commercially
important prey consumed by the pollock population were calculated
for every pollock size group in each stratun using the parameters
given above in Equation (1) of the Methods section of this
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Table 3.--Ìfean percent by weight (*W) and standard error (SE) of
prey walleye pollock in the stomach contents of predat,or
walleye pollock by year, stratum, predator size group'
and tine of year in the eastern Bering sea. (* = no
standard error estinate since only one station was
sanPled, - = l1o sanPles taken. )

Predator
size
group Stratr¡n

l-fo. 5-9
*w sE

Mo. 1O-12tw sE
Mo. 5-9
tw sE

Mo. LO-L2
*w sE

1985 1986

<30 cn

30-39 cm

40-49 cm

>50 cm

00
00

10.0 5.9

00
39.5 27.L

00
3.3 2.5

00
3.3 2.8

35. 1 22.5
5"1 5.1

L7 "9 5.9

18.5 7 .9
00

16. 9 6.4
50" 6 10.4
5"5 5.5

36 "2 11". 9

29.4 16.5
89.6 10.4

25.O 25"O

00
56.2 23.2

33.0 33.0
50. 4 L2.8

8.8 8.8
28.4 15.9

39.6 27.4
L7.4 *
51.5 9"1
94.8 *
13 " 5 13.5

00

000
0 100.0 *

1.8
2.5

0
0

1
3
6

3
4
5
6

;
0

1
3
4
5
6

1
2
3
4
5
6

0
0

1.8
3.3

0
0

11. 0
2.4

14.0

6.2
3.0
5"0
7"L
2.8

20.9

0
0 19.6

5.9 53.8
1.5 0
5.7 1. 9

rc], +
20.5

0
1.9

1.8
3.0
2.2 11.9 7 .5
2"7 79.4 6.3
2.2 0.2 0.2
8.6 0.4 0.4
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Tab1e 4.--Mean percent by veight (tW) and standard error (SE)
of miscellaneous co¡nmercial fish species in the
stomach contents of walleye pollock by species,
pollock sLze group, yeat, strata, and tine of year.
(- = no samples taken. )

Prey
Pollock
sÍze(cn) Year Stratun

Mo. 5-9
t!{ sE

Mo.10-12
8T{ SE

Pacific herring

Pacific cod

Flathead sole

ÀrrowÈooth
flounder

Rock sole

40-49
¿50

40-49
¿50

30-39
40-49
¿50

¿s0

>50

1985
1985
1986

1985
1986

1985
1985
1986

1985

1985
1986

6
6
1
2
3
4

00
00

1.14 1.14
2.79 2.79
0.07 0.07

10.89 7 .30

0.19 0.19
0.96 0.96

00

0.04 0.04
0.01 0.01

00

8.26 8.26

0.65 0.65
1.46 0.92

o.28 0.28
14.33 14.33

2.36 2.36

9:
0. 13 0. 13

::
0.03 0.03

::

6
I
3

6
6
4

4

1
1
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report. Total numbers of each prey consumed rtere also calculated
in strata where prey size info¡:mation was available. Results are
shown in Figures 6-7 and Tables 5-8.

Walleve Pollock as PreY

Estímated total biomass and nr¡mbers of pollock consr¡med
through cannibalism were larger in both !it" periods of 1985 than
in fgõø (Tabtes 5 and 6). Although the bionass of pollock as
predatorè was higher in 1986, the percentages of pollock in the
ãiet lÍere higher-in 1985. Therefo-e, the higher proportion of
pollock in the diet seems to be the nain reason for higher prey
lollock consurnption in 1985. I{espestad and Traynor (1990) shot¡
Ltrat ttre 1985 þotlock year class was larger than the_1986 year
class, both as age-l fish caught ín surrrey trawls ald as.age-3
fish esti¡nat,ed fion cohort anáIysis. It seems likely, since
cannibalism occurs mainly on age-O fish (which are less than
about 1OO mm SL in the uáy-septenber period and 140 rnrn SL in
October-December) as shown ín Fígures 6-7, that the larger amount
of pollocle consumed in 1"985 was the result of increased densit'y
of ãge-O pollock available to adults relative to 1986.

It also appears that nost cannibalism on age-o pollock
during months 5 to 9 in these 2 years was producgd by adult
potloðk in the 40-49 cm size range. Quring"nontÌs 10 to L2,
þollock 30-39 cm long consumed most of the juvenile pollock
þartícularly in strata 6 on the outer shelf. Pollock larger than
SO c-n prey on both age-O and older pollock. A sinilar trend was
reportäd by Owyer et-al. (1987) for the 1981-83 period in the
eastern Bering Sea.

These estimates of total nunber and bionass of juvenile
pollock consumed by adults are in the same order of nagnitude as
Lhose presented by Dm¡rer et al. (1987) for the 1981-82 period in
the eaétern Beríné Seá. There ís some uncertainty in these
estimates, particularly for the tine period of October-Decernber
in each yåar. Sanpling during this period was sParse and it was
assuued Ètrat adult pollock biomass in each stratum was the same
as in May-Septenber. Since most of these data were from
shipboarã scáns of stomach contents, there is also a greater
likelihood of nisidentification of Prey.

Other Commercía1ly Important Prey

Total þionass of other conmercially inportant prey consumed
by pollock is shown in Tab1e 7. Estiuates of numbers consumed
fion strata where prey size information was available is shown in
Table 8. Although estimates of the total amount of Pacific
herring consumed by pollock are calculated and shown in these
tables, these results are questionable since, âS mentioned
earlier, sizes of herring reportedly in the stomach contents llere
too small and too far offshore for the ti¡¡e of year. The sizes
and locations for prey herring corresponded more closely to the
sizes and locations of prey walleye pollock. Since these samples
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Table 5.--Estímated total bionass (thousand metric tons) of prey
walleye pollock consr¡med by walleye pollock predators by
yearr-stiatu¡n, predator size grouP, and tine of-year in
the eastern Bering Sea. Nr¡nbers in parentheses indicate
cells where no prey size information was available.
(- = no samples taken.)

Predator
size
group Stratum

Biomass consr¡med
1 ç¡85

Mo. 5-9 Mo. 10-12
1986

Mo. 5-9 Mo. 1-0-L2

<30 cm

30-39 cm

40-49 cm

>50 cm

lotal

o
0

53.23

0
29.9L

73.07

0
28.55

L42.56
55.16

42L.7 6

28.87
0

65.18
94.01
(7.40)
83.68

1r 093.38

32.55
22.34

(14e.34)

L rL92.O3

10.89
262.07

56.73
402.25

37.L2
2.60

119.08
105.79
10.94

0

2 ,4O3 .73

0
0

3.40
204.72

0
0

27.45
11. 40

240.23

L6.24
0.66

22.08
L4.75
2.28

68.99

6L2.20

0
27.L6

z al,zø
81.03

0
19.45

¡rl¿¡
99.32
(o.r-o)
o.94

335. 69

1
3
6

3
4
5
6

1
3
4
5
6

;
0

1
2
3
4
5
6
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Tab1e 6.--Esti¡nated numbers (billions) of prey walleye pollock
consumed by walleye pollock predators þY Year' stratum,
predator size group, and time of year in the eastern
aering Sea. Parentheses indicate cells where no Prey
síze info¡mation was available. (- = no sanples taken' )

Predator
size
group Stratum

Nrrmbers consumed
1985 1986

Ir[o. 5-9 Ì[o. LO-L2 Mo. 5-9 Mo. LO-L?

<30 cm

30-39 cm

40-49 cm

>50 sm

TotaI

o
0

55.33

0
38.02

0
LL2.39

0
7.24

54.58
152.83
107.48

11. 13
0

22.95
43.23

(0)
18.93

624 "LL

13.04
5. 83

(g)

0
223 "94

2 "O729.L'l

19.60
60. 52

5.03
0.33

L7.40
5.92
2.30

o

385 " 15

0
0

4 "32
63.29

o
0

16.89
L2.58
14.81

0.93
0.07
L.L2
2 "20
o "27
L"44

LL7 "92

0
8.63

rgleo
13.14

0
3.22

¡.l,gg
19.39

(0)
0. 16

7L.L3

0
o

1
3
6

3
4
5
6

1
3
4
5
6

1
2
3
4
5
6
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Table 7.--Total biomass (thousand netric tons) of miscellaneous
commercial prey species consumed by walleye pollock by
prey species, pollock size group, year' strata, and tine
of year. Values in parentheses indicate cells where no
prey size info¡mation was available. (- = no samples
taken. )

Prey
PoLlock
size(cn) Year Stratum

Biornass consumed
Mo. 5-9 Mo. 10-12

Pacific herring

Pacific cod

Flathead sole

Arrowtooth
flounder

Rock sole

>50 1985 4

>50 1985
1986

40-49
¿50

40-49
>50

30-39
40-49
>50

1985
1985
1986

1985
1986

1985
1985
1986

(3.00)
o.62

( o. 31)
22 .66

4 .48
(2.53)

0

1.41
o.24

0

(15.33)

1. 01
3 .85

3.97
L9.92

6.22
0

0

(0.34)

0. 04

6
6
1
2
3
4

0
0

0
0

6
1
3

6
6
4

:
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Tab1e 8.--Estimated nu¡nbers (billions) of niscellaneous
co¡nmercial prey specÍes consumed by walleye polloqk Þy
prey specieã, fotiock size group, yearr_ strata, and time
õt iea-r. paientheses indicate cells where no Prey size
infórmation was available" (- = no samples taken' )

Prey
Pollock
size(cn) Year Stratum

Numbers consumed
Mo. 5-9 Mo. 10-12

Pacific herring

Pacific cod

Flathead sole

Arrowtooth
flounder

Rock sole

40-49
>50

40-49
¿50

30-39
40-49
à50

>50

>50

1985
1985
1986

1985
1986

1985
1985
1986

1985

1985
1986

0
0

(0)
0. 01
(0)
o.29

2.68
(o)
0

L.67
0.28

0

(o)

0.34
0.14

0.43
1.55

354.94
0

0. 01

0

6
6
1
2
3
4

6
1
3

6
6
4

0

(0)

0
0
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are from shipboard stomach scans, there is no verification for
these results. This problen witt be avoided to some extent in
future years because pollock stomachs are again being collected
for expért laboratory analysis of species composition of the
contents.

Approxinately 4,OOO t of Pacific cod were estinated to be
consumed by walleye pollock !n 1985 and about 31000 t were
consumed iã tgge.- gãEed on the sizes of the consumed fish (64 run
SL), these cod are probablY age 0.

About 2rOOO t of flathead sole lfere consumed by pollock in
1985 and 40 t were consumed in 1986. Again, these are probably
age-O fish based on size (63 rnrn SL). No size infomation was
available for arrowtooth flounder, whíctr was consumed only in
1985. Predation nortality inflÍcted on flatfish by pollock
appears to be small relative to flatfish populatíon sizes.
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PACIFIC COD

by

Patricia A. Livingston

INTRODUCTION

Pacific cod (Gadus macrocephalus) ranks fourth in bionass
within the eastern Bering Sea groundfísh complex. It has been
the target of a growing donestic fishery since the early 1980s.
Annual catch in recent years has been over 1001000 t (Thonpson
and Shimada 1990). Cod feed extensively on both nektonic and
benthic prêy, including many cornrnercially inportant species of
crabs and fish. These numerous trophic links to other abundant
species make cod one of the ¡nost important predat,ors in the
eastern Bering Sea.

GENERAIJ FOOD HÀBITS

Diet

A general view of the Pacific codrs diet is presented in
Table 1 by showing the proportions of various prey items in the
overall diet. Several prey categories occurred frequently in the
diet, including snall invertebrates such as polychaetes and
anphipods. Inter:mediate-sized c¡rrstaceans such as hemit crabs
and shrimp were regularly occurring itens along with fish. Snall
crustaceans tended to dominate the diet numericalty while large
items, particularly fish such as walleye pollock (Theragra
chalcogramma) provided the bulk of the food consumed in terns of
weight.

Many different co¡omercially inportant prey were found in the
stomach contents including red kíng crabs (Paralíthodes
camt,schatícus), Tanner crabE (Chionoecetes bairdi), snow crabs
(c. opilio), Pacific herring (Clupea harencrus pallasi), Pacific
cod, walleye pollock, arrowtooth flounder (Atheresthes stomias),
flathead sole (Hipf¡oglossoides elassodon), rock sole
(Lepidopsetta bilineata), and yellowfin sole (Linanda aspera).
Fishery discards, which are usually fish carcasses, were also
consumed by cod.

The nostly demersal nature of cod feeding behavior is
de¡nonstrated by the dominance of the above-nentioned items in its
diet. Fish, crabs, and shrinp are also najor components of the
cod diet in the GuIf of Alaska (Jewett 1978; Clausen 1981) and
include walleye pollock and snos crabs as dominant prey. The
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Table 1.--Diet of pacific cod, Gadus nacrocephalus, in the eastern
Bering Sea expressed in percent frequency of occurrence
(FO) , percent nr¡mber (N) , and percent weight (I{)'

aPrey name FO !t

Polychaeta (wonn)
Gastropoda (snail)
Bivalvia (clan)
Cephalopoda (squid & octoPus)
Crustacea
Mysidacea (nYsid)
Ànphipoda (anPhiPod)
ruþhausiacea (euPhausiid)
Decapoda (shrinP & crab)
Caridea (shrinP)
Pandalidae (shrinP)
Crangonidae (shrinP)
Paguridae (hernít crab)
Lithodidae (king crab)
Paralithodes sP. (king crab)
paralittrodes cãrntschatica (red king crab)
paralitfrodes platvpus (blue king crab)
Chíonoecetes sP.
Chionoecetes oPilio (snow crab)
chionoecetes bairdi (Tanner crab)
Echiura (marine wor"m)
osteichthyes Teleostei (fish)
Clupea haiencrus pallasi (Pacific herring)
Oncorhynchus sp. (salnon)
Osmeridae (suelts)
Gadidae (gadid fish)
Gadus macroceBhalus (Pacific cod)
theiaara chalcogramrna (walleye pollock)
Zoarcidae (eelPout)
Cottidae (sculPin)
Àgonidae (poacher)
Stictraeidae (prickleback)
Ammodytes sp. (sandlance)
Pleursnectidae ( flatfish)
Atheresthes stomias (arrowtooth flounder)
Hippocrlossoides elassodon (flathead sole)
Lepidopsetta bilineata (rock sole)
Linanda aspera (Yellowfin sole)
Linanda proboscidea (longhead dab)
ttipnoglossus stenolepis (Pacific halibut)
Fishery discards
Miscellaneous and unidentified Prey

46"30
9.89
6.63
5.51
3.53

L7.33
42.8L
L3.20

5 "74
9"81
9.06

36.93
23.3L
0.31
1. 18
0.81
0.01

LL"97
L2.06
L3.74
15.39
30.50
0.50
0"01
a "32
6.63
0.39

15.52
2.79
L.02
L.57
0.89
2.71
6.96
o.2L
0.6r.
L "2L
2"43
0.07
0.01
5.22

L2.9L

6.L7
o.7 4
0.53
o.27
1. 04
3 .93

14.90
25.5L
0.31
L"34
1. lL
7"08
L.20
0. 01
0. 05
0.04
0.00
1. 10
1.63
2.08
L.7 4

L7.7L
0. 05
0. 00
0.07
0.38
0. 03
I.28
0.19
0. 05
0.09
0.05
0. 63
0.50
0.01
0.03
0.10
o.24
0.00
0. 00
o.57
7 .23

1. l-6
0.69
0. t-8
L.64
0.0L
0.09
o.23
0.48
o.32
0. 10
0.96
o "97
1" 98
0. 04
0.43
L.28
0. 01
1. 49
4.93
2.42
1. OO

4.96
0.99
0. 01
o.23
4.7 6
0. 69

39.33
L.64
0. 36
0. 11
0. 08
0. 66
3.60
0. 15
0.40
L.32
6.01
0.08
0. 09

13. 14
1. 00
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Table 1.--Continued.

Total prey count 22L'Lo8
Tota1 prey weight 680,993 çt
Nr¡mber of stonachs r¡ith food 81988
Nu¡nber of enpty stomachs 193

'Prey name indicates highest level of identification possible for
that category.
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large variety of prey consumed by cod in the Bering Sea is also
seeñ in thesé othãr Ëtudies. This opportunistic feeding behavior
enables cod to take advantage of whatever bottom or near-bottom
animals are locally abundant, including nany nonconmercially
important animals such as hermit crabs (Paguridae), eelpouts
(zóarcidae), and sculpins (Cottidae) .

Seasonal and Annual Changes in Diet

prey conposition of the Pacific cod diet changed.seasonally
(Fig. 1): Wa-Iteye potlock were a dominant prey iten in the
win€err-particufárly for larger cod. In s?rin9r_âs cod nove more
inshorer-king crabs (generally soft-shelled females and the legs
only of hardrshell ciabs) and flatfisl' appeared in the diet'
fisË dominated the diet of large cod in all seasons while
invertebrates such as polychaetes, amphipods, shrinp, and hernit
crabs were most important to small cod.

There are also some differences in diet during the main
sanpling period (months 5 to 9) between yeaTs (Fig._2)" The
priircipãl-difference was the larger proportion of flatfish and
Ënafler proportion of walleye pollock in the diet, in tgg¿
compared-wittr 1985 and 1986. Since these data were grouped by
areãs, unequal sanpling by geographic area could produce such a
trend. Sinitarlyr-king crabs, hích constituted less than 4* of
the diet by weight in the diet grouped across area, formed a
Iarger portion of the diet in inshore areas that cannot be
oUsén¡eä from this table. However, the proportion of general
prey categories in the diet, such as the anount of fish relative
i,o ãraUs ãnd other invertebrates, remain relatively constant
between years within each cod size group.

Sizes of Conrmercially Inportant Prey Consumed

The relatÍonships between Pacific cod size and prey sÍze for
cod consuning gadid fishes, flatfishes, and Tanner and snow crabs
are significãn[, (p < O.O1), and the * values are fairly low
(O.22-O.37, (figé. 3-S). fn general, prey size increased with
inereasing predator size but large cod continued to consume some
smaller prey.

Interannual differences in the size composition of inportant
prey consr¡med by Pacific cod greater than 30 cm in length are
strown in Figures 6-13. Small cod (<30 crn in length) had
insufficient numbers of measurable prey in each category to be
included in these figrures. Few neasurable pollock were consumed
in L984 but in all years, nid-sized cod (30-59 cm in length)
consumed prinarily age-O pollock (approxinately <100 nn SL)
(Fig. 6) . This si.ze group of Pacific cod contained a higher
frequency of age-l pollock in tgg6 than in 1985. Large cod
(¿60 cn) consumed age-O pollock in 1985 and a broad range of
pottock sizes up to about 450 mrn in aII years. The size
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frequencies of young cod consuned by cod
across years (Fig. 7) . Ìlost cod consumed
age 0 or less than 185 rnm SL.

show little differences
are approxinately

Sizes of three species of ftatfish consumed by Pacific cod
are shown in Figures 8-10. Yellowfin sole encountered in the
stomach contents of large cod reached sizes up to about
3oo nm SIJ. Peak consunption of yellowfin sole usually occurred
between about 150 and 250 mrn; these lengths correspond to several
ages greater than about age 5. I'fost rock sole consumed by
smaller cod were lesE than 100 rnm while those consumed by large
cod mostly ranged from about 100 to 200 mrn -- slightly smaller
than the yellowfin sole consumed. Flathead sole were nostly less
than 100 rnrn for smaller cod and between 100 and 200 rnm for larger
cod, fairly sinilar to the sizes of rock sole consumed.

The sizes of other inportant prey consumed by Pacific cod
lrere grouped over years and predator size due to the scarcity of
these prey in stomach contents (Fig. 11). Although king crabs
may be an irnportant prey iten in certain seasons and areas of the
eastern Bering Sea, most of these crabs are probably,consumed
while Ín the soft-shell state, which makes size measurements
difficult. Most whole king crab consumed ranged from about
50 to 150 nm carapace length, and averaged about 97.5 run, which
for fenale red king crab would be approxinately 5 or 6 years old.
Most Pacific herring consumed were about age 1, (100-180 nn SL)
and averaged about 165 nmr although larger herring up to about
280 rnm were also found. Àrrowtooth flounder sizes ranged from 30
to 210 rnn SL.

Tanner and snow crabs were consumed by the two larger size
groups of Pacifíc cod from 1984 to 1986 (Figs. 12-13). Mid-sized
cod consr¡med both species of snow crabs in sizes up to about
30 rnn carapace width (Cw). Large cod consumed slightly larger
snolr crab, which !ùere up to about 60 rnn wide.

PREDATOR POPUI.ATION CONST'}TPTION OF COMMERCIALLY IMPORTANT PREY

Geographic Trends in Consumption

Fígures L4-22 display the relative amounts (in terms of
percent by weight) of various important prey in the stomach
contents of Pacific cod from May to September in the years 1984
to 1986 at each station where stomachs were collected.

Cannibalisn by Pacific cod was not a widespread phenomenoni
it occurred at fewer than four sanpling stations in a particular
year (Fig. 14). Less than 50t of the stomach contents of cod at
these stations consisted of young cod. Most stations where cod
were eaten are in water with bottom depths less than 50 m,
although cannibalis¡n also occurred in niddle and outer shelf
areas. A bottom trawl surîlrey in 1985 showed that most small cod
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of the sizes likely to be consumed by adults (<2O clr) are found
in areas with bottó¡n depths less than 100 n (I{alters et al.
1988).

Consumption of walleye pollock by Pacific cod (Fig. 15) hras

fairly wideËpread in the ¡niddle and outer shelf areas where
bottoñ depthê are çfreater than 50 m. Sanpling in tge¿ was sparse
in the ouÉer shelf area. In the niddle shelf area, high
lroportions of pollock occurred in the stomach contents of cod
ñorè frequentty- in 1985 than in 1986. Although most-pollock age
1 and grèater ãre found in the outer shelf, age-O Pollock nay
also bã abundant in niddle and inner shelf waters in certain
y"ut. (I{alters et al. 1988). Age-O pollock dominated the diet of
ñia-siied cod and in some years such as 1985, Iarge cod also
consumed age-o pollock. rhe higher Proportions of pollock in the
stomach coñtentË of cod sanpled in the niddle shelf in 1985
relative to those of 1986 nay be due to the greater abundance of
age-o pollock in the eastern Bering sea in 1985 found by
l{espestad and TraYnor (1990).

yellowfin sole nere consumed by Pacific cod ín all
3 years, primarily in areas with bottom depths less than 50 m

(rig. få)l rfris ãrea off of Cape Newenham has the highesÈ
denãity irf yellowfin sole in the eastern Bering Sea (flalters et
aI. 19ég). Rock sole were also eaten in all 3 years in the inner
shelf aräa (Fíg. L7l, although they did not form a large portion
of the stomach-contànts at nóst statÍons. The highest densities
of rock sole were farther inside Bristol Bay than yellowfin sole,
as assessed by botÈon trawl surívey (!Íalters et aI. L988).
Although currènt biomass levels of yeltowfin sole and rock sole
are almost equal (Low 1990), 1985 levels of rock sole were about'
three tÍmes less than those of yellowfin sole (Bakkala and
Walters 1986). This nay explain the lesser amount of rock sole
eonsurned by cod relative to yellowfin sole in the 1984 to 1986
period.

Evidence of Pacifíc herring consunption occurred only in
1985 and 1986 (Fig. 18). The amount of herring in the diet at
each station wàs generally less than 5Ot by weíght. Consumption
occurred at isolated stations in a1l sheLf subregions with no
apparent pattern.

King crabs, identified to either genus or species levels,
were conéumed prinaríly near the inner and niddle shelf boundary
in the southeastern Bering Sea and along the Alaskan Peninsula
(figs. 19-20). No kíng ciabs consumed in 1985 were identified as
red-king crab, although most listed as ParElithodeç sp" were
almost ðertainly red king crabs due to their location in the
Bristol Bay area (Fig. 19). Paralithodes sp. were consumed at
two stations near St" Matthew Island in 1985 and these were most
likely blue king crabs (Paralithodes platlæus). No trend in the
amount of king crab in sto¡nach contents was apparent across
years.
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Consr:mption of snow and Tanner crabs from 1984 to 1986 is
shown in Figures 2L-22. Most snoet crabs were consumed in the
northern area of the eastern Bering Sea at botton depths of 50 to
1oO n. The amounts found in the Pacific cod stomach conÈents
were much larger in 1985 and 1986 than in 1984, although sanpling
was sparse in the northern areas in 1984. Although the RACE
DivÍsion bottom trawl sun/ey of this area does not, adequately
sample the smaller sizes of crabs consuned by Pacific cod, the
surveys do show most prerecruit snow crabs are found in the
¡niddle shelf area. Consumption of lanner crabs by cod was not as
high as consumption of snow crabs. Most Tanner crabs ttere
consumed farther offshore in northern areas than were most snoet
crabs, and they were consumed farther south in niddle shelf areas
than rrere snolt crabs.

Total Consurnption Paraneters

Tabtes 2-7 present the parameters, outlined in Equation (1)
of the Methods section of this report, necessary t,o estimate the
total amount of a particular prey ite¡n consumed the cod
poputation on the eastern Bering Sea shelf during the urain
sarnpling period of May through Septenber in each year. The
estinated biomass of Pacific cod from RACE Division botton trawl
surveys from 1984 to 1986 are shown in Table 2. Total estinated
biomass was lower in 1985 than in 1984 and 1986.

Daily ration of Pacific cod, in terms of fraction of body
weight daily (BwD) for each size group is as follows:

Siza crrc¡ut¡ fcmì

<30
30-59

à60

Daily ration
lfraction bodv weicrht dailvl

0.012
0.009
0"007

Although these estimaÈes were derived in a different fashion,
they are similar to those used by Livingston (1989b). The daily
ration estimates used here, although they appear more reasonable
than those derived fron gastric evacuation models, could be
irnproved through more fomal bioenergetic models such as those
employed by Hewett and Johnson (1987) that take into
consideration changes in water tenperature and prey energy
content.

Estinates of the percentages by weight of co'nmercially
irnportant prey in Èhe diet, of cod by cod size group and stratum
are presented in Tables 3 through 7. Small percentages of
Pacific cod were found in stomach contents (Table 3). The
percentages of walleye pollock in the diet generally increased
from L984 t,o 1986 with larger cod containing larger percentages
of pollock (Table 3).
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Table 2.--Estimated þiomass
eastern Bering Sea

56

in netric tons of Pacific cod in the
by cod sizer Year, and stratun.

Cod
size
(cn)

Biomass
Stratum 1984 L985 1986

<30

30-59

>60

1
2
3
4
5
6

1
2
3
4
5
6

1
2
3
4
5
6

LO r743
Lr7L7
7 rL29
8 r57L

49
L,92L

76 1873
L3,279
42,98O
60r 686
8r065

67,75L

L62,23L
60,008
52,7L4
65,L92
49 , 036

3L2,994

1, ool ,939

7 r79L
6 r5L3
Lr57O
4,L27

0
438

45 1796
9,332

LO',42O
110r 216

10,919
60,644

LL"l ,346
50, 106
61, 091
75,344
67,384

227,OLz

96LrO49

9,772
L,L44

LL r582
8 r672

o
446

79,294
9,563

L33 ,497
L28,288
23,365
96 ,657

91, 568
56,L44
76 r37t
53,973
39,L97

3L5,574

LrL34,LO7Total
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Table 3.--Mean percent by weight (tw) and standard error (sE) of
gadid fish in the stomach contents of Pacific cod by
prey species, cod size group, year , and strata during
months 5 to 9 in the eastern Bering Sea.

