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ABSTRACT

This docunent describes the feeding habits of major.
groundfish species in the eastern_Berlng Sea based on stomach
content information collected during 1987, 1988, and 1989. The
total consunption of comercially inportant prey species by
groundfish populations is calculated for the nmain eedlgg period
of May through September during 1987, 1988, and 1989. | eye
pol | ock (Theragra ghalgggrannag canni balismis also cal cul ated
for the period of My through Decenber. Estimated predation
mortality in terns of nunbers and biomass during this period is
presented. These estimates are conpared with existing know edge
of prey species abundance. Possible inpact of predation on prey
speci es abundance patterns is discussed.
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EXECUTI VE  SUMVARY

Thi s document sunmmarizes groundfish predation on
commercially inportant stocks of fish and crabs on the eastern
Ber|n? Sea shelt from 1987 to 1989. The anount of_Fredat[on IS
cal culated using estimates of predator bionmass, daily ration, and
the proportion of various prey categories in the stomach
contents. Estimates are presented In terms of nunber and bi omass
of prey consumed during the main sanpling period of My through
Septenber of each year.

Predator and Prey Species

The follow ng groundfish predators are included in this
report because they are dom nant nenbers of the eastern Bering
Sea shelf fish fauna that consume connerC|aIIg i nportant fish or
crab. The commercially inportant prey eaten by sonme of these
predators are also listed bel ow

Groundfish Commercially inportant prey
Wl | eye pol | ock Wl [ eye pol | ock
Paci fic cod Pacific cod
Yel lowfin sole Yel lowfin sole
G eenl and turbot G eenl and turbot
Arrowt ooth fl ounder Arrowt oot h fl ounder
FI at head sol e FI at head sol e
Paci fic halibut Rock sole
Al aska plaice Paci fic halibut
Rock sole Pacific herring

Ki ng crabs

Snow crab

Tanner crab

Total Goundfish Consunption Estimates

The total amount of each prey consumed from May to Septenber
of 1984 to 1989 is presented in Tables 1 and 2. These estimates
are the sum of the consunPt|on by each predator species.
Consunption of walleye pollock also includes cannibalism
estimat es dur|ng the period Cctober to Decenber of 1985 and 1989
Bi omass consuned is converted to nunber consumed using available
prey size information. If prey size information was [acking for
a predator, number consuned could not be estimated. Total nunber
consumed is an underestimate in these cases and is shown in
par ent heses.

Esti mated nunber at-age of snow crab (Chionoecetes opiliao),
Tanner crab (C bairdi), and walleye pollock (Iheragra
chal cogranma) consumed by groundfish predators are presented




along with the estimated natural nortality coefficients at-age in
Tables 3-8 and Figure 1. Fluctuations in”the nunber consumed at-
age can occur through several processes: changes in predator or
prey abundance, changes in prey availability, or changes in
predation rate due to predators swtching to an abundant prey
source. |f predators respond to increases in prey species
abundance by switching preferentially to feeding on the nore
abundant préy, they can cause density-dependent nortality on that
prey species. This means that predators can alter the relative
size of the prey popul ation. anges across years in annua
natural nortality coefficients at-age of juvenile prey _
popul ations provide a signal that this process may be occurring.

Fluctuations in estimates of the annual natural nortality
coefficient at-age for snow crab, Tanner crab, and walleye .
pol | ock were present (Tables 4,6, and 8). Large fluctuations in
coefficients tor snow crab ages 1 and 2 were estimated
particularly for age-l crab from 1984 to 1985 and age-2 crab from
1985 to 1986. There was a large recruitment of snow crab
possibly in 1983 or 1984, and the large natural nortality
coefficients estimated from groundfish predation data show |arger
than average natural nortality at-age for the 1983 year class.
Larger nortality at-age for Tanner crab was noted at-age 0 for
the 1984 year class, which was al so suspected to be above
aver age. F|naIIY natural nortality coefficients for the 1985
year class of wa Ieye ol lock are larger at-a%e than for adjacent
year classes. The 1985 year class was nore abundant than the
1986 to 1989 year classes at age 1 but later proved to be about
the sane size as the 1986 and 1987 year classes at age 3. It
appears that differential predation by groundfish on the 1985
year class from ages 0-2 may have reduced the rel ative abundance
of this year class upon recruitment to the fishery.