Prey

Cod
size
(cn)

1984
Stratun tW SE

1985
tw sE

1986
*w sE

Pacific
cod

I{alleye
pollock

30-59

¿60

<30

30-59

>60

0.43
0
0
0

3.91
13.41

0
0
0

1. 35
0

5.27
L.57

0
8.71

2.2L
0

L4 "7013.93
4.13

35.76

0.43
0
0
0

3.91
13.41

0
0
0

0.68
0

4.11
L.L7

0
5.87

1. 01
0

8.50
13.93
4.13

LL.77

L.2L
0

0.23
0

2.OO
0

2.87
0

0
2L.54

0
o.76

0

LO.22
7.84

11. 05
9.20

0
11.93

11. 25
0. 19

2L.67
L7.73
31. 35
35.46

L.2L
0

o.23
0

L.97
0

L.79
0

0
13.65

0
o.76

0

5.58
5.45
4.2t
3.13

0
4.67

5.01
o.L2
6.07
7 .45

14.59
5.91

1
2
3
4

1
2
3
6

0
0
0
0

0
0
0
0

2.37 2.37
1.06 L.06
00

1.58 1.58

00
0.96 0.96
00

0.20 0.20

13.07 6.52
7.L7 7.L7

LL.24 5.84
22.62 6.75
9.99 9.99

9.73 5. 15
23 .79 20 .43
L2.87 4.92
15.68 4.42
2.70 2.70

29.4L 5.92

9.72 5.27
0.85 0.49

19.80 10.86
15.60 8.35
62.40 L2.49
57 .27 6.84

1
2
3
4
6

1
2
3
4
5
6

1
2
3
4
5
6
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Table 4.--Mean percent by weight (tw) and standard error (sE) of
flatfish in thã stonach contents of Pacific cod by
p="y-rp"cies, cod size group, year, and strata during
nonÉ,trs- 5 to 9 in the eastern Bering Sea' (* = no
standard error estimate since only one station was
samPled. )

Prey

Cod
size
(cn)

L984
Stratum tI{ SE

1985
t!{ sE

198 6
tvr sE

Arrowtooth
flounder

Flathead
sole

Rock sole

Yellowfin
sole

30-59

¿60

30-59

¿60

<30

30-59

à60

30-59

o "29

0
0

0.40
1. 78

0

o.77
0
0

9.31
0

0

0
0
0

3.85
0

o.46
0

0.82
]-7.04

0
0.90

L7.96
7.'13

28.40

o.29

0
0

0.40
*
0

0.51
0
0

9.31
0

0

0
0
0

2.O7
0

0. 46
0

0.65
L7.04

0
*

4"15
5.O2

LO.22

0. 17
o.23

0

0

1. 63
0
0
o

o.26

0.04
0. 31

0
0. 01
3.37

L.73

7 .63
0.94

0

6.84
20.L3

5. 31
2.53

5.18
0
0
0

20.73
1L.43
11.58

o.L7
o.23

0

0

L.24
0
0
0

o.22

0.04
0.31

0
0.01
3.02

1.40

3.48
0.94

0

3.36
20. 13
5.31
2.53

2.30
0
0
0

7.28
8.78
4.75

0
0
0

3
4
6

6

0
0
0

00
00

o.L2 0.L2

o0
0.20 0.20
o.02 0.02
0.85 0.85
00
00

00
00

0.08 0.08
00

1.14 0.75

00

0.35 0.33
00

0" 34 0.34

8.88 4.7 4
0.14 0.14
5.82 3.43
00

00
00

0.04 0.04
00

11.93 5.7L
8.79 4.L6

13.13 4.96

1
3
4
5
6

1
3
4
5
6

1

1
3
4

1
2
3
4

I
2
3
5

1
2
3

¿60
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Table S.--Mean percent by weight (tw) and standard error (sE)
of Pacific herring in the stonach contents of Pacific
cod by cod size group, year, and strata during nonths
to 9 in the eastern Bering Sea.

Cod
size
(cn) Stratum

1984tw sE
1985tw sE

1986
8w sE

<30

3 0-59

¿60 0
0
0
0
0
o

2

2
3
4
5
6

1
2
3
4
5
6

0

0
0
0
0
0

0
0
0
0
0
0

0

0
0
0
0
0

o.7L O.7L
2.40 2.40
00
00

o.37 0.37

3.33 L.97
6"66 3.57
00

3.20 2.83

5.16 5.16

0.34 0.34
0.58 0.58
0.93 0.93

0.19 0.19
8.04 7 .79
3.56 3.56
00

6.30 4.79
0.38 0.38

0
0

0
0

0
0

0
0
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Table 6.--Mean percent by weight (tW) and standard error (SE) of
iitg èra¡s in Éne stonaétr contents of Pacific cod -bypreí species, cod size group, yea-r, and straÈa during
nonttrJ 5 to â in the eastern Bering sea'

eod
size
(sm)

1984
Stratum tw SE

1985
8W SE

1986
tw sE

Lithodidae

Paralithodes
camtschatica
(red king

crab)

0.19 0.19

00
00

0.01 0.01

00
5"02 5.O2
00

00
00

3 " 38 3.38
00

o.37 0.30

5.05 2 "9700

o.07 0.07
00
00

0 " 12 0.L2
00

2"25 2.25

0.69 0.65
00

1.18 0.72
0.48 0.48

00

00
00

0.06 0. 06

0.01 0. 01
0. 01 0. 01

00
00
00
00
00

0.95 0.95
00

0.01 0.0L

1.39 1. L9

3.90 2.63
9.96 9.96

30-59

¿60

<30

30-59

>60

30-59

¿60

1

1
3

4

1
2
4

1
2
3
4

1

1
3
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Table 7.--Mean percent by weight (*W) and standard error (SE) of
snow lchionoecetes or¡ilio) and Tanner (c. bairdi) crabs
in the stomach contents of Pacific cod by prey species,
cod size groupr year' and strata during nonths 5 to 9 in
the eastern Beriñg sea. (* = no standard error estimate
since only one station was sanpled. )

Prey

Cod
size
( cn)

1984
Stratu¡n tW SE

1985 1986
*w sE 8w SE

C. opilio <30

30-59

¿60

c. bairdi <30

30-59

1
2
3
4
5
6

1
2
3
4
5
6

1
3
4
6

1
2
3
4
5
6

260 1
3
4
5
6

0
0
0

0
0
0

3
4
6

6.7 4
2.83
5.25
5.7L

0
6.60

0.43
4.24
L.76

13.90
L2.46
11. 34

0.15
6.11
3.59

0

0.98
2.L3
5.64
2.86

33.L2
11. 82

0.04
1. 56

0
20.24

1. 14

3.93
L.75
2.65
4.49

0
3.56

0. 19
2.73
0.86

11. 90
L2.46

4 .4L

0. 15
5.83
L.75

0

0. 34
2.L3
3.25
1. 65
*

6.02

0.03
1. 56

0
9.96
o.62

4.78
0

2.42

0
23.77
8.60

2L.23
0. 02
4.89

0
28.88

3. 01
30. 38
2.L2

L2 .6L

0
0

0.53
2.OL

L.46
0

10.43
4.58

40.65
8.08

L.67
1.48
6.84

L2.70
7.54

4.78
0

2"42

0
L2.92

3 .03
4.01,
0.02
1. 81

0
13.13
L.67
6.05
1.36
4.11

0
0

0.53
2.01

L.23
0

4.07
L.62

L7.84
3.59

L.26
0.60
3.57

11. 04
2.92

o .44
2.98

0

0. 63
0. 11
2.L6

30.13
L.25

L5.20

0.08
8.66
1. 07

47.29
0

10.41-

0
o.L7
o.27

16.01

o.57
0

6. 65
2.L3

38.65
3.13

o .44
0. 18
0.86

10.73
0.31

o .44
L.57

0

0.41
0.1r.
L.37
4.1.1_
L.25
4.02

0. 08
8.66
o.79
9 .44

0
3 .54

0
0.t7
0. 17

16.01

0.39
0

2.50
L.46

L0.94
r.42

0.31
0. 12
0.86
7.87
0. 14
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Various flatfish species were found in the Pacific cod
stomachs (Table 4). Iess than lt of the stomach contents
consisted of arrowtooth flounder in any year or stratu¡n.
percentages of flathead sole consr¡med were usually |ess than 28
with onlf two exceptions. Rock sole were most consistently
consumed-by the lalgest cod size group with amounts in stomach
contents iircreasing from 1984 to 1986. The largest cod also
consistently ate yãttowfin sole with most consumpti-oT oecurring
in strata 1 and 3 (see Fig. L, Methods section of this report),
the areas of highest yellowfin sole þiomass (Ifalters et al.
le88) .

pacific herring rrere found in Pacific cod stomach contents
only in 1985 and tgg6 (Table 5) . They fomed from 0 to 8t of the
stomach contents bY weight.

King crabs usually made up to 5t of the stomach contents by
weight (úable e). The one excèption was in stratun 3 in 1986
wheie ai¡nost loi of the stomach content weight of large Pacific
cod was red king crab. Most consumption of king crabs occurred
in strata 1 and 3.

Tanner and snow crabs constituted large proportions of the
Pacific codrs diet in some strata (Table 7) and were nainly
consr¡med by nid- and large-sized cod. The largest fractions of
snow crab in the diet ocóurred ir stratum 4, the northern niddle
shelf area, and the anounts in the diet increased from L984 to
1986. Consunption of Tanner crab was highest in straÈun 5, the
southern outel shelf area, and there was no discernible trend in
the proportions in the diet across years.

Total ConsumPtion Estimates

Estimates of the total bionass of each comnercially
inportant prey consumed by the cod population were calculated for
evèry coA sizè group in eách stratun using the parameters given
abové in nquatión (1) of the Methods section of this report.
Nr¡rnbers of each Prey consumed hrere also calculated in strat'a
where prey size i.nfórnation was available. Results are shown in
Figures 23-28 and Tables 8-17.

Consurnption of Gadid Fish

Total biomass and numbers of Pacific cod consumed through
cannibalisrn were larger in 1985 and 1986 than in 1984 (Tab1es 8-
9). The highest numbers consumed were in 1985' suggesting that
smaller cod were consumed in 1985 relative to 1986. However, as
seen previously ín Figure 7, few prey cod were measurable in 1,986
so thäse conclusions áre uncertain. Little infornation is
available on the abundance of age-O cod, which was the age most
frequently consumed by adults. However, some índication of
relàtive year-class size is gÍven by Thonpson and Shinada (1990)
for the Lg84 and 1985 year classes. Their analysis shows that
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Table 8.--Estimated total weight (netric tons) of gadid fish
consr¡med by Pacific cod by prey species, cod size group,
year, and strata during months 5 to 9 in the eastern
Bering sea. Values in parentheses indicat,e cells
where no prey size infomation was available.

Cod
size

(cn)
Biomass

Prey Stratum 1984 198s 1986

Pacific
cod

30-59

>60

Total

!{alleye <30
pollock

30-59

¿60

Total

747.L
0
0
0

747.L

77L.2
(422 .7 |

0
0
0

Lr429.O
0

3, 119.0
L r3L2.O

0
8 rL25.8

3,839.9
0

8,299.L
(9 ,726.O1
(2, 169.0)

LL9,873.4

159, 087.1

763.O
0

333.9
0

2,5L3.6
0

L,877 .8
0

5 r 488.3

o
2 1575.7

0
57.6

0

6,444.8
LrOO7.4

16, 040. 6
L3 ,962.6

0
g ,962.4

L4,L38.7
102.0

L4,L78.4
14 r 306.9
22 r624.8
86,2L3.8

2OL,6L5.7

2 r587 .8
139.6

0
2,79L.L

0
577.2

0
(676.0)

6,77L.7

2r105.0
150. 6

2,39O.L
3, 601.5

(81.8)

LO ,624 . O

3 ,L32.7
23 ,658 .3
27,699.L

868.7
39 ,L43.7

9 ,532.3
51.1. 1

1 6, 195. 1
9,OL7.6

26,L95.5
193 r 561.0

368 ,468.L

1
2
3
4

1
2
3
6

0
0
0
0

1
2
3
4
6

1
2
3
4
5
6

1
2
3
4
5
6
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Table 9.--Estimated numbers (nillions) of gadid fish
consumed by Pacifii cod by prey species, cod size group'
year, and strata during nonths 5 to 9 in the eastern
Bering Sea. (Parentheses indicate cells where no prey
size infomation was available" )

Cod
size
(qn)

Nurnber
Prey Stratum 1984 1985 1986

Pacific
cod

TotaI

I{aIIeye
pollock

Total

30-59

¿60

<30

30-59

>60

3.6

980.3
(0)
0
0
0

472.6
0

101. I
120.6

0
244.O

13.0
0

16.0
(0)
(0)

29L.6

2 1239.2

220.4
0

7.9
0

33.9
0

L2.O
0

27 4.2

0
543.2

0
73.2

0

7L3.7
123.3

2 r38L.2
L rO82.7

0
356.1

169.6
16.0

101. 9
66.5
57.6

451. 0

6, 136. 0

L2.6
8.5

0
37 .6

0
16.8

0
(0)

75.5

405. 1
39.3

67L.8
537.9

(0)

Lr92L.L
378.6
91"5.5

2 ,608.7
38.3

L,L87 .5

69.0
64.L
45 .4
75.0
77.L

r,379 .L

10,413 .5

1
2
3
4

1
2
3
6

0
0
0
0

3.6
0
0
o

1
2
3
4
6

1
2
3
4
5
6

1
2
3
4
5
6
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the 1984 year class was almost twice as abundant as the 1985 year
class wheñ the nunbers remaining at age 3 were considered. The
estinated nunbers cannibalized at about age 0 in 1984 and 1985
ïrere 3.6 nillion and 274.2 rnillion, respectively (Table 9). This
seems to indicate that, êt least for 1984 and 1985, cod were noÈ
consuming age-O cod in proportion to their relative abundance.
It appeais ttrat cod canñibalisn ís not as inportant in the
eastern Bering Sea as it is in the North Sea (Daan 1987).
However, stonách sanpling of cod in the eastern Bering Sea was
sparse in 1984 and may be a contributing factor to the low
cannibaLisn estimates obsen¡ed during that year.

Estimated consunption of walleye pollock by Pacific cod, in
terrs of weight and numbers, increased from 1984 to 1986 (Tables
8-9). Most of the pollock consr¡med in all years ranged from
50 ùn to 100 'n'n in size, which is approxinately age 0 (Fig. 23) .
The largest size group of cod consr¡med potlock that were rnainly
age 2 or older, the niddle size group consumed age-O and age-l
pollock, and the smallest size group of cod consumed only age-O
pollock.

Although the amount of walleye pollock consumed increased
from 1984 to 1986, estimateE of pollock year-class size from
these 3 years ext¡ibit a downward trend, especially from 1985 t,o
1996 (ttespestad and lraynor 1990). Estimated numbers of pollock
consumed (in billions) for the 3 years were 2.2, 6.L, and 10.4,
respectively. Pacific cod consumptlon of age-0 pollock is two
orders of magnitude less than the nunbers of age-O pollock
consumed by adutt pollock (Dwyer et al. L987; Livingston 1989a).

Livingston et al. (1986) Ehowed that Pacific cod is a major
consumer of large walleye pollock, a result also supported here.
At least half of the pollock biomasE consumed by cod in each of
the 3 years consisted nainly of pollock of ages 3t 4, and 5. But
even if the total pollock biomass consr¡med in each year is
compared to estimates of pollock age 3 to 5 standing stocks in
those years from tlespestad and Traynor (1990), cod removals are
2.7, 3.8 and 10.8t of the pollock standing stock in 1984' 1985,
and 1986, respectively. lhese are fairly snall proportions of
the poltock stock, indicating that cod predation may not be a
high source of nortality of older pollock. Sparse sanpling of
cod in outer shelf regions, particularly ín 1984, could be a
source of error in these estimates since most pollock is consumed
by cod in these outer shelf areas.

Consunption of Flatfishes

Arrowtooth flounder waE the flatfish preyed upon the least by
Pacific cod (Tables 10-11). Biomass (100 to 972 t) and nunbers
consumed (2.9 to 39.9 nillion) were at least an order of
nagnitude less than the anounts consumed of flathead sole, rock
sole, and yellowfin sole. ÀIthough little prey size information
was available for arrowtooth flounder, most flounder consumed
were less than 20 cm SI¡ (Fig. 11) .
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Table 10.--Estimated total biomass (netric tons) of flatfish
consr¡med by Pacific cod by prey species, cod size group,
year, and strata during nonths 5 to 9 in the eastern
Bering Sea. Values in parentheses indicate cells
where no prey size infomation was available.

Cod
size
(c¡n)

Biomass
Prey Stratum 1984 1985 1986

Arrowtooth
flounder

TotaI

Flathead
sole

972.L
972.L

0
0

334.3
L97.7

0

L,337 .9
0
0

4 ,889 .4
0

6 1759.3

0

0
0
0

6 ,689 .4
0

259.7
0

6,949.L

868.0
3r115.9

o
100.0

3L r2O5.4
4 1968.O

L6.O33.7
56 r29O.9

0
0

100.2

0
100.2

L26 .1
29.O

Lr29O.O
0
0

0
0

64.6
0

2,77L.7
4 ,28L.4

0

220.7
0

516.0

11, 160. 2
75.L

3,807.9
0

L5,779.9

0
0

58.1
0

L4,993.3
4,7L7 .O
8.590.8

28,359.2

3L2.5
406.3

0

0
718.8

L,779 .8
0
0
0

346.0

39.2
253 .6

0
4.2

11. 389.9
L3 ,8L2.'l

278.6

8, 331.0
L,728.O

0

6 r707 .9
L2,LO4.2

4 r343.2
L.462.5

34 ,955.4

5, 655.9
0
0
0

20,329.8
6,872.9
9 .47L.7

42 r33O.3

30-59

à60

30-59

0
0
0

3
4
6

6

1
3
4
5
6

¿60

Total

Rock sole <30

30-59

¿60

TotaI

Yellowfin 30-59
sole

1
3
4
5
6

1
3
4

1
2
3
4

1
2
3
5

1
2
3

TotaI

>60
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Table 11.--Estinated numbers (uillions)
Pacific cod bY PreY sPecies,
strata during months 5 to 9

of flatfish consumed bY
cod size group, Year, and

in the eastern Bering Sea.

Cod
size
(cm)

Number
Prey Stratun 1984 1985 1"986

Arrowtooth
flounder

TotaI

Flathead
sole

Total

Rock sole

Total

YeIIowfin
sole

30-59

¿60

30-59

¿60

<30

30-59

à60

30-59

0
0
0

6.4
6.4

0
0

10. 6
120.6

0

15.8
0
0

L28 "7
0

275 "7

0

0
0
0

L23.7
0

3.2
0

L26.9

13.8
37.3

0
60"4

2LL.9
57.9
99. 1

480.4

0
0

2.9

0
2.9

77.O
L7.7
41. 1

0
0

0
0

9.4
0

29.9
L75.L

0

45.8
0

36.7

270.6
3.9

55.2
0

4L2.2

0
0

75.4
0

LL3.2
64.9
59.5

313.0

4.0
35.9

0

0
39.9

82.9
o
0
0

47 .4

2.8
8.1

0
1.5

200.5
343.2

70.8

423 .4
40. 1

0

93.0
861.9

53.2
4.0

L 1546 .4

222.O
0
0
o

L97.L
166.3

65.7
651. 1

3
4
6

6

1
3
4
5
6

I
3
4
5
6

1

1
3
4

1
2
3
4

1
2
3
5

1
2
3

Total

>60
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Flathead sole and rock sole were consuned in fairly sinilar
amounts in 1985 (6,759 and 6 ,949 t , respectively) and both l¡ere
consr¡med in much larger amounts in 1986 (13'812 and 34 t955 El
respectÍvely) relative to the other 2 years. The largest size
group of paèific cod was resPonsible for most of the biomass
consunea (Figs. 24-25). Cod in the 30-59 cm size range tended to
eat smaller flatfish than larger cod. Most flatfish consumed
were less than 20 cn SIr.

Most ftatfish biomass consumed by Pacific cod in all 3 years
was yellowfin sole (Tabte 10). Although the bionass eaten
decrèased fron 1984 (561290 t) to 1986 (42,33O t), more nu¡nbers
nere eaten in 1986 (651 nillion) than in the other 2 years (L984,
480 nillion; 1985, 313 rnillion) (Table 11). Both nid- and large-
sized groups of cod consumed large numbers of yellowfin sole less
than fó cn SL in 1986 (F'ig. 261. Although nost yellowfin sole
eaten in tetms of nunbers were less than 20 cm SL, a larger
proportion of the bio¡nass eaten was of fish greater than 20 cm
than in the other flatfish species.

The bionass consumed of each species on the shelf was
compared with the RACE Division botton trawl survey estimate of
standing stock and a percent of standing stock removed due to
Pacific cod consunption was calculated (Table 12). Percent
removals were small for aII species, ranging fron 0.1 to 3.4t of
the standing stock biomass on the shelf. The percentages removed
across years within a species show some variation and night be an
indication of density-dependent predation. Pacific cod rnight be
responding to increases in rock sole biomass by increasing their
predation rate on rock sole. However, these percentages are not
lr"ry accurate since cod consume flatfish rnostly <20 cm SL while
the trawl suri\tey estinates take into account aII sizes of
flatfish.

Because most fish eaten were less than 20 cm, a comparison
of nr¡mbers consr¡ned (in rnilllons) versus numbers of flatfish less
than 20 cn from trawl surívey estinates given for 1985 by Walters
et al. (1988) nay be nore appropriate.

Nunber Nunber from
eaten trawl sun¡evSpecies

Arrowtooth flounder 2.9
Flathead sole 175.1
Rock sole 4L2.2
Yellowfin sole 313.0

23.O
422.O

1r340.0
2 r 400.0

Although the high removal raÈes nay be an indication of high
predation rnortality induced by cod, these high removal rates may
also be an indication that trawl surívey estinates of flatfish
less than 20 cn night be low due to escapement of smaller fish
through the trawl mesh or other trawl effects on the catchability
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Table 12.--Total biomass of flatfish consuned by
Pacific cod, trawl sutîvey estimates of
biomass, and percent consumed by year in
the eastern Bèring Sea. (Biomass Ín netric
tons. )

Species ïear
Biomass
consumed

Trawl Percent
bionass' consumed

Arrowtoottr
flounder

Flathead
sole

Rock sole

Yellowfin
sole

972.L
100.2
718.8

6,759.3
4 r28L.4

L3,8L2.7

6 1949.L
L5,779.9
34 ,955.4

56 t29O.9
28 1359.2
42 ,33O.3

182 r 900
159,9oo
232,LOO

344 r 800
329,9OO
369,300

95or 600
720,3OO

1r 013 ,7OO

3 ,320, 300
2 1277 r 4oo
1, 866, 400

1984
1985
1986

1984
1985
1986

1984
1985
1986

1984
1985
1986

0.5
0.1
0.3

2.O
1.3
3.7

o.7
2.2
3.4

L.7
L.2
2"3

'source: Low and Narita 1990.
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of small flatfish. It is likely that
flatfish by cod are sone¡'rhere between
presented above.

Consumption of Pacific Herring

percent renovals of
those in Table 12 and those

pacific herring were consumed only in 1985 and 1986; similar
biomasses (Lg r2L7 and 13 ,gg| t, respectivelyt Table 13) and
numbers (310 and 337 million, respectively; Table 14) were
consumed in both years. ùlost of the herring Ttere taken by large
cod (Fig. 27'). The najority of herring (by nunber) renoved by
coA rierã in tne 100 to 15O nm SL range' corresponding to age-1' or
age-2 herring. Pacific herring escapement from coast'al fisheries
iñ tgeO was ltZ,ZOS t (I,ebida iSeZ¡. Cod predation on herring as
a percent of escapement in 1986 is L2.41. However, these
esËapement figUres are based on herring age 3 and greater and do
not include age-l or age-2 herring.

Consumption of Kinq Crabs

EstÍmates of total biomass and numbers of king crab consumed
by Pacific cod are shown in Tables 15-16. Although in some years
añd strata, crab were not identified to speciesi crab found in
strata 1, 2, and 3 were probably red lcing crab. Crab eaten in
stratum 4 were probably St. Matthew Island blue king crab, ât
least in 1985, âS seen in FigUre 19. Thus, ¡¡ost of the crab
consr¡med in 1984 and 1.986 were red king crab while most of the
crab consumed in 1985 were blue king crab. As mentioned in Èhe
Methods section of thÍs report, it is assumed that these crab
efere females eaten during their sofÈ-strell stage, which ext,ends
about 31 days into the sampling period of May through Septenber.
I{hen the bióuass of red king crab consumed by cod is expressed as
a percentage of the estinated standing stock of female red king
crãb for the years 1984 to 1986 the removals are 3-3,5.O, and
48.9t, respectively. Siuilarly for blue king crab the percent
predation temovals of fenale blue king crab biomass are 0.08,
LO24, and 0.9t in 1984, 1985, and 1986.

In the case of red king crab, the removals due to cod
predation for 1984 and 1985 were faÍrly low and are similar to
Lhose estimated by Livingston (1989b) using the same data but
slightly different nethodology. The removals for 1986, however,
srere much higher than the other 2 years and could be an
indication of large uncertainty in the estimates of cod
consumption and in fenale red king crab standing stock esti¡rates.
Since nost crab eaten were less than 100 rnm carapace width, trawl
sun/eys estimates of these sizes are likety to be iurprecise (otto
1986): This is certainly part of the problen with the L986
est,imate because L987 estimates of female red king crab biomass
were over three times as targe as the previous year, an amount
too high to be attributed to a real l-year increase in population
size.
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Table 13.--Estinated total biomass (netric tons) of Pacific
herring consu¡ned by racÍfic cod by cod size group' year'
and stiata during months 5 to 9 in the eastern Bering
Sea. Values in parentheses indícate cells where no
prey size infotmation was available.

Cod
size
(cn)

Biomass
Stratum 1984 1985 1986

<30

30-59

>60

2

2
3
4
5
6

1
2
3
4
5
6

0

0
0
0
0
0

0
0
0
0
0
0

0

(9L.2',)
3 ,483 .9

0
0

(309.0)

0
0

2 rL78.8
5r374.2

0
7 ,780.2

L9 r2L7.3

(108.4)

0
0

600. 6
(186.6)

Lr23't.8

186.3
4,834.5

(2,gLL.8)
0

2,644.7
(L,284.31

13 ,995.0Tot,aI
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Table 14.--Estinated numbers (rnillions) of Pacific herring
consumed by Pacific cod by cod size group, year t and
strata during months 5 to 9 in the eastern Bering
Sea. (Nr:nbers in parentheses estinated from an average
herring size of 165 mn standard length. )

Cod
size
(cn)

Number
Stratr¡¡n 1984 1985 1986

<30

30-59

>60

2

2
3
4
5
6

1
2
3
4
5
6

0

0
0
0
0
0

0
0
0
0
0
0

0

(1.8)
23.3

0
0

(s"e)

0
0

24.3
218. 1

0
36.8

3LO.2

(2.1)

0
0

14.0
(3.6)
9.6

2"9
2L4.2
(56.0)

0
10.2

(24.7)

337.3Total
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Tab1e 15.--Est (netric tons) of king crabs
con bY PreY sPecies, cod size group,
yea daYs during nonths 5 to 6 in the
eas lues in Parentheses indicate
cells where no prey size infotnation was available.

Cod
size
( cm) Stratum

Biornass
Prey L984 1985 1986

Lithodidae

TotaI
paralithaçþs
camtschatica
(red king

erab)

TotaI

30-59

¿60

<30

30-59

¿60

30-59

260

4

1
2
4

1
2
3
4

1

1
3

1

I
3

(40.8)

0
0

40.8

(0.3 )

0
( 186. 0)

0

0
0

386. 6
0

572.9

(79 .41

L1777.8
0

L,857.2

0

(17.8)
0

17.8

0

(15.3)
0

(6e1.e)

(L75.7)
0

(1s6.4)
(78. s)

LrLL7.8

(13.3)

(2.0)
(1.7)

L7.O

0

0
o
0

0
(lls.7)

0
(1.2)

116.9

(307. s)

77 4.9
(1,650.6)

2 1733.O

o

0
0
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Table 16.--Estinated nr¡mbers (nillions) of king crabs consr¡med
by Pacific cod by prey species, cod size group, year,
and strata for 31 days during nonths 5 to 9 in the
eastern Bering Sea. (Nunbers in parentheses estinated
from an average king crab size ot 97.5 nm carapace
Iength. )

Cod
size

(cn)
Number

Prey Stratum 1984 1985 1986

Lithodidae

Total

Paralithodes
camtschatica
(red king
crab)

Total

30-59

¿60

s30

30-59

>60

30-59

¿60

(0"07)

0
0

0.07

(o.oo1)

0
(0.2e)

0

0
0

0.69
0

0.981

(0.13)

L.67
0

1. 80

0

(0.03)
0

0. 03

0

(0.03)
0

(1.0e)

(0.28)
0

(0.25)
(0.12)

L.77

0

0
0

(0.02)

(0.005)
(o.o02)

o.o27

0

0
0
0

0
(0.18)

0
(0.002)

0. 182

(0.48)

L.37
(2.60)

4.45

1

1
3

1

I
3

4

I
2
4

1
2
3
4
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Estinates of percent removal of blue king crab by cod
tfuctuãted widely ior several reasons. First, âs mentioned above
iãi-tÀà king craË, trawl surívey estimateg of crab biomass for
sizes less f,han 100 rnm are inplecise. Also, blue king crab
pãpulation estimates as a whole are more.inprecise than those for
i.eä tcing crab since blue king erab inhabit rocky bottom areas
*tãrè tíawting ís difficult (otto 1986). Estimates of the amount
oã Ufrr" king érab consumed náy depend on the tining of cod
sto¡nach sanlting near St. ttatthew Island relative Èo the female
molting sea-son.- Tining of sampling.near- St. Matthew Island in
1985 aña fgAe was abouù a week earlier than in 1984. Thus, it
nay Ue more likely that soft-shell females would still be present
¡¡hên cod stomach 

-sanples were taken in 1935 and 1986. Finally,
the þiennial reproduétive cycle of the blue king gTab (Jensen and
Armstrong 1989) nay also be-the reason rore blue king crab were
õónsunea-durinä 1995. This night þe sr¡bstantiated if 1987 proves
to be a year oã trigner blue kiñg crab consunption relative to
1986.

pacific cod consunption rates of both species of-king crabs
should be considered inäices of predation rates at this tine.
percent removals are meaningless- if precise estimates of standing
stsck are not available. Livingston (1989b) gives a more
conplete description of possible errors that may arise on
catäutating totãl consunþtion estimates. Total consumptioT
estimates ãepend on assunptions about the ti¡ning a1d duration of
iñ" i"t.le king crab nolting period. Cod consumption of king
crab males and some portion of the female population probably
occurs earlier than our sanpling is able to detect so total
ãonsunption of king crab couta be larger than the estinates given
here.

Consumption of Snow and Tanner Crabs

Est,inated þionass and nunbers of snow crab consumed
increased during 1984-86 from 80,416 to L47,78O E (Table 17) ?nd
from 6,658 to tá,ZtZ nillion (Table 18), respectively. Mid-sized
cod consr¡med snow crab that were nostly between 10 and 40 nm

carapace width (Ct{} while the largest size.group of cod consuned
crab between 20 and 60 rnm CW (Fig.281. Mid-sized cod consuned
the largest nr¡mbers of snow crab. In 1984 and 1985 most snovt
crabs eáten were from 5 to 24 rnn CI{ (age 1) while those eaten in
1986 were age 1 and age 2 (25-39 rnn C!{) .

Unfortunately, age-l and age-2 snolt crab population sizes
are not well esti¡nated in trawl surî\teys. Tanner and snow crabs
are not fully vulnerable to research trawl nets untíl they are
about 40 nm Cll (age 3) so trawl surx/ey estimates of abundance at
younger ages are not reliable. More recent suntey results
snowlng ciab size frequencies from 1987 to 1989 (Stevens and
Maclntósh 19g9) indicàÈe that there vas a large increase in the
juvenile snow crab population due to new recruitment sometine in
tne nid-1980s. The increasing amounts of young crab consumed by
pacific cod fron Lg84 to 1986 also support this conclusion. The
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Table 17.--Estinated total biomass (metric tons) of snow
(Chionoecetes ooilio) and Tanner (9. bairdi) crabs
consumed by Pacific cod by prey species, cod size group,
year, and strata during months 5 to 9 in the eastern
Bering Sea. Values in parentheses indicat,e cells
where no prey size infomation was available.

Cod
size
(cn)

Biomass
Prey 1984 1985 1986

C. opilio <30

30-59

3
4
6

1
2
3
4
5
6

1
2
3
4
5
6

1
3
4
5
6

0
0
0

(137.8)
0

19.5

0
3 r 054.5

L2 ,484 .O
32 r22O.2

3.0
4 r 083.5

0
15, 498 . 0

L 1969 .4
24,5L4.7
1r530.0

30, 658.7

L26,L73.3

0
0

40.2
L6.2

920.7
0

15,140.5
6,951.0
6, 111. g
61747.4

2 rO98.8
968.3

5 r5L9.4
9 rL65.4

18 r 332.0

72 rOLL.8

93 .6
474.5

0

687.9
(14.5)

3 ,97O.6
53 ,225 .4

402.2
20,23O.7

78.5
5,2O7 .3

875.2
27 ,336.O

0
35,L83.7

L47 ,780.r
0

36.2
43.0

131.1

622.4
0

L2 t224.4
3 ,7 62.7

12,435.r
4,L65.9

431.5
L47.2
497.L

4 ,5O4 .4
L, O47 .7

40 , O48 .7

Total

bairdi <30

30-59

à60

¿60 1
2
3
4
5
6

7 ,L34.6
517.5

3,LO7.L
4,77L.5

0
6 ,L57 .4

747.L
2 1725.O

993.6
9 ,705.L
6,543.7

38 r 013.6

go ,4L6.2

29.6
799.7
564.9

0

LrO37.4
389.5

3,338.0
2,39O.O
3,678.L

LL,O27.2

69.5
880.7

0
LO,629.6
3,82L.5

38 ,655.7

1
3
4
6

Total
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Table 18.--Estimated numbers (nillions) of snow (Chionoecetes
opilio) and Tanner (9. bairÈj) crabs consuned
uV pacific cod by prey species, cod síze group, Ye?t,
and strata during nontns 5 to 9 in the eastern Bering
sea. (Parentheses indicate cells where no prey size
infotmation was available. )

Cod
size

(cn)
Number

Prey Stratum 1984 1985 1986

c. or¡ilio <30

30-59

3
4
6

1
2
3
4
5
6

¿60 1
2
3
4
5
6

644.5
75.5

727 "9
L r354.3

0
1r187.8

52.5
488.5
140.5
283 "7

67.9
1 635.0
6r658.1

20 "7
560"6
319.0

0

405.3
146.1
184.3
469.L

1,018.7
L1299.8

L2.5
35.4

0
279.8
228 .4

4,979.7

LO2.4

0
263.5

Lt659.2
5r843.3

3.4
193.6

0
LrL77.7

113.4
L,O44.7

15.9
583.4

11,000.5

0
0

28.2
776.9

52.9
0

L r 49L.9
655.2

L,229.7
L,2L7.9

7 6.7
52.8

2L3.4
281.8
861.5

6,938.9

106.0
727.9

o

L32.6
(0)

340 .4
5 t860.2

356.8
2,L7O.9

5.0
279.L
36.5

679.L
o

L.520.4
L2 t214.9

0
25.3
47.9
25 .4

L7.7
0

2,234.O
900.0

2 r337 .3
503.9

9.8
9.6

13.1
379.L

62.2
6 r565.3

0
0
0

(0)
0

Total

C. bairdi <30

30-59

1
3
4
6

1
2
3
4
5
6

>60 1
3
4
5
6

Total
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Iarge nunber of age-1 crab consumed in 1985 and the presence of
subétantial nr¡¡nbeis of age-l and age-2 snol crab in cod stomachs
in 1986 would suggest that a rnajor recruit¡nent event may have
occurred in 1984.

Biomass and nuubers of Tanner crabs consuned by Pacific cod
increased from 1984 (381656 t' 4,980 nillion ) to 1985 (72'.OLz t,
6,g3g nillion) but dècreased in 1986 (40,049 t' 9,595 nillion)
('iables 17-1Bi . Mid-sized cod consumed more crab than cod in the
òttrer two size ranges (fig. 29). The largest nunber of crabs
eaten were from S to 34 nm Ct{r which are nainly age-l crab. The
nunbers of age-L Tanner crabs eaten during 1984-86 ttere 4.4, 5.2,
and 5.4 bitlíon, respectively. Esti¡nated population size of
these year classes aL age 3, when trawl-sun/ey estimates are
fairly reliable, are 49, L25, and.132.nillion' respectively. The
trend in nunber present at age 3 is si¡nilar to the trend in
nunber consumed Ëy cod at agã 1, indicating that cod consumption
of Tanner and snow crabs rnay be an early index of year-class
size.

To determine the inpact of Pacífic cod predatÍon on Tanner
and snow crab populations, it is necessary to know the iniÈial
size of the crã¡-populat,ions at age 1 before cod predation
occurs. Because Lhãse estimate¡¡ are not available they must be
reconstructed by using reliable estimates of population size
before other sources óf nortafity (such as fishing) occur. Àge-l-
population size could be reconstructed by addíng the numbers of a
yeär class consumed at younger açfes down to age lr.as in Forney
itgZll " For Tanner and snott crabs, the-survey esti¡nates of
fopufätion size at age 3 would be a reliable estimate; therefore'
äun¡ers of crab consumed at ages 2 and 1 would be needed to
reconst¡nrct age-l population size for a year class. There are
sufficíent predation data here to reconstruct the year-class
sizes of Tañner and snow crabs at age 1 for the 1983 and 1984
year classes, assuming cod removals are the main source of
ñortality for crab between age 1 and age 3. If cod removals of
crab, expressed as a percentage of the initial age-l snow or
Tanner clab population size, change across years, then cod exert
a density-aeþeäaent influence on Tanner and snow crab population
size"

The percent removals at age 1 of the 1983 and 1984 Tanner
crab population numþers are 89.4 and 94.2t, respectively. Snow
crab removals at age 1 of the 1983 and 1984 year classes are 41.6
and 31.0t, respectively. There does not seem to be a strong
density-dependent infl"uence of Pacific cod on Tanner crab
poputations atthough cod consunption is a large portion of the
èstinated age-l population size. There seems to be a stronger
density-dependence of cod on snow crab population size even
though percent removals are lower than those for Tanner crab.
fne aifierence in percent removals of Tanner crab relative to
snow crab are due to the estinates of age-3 population size for
each species, which differ by an order of magnitude. For
exarnplé, sizes of the 1983 Tanner and snow crab populations at,
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age 3 are 125 nillion and 7.4 billion, respectiv?lYr but cod
rémovals at age 1 of the 1983 year classes are sinilar, amounting
to 4.9 bilfion for Tanner crab and 4.3 billion for snow crab.
The lower population size of Tanner crab at age 3 could be due to
unaccounteä áources of mortality or snow crab populations at age
3 could be artíficially high if innigration of snow crab occurs
frou areas outside the su¡:vey area as suggested by Livingston
(1989b) and Stevens and Macfntosh (1989). A.longer tine series
òf preàation data on Tanner and snow crabs will inprove our
undérstanding of trends in cod consr:mptíon and help to verify the
possibility oe density-dependent predation mortality.
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YELI,OWFIN SOLE

by

Geoffrey M. Lang

TNTRODUCTION

Yellowfin sole (Lirnanda aspera) is the most abundant,
flounder species in the eastern Bering Sea, and it is the second
most abundant fish species behind walleye pollock (Theragra
chalcogramma). The estimated biomass in 1988 was 2.9 nillion t
(Bakkala and l{espestad 1990). Yellowfin sole inhabit inner to
niddle shelf water and is a botton-oriented feeder prirnarily
preying upon benthic organisms such as polychaetes, echiuroids,
bivalves, and amphipods (Wakabayashi 1986; Livingston et aI.
L986) although it is known to occasionally prey on pelagic
organisms such as walleye pollock and euphausiids (Livingston et
aI. 1986). Commercially important species such as Pacific cod
(Gadus macrocephalus), walleye pollock, and Tanner and snovr crab
(Chionoecetes spp. ) have been found to be prey of yellowfin sole
(Haflinger and McRoy 1983; Livingston et aI. 1986). Since the
biomass of yellowfin sole in the Bering Sea is quite large, there
is potential for great, impact on the populations of those prey
specÍes that are consumed.

GENERå,L FOOD HABITS

Diet

À total of 9,467 stomachs have been sarnpled since L984,
38.68 (3,653) of which were empty and 61.4t (5,814) of which
contained prey items (Table 1). The najority of the prey items
were benthic invertebrates and srua1l fish as would be predicted
by the feeding norphology and behavior of yellowfin sole. Àllen
(L984) describes yellowfin sole as a benthopelagivore, a species
that preys on both benthic and pelagic organisms. Yellowfin sol-e
has a small, asynmetrical mouth and a relatively long intestine
which is characteristic of flatfishes preying on polychaetes and
urollusks (DeGroot 1971) .

While yellowfin sole preyed on more than 3O different groups
of organisrns, 4 prey groups accounted for 72.32 of the diet by
weight. These main groups included: epibenthic/benthic
Polychaeta (wonns) , benthic bivaLves (clans) , epibenthicrzbenthic
Ganmaridea (arnphipods) , and benthic Echiura (urarine worn) . These
groups were the top four in terms of percent number and four of
the top five groups in terms of percent frequency of occurrence.
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Table 1.--Diet of yeltowfin sole (Línanda aspera)
Bering sèa, 1984-88, expressed in te¡ms
occurrencer percent number, and percent

in the eastern
of frequency of
total weight.

Prey Name
Freq. Nunber Total
Occur. I{eight

Polychaeta (wotm)
Gastropoda (snail)
Bivalvia (clan)
Crustacea
Cumacea (curnacean)
Anphipoda (anphiPod)
Ga¡nmaridea (anphiPod)
Euphausiacea (euPhausiid)
Decapoda (shrinP & crab)
Caridea (shrinp)
Crangonidae (shrinP)
Paguridae (hetmit crab)
Paialithodes pEIEE (blue king crab)
Chionoecetes sp. (snow and Tanner crab)
Chionoecetes opilio (snow crab)
Chionoecetes bairdi (Tanner crab)
Echiura (maríne worm)
Echinodermata (sea star, cucunber, urchin)
ophiuroidae Ophiurida (brittle star)
Echinoidea Cllpeasteroida (sand dollar)
Holothuroidea (sea cucunber)
Urochordata (tunicate)
osteiehthyes Teleostei (fisl¡)
Gadidae (gadid fish)
Gadus macrocephalus (Pacific cod)
Theracra chalcoqramma (walleye pollock)
Atheresthes stomias (arrowtooth flounder)
Hir¡poglossoides elassodon (flathead sole)
Lepidopsetta bilineala (rock sole)
Psettichthvs melanostictus (sand sole)
Reinhardtius hipooglossoides

(Greenland turbot)
Hippoglossus stenolepis (Pacific halibut)
Fishery discards
Miscellaneous and unidentified prey

52.84
4.85

38.70
3.27

15. 93
2.98

57.52
6. 11
L.46
1. 01
2.49
5.59
0"14
1.39
o.22
0.69

15.86
o.72

LL.44
9.96
3.03
5.99
2 "L3
0.05
0"09
o.62
0"03
0.02
0.07
0.05

0.12
0.02
0.41
6.7 6

Total prey count 2L8r758
Total prey weight 7,895 g
Nunber of stomachs vith food 5'814
Nr¡nber of enpty stomachs 3 r 653

9.88
5.98
7.85
o.42
2.L9
o.32

32.47
L.25
0.09
0.05
0.09
1. 55
o.L2
0. 14
0.01
0.04

23.72
0.05
4.09
L.37
0.89
o.92
3.14
0.00
0.00
0. 04
0. 00
0.00
0.01
0. 10

0.02
0. 00
0. 01
3.15

L8 .44
3 .42

28.07
0. 18
0. 14
o.L2
7.90
2.L3
0.60
0.56
L.27
3.19
0.02
0.69
0. 16
0.81

17.88
0. 13
2.20
r_. 54
1.69
1.01
L.57
0. 00
0.07
0. 69
0.01
0.00
0.01
0. 14

0.02
0.00
1. 13
4.2L
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Commercially important species did not make up a very large
portion of the diet of yellowfin sole, but some were consumed. As
will be discussed later, some were consumed in J-arge numbers.
The largest portions of the diet by weight of commercially
important prey for yeltowfin sole vrere Tanner crab (9. bairdi)
(0.81t), walleye pollock (0.69t)' snoet crab (c. opilio) (0.16å),
and Pacific cod (0.07t). Several other specÍes, arrowtooth
flounder (Àtheresthes stomias), flathead sole (Hinpoalossoides
elassodon), rock sole (Lepidonsetta bilineata), Greenland turbot
(Rtreinhardtius hippoglossoides), Pacific halibut (Hippoqlossus
stenoler¡is), and blue king crab (Paralithodes platvpus) were also
consumed in small quantities. Fishery discards, usually in the
for¡n of fish processor discards, made uP 1.13t of the diet by
weight.

Seasonal and Annual Changes in Diet

For the analysis of the seasonal and annual changes in the
diet of yellowfin sole the diet was consolidated into eight Prey
categories (Figs. 1-2). These categories represent the seven
most common prey items and an eighth catchall category containing
the remaining prey groups, including unidentified prey.

The relative inportance of the different prey groups varied
throughout the year (Fig. 1). In winter, polychaetes, clams, and
miscellaneous prey (nainly echiuroids and echinoder:ms) made up
the najority of the diet. Polychaetes made up the largest
portion of the diet of the smaller yellowfin sole but were less
important to the larger fish. C1ams and miscellaneous prey ltere
not as inportant to the snaller fish, but they beca¡ne more
doninant in the diet of the larger fish.

During spring, cla¡¡s made up the largest portion of the diet
for all sizes, increasing in inportance with fish size.
Polychaetes and anphipods also contributed a large portíon to the
diet, particularly for the smaller fish. Miscellaneous prey
(nainly gastropods, echinoderns, and echiuroids) also made up a
significant portion of the diet in the spring, particularly in
the larger fish.

The diet of yellowfin sole in summer was more equally
distributed among the various prey categories, with no single
do¡ninant prey group. Polychaetes and clams made up a large
portion of the diet for all size groups, whereas aurphipods were
more inportant to the snaller sizes. The niscellaneous group
(nainly echinode¡ms and echiuroids) made up the greatest portion
of the diet for the largest fish but was a smaller port,ion for
the other sLze groups.

The diet in autumn nas dominated by two prey groups,
aurphipods and miscellaneous prey (urainly gastropods, echiuroids,
and echinoderms). Anphipods nade up the najority of the diet of
smaller fish but became less inportant in the larger predaÈors.
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lliscellaneous prey was the greatest contributor to the diet of
the targer fish but was lesè important to the smaller fish.
Polychaetes were also a large portion of the diet for all
predator categories.

With the exception of the sunmer diet, which had a fairly
even distribution óf prey, the seasonal diet of yellowfin sole
was dominated by one ôr two prey categories" Miscellaneous prey
dominated the winter diet, clans do¡ninated the spring diet, and
anphipods and miscellaneous prey dominated the autumn diet. These
snift-s in the dominant prey áre likely a result of differences in
prey availability throughout ttre ye?r as yellowfin sgle migrate
iron shallow watér to deeper water in the winter (Snith and
Bakkala Lg82; I{akabayashi- et al . L977, . sone of the fluctuation
in the diet may also have been a result of the small sanple sizes
for sone of thè size groups. There was also some change in the
diet across predator éize within seasons; snaller yellowfin sole
relied more heavily upon polychaetes and amphipods, r¡hereas
larger fish consumád larger prey such as clams and miscellaneous
prei (echínoderms, gastropods, and echiuroids): Fish prey did
not-náXe up a significant porti.on of the diet in any season'
although it r¡as á targer portion of the diet of larger fish.

Throughout the 3-year study period the significance of some
of the various prey groups in the diet changed (Fig. 2l . Fish,
miscellaneous crustacea, and general miscellaneous prey were
relatively constanÈ over tine. Miscellaneous prey was.a larger
part of Èhe diet, of large fish than it was for small fish. The
þortion of the diet uade up by cla¡¡s showed the greatest change
óver the 3 years, decreasing substantially each year. Às the
clam portion of the diet decreased, the portion made uP by
polychaetes, anphipods, and decapods increased. Shifts such as
ttris could posslbly be the result of decreased clam populations,
or increased populations of the other organismsr or both.
However, Haflinger (1981) shows that the benthic conmunity of the
Bering Èea is rèlatively stable¡ therefore, Ít is more likely
Èhat the obsen¡ed changes in the prevalence of certain Prey
categories is a reflection of spatial and tenporal differences in
the sampling between Years.

Sizes of Cornroercially Inportant Prey Consumed

Snow crabs consumed by yellowfin sole were prinarily less
than 35 rnm carapace width (CW). Most of the predation took place
on the 10 mq Cl{ group, which corresPonds to age-l and younger
crab (Fig" 3). Predation on snow crabs in 1984 was focused on
snaller àninals than in 1985. The same general relationship
holds true for Tanner crab predation in 1985 and 1986 (Fig. 4).
Most of the Tanner crabs eaten by yellowfin sole were less than
10 nm CÍí, corresponding to age-l and younger crab, but some
predation did take place on larger crabs. Predation on walleye
pollock in 1984-86 was focused on fish less than 65 nm standard
length (age 0) although some larger pollock ltere consumed
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(Fig.5). Rock sole and Greenland turbot consumed by yellowfin
sole in 1984 were much smaller than the poJ.Iock consumed. Most
nere 15 ¡un standard length or less, corresponding to age-O fish
(Fig. 6). The relationship between predator size and prey size
for these five- species is shown as a scatterplot in FÍgure 7.
Although the r¿ values were relatively low, and the P-values were
not significant, (P > 0.05), based on standerd linear regression,
except for Greeniand turbôt, (snow crab, t = 0.092, P = 0.323ì
Tannér crab, t2 = 0.049, P = 0.146; rock so1e, f = o.L64,
P = 0.Og7, Greenland turbot, f = 0.552, P ( O.oo].t
pollock, t=O.OO5, P= 0.634) therewas a size-related
relationship present. fn general, ês yellowfin sole get larger
they are able to consume fish and crab prey that are larger and
more nobile than their nain prey of relativety i¡n¡robile benthic
invertebrates. Thus, yellowfÍn sole must reach approxirnately
25 crn before they are able to consume the more nobile prey.
However, because of the relatively snall nouth size of yellowfin
sole their prey must be relatively small in order to be consumed.
Because of this prey size linitation, yellowfin sole are confined
Èo age-O and age-l prey and are not able to continue preying upon
a strong year class as it, gets larger.

PREDATOR POPUI..ATION CONSI'MPTION OF COMMERCIALLY
IMPORTAT{T PREY

Geographic Trends in Consumption

Consumption trends varied geographically among the more
frequently preyed upon co'nmercially important prey. The location
of snow crab predation during 1984 and 1985 lras very si¡uilar with
consumption taking place northeast of the Pribilof Islands near
the 50 m botton depth contour (Fig. 8); none vJere obsen¡ed in
stomach contents in 1986. Tanner crab consumption was also
sinilar in 1984 and 1985, mainly occurring north, but also to
some extent east, of the Príbilof Islands in water 50-100 n deep
(Fig. 9). In 1986, they were consumed farther inshore in
shallower water along the 50 m bottom depth contour. The
distribution of pollock consu¡rption did not show nuch variation
through the 3 years (Fig. 10). In 1984, pollock consumption was
more prevalent in shallower water than in the other years, and in
deeper water in 1986. However, because the overall distribution
is quite sinilar, this patchiness in the obsen¡ed consumption is
probably an artifact of the sanpling locations between years.

Greenland turbot, blue king crab, and Pacific cod were
consumed by yeltowfin sole in 1984 (Fig. 11), but were not
obsen¡ed as prey in 1985 or 1986. Greenland turbot consumption
took place on the niddle shelf area, east of the Pribilof
Islands, between 50 and 100 n botto¡¡ depth. Pacific cod
predation took place in shallower water, around the 50 n depth
contour, east of the Pribilof Islands. Blue king crab
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consumption took place at one location north of the Pribilof
Islands in 50-100 m of water.

Rock sole and Pacific halibut were consumed by yellowfin
sole during the study period, but the data was sparse and
distribution maps are not included here. Rock sole consumption
in 1984 took place south of St. Matthew Island in water 50-100 n
deep. In 1985, consumption took place farther southeast, near
gristol Bay, at the same depths. Pacific halibuÈ consumption
occurred north of the Pribilof Islands in water depths ranging
from 5O to 100 ¡n.

Total Consumption Parameters

Yellowfin sole estimated bionass was the highest in 1984
(3.2 nillion t) and decreased slightly each successive year to
2.8 urillion t in 1986 (Table 2). These biomass estimates were
deternined through cohort analysis for the greater than or egual
to 7-year-old fish (Bakkala and l{ilderbuer 1990a) and through
survey estimates for the 0-6 year olds (Bakkala and WespesÈad
1990). The daily ration estimate for yellot¡fin sole in the
eastern Bering Sea, as calculated by bioenergetic considerations
outlined in the Methods section of this report, is 0.48 body
weight per day.

Table 2.--Yellowfin sole biomass, in metric tons, bY year and
strata. Biomass estinates are based on cohort analysis
of fish age 7 and o1der, and sur¡¡ey data of 0-6 year
olds.

Biomass
Strata 1984 1985 1986

Total

1r 310 t692
4'16,449
878,830
524,377
L3,925
L.779

3 ,206,O52

1r3ogr5go
336 ,432

1r057,499
306,352

3 r97O
1.705

3,OL4r538

L,269 ,924
348,3r7
961, 418
L87 ,827

1, 875
7

2,769 r 369

L
2
3
4
5
6

Snow crabs, Tanner crabs, and walleye pollock were consumed
in more sÈrata in L984 than in other years, probably due to the
larger yellowfin sole biomass, large prey year classes, and more
thorough sampling in 1984 (Tables 3-5). Strata where yellowfin
sole were not sampled are indicaÈed by dashes (--) in the tables.
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Snow crab were consumed in strata 1-4 in 1984, straturn 2 in L985,
and were not obsen¡ed in yetlowfin sole stomachs in 1986. Tanner
crabs were consuned in strata 2-4 in 1984, but in 1985 and l-986
they were consumed in strata 2 and 4 only. I{aIIeye pollock rtere
consumed in st,rata L, 3t 4, and 6 in 1984. In 1985 they tlere
consumed in the same strata with the exception of stratum 6, and
in 1986 they were consumed in strata 1-3" Other connercially
important sþecies found as prey did not fo¡:m a consistent or
large portion of the diet.

Table 3.--Mean percent by weight (tW) and standard error (SE) of
snolt crab in the diet of yellowfin sole by year and
stratuu, months 5-9. Dashes (--) indicate strata where
yellowfin sole were not sanPled.

Strata
1984

tW SE
1985

T!{ SE
1986

TW SE

1
2
3
4
5
6

0. 14 0.14
0.45 0.32
0.30 0.30

'_20 t_1'

0.00 0.00

0.00 0.00
2.65 2.65
0.00 0.00
o-90 o_30

0.00 0.00
0.00 0.00
0.00 0.00

'::' '::'

Table 4.--Mean percenÈ by weight (*Vf) and standard error (SE) of
Tanner crab in the diet of yellowfín sole by year and
stratum, months 5-9. Dashes (--) indicate strata where
yellowfin sole were not sanpled.

Strata
1984

tw sE
1985tw sE

1986
tw sE

1
2
3
4
5
6

0.00 0.00
o.97 0.97
0.51 0.28,:2o t:lt
0.00 0.00

0.00 0.00
0.11 0.07
0.00 0.00
,._t_ro"_r_,

0.00 0.00
2 .46 2 .35
0.00 0.00
o.07 0.07
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TabÌe S.--Mean percenÈ by weight ($Vf) and standard error (SE) of
walleye pollock in the diet of yellowfin sole by year
and stratum, months 5-9. Dashes (--) indicate strata
where yellowfin sole were not sampled.