Table 1.--Estimated total biomass (metric tons) by year of commercially inportant prey
consuned by groundfish from May through Septenber in the eastern Bering

Sea. (Consunption of walleye pollock also includes cannibalism estimtes from My
t hrough Decenber.)

Year
Prey 1984 1985 1986 ) 1987 1988 1989
King crabs 2,684 1,136 2,867 845 568 1,935
Snow crab 98,818 132,467 149,078 15i,242 62,173 129,343
(Chionoecetes opilio)
Tanner crab 63,189 89,991 48,822 107,134 55,825 88,520
(Chionoecetes bairdi)

" Pacific cod 13,430 9,978 9,302 8,881 1,330 7,762
walleye pollock 314,783% 3,846,851 1,493,712 1,489,131 920,500 1,817,425
Pacific herring 1] 19,322 44,440 12,286 5,440 79
Atka mackerel 0 0 0 1,650 0 0
Arrowtooth flounder 4,327 15,436 781 13,761 0 464
Flathead sole 9,787 5,929 213,993 1,965 1,454 25,718
Rock sole 8,020 20,843 38,804 18,552 5,156 15,283
Yellowfin sole : . 56,291 28,359 42,330 17,394 .9,671 7,190
Greenland turbot 3,919 0 o 0 16 17,635
Pacific halibut _ 89 0 1] -0 185 | 0
Alaska plaice -0 0 0 0 0 13

*Wal [ eye pol I ock cannibalismestinate was not available for 1984.



Table 2.--Estimated number (mllions) by gg
gh

bY groundfish from May throu ber _
of walleye pollock also includes cannibalism estimates from My through Decenber.)
Val ues in parentheses indicate cells with some mssing prey size information and

therefore are underestimates of the total

of comercially inportant
ptenmber in the eastern Bering Sea.

nunber consuned.

rey consuned
( Consunp

tion

' Most ki ng

crab consunmed in 1984 were blue king crab megal ops | arvae.

"\l | eye pol | ock canni balismestimte was not available for 1984,

_Year

Prey 1984 1985 1986 1987 1988 1989
rKing crabs (35,566)* (2) (5) (1f 8 (3)
Snow crab (36,921) 12,235 13,042 (10,666) 11,870 (20,805)
(Chionoecetes opilio)

Tanner crab (152,850) (13,926) 9,898 42,632 14,659 (27,244)
(Chionoecetes bajirdi) :

Pacific cod (1,124) 3,263 (76) . 8,194 -2 (75)
Walleye pollock (47,832)% (1,049,617) (231,641) 260,249 228,658> 864,166
Pacific herring 0 (303) (554) (23) 140 (1)
Atka mackerel 0 0 0 - 8 o 0
Arrowtooth flounder 1,920 (3) (40) 3,791 0 (101)
Flathead sole 363 2,128 3sl 210 761 (4,292)
Rock sole 23,611 5,514 1,686 1,531 (5,809) 1,694
Yellowfin sole 480 313 651 63,767 (87) 16,909
Greenland turbot 81,721 0 0 \ 0 17 (30,328)
Pacific halibut 728 0 0 0 665 0
Alaska plaice 0 0 0 1] o 9



Table 3.--Estimated number (mllions)
consunmed by age b
ptenber in the eastern Bering Sea.

%

of snow crab,
groundfish from May through

Chi onoecet es

Year
Age 1984 1985 1986 1987 1988 1989
0 0 0 0 0 312 0
1 28,597 7,001 5,880 5,293 10,017 17,239
2 1,700 4,386 6,464 2,809 920 2,531
3 559 792 656 1,514 530 925
4 65 56 41 16 69 102
5 0 0 0 9 0 4
6 0 0 0 13 0 4

Table 4.--Estimates of the instantaneous annual natural nortality

coefficient by a?e_for_snow crab, obtained from
reconstructing population sizes at-ages 0-2 using survey
estimates of population size at age 3 and assumng the
only nortality is nortality from predation by groundfish

(Table 3).
; Year
. Age 1984 1985 1986 1987 1988 1989
0 - - - -
1 1.77 0.41 0.59 0.56 0.93
2 1.53 1.37 0.63 0.48 0.14 0.49
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Table 5.--Estimated nunber (millions) of Tanner crab, Chionoecetes

arral,

consuned

_ by age b
Septenber in the eastern Bering Sea.