Strata
1984

tw sE
1985tw sE

1986
*w sE

1
2
3
4
5
6

0.53 0.53
0.00 0.00
0.93 0.92
r_9r 

'_?t
L.97 1.81

2.53 2.53
0.00 0.00
0.06 0.06

'::' ''-l-'

o.26 0.26
3.58 3.58
L.02 L.02
o:30 o:30

Total Consumption EstimaÈes

fn general, total consumption was relatively constant over
the 3-year period, as was tbe yellowfin sole biomass. The areas
of highest predation, by stratum, do not necessarily correspond
Èo the areas of highest yellowfin sole abundance, suggesting that
the prey population density is a factor in deternining the level
at which yellowfin sole consume their preyr âs would be expected
for a species exhibiting general opportunist feeding behavior.

Estinated snow crab consumption was highest in 1984,
decreased in 1985, and was not obsen¡ed in 1986 (Tables 6 and 7,
Fig. L2) " Snow crab biomass consumed decreased by approxirnately
482 from 1984 to 1985, while the nunbers consumed decreased
nearly 98t due to consunption of larger individuals in 1985 (Fig.
3). I{hile yellowfin sole consumed 17 bitlion age-O and age-L
snow crabs in 1984, it is dif f icult to det,emine the ef fects of
this predation upon the population since the bottom trawl surveys
do not estimate the abundance of crabs this snalI. However, when
considering the number of spawners and their fecundity, it is
likely that this predation is relatively trivial, particularly
since this predation takes place on the smaller, more abundant
life-history stages.

Tanner crab predation was highest in 1984 and decreased in
subseguent years (Tables I and 9, Fi9. 13). In 1984, âr
estinated 141 billion Tanner crabs were consumed, with a biomass
of 121000 t, which is an average weight of 0.085 g per crab. In
L985, consumption was larger in tetms of estimat,ed biomass
consumed, but the estimated nunber consumed was much smaller due
to the slightly larger size of the crab consumed. I{hile the
number of juvenile Tanner crab consumed is an order of rnagnitude
larger than the nuurber of snoer crab consumed by yellowfin sole,
it, is unlikely that this predation pressure has a very
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significant effect on the Tanner crab population. in the eastern
Aeiing Sea. St,evens and Maclntosh (1990) show.strong_recruitment
and si,ock growth of both Tanner and snow crab in the late 1980s
and suggesf, that there were several strong year classes in the
nid-fgeõs that have brought about this stock growth. In light of
these factors, the nagnitude of the yellowfin sole predation on
these crabs is probably a reflection of the large numbers of
individuals present during those years.

Table 6.--Estimated snoer crab biomass (rnetric tons) consurned by
yellowfin sole by year and strata, monfhs 5-9.
ñr¡nbers in parentheses correspond to year-stratum
co¡nbinations where number consumed could not be
calculated. Dashes (--) indicate strata where
yellowfin sole were not samPled.

Strata 1984 1.985 1986

I
2
3
4
5
6

( 1, 095. O3 )
L,3L2.25
1, 591. 38
6,595.26

0"00

LO,593.92

0.00
5,457 .35

0.00

'::'

5 r457.35

0.00
0.00
0. 00
o:90

0.00Total

Tab1e 7.--Estimated snow crab numbers (rnillions) consumed by
yellowfin sole by year and strata, months 5:9.
parentheses represent year-stratum co¡ubinations where
number consumed could not be calculated" Dashes (--)
indicat,e strata where yellowfin sole were not sanpled.

Strata 1984 1985 1986

1
2
3
4
5
6

(0)
6,906.52
L ,8O2 " 64
8, 184 " 50

0.00

16,893 .66

0.00
433.L4

0.00
o:30

0.00
0. 00
0. 00
o:30

0.00Total 433.L4
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Table 8.--Estimated Tanner crab biomass (netric tons) consuned by
yellowfin sole by year and stratun, months 5-9. Dashes
(--) indicate strata where yellowfin sole were not
sampled.

Strata 1984 1985 1986

1
2
3
4
5
6

0.00
2,822.82
2,754.28
6 r 540.06

0. oo

L2,LL7 .L6

0. 00
229.9L

0.00
13, 061.85

184.59
5,24O.95

0.00
75.05

ToÈaI L3,29L.76 5,500.59

Table 9.--Estimated Tanner crab numbers (nillions) consumed by
yellowfin sole by stratu¡n and year, nonths 5-9. Dashes
(--) indicate strata where yellowfin sole were not
sanpled.

Strata 1984 1985 1986

1
2
3
4
5
6

0.00
L35 ,67 6.94

3,475.74
1r 993.66

0. 00

141, 14 6 .34

0.00
7 66.65

0.00

',u", --|n

3 ,354.29

184.59
77 6.34

0.00
,o' 

-|,
1, 163 . 95Total

The estimated consumption of pollock by yellowfin sole was
highest in 1985, nas slightly lower in 1984, and was
substantially lower in 1986 (Tables 10 and 11, Fig. 14). The
numbers of pollock consumed declined through the 3 years of the
study; however, numbers consumed could not be calculated for all
strata in 1985r so direct comparison of numbers is difficult. It
appears that there were fewer pollock consumed in 1985 than in
1984, but the difference is not quantifiable. In 1984, yellowfin
sole consumed approxirnately 31 billion age-O pollock, which is in
the same range as the adult population for that year. Vühile this
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predation appears Èo remove a large number of juveniles fro¡n the
population, it is an order of nagnitude less than those removed
by the adult pollock population by cannibalism in 1984 as shown
in the WaIIeye Pollock section of this report.

Table 10.--Estinated walleye pollock bio¡nass (rnet,ric tons)
consumed by yellowfin soLe by year and strata, months
5-9. Numbers in parentheses correspond to year-
stratum combÍnations where nunber consumed could not
be calculated. Dashes (--) indicate strata where
yellowfin sole were not sampled.

Strata 1984 1985 1986

1
2
3
4
5
6

Total

4,275.L9
0.00

4 ,982.72
9r818.36

19.66

19, 095.93

(20 r 300.81)
0.00

385 " 37
trrtr=lt

22,O75.36

(2 , OLg .94)
7,638.86
6,OLO.25

0.00

15, 669. 05

Table 11.--Estimated walleye pollock numbers (rnillions) consumed
by yellowfin sole by year and strata, months 5-9.
Parentheses correspond to year-strata courbinations
where number consumed could not be calculated. Dashes
(--) indicate strata where yellowfin were not sampled.

Strata 1984 1985 1986

TotaI

1,738.09
0.00

8 ,686.77
20 ,236.7_3

14.65

30,676.24

(0)
702.25

3 , O29 .79

"o 
=l

4 r706.L2

(o)
0.00

1 r 568.02
0.00

t,568.02

1
2
3
4
5
6

Most of the
or years (Tables
these species was

other prey species were found in linited areas
L2 and 13). As a result,, the consurnption of
a very snall portion (<1.0*) of the population
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r¡ith the except,ion of Greenland turbot. In 1984, âD estimated
31918 t of agè-O Greenland turbot' accounting for 81.78 billion
fish, Iúere consumed by yellowfin sole (Fig. 15). Predation on
Greenland. turbot was ñot obsetr¡ed in 1985 or 1986 probably due to
Èhe decreased abundance of Greenland turbot (Bakkala and
Ifilderbuer 1990b) and the fact that the distributions of these
two species do not overlaP nuch.

Table 12.--Estinated biomass (netric tons) of miscellaneous
species consumed by yellowfin sole by year and strata,
months 5-9. Nurnbers in parentheses correspond to
year-stratum conbinatÍons where number consuned could
not be calculated using conventional methods.

Strata 1984 1985 1986

Rock sole

Greenland
turbot

BIue king
crab

Pacific cod

Arrowt,ooth
flounder

PacÍfic
halibut

1
4

2
3
4

4

0.00
1, 043 . 63

355.99
2,622 "LL

940 .67

(213 " 38)

(9 ,22O.L81

871.10

89"41

L47 .60
0.00

0.00
0. 00
0. 00

0.00

0.00

0.00

0.00

0. 00
0. 00

0.00
0. 00
0. 00

0.00

0. 00

0. 00

0. 00

3

4

Consumption of rock sole in 1984 and 1985 was relatively
small , L,O43.63 and L47.60 t estinated bionass and 23,462 and
4 iL73 nitlion individuals, respectively, likely rePresenting
trivial nortality for the rock sole population (Fig 16).
Arrowtooth flounder and Pacific halibut were also consumed in
s¡natl quant,ities in L984 (Fig. 17). Àn estinated 87L.10 t of
arrowtooth flounder were consumed, representing 1,868 ¡nillion
fish. Yellowfin sole consumed an estimated 89.4L t and
727.76 nillion Pacific halibut in 1984 as well. It is unlikeJ.y
that this predation placed any significant pressure on the stocks
of either of these species.
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Figure 15.--Biomass (netríc tons) and
Greenland turbot consumed
size, during months S to 9
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Table 13.--Estirnated numbers (rnillions) of miscellaneous species
consumed by yellowfin sole by year and strata, months
5-9. Parentheses correspond to year-strat'um
co¡nbinations where nunber consumed could not be
calculated using conventional methods.

Strata 1984 1985 1986

Rock sole

Greenland
turbot

Blue king
crab

Pacific
cod

Arrowtooth
flounder

Pacific
halibut

0.00
23 ,462.63

2,333.37
74,525.95

4 r 861.33

(35,563.43)'

(0)

L,867 .75

727.76

1
4

2
3
4

4 ,L'l3.95
0. 00

0.00
0. 00
0.00

0. 00

0.00

0.00

0.00

0.00
0.00

0. 00
0.00
0. 00

0. 00

0. 00

0.00

0. 00

4

a EsÈinate of number consumed was calculated by dividing the
estimated blue king crab biomass consumed by the average weight
of blue king crab lnegalopa lan¡ae found in yellowfin sole
stomachs (0.006 g).

Blue king crab nere consumed as megalopa larvae; therefore'
their sLze waè not measured as part of the standard analysis. As
a result, nunbers consumed could not be estimated using the
conventional method. An estinate of the nuurber consumed was
arrived at by dividing the total estimated bio¡nass consumed
(21,3.38 t) by the average weight of blue king crab megalopa
ian¡ae found-in yellowfin sole stomachs (0.006 g). Therefore, it
is estinated that approximately 36 billion blue king crab
megalopa larr¡ae were consumed by yellowfin sole ín 1984. When
calculãting the biomass and number of blue king crab consumed by
yeltowfin iole, 3L days was used in Equation (1) in the Methods
section of this report, rather than 151 days as was used for
other species, since blue king crab lalr¡ae are only in the
negalopa stage for 31 days on the average (Jensen and Armstrong
L989).- Sincè there is no estinate of the number of blue king
crab lan¡ae in the eastern Bering Sea, it is dífficult t,o
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quantify the effect yellowfin sole predation night have on the
blue king crab population. However, Jensen and Arnstrong (1989)
report blue king crab zoea larrral densities of up to 181000 per
L00 m¿ surface area in the Pribilof Island region. With densities
as high as this, it is likely that yellowfin sole predation does
not represent a significant source of mortatity for the blue king
crab population.

overall, yellowfin sole did not rely heavily upon
commercially important prey as a najor part of it dieti less than
1.0t for any given species. Despite the small percent of its
diet made up by comrnercially inportant prey, the large yellowfin
sole bio¡nass did consume a large number of co¡nnercially important
prey juveniles in its diet. lfhile these nunbers are not the most
significant factor in the fitness of these prey populations,
yellowfin sole is certainly an integral part of the Bering Sea
ecosystem.
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GREENI,AND TURBOT

by

Mei-Sun Yang

INTRODUCTION

Greenland turbot (Reinhardtius hippoqlossoides) is one of
the larger sized flatfish species in the eastern Bering Sea.
Because of decline in recruiturent, cotnmercial catch has been less
than IOrOOO t since 1986 (Bakkala and l{ilderbuer 1990). The
estimated total exploitabLe bionrass in 1989 was 375,800 t (Low
L99O), about 2.72 ót ttre total groundfish complex. Earlier
studíes on the diet of Greenland turbot (Mito L974; Smith et aI.
i"g7y; Yang and Livingston 1988) have shown that Greenland turbot
is urainly a fish feeder, and walleye pollock (Theragra
chalcogrãnrna) is the most inportant prey of Greenland turbot in
tfre eaétern Bering Sea area. Therefore, it is especially
important to study the irnpact of Greenland turbot on walleye
pollock as well as other commercially inportant prey. However,
áue to a lack of infomation of food habits data from the
continental slope area, all estimates in this study are for the
shelf portion of the population only.

GENERÀL FOOD HABITS

Diet

A t,otal of L,29L stomachs have been saurpled since L984,
44.62 (576) of which were enpty and 55.4t (715) of which
contained prey. Fish (758 by weight) was the most inportant prey
ite¡n of Greenland turbot (Table 1). I{al1eye pollock constituted
the highest proportion of the diet (30t by freguency of
occurrènce, 25t by number, and 56t by total weight). Sguid
(nainly Berryteuthis spp. ) was the second nost important. prey of
Greenland turbot (29ï by frequency of occurrence, 20t by number,
and 22* by weight of the diet). Greenland turbot aLso consumed
other commercially inportant and commercially unimportant prey.
The co¡nmercially irnportant prey included: king crab (Paralithodes
spp., legs only), snoet crab (Chionoecetes opilio), Pacific
herring (Clupea harengus pallasi), flathead sole (Hippoqlossoides
elassodon), and juvenile Greenland turbot. Some of the
commercially uninportant fish were bathylagíds, nyctophids,
zoarcids, macrourids, cyclopterids, cottids, and stichaeids. All
of these species were not important in terms of the three feeding
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Table 1.--Prey itens (expressed in percent frequency of occurrence,
numerical percentage, and percent total weight) of
Greenland turbot (Reinhardtius hippoglossoides) collected
in the eastern Bering Sea from 1984 through 1,986.

Prey Name
Freq.
occur

Total
Number weight

Gastropoda (snait)
Teuthoidea Oegopsida (squid)
Gonatidae (squid)
Gonatopsis spp. (sErid)
Gonatus spp. (sqr¡id)
Berryteuthis spp. (sçrid)
octopoda (octopus)
Crustacea
Caridea (shrimp)
Paralithodes spp. (king crabs)
Chionoecetes opilio (snow crab)
Osteichthyes Teleostei (fish)
Clupea harencrus pallasi (Pacific
Bathylagidae (deep sea smelts)
Myctophidae (lanternfish)
Stenobrachius leucopsarus

Stichaeidae (prickleback)
Lumpenus ¡naculatus (daubed shanny)
Hippoqlossoides elassodon (ftathead
Reinhardtius hinpoglossoides

(Greenland turbot)
Fishery discards
Miscellaneous and unidentified prey

(northern lanpfish)
Gadidae (gadid fish) 6.43
Theraqra chalcoqramma (walleye pollock) 30.49
Zoarcidae (eelpout) 4.76
Lvcodes diapterus (black eelpout) 0.14
Lvcodes palearis (wattled eelpout) 0.14
Macrouridae (rattail) 1.5¿
fcelus spiniger (thorny sculpin) 0.14
Dasvcottus setiqer (spinyhead sculpin) 0-.14
Hemitripterus uofini Ì¡ilnouttr scuipii¡ 6.tt
Cyclopteridae (snailfish) O.28
Aptocvclus ventricosus (srnooth lumpsucker) 0. 14
Careprqqtus cypselurus 0.14

(btackfinned red snaíIfish)

0.84
20.00

1. 40
r.82
0.84
6.15
0.14
5.59
2.66
0.14
0. 14

18.46
herring) 0.28

6.57
4.06
0. 14

0. 14
0.28

sole) 0.14
o.42

0.70
1.96

5.24
L2.78
0.98
1. 06
o.82
4 .42
0.08
8.60
3.60
0.08
0.08

10.89
0. 1,6
6.96
5.81
0.08

4.01
24.49
3.77
0.08
0. 08
0.98
0. 08
0.08
0. 08
0.16
0.08
0.08

0.08
0. 16
0. 08
0.25

0.66
2.62

o.L7
9 .48
0. 88
2.7 4
o.26
8.33
0. 61
0. 01_

0. L8
o.I7
0. 04
4.32
0.88
0.53
o .67
0. 00

3. L9
55. 81
4.02
0. 06
0. L3
1.41
0. 03
o.24
0. 0L
o.44
0. 66
0.98

0. 04
0. 05
0. 07
1.40

2.L5
0. 00

Total prey count
Total prey weight
Nunber of stomachs with food
Number of enpty stomachs

L,22L
39r 809 g

7L5
576
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indices (percent of frequency of occurrence' numerical
percentage, and percent total weight.of diet). These results
indicate-túat Gréenland turbot is prinarily a pelagic feeder that
nainly feeds on fish and squid.

Seasonal and Annual Changes in Diet

The seasonal variatÍons in the main food itens of Greenland
turbot are shown in Figfure 1. Because no winter samples were
collected, only spring, summer, and autumn samples were compared.
lûa}Ieye pollock doninated the diet of all size groups of
creenianä turbot in summer and all turbot 65 cm and greater in
spring and autr¡mn, whereas cephalopods were the predominant prey
o? Crãenland turbot less than 65 su in spring and autumn. Yang
and Livingston (1988) found the feedÍng habits of Greenland
turbot are stroñgly correlated wíth sanpling depth and fish
length. Shuntov (1970) and Mikawa (1963) reportef tle seasonal
aep€f¡ nigrations of Greenland turbot. They hlpothesized that
créenland turbot migrate into shallower waters to feed on walleye
pollock. The seasonal variationE of the walleye pollock and
ðephalopods in the diet of Greenland turbot are consistent with
this hlpothesis. In spring and autumn, juvenile walleye pollock
(age O-änd age 1) of the appropriate size for smaller sÍzed (35-
eA-cn¡ Greenland turbot vere not available in the deeper area
(>200 n). Therefore, the smaller sized Greenland turbot consumed
cephalopods and deepwater fishes, while turbot 65 cn and greater
coñsr¡meá mostly larger walleye pollock and other fish in all
seasons and all different depth areas.

The interannual variations of Greenland turbot diet are
shown in Figfure 2. With some variation, walleye pollock was the
predominant prey of Greenland turbot in every year. The
variations of tñe amount of different prey itens between 1984 and.
1985 were interrelated with sarnpling depth, season' and fish
size. In 1986, Greenland turbot consumed almost exclusively
walleye poltock and other gadids. this is because in 1986,
sanplès were only collected ln the continental shelf (<200 n)
areá in summer (Fig. 3), and the sample size (n = 71) was
relatively snall.

Sizes of Conmercially Inportant Prey Consumed

tlalleye poll.ock was the only prey consumed by Greenland
turbot thaL had an adequate number for size analysis. The size
of the walleye pollock consumed by Greenland turbot increased
dranatically with predator size (Fig. 4). The relationship is
linear with an r-squared value of 0.776. Based on the age-length
conversion table used in this study, the walleye pollock eaten by
Greenland turbot were approxinately age-O and age-l for fish less
than 50 cn long. Greenland turbot 50 cm long and greater
consuned nainly age-1 and age-2 walleye pollock but also fed on
some age-3 and age-4 walleye pollock (Fig. 5). This trend
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occurred in all 3 Years, but it
Iarge number of walleYe PoIIock
turbot.
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was more obvious in 1985 when
were consuned bY Greenland

The available size measurements of other conmercially
important prey are Pacific herring, 210 nm average standard
length (Sf,j; ilathead sole, 150 mm average SLi snow crab, 35 mn

average carapace width.

PREDATOR POPUI,ATTON CONST'UPTION OF COI'IMERCIALLY ruPORTANT PREY

Geographic Trends in Consumption

As in the Prey size analysis, walleye pollock was the only
commercially Ínþortant prey consr¡ned by Greenland turbot for
which aaequãte data existeá for detailed consumption analysis.
Figure 3 shows the percent by weight of walleye pollock consumed
by Greenland turbot at different locations (sarnpled in nonths 5

tã g) fron Lg84 to 1986. In all years, most walleye pollock were
consu¡ned in the outer shelf area, especíally northwest of the
Pribilof Islands. In those areas, walleye pollock usually
constituted at least 50t of the diet by weight.

No specific aeographic trends were analyzed in other
commerciatty important prey because of the inadequate data of
these prey. However, iñ sr¡nner 1985, king crab (P?ralithodes
spp.) fegs were consumed in stratr¡m 5 (see Fig. l it.the Methods
sèêtion ét ttris report) and snos crab were consumed in stratum 6,
and Pacific herring were consumed in stratum 6. fn June 1986,
flathead sole were consr¡med in stratum 5.

Total Consunption Parameters

The input parameters used to estimate the biomass of a
particular þrey- iten consr¡med by a predator was described in the
Methods secLioñ of this report. The estir¡ated biomass (based on
the bottom trawl surívey conducted by the Resource Assessment and
Conser¡¡ation Engineering Divísion of the Alaska Fisheries Science
Center, National Marine Fisheries Senrice) of Greenland turbot in
the eastern Bering Sea shelf area decreased dramatically from
1984 (17r5OO t) to 1986 (51600 t) (Table 2). The ¡nid-sized group
(30-4d cn) of Greenland turbot constituted the greatest portion
óf turbot biomass in 1984 (61t), whereas the larger size group
()50 cn) contributed the greatest portion of biomass in both 1-985
(SS*l and 1986 (82t). The biomass of the young recrrrits (<30 cn)
Iras low (<3t of each of those 3 years) . In ter:ms of the biomass
in each stratum, it appears that stratt¡m 6 constituted the
largest portion (>86t) of Greenland turþot biomass for every size
group in every year (except fish <30 cm in 1936 (36*) ).



131

Table 2.--Biomass (by fish size, stratum, and year) of GreenLand
turbot in the eastern Bering Sea from 1984 through
1986 (data based on the bottom trawl survey of the
Àlaska Fisheries Science Center, NMFS).

Biornass fmetric tonsl
Fish size Stratum 1984 1985 L986

<30 cm

30-49 cm

>50 cm

Total

1
2
3
4
5
6

Subtotal

1
2
3
4
5
6

Subtotal

1
2
3
4
5
6

Subtotal

0
0
0
0
4

L24

L28

0
0
7

885
602

9,L7O

LO ,664

0
0
4

493
360

5r860

6,7L7

L7,5O9

0
0
1
I
0

169

178

0
0

25
319

0
2,893

3,237

0
0
4

53
513

3,547

4,LL7

7 ,532

0
0
0

47
0

27

74

0
0
o

43
0

880

923

0
0

184
0

L04
4,299

4,597

5r584
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The percentages by weight of walleye pollock-in the diet of
Greenland turbot áre l-isted- in Ta le 3. Dfost walleye pollock
were consumed in stratr¡m 6 ín all years. The percentage bY
wãight of walleye pollock in the d-iet of Greenland turbot in
strãtr¡n e generãll| increased from 1984 to 1986 for all sLze
groups of Greenland turþot.

Other commercially inportant prey usually did not constítute
large proportions of the diet of Greenland turbot (Table 4). 

-

Ësó, ttrJ occurrence of these prey were not consistent. Pacific
nãrrittg, Paralithodes sPp. legs, ãnd s1ow crab each constituted
Iess tñän St of tfre sto¡nach content weight of Greenland turbot.
Flathead sole constituted a hlgh percent of the sto¡nach content
weight because only one station was sanpled in that area.
itt"-a"ity rations of different size Greenland turbot estinat,ed
usíng thê parameters described in the l{ethods section of this
report were as follows:

Fish size lcuì
<30

30-49
¿50

DaiIY ration
lFraction body weíqht dailv)

0.011
0.013
0.005

Total ConstrmPtion Estimates

The total biomass of the conmercially ínportant prey
consr¡med by Greenland turbot population nere estimated by using
Equation (1) in the Methods section of this report and the
párarneterå liven above. Co nption of king crab IgSs r¡as not
èonsiderea ln the total cons t,ion estimates since it probably
does not contribute directly to mortality of king crab. The
total numberE of prey consuued were also catculated using prey
size information in strata where it was available.

Ì{alleye pollock was the uain coumercially inportant prey
species coñsunea by Greenland turbot. Other co¡nmercially
inportant prey (Pacífic herring, snow crabs, and flathead sole)
co-nstituteã oñly small portions of the diet and were not consumed
in all years.

lilalleve Pollock as Prev

The eEtinated total biomaEseE of walleye pollock consumed by
Greenland turbot from 1984 to 1986 were 61989, 5r3L2, and
3,862 t, respectively (Table 5). In 1984' 89* by weíght
(6,L92 El of the poltock consumed by Greenland turbot were age-o
ànd age-i fishes. Because no total biomass estimates of ag9-0
and a!e-l pollock are available, the inpact of the consumption of
age-O and áge-l pollock to the pollock population is not known.
Gieenland turbot also consuned 792 E of age-2, -3, and -4 pollock
on the Bering Sea shelf. This consunption is about 0.02t of the
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Table 3.--Mean percent by weíght and standard error (?W + S.E.) of
walleye pollock in the diet of Greenland turbot by
predator- size, stratum, and year in the eastern Bering
sea (sampled in nonths 5 to 9). (-) = no samples taken.

*w t s. E.
Pred " síze Stratum 1984 1985 1 986

(30 cm
4 (-) o 44.5 + 44-5
s (-) (-) (-)
6 (-) 19.0 + 11.3 74.8 + 24.9

30-49 cm
4 (-) e3.o + 6.s (-)
so0(-)
6 33.3 + 2L.O 55.3 + 9.4 51.0 + 15.0

>50 c¡n.
4 o 89.6 + 0.0* (-)
5 1.6 ! 1.6 45.0 !26.1 0

6 20.3 + L2.5 47 .O + 8.6 88.2 + 7 .8

* only one station sarnpled.
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Table 4.--Mean percent by weight and standard error (8W + S.E.) of
niscellaneous connercial prey consumed by Greenland
turbot (sanpled in months 5-9) by prey itern, predator
size group, Year, and stratum.

Prey Pred. size (cn) Year Stratum *w + s.E.

Pacific
herring

Paralithodes
(legs only)

Flathead
sole

Chíonoecetes
opilio

¿s0

SPP.
¿50

>50

¿50

1985

1985

1986

1985

5

3.85 + 3.85

3.64 + 3.64

98.04 + 0.00*

I.24 + L.24

* only one station was sampled.
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Table 5.--Estimated biomass of walleye pollock consuned by
Greenland turbot in the eastern Bering Sea (by predator
size, stratum, and year). (-) = no samples taken.

Bí omass, lmetri c tonsì
Pred. size Stratum 1984 1985 l-986

<30 cm

30-49 cm

>50 cm

Total

4
5
6

Subtotal

4
5
6

Subtotal

4
5
6

Subtotal

(-)
(-)
(-)

(-)

(-)
0

6,073

6,073

0
(s) *

911

9L6

6,989

0
(-)
54

54

590
(-)

3r180

3 r77O

36
L77

L,275

1r488

5,3L2

35
(-)
34

69

(-)
(-)

893

893

(-)
0

2,9OO

2,9OO

3,862

* Values in the parentheses are
consumption of walleye pollock

biomass estimated
with no prey size

from
information.
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estinated bionass of the same age groups of pollock from cohort
analysis (Wespestad, Bakkala, and Dawson 1990).

In 1985, about 52t by weíght (2'737 t) of the pollock
consumed by èreenland turÈot t¡ere age-O and age-l fishes. The
rest, 48t by weight (21576 E), of the pollock consumed by
Greenland turbot-were age-2, -31 -4, -5, and -6 fishes. This
consr.rnption is about O " O4t of the estimated bionass of the same
age gróups of pollock from cohort analysis.

In 1986, only 25t by weight (918 t) of the pollock consumed
by Greenland turbót ltere age-O a rd age-l fishes. Seventy-five
pércent by weight (2,881 t) of pollock consuned by Greenland
Lurbot wele agé-Zt -3, -4, and -5 fishes. This is about O"05* of
the pollock biomass of the same age groups estimated in 1986
using cohort analysis.

The decline of the consunption of walleye pollock from 1984
to 1986 was consistent with the decline in Greenland turbot
biomass (Table 2). The nu¡nbers of walleye pollock consumed by
Greenland turbot also indicate a declining trend from 1984
(414 nillion) to 1986 (65 nillion) (Table 6).

The estimated biomass and nr¡nbers of walleye pollock
(by lO-nn size categories) consumed by Greenland turbot were
étrówn in Figure 6. Greenland turbot with sLze range 30 to 49 cm

had the greatest iropact on the consumption of walleye pollock.
They consuned a large amount of walleye pollock between 100 and
230 nn long. The largest size group (à50 cn) of Greenland turbot
consumed the larger sized (150-450 nrn) walleye pollock, and the
smallest size group (<30 cn) consuned the snallest sized
(<100 nn) wallèye pollock. Also, the largest size group consumed
more biomass but fewer numbers of walleye pollock, and the
smallest size group consumed less biomass but higher numbers of
walleye pollock. From 1984 to 1986 the annual consunption of
walteye pollock by the nid-sized group (30-49 cn) decreased from
6,073 t Lo 893 t and the consunption by the largest size group
liSO cn¡ increased from 916 t Eo 2,900 t. The decrease in
riáffeye pollock consunption by the nid-sized group ís probable
due tó the reduction of recruitnent of Greenland turbot into that
group. Though the bionass of walleye pollock (nainly <100 nn)
õonsr¡med by Greenland turbot less than 30 cm ¡ras low (54 E' 1985;
69 t, 1996), the estimated nunbers consumed were relatively high
(32 nitlion and 25 nillion, respectively).

Other Comnercially frnportant Prev

The estimated biomass and nunbers of the miscellaneous
conmercial prey are listed in Table 7. The bio¡nass of Pacific
herring consuned by Greenland turbot was 104 t in 1985. It is
about ó.02t of the total biomass of Pacific herring estinated
from cohort analysis (V. G. l{espestad, Fishery Biologist, Alaska
Fisheries Science Center, 7600 Sand Point l{ay N.8., Seattle, WA

98115-OO7O. Pers. cotr¡mun., November 1990). The average size of
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Table 6.--Estimated numbers (nillions) of walleye pollock consumed
by Greenland turbot in the eastern Bering Sea (by
predator size, stratum, and year). (-) = ¡to samples
taken.

Numbers frnillionsì
Pred. size Stratum 1984 1985 198 6

<30 cm

30-49 cm

>50 cm

Total

4
5
6

Subtotal

4
5
6

Subtotal

4
5
6

Subtotal

(-)
(-)
(-)

(-)

(-)
(-)

407

407

(-)
(-) *
7

7

4L4

(-)
(-)
32

32

27
(-)

LO7

134

17
(-)
I

25

(-)
(-)
2L

2L

(-)
(-)
l_9

19

65

1
0.4

5

6.4

L72.4

* No prey size infomation was available to calculate number
consu¡ned,



138

198¡l (months 5'9)

Stonq lñl.lc læl

o

1985 (month! 5-9,

8l@u (Er,rc toNt

0 60 fþ t5o 2cft 250 30o cto .0o ¿60

Yljrq. od(rci arÉrd larEr¡ lml

19Eo (nonlht 5-91

aþru(ñrtcNl

tgE¿l (month! 5-9,

N@o? (df16!l

o

19€6 (montht 5'9,

N@g (ñllllon!l

0ô0

Pr€dator !lze 9toup

I€Ocm VOO.¿eon¡ E:¡Ocm

6.--Estluated bionass and
consr.¡¡ed bY Greenland
Sea bY Year' 1984-86

nu¡bers of walleYe Pollock
Èurbot fn the eastern Bering

(¡oonths 5 to 9).

60 m rôo 2oo 25(t 30o c5 ¡@ .5O

Ëldøffi at@rdl.ætñ(ml

too r5o 2oo 2!o 300 350 ¡00 ¡t0
Ëlm Odrod lla@ro l-clñ lñl

60 loo 150 2oo 2f¡ 300 350 ¡dt 
'óo

Ml6 odþc¡ alaErd lañllà lml

ôo æo r50 2(þ 2to cæ 3to .æ .óo
r¡r.y. odþct atñ¡É l.ñclñ (ml

rco rao 2oo 23(, 3cð 35o r0O ¡50
hrhi dþc¡ alaõto lanol^ lÑ{

Figure



r39

Tab1e 7.--Estimated biomass and numbers of miscellaneous commercial
prey consumed by Greenland turbot (sampled in months 5-9)
by prey item, predat,or size group, year, and stratum.

Prey
Pred.
size (cm) Year Stratum

Biomass Numbers
(netric tons) (millions)

Pacific
herring >50

Flathead
sole ¿50

Chionoecetes
opilio >50

1985

1986

1985

5

LOA.4

78.O

33.8

0.812

1.58L

1. 396
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the Pacific herring consr¡med was 210 qrt SL and approximately age-
4 in the central Bering Sea area.

Greenland turbot also consumed about 1.4 nillion snow crab
in the straÈum 6 area in 1985. The biomass consr¡med was about
34 tt it was about O.Ost of the total snow crab bionass in the
northern district (strata 5 and 6) in 1985.

fn 1986, Greenland turbot consumed an estimated 78 t of
flathead sole, which is about 0"028 of the total flathead sole
biomass (based on bottom trawl su¡ívey data, I{alters and
I{iLderbuer 1990). Since size conpositions of the flathead sole
were not available fron the surrrey, no impact of Greenland turbot
on the different size groups of flathead sole was analyzed.
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ARROWTOOTH FLOITNDER

by

Mei-Sun Yang

TNTRODUCÎION

Arrowtooth fLounder (Atheresthes stomias) is one of the
Iarger sized flatfish species in the eastern Bering Sea. Though
the annual catch has been less than 101000 t since 1983, the
relat,ive abundance of arrowtooth flpunder has increased
substantialty in the eastern Bering Sea area (Bakkala and
Wilderbuer 1990). The total exploitable bionass of arrowtooth
fLounder for the eastern Bering Sea and ÀIeutian Islands area in
1990 was 590,400 t (Sanple and Wilderbuer L990). It, is about 4?
of the total groundfish complex. Ear1y study on the diet of
arrowtooth flounder in the eastern Bering Sea (Yang and
Livingston 1986) showed that arrowtooth flounder feeds in the
water column and preys rnainly on walleye pollock (Theragra
chalcogramrna) . Therefore, it is especialJ.y inportant to study
the impact of arrowtooth flounder on walleye pollock as well as
other commercially irnportanÈ prey. However, due to lack of
information of food habits data from the continental slope area,
aII estimates in this study are for the shelf portion of the
populaÈion only.

Since the diets of arrowtooth flounder and its congeneric
species, Kamchatka flounder (À'. evermanni), are very sinilar
(Yang and Livingston 1986), stomach contents data of both species
were lunped together in this study.

GENERAL FOOD HÀBITS

Diet

A total of 31608 stomachs were sanpled, of which 39.62
(L,427) were enpty and 60.4t (2,181) contained food. Fish was
the nain food of arrowtooth flounder. I{alleye pollock
constituted the highest proportion of the diet, 3zZ by frequency
of occurrence and 56t by total weight (Table 1). Other
commercially important species consumed by arrowt,ooth flounder
were Pacific herring (Clupea harengus eallasi), arrowtooth
flounder, flathead sole (Hippocrlossoides elassodon), and Tanner
or snow crabs (Chionoecetes spp. ) . These species constituted
only a small portion of the diet. Arrowtooth flounder also
consurned s¡nall portíons of noncommerciaLly irnportant fish
(zoarcids, stichaeids, and macrourids). InportanÈ invertebrate
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Table 1.--prey itens (expressed in percent frequency oF occurrence,
numerical percentage, and percent total weight) of
arrowtooth- floundei (Atherèsthes stomias) collected in
the eastern Bering Sea from 1984 through 1986.

Prey Name*
Freq.
occur

TotaI
Number weight

Polychaeta (wonn)
Bivalvia (clan)
Cephalopoda (squid and octopus)
Crustacea
Peracarida l,tysidacea (nYsíd)
Anphipoda (anphiPod)
Euphausiacea (euPhausiid)
Decapoda (shrinp and crab)
Caridea (shrimp)
Hippolytidae (shrinP)
Pandalidae (shrinP)
Crangonidae (shrínP)
Paguridae (hetmit crabs)
Chionoecetes spp. (Tanner and snow crab)
chionoecetes bairdi (Tanner crab)
Osteichthyes Teleostei (fish)
Clupea haienc¡us pallasi (Pacific herring)
osmeridae (snelts)
Gadidae (gadid fish)
Theragra chalcocrranma (walleye pollock)
Zoarcidae (eelpout)
Bothrocara brunneum (twoline eelpout)
Lvcodes spp. (eelpout)
Lvcodes brevipes (shortfin eelpout)
Lycodes diapterus (black eelpout)
Lvcodes palearis (wattled eelpout)
Macrouridae (rattail)
Scorpaenifomes Cottoideí (fish)
Agonidae (poacher)
Stichaeidae (prickleback)
Ammodvtes hexapterus (Pacific sandlance)
Pleuronectidae ( flatfish)
Atheresthes stomias (arrowtooth flounder)
Hippocrlossoides elassodon (flathead sole)
Fishery discardE
MiscellaneouE and unidentified prey

Total prey count
Total prey weight
Nunber of stomachs with food
Nunber of enptY stomachs

L.24
o "64
2.80
0. 64
2 "20
4"08

18.84
1. 15
2 "250.69
7.L5

11.69
0.50
0.09
0.05

28 "84
o.37
0.05
3.35

31.55
1.38
0"05
2 "20o.23
0. 14
0. 05
0"32
0"60
o.23
0.87
0.09
0.37
0.18
0.14
0.96
2.34

0"19
0. 17
0.39
o.29
0.44
2.O2

79.84
0. 18
0.38
0"10
1" 15
2 "L8
0.07
0.02
0.01
4.13
0.05
0.01
0.48
6.02
o.2r
0"01
0"36
0"04
0. 02
0.01
0.05
0.09
0.03
o.L2
0. 02
0.05
0.02
0.02
0. 16
o.67

L6,327
29,7L2 çt
2,LgL
L,427

0. 02
0. 01
6. 03
0. 00
0.02
0. 03
1. 65
0. 0L
0.15
0. 03
L.64
o.37
0. 05
0. 00
0. 00

LO.7 6
3.11
0.08
4.63

56. 08
2 "87
0. 01
6.05
0.43
0. 69
0. 09
2.26
0"41
0"16
0.28
0. 03
0. 18
0.11
0. 11
1.49
0. 17

* prey name indicates highest tevel of identification possible
for that catagory.



145

prey included cephalopods, euphausiids, and shrimps. Cephalopods
constituted 6t by weight of the stomach contents. Euphausiids
constituted the highest proportion (80t) of the number of prey
consumed by arrowtooth flounder, but only constituted abouE 2>. by
weight. Pandalids and crangonids were the main shrinps in the
diet,. Based on the food described above, arrowtooth fÌounder is
mainly piscivorous and feeds prinarity in the water column.

Seasonal and Ànnual Changes in Diet

WaIIeye pollock were the doninant prey of arrowtooth
flounder in atl seasons. They constítuted more than 50t by
weight of the diet in all seasons except spring (Fig. 1). In
spring, though the percent by weight of walleye pollock was lower
than in the other seasons, the percentages of the niscellaneous
fish (nainly unidenÈifiable fish remains, probably walleye
pollock) rúere high. The nain variatÍons between seasons were
attributed to the small size (<25 cm in length) of the arrowtooth
flounder sarnpled in spring. They consumed much more euphausiids
than those in the other seasons. However, the small sample sizes
of some size groups in different seasons night also have
contributed to some of the varíations. The overall trend was
that arrowt,ooth flounder became more piscivorous as they grevt
larger, and they ate more zooplankton in spring and summer than
in autumn and winter. In winter, arrowtooth flounder (especially
fish >45 cn) at,e mostly fish.

The annual diet compositions of arrowtooth flounder were
very sinilar for fish 25 cm or greater in length (Fig. 2l . About
75å by weight of the diet were walleye pollock and miscellaneous
fÍsh for arrowtooth flounder in every year. Cephalopods,
euphausiids, decapods, and niscellaneous crustaceans constituted
the remaining 25t of the diet. For the smallest, size group
(<25 cm), Iittle difference in the diets between 1985 and l-986
were foundi about 50t of the diets rrere walleye pollock and
miscellaneoua fish, and 50t were euphausiids and decapods.
However, in 1984, approxirnately 75t of the diet was euphausiids
and decapods, and only 25t was walleye pollock and miscellaneous
físh. overall, the annual variaÈions of the diet of arrowtooth
flounder were small and, like the seasonal variations, lrere
nainly related to the size of the predator.

Sizes of Commercially Important, Prey Consumed

The size of walleye pollock consuned by arrowtooth flounder
increased with increasing predator size (Fig. 3). The
relationship appears linear with an r-squared value equal to
0.304. Figure 4 shows that snaller size (<40 cn) arrowtooth
flounder consumed nostly age-O and age-l walleye pollock (<190
uun) while the larger size (>40 cn) fish consu¡ned mostly age-l and
age-2 walleye pollock (1-OO-27O run).
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Though arrowtooth flounder also consumed some other
co¡nmerciaffy inportant prey, their numbers ltere not adeguate for
detailed anãIysis. Some of the available length measurements are
as follows: Pacific herring, 280 nn average standard length (SL);
arrowtooth flounder, 150 nn average SL; and flathead sole with a
range between 40 and 160 nn St.

PREDATOR POPUI,ATION CONST'MPTION OF COMMERCIALLY IMPORTA}IT PREY

Geographic Trends in Consumption

Walleye pollock ttere consr¡med by arrowtooth flounder at
different locàtions from 1984 to 1986--nainly in the outer shelf
area (1OO-200 n) (Fig. 5) " In most stations, walleye pollock
constituted more than 50t of the diet by weÍght. Sone earlj.er
studies (Gotshall L969; Snith et al. 1978; Yang and Livingston
1996) show that arrowtooth flounder is an opPortunistic feeder
(they feed on the ¡nost abundant prey). Therefore' tÞe high
percentages of walleye pollock in the diet seen in Figure 5 are
þrobably due to the overlap of the distributions of walleye
pollock prey and predatory arrowtooth flounder.

Total Consr:mption Parameters

Tab1e 2 lists the estimated biomass (data based on the
botton trawl surívey conducted by the Resource Àssessment and
Consel¡¡ation Enginèering Division of the Alaska Fisheries Science
Center, National Marine Fisheries Senrice) of arrowtooth flounder
from 1984 to 1986. The total biomass in 1986 (232,090 t) was the
highest among those 3 years, followed by L87,62L t in 1984 and
L6tt572 t in 1985. The 20-39 cm size group constituted the
highest proportion of biouass in 1984 and 1985i however, the
laigest, portion of biomass in 1986 was contributed by fish 40 cm
or greater in length. Fish s¡naller than 20 sm constituted the
smallest proportion of the bio¡nass in all 3 years. In terns of
the biomass in different strata, in general, strata 3, 5, and 6

constituted higher proportions of biomass in every year
(Table 2).

It seems that arrowtooth flounder consumed higher
percentages of wal"leye pollock in strata 3 and 4 (where the
botton depth is between 50 and 100 n) than in other strat'a
(Table 3). However, the variations were high both interannually
and between different strata.

Other commercially inportant prey usually do not constitute
large proport,ions of the diet of arrowtooth flounder (Table 4).
The occurrence of these prey were not consistent either. Pacífic
herring and flathead sole each constituted less than 10t of the
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Flgure 5.--ceographic variations of rralleye pollock consuned byarrortooth flounder in the eastern Bering Sea by y.år,
1994-96 (uonths 5 to 91.
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Table 2.--Biomass (by fish size, stratum, and year) of
flounder in the eastern Bering Sea from 1984
1986 (data based on the botton trawl sun¡ey
Alaska Fisheries Science center, NI{FS).

arrowtooth
through

of the

Size (cn) Stratum
Biomass lmetric tons)

1985 19861984

<20

Subtotal

Subtotal

Subtotal

TotaI

1
2
3
4
5
6

0
0

399
558
252
514

L,723

44
0

30r303
5,2O5

49,L73
3L,798

LL6 1523

L7
0

11, 598
29

26,942
30 1789

69 1375

L87,62L

30
0

199
54

224
463

970

608
0

29 r85O
8,O2O

32,2O9
32 ,4O7

103,094

109
0

8 ,499
2,266

23 o38O
25,254

59 r 508

L63,572

36
0

L,L97
588
946
577

3,344

254
0

18 r 056
1, 953

46,L43
22 t2L8

88 ,624

0
0

L7,702
1, 046

46,563
74,BLL

LAO tI22

232,O9O

20-39 1
2
3
4
5
6

>40 1
2
3
4
5
6
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Table 3.--Mean percent by weight and standard error (8W + S.E. ) of
walleye pollock in the diet of arrowtooth flounder by
predaÈor- size, stratum, and year in the eastern Bering
sea (sarnpled in nonths 5 to 9). (-) = no samples taken.

*w ts. E.
Pred. size Stratum 1984 1985 l_986

<20 cm
1 (-) (-) 0

2 (-t (-) (-)
3 O 7L.5 ! 28.6 0

4 O 26.2 ! 15.2 60.8 + 0. 6
5 0 9.9 + 0.0rk 0

6 26.L + 26.L 2I.9 + 2I.9 13 .4 + 13 . 4

20-39 cm
1 (-) (-) 45-e + 0.0*
2 (-') (-) (-)

. 3 50.3!16.1 32.O +L8.3 37.O+r4.7
4 58.9 + 22.8 63.9 ! 13 .5 85. 0 + L.9
5 39.8 + 16.0 7.9 ! 4.2 19-3 + 8.4
6 3L.7 I 12.0 35.7 + 7 -2 40.8 + 9.8

>40 cm
1 (-) (-) (-)
2 (-) (-) (-)
3 57.0 + 23.4 50.0 + 28.9 41.3 + 14.0
4 (-) 45.6 ! L7 .2 49 -9 + 4e .e
5 48.1 ! 16.6 L2.2 + L2.2 3L.6 ! 10.2
6 37 .O + L2.7 50.5 ! 9.3 62.L + 9. 3

* only one station was sanpled"
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Table 4.--Mean percent by weight and standard error (åW + S.E.) of
miscellaneous commercial prey consumed by arrowÈooth
flounder (sarnpled in nonths 5-9) by prey item, predator
size grouP, Year, and stratum.

Prey Pred. size (cn) Year Stratum 8w + s.E.

Pacific
herring

Arrowtooth
flounder

Flathead
sole

Chionoecetes
bairdi

>40

20-39
¿40

20-39

1986
1986

1985
1984
1986

L984
1984
1986

1984

7.75
4.78

0. 01
20.00
o.L2

9.23
9. 08
o.2L

7.75
4.78

0. 01
20.00
o.L2

9.23
9.08
o.2L

<20
¿40

3
5

6
3
5

5
6
5

+
+

+
+
+

+
+
+

0.0r. t 0.01
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stomach contenÈ weight of arrowtooth flounder. Cannibalism
(eating their young) among arrowtooth flounder occurred nainly in
1984 at stratr¡m 3 for fish 40 cn or greater in length.

Daily rations (fractions of body weight daily) of different-
sized arrowtooth flounder estimated using the paraneters
described in the Methods section of this report were as follows:

Daily ration
ffraction bodv weioht daitvì

0.009
0.009
0. 007

Total Consunption Estimates

The total bionass of conmercially inportant prey consumed by
the arrowtooth flounder population were estimated by using
Equation (1) ln the lrlethods section of this report and parameters
given above. The total nr¡mbers of each prey consumed were also
calculated when prey size information waE available.

Walleve PoIIock as Prey

The esti¡nated biomass of walleye potlock consumed by
arrowtooth flounder in 1986 was the highest (1101893 t) anong the
3 years, followed by 991383 t in 1984 and 621409 t in 1985
(Table 5). fn 1984, 79* by weight (78,436 t) of the pollock
consumed by arrowtooth flounder were age-O and age-l fishes.
Since no total biomaEs estimates of age-O and age-1 pollock are
available, the inpact of the consunptlon of age-O and age-l fish
to the pollock population iE not known. Arrowtooth flounder also
consumed 2Or947 t of age-2 and age-3 pollock on the Bering Sea
shelf. this consumption ís about 0.79t of the estimated biomass
of the same age groups of pollock from cohort analysis (I{espestad
et aI. 1990).

fn 1985, 94* by weight (58,841 out of 62,409) of the pollock
consumed by arrowtooth flounder were measurable (i.e., these were
the pollock with prey Eize infomation; Table 5). Within this
group, 82\ by weight (48r337 t) of the pollock consumed were
age-O and age-l fishes. The rest, 18t by weight (tOrsO4 t) of
pollock consumed, were age-2 fiEhes. This consumption is about
1.94t of the estinated bionass of age-Z pollock fron cohort
analysis.

In 1986, 83t by weight (921136 t) of the pollock consumed by
arrowtooth flounder were age-O and age-l fishes. The rest, I L7z
by weight (L8r757 t) of pollock consumed by arrowtooth flounder,
nere age-2 fishes. This is about L.2S* of the age-2 pollock
biomass estimated in 1986 using cohort analysis.
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Table 5.--Estimated biomass (netric tons)
consumed bY arrowtooth flounder
Sea (bY Predator size, stratum,
samples taken.

of walleye pollock
ln the eastern Bering
and Year). (-) = no

Pred. sj-ze Stratt¡m 1984
Biomass ûnetric tons)

1985 l-986

<20 cm

20-39 cm

>40 cm

TotaI

1
2
3
4
5
6

Subtotal

Subtotal

1
2
3
4
5
6

Subtotal

(-)
(-)

0
0
0

(1as¡ *

( les¡ *

(-)
(-)

20 r968
4,22L

26,938
13,891

66 r 018

(-)
(-)

7, 081
(-)

13 r 890
L2,2O9

33 r 180

99 r 383

(-)
(-)

196
(20¡ *
(3r¡ *
139

386

(-)
(-)

13, 135
7,060

(3,SrZ¡ *
15,935

39 ,647

(-)
(-)

4,55L
1r108
3,O52

13 r 665

22,376

62 ,4O9

0
(-)

0
492

0
106

598

160
(-)

9,2OO
2,287

L2,258
L2 ,484

36,389

(-)
(-)

7 ,838
559

L5,736
49,773

73,906

110 r 893

1
2
3
4
5
6

¡t Values in parentheses are bionass
walleye pollock with no PreY size

esti¡nated fron consumPtion of
information.
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Although the total bionass of walleye pollock consurned by
arrowtooth flounder in 1985 was low, the estimated total number
consurned (2O.6 billion) was relatively high, compared with 1,984
(4.6 biflion, Table 6). The highest number of pollock were
consumed (22.8 billion) in 1986. Ftuctuations in biomass of
walleye pollock consumed hrere mainly deternined by fluctuations
in the biomass of different size groups of arrowtooth flounder
across years and not by the percentage of walleye pollock in the
diet or the daiLy ration of arrowtooth flounder.

The estimated number and biomass of walleye pollock (by
10 ¡n¡u size categories) consumed by arrowtooth flounder are shown
in Figure 6. The two larger size groups (20-39 cm and >40 cn) of
arrowtooth flounder consumed the main proportion of the walleye
pollock biomass, whereas the smallest size group (<20 cn)
consumed very small amounts in tems of biomass. The iurpact of
arrowtooth flounder on walleye pollock numbers was rnainly caused
by the predation of arrowtooth flounder less than 40 cm long. In
L984, the largest nunber of walleye pollock consumed by
arrowtooth flounder ranged between 80 and 150 rnm in length.
These walleye pollock also constituÈed the largest proportion of
the bio¡nass consumed by arrowtooth flounder. fn 1985, walleye
pollock less than 50 mrn long (age-O) constituted the largest
proportion of both biomass and number of walleye pollock consumed
by arrowtooth flounder 20-39 cm long. The situat,ion in 1986 was
dífferent. A large number of small (<50 nn or age-O) walleye
pollock were consumed by arrowtooth flounder less than 20 cm
longi hovtever, they constituted only a small amount of the total
biomass consumed. Instead, walleye pollock between 150 and 200
mm constituted the largest proportion of biomass consumed by
arrowtooth flounder.

Other Cornmerciallv Inportant Prey

Estinated bio¡nass and nu¡nbers of the miscellaneous
commercial prey consumed by arrowtooth flounder are listed in
TabLe 7. The bionass of Pacific herring consumed by arrowtooth
flounder was abouE 4,000 t in 1986. It was about L* of the total
Pacific herring biomass in the eastern Bering Sea, according to
V. c. Wespestad (Fishery Biologist, Alaska Fisheries Science
Center, 7600 Sand Point l{ay N.8., Seattle, WÀ 9811.5-0070. Pers.
conmun., November 1990). The average size of the Pacific herring
consumed was 280 nrn SL--approximately 8-year-old fish. According
to l{espestad t ãge classes 7, 8, and 9 were the predominant age
groups in 1986; they const,iÈuted two-thirds of the total bionass
in that year. The locations (strata 3 and 5) of the Pacific
herring consumed by arrowtooth flounder indicate that these
Pacific herring probably belong to the stock in the Togiak area.

About 2,5OO t of small (S15 cn) arrowtooth flounder rùere
consumed by large (>40 cn) arrowtooth flounder in the stratum 3
area in 1984. This figure is greater than the biomass (399 t) of
arrowtooth flounder less than 20 cm estimated from the trawl
survey data. It is possible that the biomass of snall arrowtooth
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Table 6.--Estimated numbers of walleye pollock consumed by
arrorttooth flounder in the eastern Bering Sea (by
predator size, stratum, and year). (-) = no samples
taken.

Numbers fmillions)
Pred. size Stratum 1984 1985 1986

<20 cm

20-39 cm

>40 cm

Total

1
2
3
4
5
6

Subtotal

1
2
3
4
5
6

Subtotal

I
2
3
4
5
6

Subtotal

(-)
(-)

L1823
L73

L,4L4
790

4,2OO

(-)
(-)
44
(-)

220
L82

446

4 ,646

(-)
(-)
0
0
0

(-) *

(-)

(-)
(-)

249
(-) *
(-) *
95

344

(-)
(-)

L6 ,697
762

(-) *
76L

L8,32O

(-)
(-)

632
7L

949
272

Lr924

20 r 588

0
(-)

0
18 r 856

0
185

19,o4I

20
(-)

489
274
766
569

2,LLg

(-)
(-)

180
42

354
L,030

Lr606

22 ,7 65

* No prey size information was available to calculate number
consumed.
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Table 7.--Estirnat,ed biomass (netric tons) and numbers (rnillions) of
miscellaneous commercial prey consumed by arrowtooth
flounder (sarnpled in nonths 5-9) by prey item, predator
size group, Year' and stratum.

Prey
Pred.
size (cn)

Biomass Nunbers
Year Stratu¡n (rnetric tons) (nillions)

Pacific
herring

Àrrontooth
flounder

¿40

20-39
¿40

Flathead
sole <20

>40

Chionoecetes
bairdi 20-39

1986
1986

1985
1984
1986

1984
1984
1986

1984

3
5

6
3
5

5
6
5

(L, ¿to) t
2,382

(2)
2 ,484

(62',l.

32
2,996

104

( 120)

(-)
7.2

(-)
46.4
(-)

38.0
49.5
36"1

(-)

* Parentheses indÍcate
available to convert

prey size infor¡ration was not
nunbers consumed.

strata where
biomass into
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flounder was underestinated by the trawl survey because of mesh
selectivity or other reasons.

Arrowtooth flounder consuned an estimated 3,O28 t of
flathead sole (with size range 40-160 nn SL) in 1984. It is
about, O.9t of the total flathead sole biomass based on the survey
data (I{alters and Wilderbuer 1990). Arrowtooth flounder also
consumed 104 t of flathead sole in 1986 (about 0.03* of the total
biornass) . Because size cornpositions of the fLathead sole
consumed by arrowÈooth flounder were not availabler wê do not
know the exact irnpact of arrowtooth flounder predation on
different size groups of flathead sole.