groundfish from May through

Year
Age 1984 1985 1986 1987 1988 1989
0 139,313 5,372 3,371 27,883 1,074 18,646
1 13,161 7,693 6,645 10,638 13,205 7,926
2 296 651 191 576 362 549
3 88 198 7 99 12 82
4 0 13 0 0 3 32
5 o 0 0 0 | 3 8

Table 6. --Estimates of the instantaneous annual natural nortality
coefficient by age for Tanner crab, obtained from
reconstructing popul ation sizes at ages 0-2 using survey
estimates of popul ation size at age 3 and assumng the
only nortality is nortality from predation by groundfish

(Table 5).
ear
Age 1984 1985 1986 1987 1988 1989
o 2.92 0.55 0.26 1.10
1 3.00 3.22 2.34 2.92 2.96




Table 7.--

Estimated nunber
age by groundfis

-~

from N?Krthrougg

billions) of walleye pollock consumed by
Sept enber and

by cannibalism from May ough Decenber in the eastern

Bering Sea.

Year

Age 1984+ 1985 1986 1987 1988 1989
0 43.82  1,033.12 191. 27 248. 54 215. 48 851. 68
1 4.04 28. 64 37.43 9.59 11.83 11.31
2 0.19 0.55 1.09 1.80 0.67 0. 49
3 0.15 0.21 0.35 0.23 0.19 0.16
4 0.08 0.10 0. 06 0. 06 0.23 0.16
5 0. 05 0. 05 0.07 0.01 0.13 0.15
6+ 0. 04 0.03 0.09 0.01 0.13 0.22

* Wl |l eye pollock cannibalismestimte was not available for 1984.

Table 8. --Esti mates of the instantaneous annua

at ¢ natural nortality
coefficient by age for walleye pollock, obtained from
reconstructing popul ation sizes at ages 0-2 using cohort
anal ysis estinmates of popul ation size at age 3 and
assumng the only mortality Is nortality from predation by
groundfish (Table 7).

Year
Age 1984* 1985 1986 1987 1988 1989
0 3.19 2.67 2.75
1 1.25 1.88 1.13 1.18
2 0.17 0.10 0.31 0.16 0.10

*Mortality coefficients were not estimted for 1984 because wal | eye
pol | ock canni balism estinmate was not available for that year.



Walleye pollock C. opilio C. bairdi

Number (bliilons) Number (blillone) Number (billione)
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Figure 1. --Estimated nunber at-age of walleye pollock, snow
crabs (Chionoecetes opilio), and Tanner crabs (c.
bairdi) consumed by groundfish during nonths 5 to 9
from 1984 to 1989 in the eastern Bering Sea.




| NTRCDUCTI ON

Many |arge marine fish are predators of either juvenile or
smal | adult fish and crab. Because predation forns the |argest
art of natural nortality of young fish and crab, it is inportant
to estimate the magnitude of Ppredation |oss on comercially
i nportant popul ations. Population nodel s that assune constant
natural nortality rates due to a lack of information on actua
rates can be inproved by providing nore accurate estimtes of
predation losses. The nove toward multispecies nanagenent of
stocks can be hel ped through studying the food web connections
bet ween conponents of marine ecosystens, which include fish
crabs, marine mammals, and birds.

The prinaEy Purpose of the Trophic Interactions Program of
the Resource Ecology and Fishery Managenent Division (REFM at
the Al aska Fisheries Science Center (AFSC) is to study the
consunption of commercially inportant fish or crab by key fish
predators in the eastern Bering Sea. These fish and the fish
they consune are conmmercially inportant species and form a major

art of the groundfish biomass in the eastern Bering Sea. _

ro?ran1object[ves I nclude providing inpact assessnments relating
to fish predation effects on prey species popul ations, inproving
popul ation nodel estimates of predation nortality by marine fish,
and detect!nﬁ possi bl e changes in abundance and distribution of
juvenile fish and crab populations.