In 1984, there lúere an estimated 120 t (about o.2Z of the
sursrey biomass) of Tanner crabs (C. bairdi) consuned by
arrowtooth flounder. Size composiÈions of the Tanner crabs
consumed by arrowtooth flounder were not available. This low
biomass indicates that arrowtooth flounder have little affect on
the mortality of Tanner and snow crabs.
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FI,ATHEAD SOLE

by

Robert E. Pacunski

Flathead sore, 
"rnn"nr":.::1ouït"tti="""", 

is a smarr-sized
¡nember of the fanily Pleuronectidae and one of the rnost abundant
flatfishes in the northeast PacÍfic Ocean. ID the eastern Bering
Sea, abundance is greatest over the niddle and outer continental
shelf and along the continental slope between botto¡n depths of
100 and 250 n (Allen and Snith 1989). In 1990, flathead sole
(and the norphologically sinilar Bering flounder, Hippocrlossoides
robustus) conprised 12t of the easÈern Bering Sea flatfish
complex with an estimated biomass of 6321300 t (!{alters and,
Wilderbuer L990a). cenerally taken as incidental bycatch in
target fisheries on other groundfish species, flathead sole are
of linited conmercial importance, and no directed fishery exist,s
for the species in the eastern Bering Sea. Flathead sole are
benthopelagivores, feeding nainly on epibenthic invertebrates,
pelagic crustaceans, and denersal fishes. In the Gulf of Alaska
and eastern Bering Sea, feedÍng shifts from crustaceans to
brittlestars as predator size increases (Snith et al. L978ì
Pacunski 1990). Several conmercially irnportant fish and crab
species, including walleye pollock (Theragra chalcoqramma),
Tanner crabs (Chionoecetes bairdi), and snow crabs (C. opilio),
have been documented as prey of flathead sole in the eastern
Bering Sea (l{iÈo L974; Livingston et aI. 1986; Pacunski 1990).

GENERAL FOOD HABITS

Diet

A total of 5 r36L flathead sole stomachs have been examined
since 1984, of which 2L.4* (1r145) have been eurpty. Stomach-
content analysis of the renaining stomachs has revealed a variety
of benthic and benthopelagic organisms in the diet (Table 1).
Overall, brittlestars (fanily Ophiuridae) are the nain food in
terms of weight (37*) and are the doninant prey iterns by
frequency of occurrence (43t FO). I{alleye pollock and other fish
accounted for 30t of the diet by weight and occurred in 20* of
stomachs conÈaining food. Decapod crustaceans, nainly shrimps
(families Crangonidae and Pandalidae) and hermit crabs (farnily
Paguridae), comprísed 12t of the diet, andr âs a group, were the
second most conmon prey ite¡ns (318 FO) . Mysids and garnmarid
anphipodE were also frequently consumed as prey (29* and 248 FO,
respectively), but constituted only a small fraction of the diet
by weight (<3t). This appears to be due to the iurportance of
these small crustaceans as prey of flathead sole less than 20 cm
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Table 1. SuDmalY of the diet of flathead sole, Hippoglossoides
elassoãon, collected in the eastern Bering Sea from L984
to 1988, ín tems of percent frequency of occurrence,
percent number, and percent total weight of diet'

Prey name
Freg.
occur.

TotaI
Number weight

Polychaeta (worn)
Mollusca
Bivalve (clan)
Crustacean
Mysidacea Mysida (nYsid)
Àrnphipoda (anphipod)
Ganmarídea (anphipod)
Euphausiacea (euphausiid)
Decapoda (shrinp & crabs)
Caridea (shrinp)
Pandalidae (shrinP)
Crangonidae (shrinp)
Paguridae (hernit crab)
Chionoecetes sp.
Chionoecetes opilio (snow crab)
Chionoecetes bairdi (Tanner crab)
Chionoecetes hybrid (hybrid crab)
Echiura (rnarine worm)
Echinoder:mata (sea star, cucunber, urchin)
Ophiuroidae ophiurida (brittle star)
Osteichthyes Teleostei (fish)
Gadidae (gadid fish)
Gadus macrocephalus (Pacific cod)
Theraara chalcocrramma (walleye pollock)
Zoarcidae (eelpout)
Sebastes sp. (rockfish)
Cottidae (scutpin)
Agonidae (poacher)
Stichaeidae (prickleback)
Pleuronectidae (flatfish)
Hippocrlossoides elassodon (flathead sole)
Lepidopsetta bilineata (rock sole)
Pleuronectes cnradrituberculatuE

(Alaska plaice)
ReÍnhardtius hippoqlossoides

(Greenland turbot)
Fishery discards
Miscellaneous and unidentified prey

L7.46
o.7L
7.04

10"18
L9 .47
o.74

23 .43
8"11
2 "68
6 "265.79

L6.32
5.19
L.92
0.64
2.89
0.05
3.56
2.70

42.8L
7 "900.36
o "26
7"83
0"40
0.81
o.26
0.09
0.43
0.38
0. 02
0.19
0.02

0.02

1. 14
8.80

1.15
0.03
0. 89
L"92
6.70
0"03
4.L4
4.L9
0"15
0"51
o.47
1. 56
0.36
1. 51
0. 04
0.86
0. 00
0.78
5.92

66.68
0.34
o.02
0,01
0.52
0. 02
0. 11
0.01
0.00
0.02
0. 01
0.00
0. 01
0.00

0.00

0. 04
L.02

2.25
o. 03
2.67
0. 08
1.87
0.01,
0.87
3"49
0.16
0.66
2.98
5. 14
1.91
1. 09
0. 34
0.85
0.02
1. 40
2.47

36.69
4.46
o "57
o "37

2L.77
0. 14
L.87
0. 12
o.02
0.54
0. 19
0. 02
o.2L
0.00

0. 00

3 .62
0.91

Total prey count L39r506
Total prey weight 9,687 g
Total number of stomachs with food 4r2L6
Total nunber of enpty stomachs 1,145
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in length (Pacunski 1990). Comrnercially importanÈ fish and crabs
identified in stomach contents were walleye pollock, Pacific cod
(Gadus macrocephalus), rock sole (Lepidopsetta bilineata), Tanner
crab and snow crab. Of these, only walleye pollock made up a
significant portion of the ftathead sole diet.

Previous food habit studies confirm the benthopelagic feeding
behavior of flathead sole in the eastern Bering Sea. In order of
frequency, Mineva (1964) reported ophiuroids, shrimps, and
anphipods as the main foods of flathead sole. Mito (L974)
studied flathead sole along the continental slope and found
brittlestars and shrimps to be the dominanÈ prey items by weight.
Pacunski (L990) found brittlestars, decapods, and amphipods to be
the most co¡nmon prey itens, with brittlestars, fish (nainly
walleye pollock), and decapods as the main foods by weight.

The food habits of flathead sole are consistent with the
species morphology. Flathead sole possess a large, nearly
synrnetrical mouth, with a row of well-developed teeth in each jaw
(Àllen 1984). The stomach is medium-sized and the intestinal
Ioop is of moderate length and conplication (DeGroot I97Li AIIen
1984). These characteristics are tlpical of flatfish that feed
on benthopelagic prey (DeGroot 1971). Moiseev (1953) concluded
that a large mouth was advantageous for capturing large nobile
prey itens, and ÀIlen (1984) found that flatfish with large,
nearly synnetrical ¡nouths feed prinarily on benthic and nektonic
benthopelagic prey. Based on digestive tract morphology, Moiseev
(1953) characterized the genus Hippoglossoides as fish of mixed
feeding habits, consuming both benthic and pelagic prey.

The foraging behavior of flathead sole can be inferred from
its norphology and the types of prey consumed. The large eyes
with an upwardly directed field of vision indicates that flathead
sole are primarily visual feeders (MiIIer L97o; Àllen 1984).
This condition appears to be advantageous for detecting and
capturÍng nektobenthíc prey in the water column. Consunrption of
highly nobile prey items (e.9., fish and shrÍnp) inplies the use
of aurbush or pursuiÈ for capturing prey. The presence of
sedentary benthic organisms in the dieÈ (e.9., briÈtlestars)
suggests that flathead sole also utilize a searcher-grazer
feeding strategy. Based on sinilar food habits results, Allen
(1984) concluded that these were the prinary foraging behaviors
of flathead sole in the eastern Bering Sea.

Seasonal and Annual Changes in the Diet

To faciliÈate seasonal and annual description of the diet,
prey itens were grouped into eight najor food categories.
Seasonal variation occurred in the diet of the four predator
length groups exanined (Fig. 1). In winter, the diet of small
flathead sole (<2O cn) iras composed almost entirely of nysids and
brittlestars. Other decapods (i.e., decapods other than Tanner
and snow crabs), nysids, and niscellaneous prey were the naÍn
foods of fish in the 20-29 cm length group, while the largest
fish (¿30 cn) consumed nainly walleye pollock and miscellaneous
prey in winter.
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Mysids dominated the diet of flathead sole less then 20 cm in
spring, although other decapods were of moderate inportance. The
diet of flathead sole in the 20-29 cn length group included
brittlestars, mysids, other decapods, and fish. Fish were the
dominant prey of flathead sole 30-39 cm in length, while the diet
of large fish (¿40 cn) consisted almost exclusively of walleye
pollock and brittlestars.

The summer diet of small flathead sole (<20 cn) consisted of
mysids, other decapods, niscellaneous preyr and arnphipods.
Walleye pollock, brittlestars, snow crabs, and Tanner crabs were
the najor prey items of flathead sole 20-29 cm in length. The
diet of fish in the 30-39 cn length group was composed prirnarily
of walleye pollock and brittlestars. Large flathead sole ate
nostly brittlestars in summer but also consumed a small amount of
walleye pollock.

Other decapods were the most important prey of small flathead
sole in autunn, followed by misceLlaneous fish, miscellaneous
prey, and anphipods. Miscellaneous fish, brittlestars, and other
decapods were the nain foods of fish 20-29 cm in length. The
diet of flathead sole in the 30-39 cm length group was composed
rnainly of brittlestars, although niscellaneous fish were also of
some importance. Brittlestars were the nost inportant, prey of
Iarge flathead sole in autr¡mn, with small amounts of walleye
pollock and niscellaneous fish also being consumed.

Based on data from stomachs collected during months 5 to 9,
the basic diet of flathead sole was found to be rather similar in
aII years, although all prey types showed varying degrees of
interannual variation (Fig. 21. AnphÍpods, nysids, and shrinp
made up the najority of the diet of small flathead sole (<20 cm)
in all 3 years. Equal proportionE of these organisns were
consr¡med in 1984, with nysids being dominanÈ in 1985 and shrirnps
in 1986. Brittlestars nere of linited inportance to small fish
except in 1986. The diet of flathead sole in the 20-29 cm length
group was composed rnainly of brittlestars, other decapods, and
fish. I{alleye pollock and britt,lestars were the doninant prey
itens of flathead sole 30-39 cm in all years, wiÈh walleye
pollock consumption being greateEt in 1985. Brittlestars erere
the main food of large flathead sole in all years.

Moiseev (1953) concluded that seasonal changes in diet
composition are the result of differences in prey assemblages
encountered by the fish as they pass between feeding zones during
their spring and fall migrations. Pacunski (1990) suggested that
seasonal differences in the diet may be the result of variations
in prey distribution and abundance co¡obined with an uneven
sanpling distribution between seasons. In the present study,
sample sizes in winter, spring, and autumn were sma1l and nay not
accurately reflect the food habits of flathead sole in these
seasons, naking comparisons of the food habits between seasons
difficult. Annual changes in the diet of each size group trere
relatively linited, suggesting that prey resources ut,ilized by
flathead sole remain fairly stable over tine.

Size-related trends in prey consumption were seen both
seasonally and annually. fn aII seac¡ons and years, predation on
crustaceans was greatest by snall flathead sole, then decreased
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substantially as predator size increased. In summer and autumn,
and in all years, brittlestars increased in imporÈance with
predator size, and dominated the diet of the largest flathead
èole. The ontogenetic shift in gross feeding habits from
crustaceans to brittlestars appears to involve a transition from
an active to a more sedentary existence (Pacunski 1990); however,
the factors controlling this shift are unclear.

Sizes of Conmercially Important Prey Consumed

In general, the size range of conmercially iurportant fish and
crabs consumed by flathead sole increased with predator size
(F.ig" 3). Significant predator-prey size relationships were seen
for Pacific cod (p = 0"026) and Tanner crab (p < 0.001) but not
for walleye pollock (p = 0.068) or snow crab (p=0.254). The
r-squared values were rather low in all cases. Although the
maximum size of prey increased wiÈh predator size, smaller sized
prey !Íere also consumed, suggesting that predation of these
organisms is not prey-size selective.

The najority of walleye pollock consumed in all years were
less than or equal to 100 rnrn standard length (SL) (Fig. 4l , while
all Pacific cod consumed Ítere less than 100 mn SL (Fig. 5). The
size range of prey walleye pollock and Pacific cod indicates that
predation occurs nainly on age-O and small age-l fish. Sampled
flathead sole consumed one 40 nm SL (age-O) rock sole in 1984 and
one 70 nn SL (age-l) rock sole in 1985. Predation on Tanner and
snow crabs in all years was greatest on crabs of around 15 n¡n
carapace width (CW) or less (Figs. 6 and 7), which corresponds to
age-l and younger crabs (Adans L979, Donaldson et, aI. 1980).

Interannual dífferences in the size-frequency distribution of
prey walleye pollock were apparent (Fig. 4). À large ¡node of
age-O walleye pollock Ís seen in 1984 and then again as age-l
fish in 1985. Following the large mode of age-l fish in 1985 is
a smaller mode of age-0 fish. In 1986, age-O fish from the
previous year appear as age-l fish, followed by a small mode of
age-O fish. This pattern strongly resembles changes in walleye
pollock year-class strength reported for these years. I{espestad
et al" (1990) report a strong year class of walleye pollock
spalrned in 1984, followed by successively smaller year classes in
1985 and 1986. Although other factors may be relevant, the
available data suggest that flathead sole predation of walleye
pollock may be a function of prey year-class size.

The ernphasis on predation of age-O and small age-l. walleye
pollock and Pacific cod inplies that flathead sole cannot capture
fish beyond a certaín size. lwo of the most likely factors
controlling flathead sole predation of juvenile gadids are 1) a
liniÈed ¡nouth size relative to prey size, and 2) an increased
predator avoidance response by juveniles as a result of
development.
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PREDATOR POPUI,ATION CONST'MPTION OF COMMERCIÀLLY IMPORTANT PREY

Geographic Trends in ConsunPtion

fn 1984, walleye pollock made up a large portion of the diet
(by weight) of flathead sole collected from the southeastern
inner (<50 n depth) and niddle (51-100 n depth) continental shelf
areas, and along the 100 n isobath northwest of the Pribilof
Islands (Fig. 8). WaIIeye poltock consumption in 1985 was
greatest over the niddle and outer (101-200 n depth) shelf areas
north and northwest of the Pribilof Is1ands, although walleye
pollock also made up a large portion of the diet of fish
coll.ected at three stations in the southeastern middle shelf
area. fn 1986, walleye pollock were consuned over the middle and
inner shelf areas east of the Pribilof Islands, and over the
niddle and out,er shelf areas northwest of the Pribilofs. The
locations of walleye pollock consunpÈion in 1984 and 1985 appear
to correspond to areas of relatively high age-O walleye pollock
densities as deter¡rined by hydroacoustic sun¡eys (Ylalters et aI.
1988), although in both years walleye pollock nade up a
significanÈ portion of the diet of some flathead sole collected
in areas of low poltock density. À sinilar comparison could not
be nade for 1986 since no hydroacoustic data were available.

fn 1984, consumption of Pacific cod was centered prinarily
around the 50 n isobath in the southeastern part of the
continental shelf in the inner and niddle shelf areas, but also
occurred at one location due west of St,. George Island near the
200 m isobath (Fig. 9). In 1985, Pacific cod were only consurned
aÈ one station northwest of St. Paul fsland over the ¡niddle shelf
area (Iat. 58o20'N, Iong. 171o01'w), but made up less than lt of
the diet of flathead sole collected at this location. À single
occurrence of rock sole predation was obse¡n¡ed near the 50 n
isobath in 1984 at 57o35,N lat. L62o24'W long., and in 1985 at
57o4OrN lat. 160015'f{ long (Fig. 10).

In 1984, predation on Tanner crabs occurred over the inner
shelf area (IaÈ. 57o30'N), the southeastern niddle shelf area
north of Uni¡nak fsland (Iat. 55o20'N), and along the 100 n
isobath northwest of the Pribilof Islands (Fig. 11). In L985,
Tanner crabs were only found in the diet of flathead sole
collected west and northwest of the Pribitof Islands, while
predation in 1986 occurred at a few stations southeast and
northwest of the Pribilof Islands. Consuurption of snow crabs was
greatest in 1984, with predation centered near the Pribilof
Islands (Fig. Lzl. In 1985 and 1986, predation on snow crabs was
low, occurring prinarily northwest of the Pribilof Islands.

In all years, the locations of flathead sole predation on
Tanner and snow crabs showed little geographical overlap, except
near the Pribilof Islands. Livingston (1989) reported similar
results for Pacific cod feeding on Tanner and snorr crab in 1981-,
1984, and 1985, and suggested that botton tenperature was the
nain factor controlling the geographic distribution of juvenile
snohr crab in the eastern Bering Sea.
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No geographic trends in the predation of commercially
important fish and crabs were apparent. The rather inconsistent
pattern of sampling between years night explain some of the
variablifity in prey consumption between years. In areas that
received sinilar sampling coverage between years, chang:es in the
amounÈ of predation nay be the result of annual fluctuations in
prey distribution and abundance. However, without accurate
infomation concerning the distribution patterns and abundance of
juvenile fish and crabs in the eastern Bering Sea, the mechanisms
controlling ftathead sole predation on Èhese species renain
poorly understood.

Total Consumption Paraneters

Parameters used to estimate the total population consurnption
(see Equation 1 in the Methods section of this report,) of
commercially inportant species by flathead sole during the nain
feeding period (nonths 5-9) are presented in Tables 2-7. Biomass
estimates for flathead sole by stratum and year (Table 2) were
derived from RÀCE groundfish sunreys.

The daily ration estimate as a fraction of body weight daily
(BvrD) was 0.007.

Considerable variation was seen in the mean percent weight of
walleye pollock in the flathead sole diet between strata and
years (Tabte 3). In 1984, walleye pollock nade up nearly 4oZ of
the diet of flathead sole collected in stratu¡n 1 and between 7?
and llt of the diet in stratâ 3, 4, and 6 (see Fig. f. in the
Methods section of this report for strata locations). In L985,
walleye pollock accounted for nearly 508 of the diet in strata 2
and 4, over 30t in stratum 3, and over 20t in stratum 6. lrla1leye
pollock made up almost 408 of the diet of flathead sole collected
from stratum 1 in 1986, and around 20t of the diet of flathead
sole in strata 3 and 4. Stratr¡m 5 was the only area in all 3
years where predation on walleye pollock was not obsen¡ed.

Table 2.--Bio¡nass estimates (netric tons) of flathead sole in the
eastern Bering Sea by strata and year.

Biomass
Stratum 1984 1985 1986

1
2
3
4
5
6

I7 ,827
2,O43

108, 655
40 ,527
80 ,7 64
94,976

344,792

L2,356
799

llL,816
49,L39
52 r 000

106,808

332,9L8

L4 ,652
1, 000

L27,595
30,724
69 ,57 5

L25,8O7

369 t352TotaI
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Table 3.--Mean percent weight (*W) and standard error (SE).of
walle-ye pollock, -Theracrra chalcogramma, in the diet of
flathãad sole in the eastern Bering Sea during months 5

to 9, bY stratum and year. (- =,no samples taken;
* = no étandard error estimate since sanpling occurred
at onIY one station.)

Stratum
1984

tw sE
1985*w sE

198 6
*W SE

1
2
3
4
5
6

38"85

7 .40
10.61

0
9 "52

, .2'
3.88
5.35

0
4.2L

¿e .ãg
3L.57
45. 63

0
20 "99

*
15.18
8.46

0
5.48

38.82

L9.78
22.06

0
7.IL

L9 .49

6 .40
1.3.68

0
4"15

Other commerciatly inportant prey of flathead sole v¡ere
Pacific cod, rock sole, Tanner crab, and snow crab; however,
these species never formed a consÍstent, or large portion of the
diet. Þredation on Pacific cod was obserr¡ed in strata L, 3, and
6 in 1984, and only in stratum 4 in 1985 (Table 4). Rock sole
occurred in the diãt of sanpled flaÈhead sole in stratun 1 in
1984 and stratum 3 in 1985 (Table 5).

Table 4"--Mean percent weight (tW) and standard error (SE) of
pacific cod, Gadus macrocephalus, in the diet of
flathead sole in the eastern Bering Sea during months 5

to 9, bY strata and year' (- = no sanpres taken')

1984
tW SE

1985
*w sE

1_986

Stratum *w SE

1
2
3
4
5
6

'.:o
L.78

0
0

0. 64

,.2'
1.78

0
0

0.58

0
0

0.01
0
0

0
0

0.01
0
0

:
0
0
0
0

3
0
0
o
0
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Table S.--Mean percent weight (tW) and standard error (SE) of
rock sole, Lepidopsetta bilineata, in the diet of
flathead sole in the eastern Bering Sea during nonths 5

to 9, bY strata and year. (- = no sanples taken.)

1984tw sE
1985

tw SE
1986

Stratum SEtw

1
2
3
4
5
6

o'1n

0
0
0
0

o'1n

0
0
o
0

0
3.26

0
0
0

;
3.26

0
0
0

0

o
0
0
0

:
0
0
0
0

Tanner crabs were consumed by flathead sole in all areas
except stratum 2 in 1984, vith consumption being greatest in
strata 3 and 5 (Table 6). In 1985, Tanner crabs were consumed
only in strata 4 and 6, and in strata 3t 41 5, and 6 in 1986.

Snow crab consunpt,ion was highest in 1984, but was only
recorded in strata 3 and 4 (Table 7). Snow crab occurred in the
diet of flathead sole collected in st,rata 4 and 6 in 1985, and in
strata 3 and 6 in 1986, but made up less than lt of the diet in
these areas in both years.

Table 6.--Mean percent weight (*w) and standard error (SE) of
Tanner crab, Chionoecetes bairdi, in the diet of
flathead sole in the eastern BerÍng Sea during months 5
to 9, by stratum and year. (- - no samples taken.)

1984 1985
*W SE

1986
Stratum tw SE SEtw

1
2
3
4
5
6

o.?r

5.56
0.80
5 .45
o.7L

o'1t
4.35
0. 66
5.45
0. 38

;
0

0.66
0

3.80

;
0

0. 66
0

1.45

:
1.69
1. 93
0. 12
0. 18

:
1. 68
L.47
o.L2
0. L5
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Table 7.--Mean percent weight (*W) and standard error (SE) of
snow ðrab, chionoecetes ggilþr in the diet of flathead
sole in the eastern Bering Sea during months 5 to 9, by
strata and year. (- = no sanples taken")

Stratum
1984

tw sE
1985

tvr sE
1986

8T{ SE

1
2
3
4
5
6

:
4.30
6.45

0
0

:
3.09
2.90

o
0

;
0

o.27
0

0.58

;
0

0.20
0

0.58

:
o.32

0
0

o. 64

:
o.32

0
0

0.45

Às discussed in the previous section, the lack of any
geographical trends in predation nay be due to the uneven
sarnpling distribution between years. Differences in the percent
weight of conmercially important prey consumed between years and
stráta may reflect variatj"ons in prey abundance and distribution,
although small sanple sizes nay also have affected the results.

ToÈal Consunption Estimates

Commercially Inportant Fish

The toÈal estimated bionass of walleye pollock consumed by
flathead sole in 1985 (861329 t) was substantially higher than
consumption estimates for 1984 (29,299 El and 1986 (49,928 t)
(Table 8, Fig. 13), a dírect result of the greater proportion of
these fish in the diet in 1985. ÀIthough the estimated biomass
of walleye pollock consuned was lowest in 1984, the estimate of
total numbers consumed (9.9 billion) was greater than in 1985
(9.6 billion) and 1986 (7.L billion) (Table 9) due to the snaller
sizes of prey walleye pollock eaten in that year (see Fig. 4).
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Table 8.--Estinated biomass of walleye pollock, Theragra
chalcocramrna, consu¡ned by flathead sole in the eastern
Bering Sea during months 5 to 9, by stratum and year.
(- = ño sanples takeni numbers in parentheses indicate
years-strata where prey nunbers could not be
calculated. )

Biomass lmetric tons)
Strafum 1984 1985 1986

1
2
3
4
5
6

7 ,322 "O

8, 613 .0
4,606.3

0
9 ,687 .2

30 t228.5

(3e4"4)
37 t8O3.3
24,LL7 .6

0
24,OL3.3

86 ,328 .6

6, 055. 0

27 , O32 .9
7 ,258.5

0
9r581.8

49 ,928.2TotaI

Table 9.--Estimated numbers of walleye polJ-ock, Theragra
chalcoqramma, consumed by flathead sole in the eastern
Bering Sea during months 5 to 9, by stratun and year.
(- = no samples takeni * = no prey size inforuration
was avaitable for calculating Prey numbers. )

Nurnbers lnillionsl
Stratum 1984 1985 L986

Total

3, 605.0

2,864.6
L,496.5

0
1r890.0

9,856.1

;
4, 086.0
3r361.3

0
2,LOg.6

9,555.9

967.L

4 ,]-78.5
524.I

0
1,,408.4

7,078.L

1
2
3
4
5
6

Flathead sole consunption of Pacific cod was estimated at
nearly 3,500 t in 1984 and I t in 1985 (Table 10, Fig. 14).
About, 1.1 billion and 308 nillion Pacific cod were est,imat,ed to
have been consumed in 1984 and 1985, respectively. The greater
ratio of numbers to biomass consumed in 1985 reflects the smaller
size of prey Pacific cod utilized by flathead sole in that year.
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Figure 13. --Est,irnated biomass (metric tons) and number of walleye
pollock consumed by flathead sole during months 5-9
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Table 10.--Estinated biomass of
consumed by flathead
during months 5 to 9,
sanples taken. )

Gadus macrocephalus,
eastern Bering Sea
and year. (- = llo

Pacific cod,
sole in the
by stratum

Biomass frnetric tonsì
Stratum 1984 1985 1986

3
0
0
0
0

0
0

1
2
3
4
5
6

7 44.7

2 rO7L.O
0
0

647.O

3 ,462.7

7.7
0
0

7.7Total

Table 11.--Estinated numbers of
consumed by flathead
during months 5 to 9,
sanples t,aken. )

Gadus macrocephalus,
eastern Bering Sea
and year. (- = no

Pacific cod,
sole in the
by stratun

Numbers lmillions)
Stratum 1984 1985 1986

:
0
0
0
0

1
2
3
4
5
6

242.L

469 "2
0
0

409"1

L,L2O.4

0
0

308.3
0
0

308.3Total

ApproxinaEeLy 27 t and 3r9OO t of rock sole were estimated to
have been consumed by flathead sole during 1984 and J.985,
respectively (Table L2, Fig. 15) . Although the bionass of rock
sole consuned by flathead sole in 1985 Ì¡as over 140 tirnes the
amount consumed in 1984, the eEtinated nunber of rock sole
consumed in L985 (592 nillion) was only about, 30 t,irnes the amount
estímated for 1984 (21 niltion) (Table 13) due to the snaller
size of prey rock sole consumed in 1984.
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Table L2.--Estinated biomass of rock sole,
bilineata, consumed by flathead
Bering Sea during months 5 to 9,
(- = no samples taken. )

Lepidopsetta
sole in the eastern
by stratun and year.

Biornass fmetric tons)
Stratum 1984 1985 L986

1
2
3
4
5
6

Total

27.3

0
0
0
0

27.3

0
3 ,9O3.7

0
0
0

3 ,9O3.7

0

0
0
0
0

0

Tab1e 13.--Estimated numbers of rock sole,
bilineata, consumed by flathead
Bering Sea during nonths 5 to 9,
(- = no samples taken. )

Lepidopsetta
sole in the eastern
by stratun and year.

Numbers fmillions)
Stratum 1984 1985 198 6

:
0
o
0
0

1
2
3
4
5
6

Total

2L"3

0
o
0
0

2L.3

0
591. 9

0
0
0

591.9
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Prey size-frequency distributions indicate that flathead sole
consume age-O and small age-l walleye pollock, as well as age-O
Pacific cod. Linited prey-size inforaat,ion indicates that,
flathead sole consume age-l and younger rock sole. Since the
estimated age conposition of these species fron RjACE groundfish
surîveys does not include age-l and younger fish, the direct
inpact of flathead sole predation on walleye pollock, Pacific cod
and rock sole could not be determined. Therefore, several less
direct approaches were utíIízed to evaluate the extent of
flathead sole predation on populations of these species"

It is well documented that walleye pollock are cannibalistic
on their young (Dlryter et al. 1987, Livingston et al. 1986, Mito
L9741. D$yer et al. (1987) estirnated that adult pollock consumed
over 400 billion age-0 pollock annually between 1981 and 1983.
Livingston (see Walleye Pollock section of this report) estimated
that adult walleye pollock consumed over 1 nillion t of walleye
pollock as prey in 1985 and over 6001000 t in 1986. In contrast,
flathead sole consumption of walleye pollock was esÈimated at
about 86,000 t in 1985 and 501000 t in 1986. Estimates of the
number of walleye pollock consumed by walleye pollock were 65
tines and 17 tines greater than the nr¡nber of walleye pollock
consumed by flathead sole in 1985 and 1986, respectively. Thus,
relative to adult walleye pollock, flathead sole appear to have
Iittle inpact on the population size of juvenile pollock in the
eastern Bering Sea.

Sanpling for walleye pollock was not conducted in 1984;
consequently, flathead sole appear to be responsible for almost
100t of Pacific cod removals (nunbers) in the eastern Bering Sea.
However, in 1985, walleye pollock account for over 80* of the
total Pacific cod removals, whereas flathead sole account,ed for
only 9t of aII Pacific cod consr¡med in that year. Because it is
unlikely that flathead sole were the only predators of Pacific
cod in 1984, total consunption estimates for 1985 are considered
to be more representative of the relative levels of Pacific cod
predaÈion by walleye pollock and flathead sole. Therefore, based
on 1985 consumption estimates, flathead sole appear to play only
a minor role in the reduction of eastern Bering Sea Pacific cod
populat,ionÉ¡.

Flathead sole accounted for around 108 of the total estimated
nt¡nber of rock sole consumed in both 1984 and 1985, sugçtest,ing
that they are a minor predator of juvenile rock sole in the
eastern Bering Sea. Hotrever, based on the relatively linited
geographical overlap in the distributions of flathead sole and
rock sole, and the steadily increasing biornass of rock sole over
the last decade (I{alters and !{ílderbuer 1990b) , it is unlikely
that flathead sole predation has any significant effect on the
population st¡lrcture of rock sole in the eastern Bering Sea.

Commercially fmportant Crabs

The estimated bionass of Tanner crab consumed by flaÈhead
sole was highest in 1984 at 12,297 E, then decreased to 4169g tald 3,273 t in 1985 and 1986, respectively (Table L4, Fig. 16).sirnilarry, Èhe nunber of Tanner crabs estinated to have been
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consumed ltas greatest in 1984 at 6,732 miLlion, compared with
3,633 million in 1985 and 2,L69 nillion in 1986 (Table 15).

The estimated bio¡nass of snoqr crab consumed by flathead sole
in 1984 (7r8og t) was substantially greater than estímates for
1985 (8Oi t) and 1986 (L,297 t) (Table 16, Fig. L7l - In
addition, tire number of snow crab estirnated to have been consumed
uas greaiest in 1984 at 7,379 nillion, cornpared with 800 nillion
in rÕes and 827 nillion Ín 1986 (Table 17).

Table 14.--Estinated biomass of Tanner crab, Chionoecetes bairdi,
consr¡med by flathead sole in the eastern Bering sea
during ¡nonths 5 to 9, by stratu¡n and year. (- = no
sanplãs takeni parentheses indicate years-strata where
prey nunbers could not be calculated.)

Biomass lmetric tons)
Stratum 1984 1985 1986

TotaI

41. 3

6 ,475 .4
346.9

4 ,7L3 .6
7L9.7

L2 ,296.9

(345"3)
0

4 ,342.2

4,687.5

;
2,3L2.2

636.1
86.0

238.5

3 ,272.8

1
2
3
4
5
6

;
0

Table 15.--Estinated nunbers of
consuned by flathead
durÍng months 5 to 9,
sanples taken. )

Chionoecetes bairdi,
eastern Bering Sea
and Year. (- = no

Tanner crab,
sole Ín the
by stratun

Numbers fnillions)
Stratum 1984 1985 1986

;
0
*

1
2
3
4
5
6

Total

16.8

2 1575.O
141.1

3,304.1
695.0

6 1732.O

0
3 ,632.7

3 ,632.7

:
915.6
926.3
232.7
94.5

2 rL69.L
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Table 16"--Estinated biomass of snow crab, S-ionoecetes. opilio,
consu¡ned by flathead sole in the eastern Bering sea
during months 5 to 9, by stratun and year. (- = no
samples taken; parentheses indicate strata-years where
prey numbers could not be calculated. )

Biomass fnetric tonsl
Stratum 1984 1985 1986

TotaI

0

5r008"2
2,797 "8

0
(1"7)

7 ,8O7 "7

0
0

L43.7
0

658.9

802.6

1
2
3
4
5
6

:
438. 6

o
0

859.6

L,297.2

Tab1e 17"--Estinated numbers of snow crab, Chionoecetes opilio,
consumed by flathead sole in the eastern Bering Sea
during months 5 to 9, by stratum and year. (- : no
sanples takeni * = no prey size inforaation was
available for calculating Prey nunbers. )

Numbers fmillions)
Stratun 1984 1985 1986

1
2
3
4
5
6

:
3t944.O
3 ,425.2

0
*

'7 ,379.2

0
0

53 .4
0

746"4

799.8

:
496.8

0
0

330.2

827.OTotal

Because the populaÈion age composition of age-l and younger
Tanner and snow crabs in the eastern Bering Sea is not esti¡nat,ed
by RACE botton trawl surveys, a direct conparison of prey
abundance t,o prey consunption is not, possible. However, based on
substantial recruitment of Tanner and snow crab in the late 1980s
from strong year classes in the nid-tggos (Stevens and Maclntosh
1990), it is doubtful that predation mortality by flathead sole
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significantly effects populations of Tanner and snow crabs in the
eastern Bering Sea.

Flathead sole in this study consumed some fish and crab that
could not be identified to the species level (see Table 1).
ÀIso, from seasonal anaylsis, it is apparent that flathead sole
consume conmercially inportant fish and crabs throughout the year
(see Fig. 1). As a result, predation mortality rates presented
above nãy be underestimated since they only consider predation
that occurred fron May to Septenber (months 5 to 9), and do not
include unidentified fish or crabs in their calculation. AIso,
d.ue to the advanced digestive state of some prey items, not all
of the commercially inportant fish and crabs recovered from
stomach contents were measurable. Consequently, for population
consnmption estimates calculated based on prey size, it is
possible that segments of these fish and crab populations may be
over- or underestimated.

It is important to note that some bias is inherent in the
population consumption estimates presented above. For exanple,
ioi estimates based on small sample sizes (e.9., Pacific cod and
rock soler D S 10), consunption of these prey itens may represent,
rare or isolated incidences of predation, in which case Equation
(1) nay greatly overestimate the amount of predation occurring in
situ. Better laboratory identification of Prey fish nay help to
resolve this problem.

The apparently high predation mortality rates reported here
nay not be conpletely unrealistic. Fecundities of conmercially
inportant fish and crab species consumed by flathead sole range
from the thousands to uillions of eggs per individual per
spawning event. Considering the population sizes of these
sþecies in the eastern Bering Sea, annual egg production reaches
into the trillions or more, which is one to several orders of
nagnitude greater than total consunption estimates presented
abõve. This approach to reproduction, predator satiatíon (Snith
1,980) or rpredator swanpiDg,r predicts a high predation nortality
rate of juveniles, enablÍng a few offspring to escape predation
and sun¡ive to reproduce.

Clearly, ¡ûore data are required in order to accurately assess
the overall inpact of flathead sole predation on populations of
connercially inportant fish and crabs ín the eastern Bering Sea.
Hosrever, until reliable prey aþundance estimaÈes are available,
the total consunption estimates presented here are probably more
appropriate as indices for comparing predation uortality rates
among key fish predators in the eastern Bering Sea.
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OTHER SPECIES

by

Jeffrey C. Parkhurst

INTRODUCTION

Total groundfish biomass in the eastern Bering sea is
approximately 11 nillion metric tons (Halliday and Sassano 1988).
Thã fish speóies covered in previous sections of this report
constitute almost 8Ot of the fish bionass (Table 1). Other
species such as rock sole (Lepidopsetta bilineata), Àlaska plaice
(ÞIeuronectes cnradrituberculatus), sablefish (Anoplopoma
Èimbria), Pacific herring (Clupea harenquç pallasi), ang sculpins
nake up most of the remaining biomass. With the exception of
rock sóle and Alaska plaice, these species individually
constitute less than 58 of the total biomass.

Because these fish have not been identified as dominant
components of the eastern Bering Sea bionass or as major
conËumers of commercially inportant fish or crabs, collection of
detailed data on their food habits has not been a high priority.
However, it is still inportant to study the food habits of these
species because they may become more abundant in the future and
bècause they rnay play an inportant role in situations where there
is conpetition wittr other predators for scarce resources. This
supplernentary food habits data nay help clarify fluctuations in
niät¡e separaLion (i.e., dominant predator versus subdorninant
predator abundances) and their effect on the Bering Sea
ecosystem.

Tnenty-five species were examined using Èhe quantitative
shipboard scan method, of which 12 species had more t'han
eO êtonachs containing food (Table 2). In addition, detailed
Iaboratory analysis of stomach contents was perfo¡::ned on three
species (sablefish, Alaska plaice, and Pacific halibut
Hippoqlossus stenolepis). Of the 434 stomachs exanined, 39O
coñLained prey itens. Certain trends in prey use in tems of
biomass are apparent, which nay be related to functional lituits
in feeding morphology and habitat use (Allen 1984). A variety of
dietary overlap indices have been proposed to help quantify
possible sinilarities in the diets of predators (Cailliet and
Barry L979; Linton et aI. 1981; Irtallace 1981). Schoenerrs (L97O)
index was found Èo be accurate for a wide range of true overlaps
and thus lras computed for the predator species mentioned here
(Linton et aI. 198L).
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Table 1.--Biornass estimates (netric tons) for najor fish
species and fish groups taken during the 1986
bottom trawl survey in the east,ern Bering Sea.
(Àdapted from Halliday and Sassano 1988.)

Taxon
Estirnated total
fish biomass

Proportion of total
fÍsh biomass

Gadidae (cods)
WaIIeye pollock
Pacific cod
Other cods
Total cods

Pleuronectidae ( flatf ishes)
Yellowfin sole
Rock sole
Flathead sole
Alaska plaice
Arrowtooth flounder
Greenland turbot,
Pacific halibut
Other flatfish
Total flatfish

Ànoploponatidae
Sablefish

Clupeidae
Pacific herring

Cottidae (sculpins)

Zoarcidae (eelpouts)

Osmeridae (snelts)

Agonidae (poachers)

Scorpaenidae (rockfish)
Pacific ocean perch
Other rockfish
Total rockfish

Rajidae (skates)

Other fish
Total fish

L,966,432
1, 013 t7 4L

369 t273
55O t567
232 , O9O

5r594
86 t 6L7
42.865

4,L67 ,L6g

16,633

7 ,7gO

305, 058

9,559

9,54L

41684

138
1. 109
L,247

4,977 ,942
L,L34, 106

1, 065
6, 113 ,LL2

o.457
0. 104
0.000
0.56r.

0. 171
0.093
0.034
0. 050
0. 021
0. 000
0. 008
0. 004
0.381

0. 002

0. 001

0.028

0.001

0. 001

0"000

0.000
0. oo0
0.000

0.000

o.o24

0. o0L

L. 000

Cyclopteridae (snailfish) L,557

258 , O35

7 .754

LO,9O2,l-46
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Table 2.--Sunmary of stomachs examined using
quantitat,ive shipboard scans (a)
and laboratory analysis (b) in
1983-86 ín the eastern Bering
Sea (enpty stonachs in parentheses).

Predator
Nunber of
stomachs

a) Shipboard scans

Pacific herring
Pacific cod
Atka mackerel
SablefÍsh
Red Irish lord
Yellow frish lord
Plain sculpin
Great sculpin
Rex sole
Flathead sole
Rock sole
Àlaska plaice

TOTAL

b) Laboratory analysis

Sablefish
Alaska plaice
Pacific halibut

247 (241
74 (1)
60 (8)

L42 (3e)
7L (1)

274 (1e)
106 (15)
353 (7 4'
80 (3)
6e (17)

226 (L6Ll
266 11301

1r968 (492)

31 (3)
87 (12)

272 (2eI

390 (44]-
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Schoenerts index, Cry, is calculated as:

-PrJ

where P-, and P-, are the estimated proportions by weight of
prey j ih the åiets of species x and y, respectivgly. The index
Las-a-minimum of 0 (no overlap oE prey) and a maximun of 1 (aII
items in equal proportions). Overlap values were grouped into
three categories to represent low (O to 308), intetmediate
(30 to 6ot), and high (60 to 1008) 'Ievels of diet overlap.
(f,angton and Bowman 1980). The resulting overlap natrix is shown
in Figure 1.

Pacific herring differed from the other key predators in
that ttrey consumed nostly small pelagic ctnstaceans and had low
dietary overlap with atl other species examined (Figs. L-2). For
the most part, Pacific cod Gadus macrocephalus, Atka mackerel
Pleurogrammus monopter'l¡crius, and sablefish preyed uPon pelagic
(nostly gadid) fishes. There was moderate diet overlap between
these species with ninor differences in prey utilization.
Benthopelagic feeders such as the four cottÍd species exanined
here (red Irish lord Hernilepidotus hemilepidotus, yellow frish
lord Hernilepidotus jordani, plain sculpin Mvoxocephalus jaok, and
great sculpin ![voxocephalus polvacanthocepha]us) consumed crabs
prinarily and físhes secondarify. The flatfishes (rex sole
elvptocephalus zachirus, flathead sole Hippoglossoides elassodon,
rock sole, and Alaska ptaice) exhíbited rnany differences in prey
utilization with the exception of shared polychaete consumption.
Rex sole consr¡med sinilar amounts of anphipods, shrimp, and
polychaetes (approxinately 25 to 35t by weight). The ÀIaska
plaice diet consisted of a significant amount of bivalve
mollusks (4Ot). Flathead sole and rock sole shared a similar
prey spectrum in the consu:nption of echiurids, echinoderns, other
invertebrates, and fishes. Yet diet overlap beÈween these two
species was only moderate. The highest overlap values in the
entire diet overlap matrix was exhibited between rock sole and
ÀIaska plaice at 66t (Fig. 1).

CONST'I{PTION OF COMI'ÍERCIALLY ruPORTAI{T PREY

Consumption of key commercial prey species was studied in
order to clarífy food web pathways between conmercially and
nonconmercially inportant Bering Sea fishes. Brodeur and
Livingston (1988) have summarized location, number and size
distribution of individual prey species in greater detail. The
four species treated here include walleye pollock Theragra
chalcocramma, yellowfin sole Limanda !!.Ëp.gE!lr and two species of
crab (Chionoecetes bairdi and 9. opilío), all of which support
fairly substantial co'nmercial fisheries. Shipboard scan data

Co=!. o-o . sE P*lJ't
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permitted species-leve1 analysis based upon weight percentages of
Lhe total diet of key predator species. Seven of the 10 species
studied consumed walleye pollock (Table 3). I{alleye pol}ock
consunption figures for all of these species were less than 503'
with Atka mackerel diet containing the largest amount (46.22 by
weight) of pollock. Snow crabs (9. opilio) Itere of secondary
inpórtance Èo most species but were consumed in large amounts
1r1 to 39t by weight) by various cottid species (MyoxocephêIus
épp. ) . A noie detailed study of cottid diets is needed, given
thé occurrence of such a commercially inportant prey group in
their diet and the fairly large biomass of cottids in the eastern
Bering Sea.

Due to linited geographic coverage and insufficient sample
sizes in shipboard scans, there ttas no calculation of population
level predaÈion on these key prey species.

DISCUSSION

The results of prey consunption by these predator species
concurs with the tinited studies describing single-species food
habits of various fishes in the Bering Sea (see Livingston and
Goiney 1983). Unfortunately, most studies have not examined more
than just a few species at one time and thus have been lacking ín
detailed overlap information. Of the 25 comqercially iurportant
fishes studied, L2 species had sufficient full stomach samples
taken to allow some comment on the significance of resulting diet
overlap values and prey consurnption.

Given the present prey utilization data and the resulting
Iow overlap values, Pacific herring dísplays aII the
characterístics of a midwater planktivore, with its prinary
consrrmption of pelagic microcrustaceanst it is most dissinilar to
all the other species in this study in terms of its feeding type
(I{ailes 1936; Brodeur et al" 1987). Pacific cod, Àtka nackerel,
and sablefish were prinarily piscivores that, based upon previous
studies, share benthopelagivore attributes (Shubnikov 1963; Àllen
1984). The various cottid fishes fed mainly on crabs, and with
their large gape width, have a potential for consr:ming large
quantities at one time in areas that are significant to the sno$r
crab life history (high-density lan¡al settling areas). The
flatfishes seemed to have the nost diverse utilization of the
prey spectrum and have been classified as benthivores or
benthopelagivores (Allen 1984). Since abundance data are lacking
for the benthic invertebrate prey co¡nmon to these predators, it
is difficult to say whether prey choice is an opportunistic
consunption of a prey iten that is very abundantr or linited by
other norphological or behavioral constraints.
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Table 3.--Summary of the utilization of several commercially
important prey species as deter:mined by quantitative
shipboard scans of najor predators in the eastern
Bering Sea, 1985-86. Data are percenÈages by weight
of the total diet of each predator (fron Brodeur and
Livingst,on 1988) .

Prey Species

Predators
Theraqra

chalcogramma
Chionoecetes

opilio
Chionoecetes Limanda

bairdi aspera

Pacific cod

Great sculpin

Plain sculpin

Atka mackerel

Sablefish

Red Irish lord

Yellow Irish lord

Flathead sole

Rock sole

Alaska plaice

35. 0

46.2

26.O

o.2

2.9

2.5

1.3

38.5

30.7

10.6

4.8

0.4

1.9

6.2

3.2

o.2

2.3

3.1

0.1

1".8

5.8

6.5
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Dietary arrays of these rrother specÍestr reflect the distinct
spatial and morphological linits of the predators studied. There
was quite a large variation in diet among species but certain
trends may be attributed to area-specific foraging patterns,
feeding tlpes ¡ ot foraging guilds (t{ito L974; Allen 1984).
AddÍtional analysis of geographic separation, morphology, diel
actívity, and other niche structure parameters night yield a more
precise description of the eastern Bering Sea trophic spectrum"
Regular stomach sanpling of rock sole, Alaska plaice, and Pacific
halibut, was initiated in 1988, and Dore detailed food habits data
will be available in future reports.
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TOTAL GROUNDFISH CONST'MPTION OF COMI'IERCIÀLLY IMPORTÀNT PREY

by

Patricia À. Livingston

The total irnpact of groundfish predation on a particular
prey species is estimated in this paper by sunning the individual
predator removals described in previous sections. Cornparison of
total fish predation with each individual predatorrs removals
provides an indication of which predator population tends to be
the most inportant source of predation nortality for a prey
population. Àlso, comparison of total predation removals with
prey population size demonstrates the relative importance of
predation as a source of mortality. FÍnally, interannual
fluctuations in predation on a partícular age grouP of prey nay
give early indications of changes in abundance of prey age groups
before they are vulnerable to assessment by trawl sun¡ey. The
total consumption of each inportant prey grouP is summarized ín
terrus of estimated biomass and nunbers removed by groundfish
predaÈion in the eastern Bering Sea for segrnents of the years
1984 to 1986.

TOTAL PREDATION SIJMI,ÍÀRIES BY PREY SPECIES

King Crabs

Tables L-2 show the estimated total biomass and numbers of
king crabs consumed by all groundfish predators for 31 days
during months 5 to 9 in 1984 through 1986. An average prey size
of,97.5 rnrr carapace length (Ct) was used in strata with no prey
size information so numbers consumed in Table 2 are estimates of
total numbers consumed.

Red King Crab

Pacific cod (Gadus rnacrocephalus) was the ¡nain predator of
red king crabs (Paratithodes camtschatica) and king crabs that
could not be identified to the species level. As discussed
earlier in the sectíon on Pacific cod predation, nost of the king
crabs consu¡ned by cod in 1985 were assumed to be blue king crabs
(P. platlpus) based on the geographic location where the crabs
were consumed. Most of the crabs consuued by cod in 1984 and
L986 were red king crab (69 and 95t, respectively). Total red
king crab consumption decreased from 1984 Èo 1985 and increased
from 1985 to 1986. These crabs nere presumed to be soft-shell
females based on the tirning and location of consumption by
predators.

Resource assessment sur¡¡ey data for female red king crab
(Stevens and Maclntosh 1990) do not show a sinilar trend in
female red king crab abundance over the 1984 to 1986 tine period.
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Table 1.--Estimated total biomass (rnetric tons) of king crabs
consr¡med by groundfish predators by yeaT for 31 days
during nonLhs 5 to 9 in the eastern Bering .Sea. Values
in pafentheses indicate cells r¡ith some nissing prey size
info¡mation.

Biomass consumed
Prey Predator 1984 1985 L986

Lithodidae

Pacific cod

Paralithodes
SPP.

Pacific cod

Paralithodes
camtschatica
(red king crab)

Pacific cod

Paralithodes
platvpus
(blue king crab)

(40. 8)

(572.91

(L,857 "21

Yellowfin sole (2L3 " 4l

(17.8) (17.0)

(1,117"8) (1r.6.e)

(2 t733.O',)

0
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Tab1e 2.--Estimated numbers (nillions) of king crabs
consuned by groundfish predators by year for 31 days
during months 5 to 9 in the eastern Bering Sea. Values
in parentheses indicate cells with some nissing prey size
infomation. Prey size was assumed to be 97.5 nm
carapace length for cells without prey size information
except for blue king crab, which were consumed as
negalops la:¡¡ae with an average individual weight of
0.006 g.

Number consumed
Prey Predator L984 1985 1986

Lithodidae

Pacific cod

Paralithodes spp.

Pacific cod

Paralithodes
camtschatica
(red king crab)

Pacific cod

ParalíÈhodes
platypus
(blue king crab)

(0.07) (0.03)

(0. e81) (L.77)

0

(o.o27)

(0.L82)

(4.45)( 1. 8o)

Yellowfin sole (35,563.4)
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Those data show a steady decline in abundance. Increases in
abundance of juvenile female red king crabs from L987 Èo 1989'
however, nay be an indication that there nere sinilar increases
in young fe¡nale abundance in years innediately before this that
werã not of sizes fully vulnerable to research trawls.

Using these same predation data but slightly-different
analysis, -Livíngston (1989a) concluded that Pacific cod
consnmption of red king crab during the years 1981 L984, and
1985 wäs less than 5* of the crab population and did not show a
strong density-dependent trend. A siuilar result is suggested
here ior the yearè 1984 and 1985. Holrfever, the increase in
predation on ied king crab in 1986 despite a possible decline in
þopulation size suggèsts the possibifity of depensatory.predation
ñortatity in that year. Uncertainties in predation estimates
along wiÉtr uncertainties in trawl su¡:'vey estimates of juveniles
preclude a definite conclusion regarding possible-predator
óontrol of red king crab population size. Comparison of
predation amounts wíth reconstructed population sizes from cohort
ãnalysis may provide a more definitive answer.

Blue Kinq Crab

As uentioned earlier, it 1ras assumed that blue king crab
fenales nere consumed nainly by Pacific cod in 1985. The
dominance of blue king crab consumption in that year nay be the
result of the biennial nolting and reproductive behavior of blue
king crab (.Tensen and Àrmstrong 1989). A longer ti¡ne series of
preáation data rnay verify this result if peaks in blue king crab
consumption occur on a biennial cycle. lfegalops larrrae of blue
king crab were consumed only by yelloufin sole in 1984 near the
Pribilof Islands. RACE su¡i\tey data show a peak of 50 mn CL blue
king crab in 1988, but with little Ínfotmatíon about blue king
craÈ growth patterns it is not possible to determine whether
these night be from the 1984 year class.

Snow and Tanner Crabs

Total biomass of snow crabs (Chionoecetes opilio) and Tanner
crabs (9. baírdi) consumed by groundfish predators is shown in
Table 3. Table 4 shows the estínated nunber of snow crabs
consumed in areas where prey size infotnation was available, so
they should be considered the ¡ninimum number consumed by
groundfish predators. Figures 1 and 2 show the bionass and
numbers removed by prey size.

Snow Crabs

the urain predator of snow crabs, in tems of estimated
biomass removed, tras Pacific cod. Cod consumed at least 80t of
the total bionass removals of snow crabs in all 3 years. The
next most iurportant predators were yellowfin sole (Linanda
aspera) and flathead sole (Hippoglossoides elassodon). I{hile
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Table 3.--Estinated total biomass (netric tons) of Tanner crabs
(Chionoecetes bairdí) and snow crabs (C. opilio) consumed
by groundfish predators by year during months 5 to 9 in
tñe eastern Bering Sea. Values in parentheses indicate
cells where some prey size information was not available.

Biomass consumed
Predator 1984 1985 1986

c. opilio

Pacific cod
Flathead sole
Yellowfin sole
Greenland turbot

Total

c. bairdi

go r 416. 1
(7 t8O7.7l

(10r593.9)
0

98 r8L7 .7

L26,L73.2
802 .5

5 ,457 .4
33.8

L32 ,466.9

72 rOLL.7
0

(4,687 .5)
L3,29L.8

89 r 991.0

(L47 ,780.0)
L,298.2

0
0

L49,078.2

40,048.8
0

3 ,272.7
5,500. 6

48 ,822.L

Pacific cod 38r655.6
Arrowtooth flounder (119.7)
Flathead sole L2t296.8
Yetlowfin sole L2,LL7.2

TotaI 63,189.3
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Table 4.--Estimated numbers (nillions) of Tanner crabs
(Chionoecetes ¡airai) and snow crabs (9. æiLþ)
consqned try groundfish predators by year during months 5

to 9 in thé èastern Bering Sea. Values in parentheses
indicate cells where some prey size infomation was not
available.

Nunber consumed
Prey Predator 1984 1985 1986

g. opilio
Pacific cod
Flathead sole
Yellowfin sole
Greenland turbot

Total

g. bairdi
Pacific cod
Arrowtooth flounder
Flathead sole
Yellowfin sole

TotaI

6r 658. O

(7 0369.21
(16,893.7)

0

30 r92O.9

4,979.8
(0)

6,73L"9
LAL,L46.3

152,850.0

11, 000. 5
799.8
433.1

1.4

L2,234.8

6,938.7
0

(3 ,632 .71
3 r 354.3

L3 ,925.7

(L2 ,2L4.8)
927.L

0
o

13, 041.9

6,565.2
0

2 rL69.L
1, 163 .9

9 ,898 .2
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biomass of snow crabs consumed by Pacific cod increased from 1984
(801416 t) to 1986 (L47,780 t), bionass consumed by yellowfin
sole (10,594 t to 0 t) and flathead sole (7 

'8O7 
t to L,298 t)

decreased over the tine period. Nunbers of snow crabs consumed
by all predators decreased fron 1984 (30.9 billion) to 1986
(13 billion), primarily as a result of the tremendous decrease in
nr¡mbers consr¡ned by yellowfin sole over the same tine period
(16.9 billion to 0).