Thi's paﬁer reports the progress of the Trophic Interactions
Program of the REFM Division of the AFSC in ana yz!nP avail abl e
data from 1987 to 1989 on the predation of commercially inportant
fish and crab species. The first section details the mnethods
used to estimate the total biomass and nunbers of prey consuned
by the major groundfish species in the area. The second section
sunmarizes the consunption of commercially inportant prey by al
the major predators. ApPend|ces summari ze the diet and tota
Brey consunption by the tollow ng predators: walleye pollock,

aci fic cod (Gadus macrocephal us), yellowfin sole (Pl euronectes
asper) flathead sole (H ppoalossoi des el assodon), rock sole

(& euronectes bilineata), Alaska plaice (Pleuronectes
quadrituberculatus), Geenland turbot SRE nhardtius _

hi ppoal ossol des), arrowooth flounder (Atheresthes stomas), and
Pacif1c halibut (H_ppogl ossus stenol epis).
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VETHODS

Sanple Collection and Laboratory Analysis

Stomachs were collected from nmajor groundfish species during
1987, 1988, and 1989 in the eastern Bering Sea. Sanples were
taken year-round, but prinarily during My through Septenber
using bottom and pelagic trawl gear on research and commercia
fishing vessels. ~Sanpling occurred throughout the 24-hour day,
al t hough nost sanpling occurred between 0600 and 2000 Al aska
daylight time. For all species except walleye pollock, stomachs
were renoved at sea and placed in cloth bags |abelled with
information regarding the location of capture, fork length, sex,
and sexual maturity of the fish. Fish show ng evidence of
regurgitation (i.e., food in the mouth or throat or a flaccid
stomach) were not included in the sanple. Stomachs were
preserved in 10% fornmalin and |ater transferred to 70% et hyl
al cohol. Contents were identified to the |owest taxonomc |eve
possi ble and enunerated. Wet weights were recorded after the
contents were blotted with paper towels. Standard length (SL)
measurenents of prey fish and carapace width (CW or lengths (CL)
of crab prey were taken when whole prey were avail able.

For wal | eye pollock, a conbination of collection and _
anal ysis methods was used. Information collected during the main
sanpling period of My through Septenber (nonths 5 to %? i ncl udes
stomachs col |l ected and anal yzed using the methodol ogy described
above. Mst of the information collected outside the main
sanﬁ!|ng period was from fishery observers aboard conmerci al
fishing vessels who perforned quantitative shipboard scans of
wal | eye pol I ock stomach contents. Only fish with no visible
evidence of regurgitation were selected for scans. Once a fish
was selected for scanning, the stomach was excised and the vol une
of the stomach contents was determned by a water displacenent
met hod by enptying the stomach contents into a graduated cylinder
or beaker containing a known anount ofwater. he difference
between the initial water |evel and the water level after the
stomach contents were added was the stomach volune. Vol une was
| ater converted to weight by assuming 1 m of volume displaced
was equal to 1 g. The contents were then enptied onto a petri
dish or tray, prey were separated into the |owest taxonomc
cate?or|es possi ble, and the vol ume éexpressed as a percentage of
the total) was visually estinmated and recorded for each prey
category. Numbers of individuals in a prey category were
counted, if practical. Measurenents of fiSh and crab prey were
taken if an 1temwas whol e.

For both quantitative shipboard scans and detailed
Iaborator% analysis, the prey category "fishery discards" was
used if the ingested item had obvious % been di scarded from a

processor (i.e., a consumed fish that had its head sliced off
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with a clean diagonal cut). Due to the difficulties involved in
shi pboard identification of taxonom c categories, Bartlcularly by
I nexperienced biologists, some prey taxa nmay have been

m sidentified in shipboard stonmach scans.

Data Anal ysis
: | I Lati

Estimates of the total biomass of each prey species consuned
by the continental shelf portion of each groundfish popul ation
were cal culated according to

C;,=DR * D * B * P , (1)

where G is the consunption (by weight) of a_Prey speci es by size
group i of a predator species, DR Is the daily ration (as a
proportion of body weight daily, BWD) of predator size group i, D
I's the nunber of days in the sanpling period when the prey
species was vulnerable to predation, B is the biomass of the
predator size group i, and P, is the proportion by weight of the
prey species in the diet of predator size group i.

~Total consunption estimtes using Equation él) were conput ed
within each major stratum of the eastern Bering Sea (Fig. 1).
These strata were devised by the Resource Assessnent and
Conservation Engineering (RACE) Division of the AFSC to reflect,
in general, natural boundaries based on bottom depth. Strata 1
and 2 are considered inner continental shelf areas, strata 3 and
4 conmprise the mddle shelf, and strata 5 and 6 are the outer
shel f  zones.

Predator size groupings used for total consunption estimnates
were based on size group|ngs used previously (Livingston et al.
1986, Livingston 1991) and on know edge of each predator's diet.
If consunption of conmercially inportant prey groups differed
anong predator sizes, then predator size groups were chosen to
mnimze such consunption differences within a size group

Daily ration (DR) estimates (Table 1) were derived using
sone basic bioenergetic considerations as an alternative to using
rations estimated from gastric evacuation rate nodels and field-
estimted stomach content weights. As Livingston et al. (1986)
found, estimates derived from gastric evacuation rate nodels tend
to be [ower than expected based on known annual growth patterns
of eastern Bering Sea species. Part of the problemwth rations
estimated in this fashion nay be due to undetected regurgitation
of stomach contents from field collections. It is believed that
more realistic rations can be derived using bioenergetic
variabl es such as annual growth increments and food conversion
efficiency estimates; thuS, that is the approach used here.

Daily growth in weight of each species size group was estimated
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Figure 1. --Map of the eastern Bering Sea shelf show ng bottom
depth zones and strata used in this report.
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Table 1. --Estimated daily ration of groundfish species
in the eastern Bering Sea, expressed as a fraction
of body weight daily.

Predator Daily
Predator size (cm) ration
Pacific cod <30 , 0.012
30-59 0.009

260 0.007

Walleye pollock - <30 0.011
30-39 ‘0.011

40-49 ' 0.008

250 0.004

Greenland turbot <30 0.011
30-49 0.013

>50 0.005

Arrowtooth flounder <20 0.009
20-39 0.009

240 0.007

Pacific halibut <30 0.014
30-59 0.010

260 \ ‘ 0.004

Flathead sole all sizes 0.007
Yellowfin sole all sizes 0.004
Alaska plaice all sizes 0.005

Rock sole all sizes 0.007
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fromannual growth increments by |ength and | ength-weight
rel ationships for each species.” A gross conversion ef |C|enc¥
rate of food to somatic tissue for juvenile fish was assuned to
be 25% and for adult fish was assuned to be 10% based on
estimates presented by Brett and Goves (1979). Daily growh
increnents could thus be converted to the amount of food required
to produce that growth. Wen the daily food requirements are
divided by nean fish weight, then the result is daily ration
expressed as a fraction of body weight.

~ The time period of analysis (D) for total consunption
estimates by all predator species was months 5 to 9, or 153 days.
The analysis was restricted to this tine period because nost
st omach sanples were collected during this period and survey
estimates of groundfish bionmass were obtained at this tinme.
Unquantified mgrations of fish into different strata occur and
insufficient nunbers of stomach sanples were taken in each
stratum outside of this tine period. Thus, total consunption
estimates made outside of this tine period would not be very
reliable. Since months 5 to 9 are probably the main feeding and
growt h period for groundfish in the eastern Bering Sea, these
total consunption estimates can be considered conservative
estimates of total annual predation renovals by these groundfish
popul ati ons.

Total consunption estimates of king crabs by Pacific cod
were restricted to a 31-day ?er|od during nonths 5 to 9 when it
is most likely that soft-shell (newy nolted) king crabs were
available.  Total consunption estimates for walleye pollock
canni bal i sm were also nmade for months 10 to 12 since there were
mor e mal!eyemgollock stomach content data available during this
time period when conPared to the other groundfish species.
However, walleye pollock biomass estimates for each stratum were
assuned to be the same as during the months 5 to 9 period. _
Unknown changes in walleye pollock biomass within each stratumin
winter cause greater uncertainty in these estimates than those
derived during the nmain feeding period.

Predat or bi onass estinates ?B) (listed in the respective
appendi x for each species) for all species except walleye pollock
and yellowfin sole were obtained from RACE Division bottom traw
survey data. These traw surveys are conducted in the eastern
Bering Sea during June to August of each year. Biomass estimates
of . arrowtooth flounder and Geenland turbot include only the
shel f portion of the popul ations. Thus, total predation” estimates
for these popul ations refer onIY to predation occurr|n? on the
shelf. Biomass estinmates of walleye pollock, a sem pelagic fish,
were probably underestimated by the traw survey, so the cohort
anal ysis estimates of Wspestad, Bakkala, and Dawson (1990) were
used and biomass was apportioned into each stratum by using the
Eroport|on of the traw survey biomass found in each stratum

I omass estinmates of yel!omﬁ|n sole fromtraw surveys has
fluctuated unreasonably in recent years, so cohort analysis
estimates of biomass for age-7+ fish from Bakkala and W/ der buer
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(1990) were used along with traw survey estimates of fish |ess
than age 7. Cohort analysis estimates of Kellomﬁ|n sol e bi omass
were apportioned into each stratum using the proportion of the
trawl survey biomass found in each stratum

The proportion by weight of each prey itemin the diet of
each predator size group was calculated for each stratumin the
following fashion. "First, all stomach content data for a
particular fish species size group that was collected in a
stratumduring months 5 to 9 in a given year were used. _
Estimates of the percentage by weight of a given prey itemin the
stomach contents were then calculated for each 20 nautical mle
square in the stratum where stomachs were collected. The
estimated percent by weight of the prey itemin the whole stratum
was then calculated as the average of the percentages from each
20 nautical mle square. Standard errors of the stratum
percentages were derived from the variance between squares.