The increase in bionass consumed and decrease in nunbers
consr¡med would seem to indicate an increase in the average size
of snow crabs consumed by predators. Figure 1 supports this
assertion, showing a dominance of crabs less than 15 nn carapace
width (cI{) (ages o to 1) in the numbers consumed during 1984 by
yellowfin sole and flathead sole. Pacific cod urainly consumed
crabs in the 15-35 mm size category (ages 1 and 2) and the
biornass and nr¡nbers consr¡med in that size category increased from
L984 to 1986. This pattern is likely a reflection of a dominanÈ
year class of snow crabs increasing in size (age) and becouring
vulnerable to a succession of predators that have increasing
mouth size and ability to consume larger crabs.

These data suggest an increased recruitnent of snow crab in
1984 or possibly 1983. Size at age of snow crabs is uncertain
and the size mode of crabs at 10 Dm CI{ obserr¡ed in 1984 may have
been from the 1983 or 1984 year class. RACE surívey data support
the contention of an íncrease in snow crab recruitment sometine
in the mid-1980s. Increases in nr¡nbers of juvenile crabs
beconing vulnerable to research trawl nets were obselr¡ed from
1986 to 1987 (Stevens and Maclntosh 1990). There is about a
2-year time lag between the tine young snow crabs become
'rnrlnerable to small-mouthed predators like yellowfin sole and
flathead sole and the tine those crabs become vulnerable to
research trawls. Monitoring the anount of predation on small
crabs by these predators may provide early indications of the
presence of abundant year classes of crabs.

Reconstructing age-1 snow crab population size according to
the nethods of Forney (L977) could be done for 1984 and 1985 by
using trawl estimates of nuubers at age 3 and backcalculating
age-l population size assuning predation removals were the ¡nain
source of mortality between age 1 and age 3. Consumption of
age-l snow crabs by aII predators, expressed as a proportion of
reconstructed age-l population size in those years, was 83 and
34t for 1984 and 1985, respectively. These large changes in
percent predation removals are an indication that predators may
be exerting density-dependent, influences on snon crab populations
at age 1.

Tanner Crabs

Estimated total biomass of Tanner crabs consumed by aII
predators increased from 1984 (63,189 t) to 1985 (89,991 t) with
a subsequent decrease in 1986 (48,822 t). Like snow crabs, most
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of the biomass renoved r¡as due to Pacific cod predation and most
of the numbers removed in 1984 were from yellowfin sole
predation. Total numbers consumed decreased from 1984 (153
billíon) to 1986 (9.9 billion) i however, a large peak of Tanner
crabs làss than 5 nm C!{ (age O) were consumed by yellowfin sole
in 1984 (Fig. 21. Trawl surîvey estinates of juvenile Tanner crab
abundance show an increase from 1986 to 1987 (Stevens and
Dfaclntosh 1990), again a reflection of the lag between the tine
small Tanner and sñow crabs become vulnerable to groundfish
predation and the tine crabs can be assessed by trawl nets.

These results suggest a possible increased recruitment of
fanner crabs in 1984, the same year of possible increased
recruitnent in snow crab discussed previously. Although this
might lead to a suggestion that good year-class production night'
be synchronous for snow and Tanner crabs, previous research has
not supported this conclusion. Tncze (1983) found that good
year-class production of the two species assessed at the lan¡al
stage did not occur in the same years for the L978 Èo 1981 tine
period in the eastern Bering Sea. He linked year-class
production in snow and Tanner crabs to different environmental
variables for each species. IÈ is possible that 1984 was a year
in which favorable environmental conditions were present for both
s¡lecies, especialty if lan¡ae of both species were spatially
sèparated. Examination of Inczers hlpothesis could be performed
ífnore years of large year-class production of either species
are noted in predation data and they correl"ate with environmental
variables in the areas of high crab abundance in the first year
of life.

Reconstruction of age-O population size for 1984 and age-l
population size for 1984 and 1985, using trawl estimates of year-
ðIass abundance at age 3 and backcalculating abundance assuming
predation removals were the nain source of mortality, was done to
deternine whether predation was a variable proportion of year-
class aþundance. Changing proportions of predation removals
would be an indication that predatorE were exerting density-
dependent control of prey poputation size. Predation on Tanner
cràbs as a percent of the reconstructed age-O population síze in
1984 vas 95t and the percent predatÍon removals of age-l crabs in
L984 and 1985 were 95 and 96t, respectively. These are high but
stable rates of removal across years, indicating predators may
not be exerting a density-dependent influence on Tanner crab
population size.

Roundfish

Roundfish, for the purposes of this report, is defined as
any groundfish species that iE not a flatfish. Total estinated
biomass and ninimum numbers of the roundfishes Pacific cod,
ualleye pollock (Theragra $itlçggfigtlng) , and Pacific herring
(Clupea harengus nallasi) consumed by all groundfish predat,ors
are sunmarized in Tabtes 5-6 and Figures 3-5.
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Tab1e 5.--Estinated total biomass (netric tons) of roundfish
consumed by groundfish predators by year during months 5
to 9, including walleye pollock cannibalism during rnonths
10 to 12, in the eastern Bering Sea. Values in
parenÈheses indicate cells with some nissing prey size
infomation.

Biomass consumed
Prey Predator 1984 1985 1986

Pacific
cod

Pacific cod
I{alleye pollock
Flathead sole
Yellowfin sole

Total

WaIleye
pollock

Pacific cod
lfalleye pollock
Arrowtooth flounder
Flathead sole
Yellowfin sole
Greenland turbot

Total

Pacific
herring

Pacific cod
Walleye pollock
Arrowtooth flounder
Greenland turbot

747 "L
-*

3 ,462.7
(9 ,22O.2)

13 r 430.0

(159, O87.2)

(99 ,382.2)
30,228.5
19 r 095.9
(6,989.3)

314 r 783. 1

5 r 488.3
4 r 481.8

7.6
0

9,977 .7

2OL,6L5.7
(3 ,487, 110. 1)

(62,408.3)
(86, 328. 6)
(22 , 075 .4',)

5r313.0

3 ,864,851. I

(L9,2L7 .2)
0
0

104 .4

L9,32L.6

(6,77L.7)
(2,530.3 )

0
0

9,3O2.O

(368,468.2)
(947,890.0)
LL0, 894. 1

49 ,928.2
(L2,669 .O)

3 ,862 .3

L,493,71-I.8

(L3,995.1)
(26 ,592 . O)
(3,852.5)

0

44 ,439. 6

0

0
0

*No walleye pollock stomach samples were taken in 1984.



222

Tab1e 6.--Estimated numbers (rnillions) of roundfish consumed by
groundfish predators by year during nonths 5 to 9,
including pollock cannibali.sm during months 10 to L2,
in the eastern Bering Sea. Values in parentheses
indicate cells wiÈh some nissing prey size information.

Number consumed
Prey Predator 1984 1985 1986

Pacific
cod

Pacific cod
Walleye pollock
Flathead sole
Yellowfin sole

Total

!{alleye
pollock

Pacific cod
Ilalleye pollock
ArrowÈooth flounder
Flathead sole
Yellowfin sole
Greenland turbot

Total

Pacific
herring

Pacific cod
I{alleye pollock
Àrrowtooth flounder
Greenland turbot

Total

3.6
-*

LrL2O.4
(0)

L,L24.O

(2 ,239 .4)

(4 ,646.7)
9,856.2

30 ,67 6.2
(413.e)

47 ,832 .4

274.L
2,68L.O

308.3
0

3 ,263 .4

6,L36.L
( 1, oo9 ,260 .Ol

(20,488.4)
(9, 555. 9 )
(4,003.9)

L72 .4

L, O49 ,6L6 .7

(302.s)
0
0

0.8

303.3

(7s. s)
(0)

0
0

75.5

(LO,413.3)
(189,050"0)

22 ,7 65.7
7,078.1,

(2,27O.3)
63.7

23L , 64L. I

(250"e)
(2es.8)

(7 .2)
0

553.9

:
0
0

0

*No walleye pollock stomach sanples were taken in 1984.
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Pacific Cod

Total estimated biomass of Pacific cod consumed by
groundfish predators (Table 5) decreased from L984 (13,430 t) to
1985 (9,978 t) and remained stable from 1985 to 1986 (9t302 t).
Since walleye pollock were not sampled during 1984, consumption
of cod by pollock during that year sas not estimated. This
inplies that consumption of Pacific cod in 1984 would be higher
than shown here if pollock predatÍon were taken into account.
Other predators on Pacific cod include flathead sole and
yellowfin sole. ÀIÈhough PacifÍc cod was responsible for most of
the Pacific cod predation during 1985 and 1986 (55 and 738 of
biomass, respectively), yellowfin sole consuned Èhe highest
bio¡nass of cod in 1984 (69*) .

The estimated numbers consumed (Table 6) are difficult to
interpret given the lack of walleye pollock data during 1984 and
the absence of prey size infomation necessary to compute numbers
consumed by yellowfin sole during 1984 or by pollock during L986.
Presumably, numbers consumed in 1984 would be much higher than
the other 2 years if sizes of Pacific cod consumed by yeltowfin
sole were available because yellowfin sole consumed such a large
biomass of cod, and cod sizes consumed by sole would most likely
be less than 10 cm (age 0). Cod cannibalisn included cod ranging
in size from 5 to 35 cm standard length (St) (ages 0 to 3).
Pollock and flathead sole consumed only age-O cod (Fig. 3).

In 1984, the smaller-nouthed yellowfin sole and flathead
sole consumed Pacific cod that were presumably age 0, suggesting
that abundance of age-O Pacific cod was higher during that year
or that they were more available to these predators. Thompson
and Shinada (1990) show that the 1984 cod year-class size
(assessed at age 3) was twice as high as the 1985 year-class
size. This inplies that yellowfin sole and flathead sole
responded to an increase in abundance of age-O cod in L984 by
increasing their consumption of that species. It is possible
that the diet of these predators night be used as an early
indicator of cod year-c1ass abundance" More prey size
conposition data and more years of predation data need to be
examined to detemíne the feasibilíty of this suggestion.

!{alleve Pollock

I{alleye pollock iras consumed by aII the najor groundfish
predators considered here. Since walleye pollock as predators
were not sanpled during 1984, the total estimated bionass and
number consumed in that year are large underestimates of the
totals if pollock cannibalisn had been taken into account. In
1985 and 1986, pollock cannibalis¡n dominated pollock removals in
ter:ms of bionass and numbers. Pacific cod vas the next most
important predator in terms of bÍonass removals while yellowfin
sole consumed the most in terms of numbers in 1984. rncomprete
prey size infomation on the pollock prey of many predatorè nade
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it impossible to use changes in numbers consumed across years to
reliably indicate changes in prey abundance because variable
proportions of the bionass consumed were converted to numbers
depending on availability of prey size information.

Sizes of walleye pollock consumed by predators indicate most
were age-O pollock (less than 14 crn SL) in all years (Fig. 4).
Pacific cod tended to consume a wide range of pollock sizes,
nainly from 5 to 45 cn SL. Most age-l pollock (approximately L4-
22 cn SL) Irere consumed by cod, pollock, and arrowtooth flounder
(Àtheresthes stornias). It appears that more age-O pollock were
consuned in 1985 than in 1986, with both years consisting rnainly
of pollock cannibalisn. I{espestad and Traynor (1990) show that
the 1985 pollock year class was larger than the 1986 year class,
both as age-l fish caught in surr¡ey trawls and as age-3 fish
estimated from cohort analysis. It seem likely, since predation
occurs nainly on age-O fish, that the larger amount of pollock
consumed in 1985 is the result of increased density of age-O
potlock available to groundfish predators relative to 1986.

Livingston (L989b) evaluated cannibalism data on walleye
pollock in the eastern Bering Sea from 1981 to L987, using some
of the same data used here but slightly different analysis
methods. She concluded that potlock cannibalism, particularly of
age-O pollock, was always large relative to the number of pollock
remaining fron a year class at age 3. An atte¡npt to reconstruct
age-o populat,ion sizes and deter"mine whether cannibalism was a
density-dependent factor controlling potlock population size was
performed but was inconclusive. Due to the method of
reconstruction, cannibalisn always constituted over 9ot of the
nortality of age-0 pollock and only ninor changes in percent
nortality across years occurred. Use of better reconstruction
methods, which include pollock removal-s by other predators with
more courplete pollock prey size information, night provide a more
definitive conclusion about density-dependent predation effects.
The nunber of years of data presented in this report are only
sufficient to reconstruct age-O pollock for 1984, which would be
inappropriate gíven no pollock stomach data were collected in
that year and would thus produce a severe underestiurate of age-O
pollock predation and reconstructed age-O populatíon size.
Analysis of more years of predation data wilL give a tine series
of reconstructed age-O population numbers and percent predation,
frorn which better conclusions about density-dependent predation
can be made.

Pacific Herrinq

The consumption of Pacific herring IJas obserr¡ed only in 1985
and 1986, with both total estimated biomass and nurnbers consumed
increasing fron 1985 (L9,322 t, 303 nillion) to 1986 (44,439 t,
554 nillion) (Tables 5-6). The najor consumers of herring in
both years were Pacific cod and walleye pollock. These values do
not include some very small fish that were identified as herring
in walleye pollock stonach sanples during months 10-12, since it
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is likely these fish were actually juvenile walleye.pollock that
had been- identified incorrectly. Refer to the section on walJ.eye
pollock predation to see those data.

A wide size range of Pacific herring was consuned, ranging
from 10 to 30 cm (Fig. 5), or about age 1 to age 9+. Cohort
analysis estinates of herring biomass in 1985 and 1986 are
487,481 t and 396,7LL E, respectively (v. I{espestad, Alaska
Fisheries Science Center, Pers. conmun., Novenber 1990) '
Groundfish predation in those years, expressed as a Percentage of
the available herring bionass, is 4t in 1985 and llt in 1986.
Predators did not decrease consunption in 1986 when apparent
biomass of herring was lower, thus producing a higher predation
removal rate in 1986. Herring consr¡mPtion by these predat'ors
tended to be sporadic in tine and space and nay depend on
encounter rateé of herring schools rather than overall biomass"

Flatfish
Arrowtooth Flounder

Consumption of arrowtooth flounder by aII predators was
variable across years (Tables 7-8). Esti¡¡ated total biomass
consumed in 1985 (151436 t) was 3 times greater than the previous
year and bionass consr¡ned in 1986 (781 t) was over 15 tines less
Ltran that in 1985. The high consrlnption observed in 1985 was due
nainly (99t) to walleye pollock predation. None of the
arrowtooth flounder consuned by pollock in that year were
measurable so no Ínfomation on numbers consumed by pollock are
available. Arrowtooth flounder cannibalisn was responsible for
most of the biomass consumed during 1984. The físh consumed by
flounder in that year were about 15 cm SL and totalled 46 ruillion
in te¡ms of nunbers consumed. The highest estinated numbers
consumed were for predation by yellowfin sole in 1984, where
almost 2 billion arrowtooth flounder of about 3 cm SL (possibly
age 0) were consumed.

Total biomass consumed in each year can be compared with the
estimated standing stock of arrowtooth flounder to deter¡nine the
relative importance of predation on the arrowtooth flounder
population. Total consunption ín each year, expressed as a
percentage of trawl estimated biomass of arrowtooth flounder from
Bakkala and l{ilderbuer (1990a), is 2.3, 9.6' and 0.3t for 1984,
1985, and 1986, respectively. These are variable but, mostly
small percentages of the arrowtooth flounder population,
indicating predaÈion is probably not a najor source of nortality
in the size ranges of arrowtooth flounder consuned by groundfish
predators. The one exception is the 2 billÍon small arrowtooth
flounder consumed by yellowfin sole in 1984, which night be a
significant portion of the unassessed part of the juvenile
arrowtooth flounder population. Exanination of possible
predation inpact on this part of the population requires more
information about juvenile arrowtooth flounder population size.
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Table 7.--EstimaÈed total biomass (netric tons) of flatfish
consr¡med by groundfish predators by year during months 5
to 9 in the eastern Bering Sea. Values in parentheses
indicate cells where some prey síze information was
not available.

Biomass consurned
Prey Predator 1984 1985 1986

Arrowtooth
flounder

Pacific cod
Walleye pollock
Arror¡tooth flounder
Yellowfin sole

TotaI

Flathead
sole

Pacific cod
llalleye pollock
Arrostooth flounder
Greenland turbot

Total

Rock sole

Pacific cod
YÍalleye pollock
Flathead sole
Yellowfin sole

Total

Yellowfin sole

Pacific cod

Greenland turbot

Yellowfin sole

Pacific halibut
Yellowfin sole

56,290.8 28,359.2 42 ,330.3

3 r 918.8

89.4

972.L
_*

2,484.3
871. 1

4,327 .5

6 1759.2

3,O27 .6
0

9 ,786.8

6,949.O

27.3
1r043.6

I,019.9

100.2
(15r334.0)

(1. e)
0

15r436.1

4,28L.4
Lr647.8

0
0

5,929.2

15 r 780.0
L,OL2.2
3 t9O3.7

L47.6

20,843 "5

718.8
0

(61.8)
0

780.6

L3,8t2.7
0

LO2.6
78.0

13,993.3

34, 955.5
3,848. L

0
0

38,803.6

00

0

'No walleye pollock stomach samples were taken in 1,984.
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Table 8"--Estimated nr¡mbers (nillions) of flaÈfish consumed by
groundfish predators by year during months.5 to 9 in the
éastern Bering Sea. Values in parentheses indicate cells
where some prey size infomation was not available.

Nurnber consumed
Prey Predator 1984 1985 1986

Arrowtooth
flounder

Pacific cod
!ûalleye pollock
Arrostooth flounder
Yellowfin sole

TotaI

Flathead
sole

Pacific cod
I{alleye pollock
Arrowtooth flounder
Greenland turbot

Total

Rock sole

Pacífic cod
Walleye pollock
Flathead sole
Yellowfin sole

Total

Yellowfin sole

Pacific cod

Greenland turbot

Yellowfin sole

Pacific halibut
Yellowfin Eole

6.4
_*

46.4
L,867 .7

L r92O.5

275.7

97.4
0

363. 1

L26"9

2L.3
23 ,462 .6

23,610.8

480. 4

8L,72O.6

727.8

2.9
(0)
(0)
0

2.9

L75.O
Lt952.6

0
0

2,L27 .6

4L2.2
335.6
591. 9

4,L73.9

5 r 513.6

313.0

39.9
0

(0)
0

39.9

343.2
0

36.1
1.6

380.9

L r546.3
L4L.4

0
0

Lr687.7

651. 1

00

o0

'No walleye pollock stomach sanples were taken in 1984.
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Flathead SoIe

Estinated total biomass of flathead sole consuned by
groundfish predators ranged from 5,929 t in 1985 to 13,993 t in
1986 (Table 7). Bio¡nass consumed in 1984 was intennediate
between the other 2 years. Although 1985 had the lowest value
for biomass consumed, it was the year that most flathead sole in
tems of nunbers were consumed (2,L28 nillion) (Table 8). This
was due to the large number of very small (<5 cn SL or possibly
age 0) flathead sole consumed by watleye pollock in that year
(Fig. 6). Pacific cod was the most inportant predator of
flathead sole in all years if bionass consumed is considered and
cod was also most important in ter:ms of numbers removed except
for 1985. Other predators on flathead sole included arrowtooth
flounder and Greenland turbot (Reinhardtius hippoglossoides) .

Most of the flathead sole consumed were less than 20 cm SL
(Fig. 6) or less than age 3. I{alters and Wilderbuer (1990a)
report that flathead sole do not recruit to trawl fisheries until
age 3 and although some age-2 fish are caught in research trawls
they are probably not fully recruited. This precludes a relevant
conparison of predator removals of juveniles with the juvenile
flathead sole population size. However, total biomass removals
by predators expressed as a percentage of trawl survey estiurates
of biomass for 1984, 1985, and 1986 are 2.8, 1.8' and 3.8t,
respectively. These are fairly snatl proportions, at least of
the adult portion of the populat,ion, indicating predation may not
be a significant source of nortality for flathead sole.

In all 3 years, predators consumed some flathead sole that
srere age 0, but total numbers of age-o flathead sole consumed in
L985 rrere much higher than the other 2 years (Fig. 6). This
night be an indication of an abundant year class produced in
1985. These fish would be fully recruited to the trawl survey in
1988. Bionass estimates of flathead sole in 1988 showed a 372
increase from the previous year, possibly indicating an influx of
newly recruited fish to the trawl suri\tey. Size composition of
the flathead sole population over that, ti¡oe period is needed for
verification.

Rock SoIe

Total estinated biomass of rock sole (Lepidopsetta
bilineata) consuned by groundfish predators increased from l-984
(8,019 t) to 1986 (38,803 t) (Table 7), while total numbers
consumed decreased over the tine period (23.6 billion to
L.7 billion) (Table 8). Biomass removals over all 3 years were
naÍnly due to Pacific cod predation while the most in numbers
were consu¡ned by yellowfln sole. Size composition of rock sole
consumed in alt 3 years tended to consist of fish nainly between
10 and 20 cn SL (Fig. 7) , sizes that are probably not fully
vulnerable to trawl suríveys.
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yeltowfin sole consumed large numbers of age-0 rock sole in
1984 (23.4 billion), which night indicate an abundant l'984 year
class of rock sole. However, comparison with suryey estimates of
abundance between 1987 and 1988 (I{alters and Wilderbuer 1990b),
whích night show whether this year class was more abundant than
adjacent ones when it becane fully vulnerable to the trawl
suivey, does not show that the 1984 year class was extraordinary
in size" Trawl surí\tey estimates of abundance of the 1984 year
class increased fourfóld fron 1987 to 1988 but so did adjacent
year classes, indicating either a change in trawl efficielcy over
Lfre Z years or some oveiall change in rock sole availability.
Total bionass consumed, expressed as a Percentage of survey
estimates of biomass in the 3 years, were 0.8, 2.9, and 3.8t for
1984, 1985, and 1986, resPectivelY.

Yellowfin SoIe

pacific cod was the only groundfish that consr¡med yellowfin
sole (Tables 7-8, fig. 8). Estimated total biomass consuned was
highest in 1984 (56,291 t), while estimated total numbers
coñsumed was highest in 1986. Most yellowfin sole eaten in L984
and 1985 were bètween 10 and 25 cm SL (ages 3-10), while in 1986
cod consumed large numbers of yellowfin sole between 5 and 10 cm
SL (less than age 3). Surnrey and cohort analysis estimates of
yeliowfin sole ãbundance (Bakkala and flespestad 1990) indicate a
áecrease in the biomass of yellowfin sole between 10 and 25 cm SL
from 1984 to 1986. The decline in cod consunption of yellowfin
sole in that size range over the same tine period may be a
reflection of the changing yellowfin sole population size. Cod
consumption, expressed as a percentage of cohort analysis
estimaLes of yellowfin sole biomass for ages 7 to 10, is 5.5,
3.1, and 4.7* for 1984, 1985, and 1986, resPectively.

Greenland Turbot

Yellowfin sole was the only groundfish that consumed
Greenland turbot (Tab1es 7-8) and predation on turbot occurred
only in 1984. Four thousand metric tons of turbot were consumed
at éizes between 1 and 3 cm SL (probably age 0), amounting to
g2 billion fish in terms of numbers. Trawl su¡îrtey estimates of
juvenile Greenland turbot biomass decreased from 17r900 t in 1984
to 5,600 t in 1986 (Bakkala and l{ilderbuer 1990b) and do not show
any indication of an abundant 1984 year class.

Pacific Halibut

Pacific halibut (Hippoglossus stenolepis) was consuned only
by yetJ.owfin sole during 1984 (Tables 7-8). Consumed halibut
wérè 2 cn SL (age O). Total estinated consumption by yeltowfin
sole was 89 t or 728 nillion halibut. Trawl sunteys could not
sample halibut of this size (2 cn SL); however, the sunrey
estimated the biomass of adult hatibut in the Bering Sea during
1985 to be 79,932 t. Yellowfin sole consumption was only 0.1t of
the halibut standing stock value. The snall size of halibut
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consumed inplies they were postlartrae thaÈ had not yet settled to
the bottorn. Deriso \1.9az) suggests that these fish nay be

rom the Gulf of Àlaska. It is
on of halibut is a transiÈory
ricted tine Periods when
waters and start settling to

n estimates assume that
predation ís occurríng throughout the_month 5 to 9 period,
irhereas the vulneraþiÍity of young halibut to yellowfin sole may
be of shorter duration, -imply-ing that consumption estimates are
probably high.

CONCLUSIONS

Predation by Pacific cod and yeltowfin sole on Tanner and
snow crabs appeais to include a large portion of the juvenile
Tanner and sñów craþ population and rnay be a density-dependent
factor. I{alteye pollock cannibalism r¡as the nost inportant
source of grouñdfish predation on age-O pollock and may also
prove to bé a density-dependent factor. Figure 9 shows a
Ëreakdown of total nunbers consumed of the two species of
Chionoecetes crabs and of poltock by age. These numbers indicate
@entofsnowórabin1983-84,Tannercrabin1984,
and-walleye pollock in 1985. (However, pollock stonachs were not
sampled iñ fÞe¿ so pollock predatio! in that yeaT is -a severe
undãrestinate.) A longer ti¡ne series of predation data is
needed to deteraine shether these data can be used as early
indicators of year-class abundance. A better understanding of
Tanner and snow crab size at age and of the juvenile abundances
of both these crabs as well as walleye pollock are needed to
detemine t¡hether predation is a density-dependent factor
controlling population size.

In many cases, yellowfin sole appeared to be an early
sanpler of ianner and snow crabs, blue king.crabs, and several
fta[tistr species" Again, a longer time series of predation data
by yellowfin sole and correlatlon with Juveníle abundance
eËt-i¡nates of these Prey specÍes nay dete¡:mine whether this
predation is an early indicator of the presence of abundant year
classes.

Consrrnption estímates for all Prey should be viewed at the
present tine more as indices of consrrmption rather than actual
äonsunption for several reasona. FÍrst, nost of the calculations
(excepL for walleye pollock as predators) consider only the tiure
¡àerioä from May through September in each year. Although this is
Lhe rnain feediñg period for most fishes in the Bering Sea,
consunption of prey certainly occurs during other parts of the
year. Inadequate nr¡¡nbers and spatial distribution of stomach
Ëanples during other parts of the year conbined with gaps in
Xnowteage about the seasonal rnigrations of groundfish predators
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make calculation of predation in other parts of the year
difficult without seasonal resource assessment surîveys in the
area.

predation estimates during the tine period considered here
nay be underestimates for prey that are consumed year-round, such
as Tanner and snow crabs that are consuned by Pacific cod.
Predation estimates for yellowfin sole predaÈion on newly
settling stages of crabs and flatfishes nay be overestimates if
the prey species are not available to the predator during the
whole tine period. AIso, for prey that have a very linited
spatial distributÍon within a stratum, such as red and blue king
crabs, inadequate stomach sampling throughout the whole stratum
can provide biased estinates of consumption. For Èhese prey,
consurnption estimates would be biased upwards if sarnpling was
concentrated more in areas where king crab occur and estimates
would be biased downwards if stonach sanpling was noÈ perfolrued
in king crab areas" Stomach sampling density was doubled
beginning in 1989 so problems such as this will be ¡ninimized.
Different treatnent of the data can also remove the bias by
weÍghting consumption at each station within a stratum by the
predator biomass at that station.

Estimates of total nr¡mbers consumed are underestimates for
most prey since prey size data were not available for all
predator-stratum co¡rbinations to convert biomass consumed to
numbers consumed. Àdditional assumptions about prey sizes
consuned by each predator need to be made before converting
biomass to numbers in strata lacking prey size info¡:maÈion.
Future reports may use the overall prey size distribution over
all strata to conpute nunbers consumed in one or more strata
without size infortation.

Total consumption estimates in ter:¡us of bionass are
underestimates of total groundfish predation if inportant
groundfish predators of a particular prey have not been sampled.
Rock sole and Àlaska plaice (Pleuronectes quadrituberculatus) are
growing parts of the groundfish bÍomass in the eastern Bering Sea
and consideratÍon of their predation is becoming inportant.
Sinilarly, Pacific halibut is a predator that consumes many
commercially inportant prey and, although ít is not a dominant
component of the Bering Sea groundfish bionass, needs to be
considered. Stonach sarnpling of rock sole, Alaska plaice, and
Pacific halibut is now a regular part of the Food Habits Program.
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