For strata where prey size information was available, total,
consunption estimates In terms of biomass were converted to
nunber of prey. The size frequency of a particular prey in the
stomach contents of a given predator size group froma Stratumin.
a particular year dur|nﬁ_nonths 5to 9 was used along with the
| engt h-wei ght relationship for the prey to convert bionass
consumed wthin a particular prey size interval to nunber
consuned. If prey size information for a given predator size

roup was not available for a given stratum then the size
requency of that prey in all strata combined for the predator
size group was used. ~Finally, when no prey size information was
avai |l abl e, the number consumed could not be estimated.

Snow (Chi onoecetes opilio) and Tanner (c. bairdi) crabs and
wal | eye pollock were assigned to approximate age groups based on
the follow ng age-length conversions:

' Standard length (cm
Age Carapace width (mm) Walleye pollock

(vears) C. opilio C. bairdi mos. 5-9 mos. 10-12

0 <5 <9 . <10 <14
1 5-24 9-34 10-19 14-22
2 25-39 35-49 20-27 23-29
3 40-59 50-69 28-33 30-34
4 60-74 70-84 34-37 35=-38
5 75-94 85=-104 38-40 39-41
6

+ >95 2105 41 >42
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RESULTS AND DI SCUSSI ON

G oundfish Predation on Commercially Inportant Prey

The total inpact of groundfish predation on a particular
prey species was estimated by summng the individual predator
speci es renoval s described in the appendices. Conparison of

total fish predation with each predator species' renovals
provides an indication of which predator population tends to be
the nost inportant source of nortality for a prey popul ation.
Al'so, conparison oftotal predation renovals with prey popul ation
size denonstrates the relative inportance of predation as a
source of nortality. Finally, interannual fluctuations in
predation on a particular age group of prey nmay give early

I ndi cations of changes in abundance of prey age groups before
they are vulnerable to assessment by traw survey. The total
consunption of each inportant prey group is summarized in terns
of estimated biomass and nunbers renoved by groundfish predation
in the eastern Bering Sea for segnents of the years 1987 to 1989.

King Crabs

_ Tabl es 2-3 present the estimated total bionmass and nunber of
king crabs consuned by all groundfish predators for 31 days
during months 5 to 9 in 1987 through 1989.

Red king crab--Pacific cod was the main predator of red king
crabs (Paralithodes hatica) and king crabs that could not
be identified to the species level. Mst ofthe unidentified

kin% crabs consuned by Pacific cod were assunmed to be red king
crabs based on the |ocations where unidentified king crabs were
consuned. These crabs were assunmed to be soft-shell fenales
based on the timng and location of consunption by Pacific cod.
VWl | eye pollock and yellowfin sole were mnor predators on king
crabs and consuned nostly small larval or newy settled
juveniles. Pacific cod consunption of red king crab and
unidentified king crab was 836, 554, and 1,928.2 netric tons (t)
in 1987, 1988, and 1989, respectively. Goundfish predation on
king crab in terns of biomass during these three years was | ower
than the estimated predation for the 1984-1986 period, which
ranged from 1,136 t to 2,867 t (Livingston 1991).

Abundance of female red king crab (Stevens and Maclntosh
1990) during the 1987 to 1989 time period declined from _
35.1 million crab to 21.2 nillion crab. Pacific cod consunption
of unidentified and red king crab (which were assuned to be
femal es) was 3.8% 4.8% and 14.3% of the estimted popul ation
nunbers of female red king crab for 1987, 1988, and 1989,
respectively.

Blue king crab--Blue king crab negal ops |arvae (Paralithodes
platypus) were consumed by walleye pollock in 1987. The blue
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Table 2.--Estimated total biomass (netric tons) ofking crabs
consuned b%/ groundfish b\( year for 31 days
during nonths 5 to 9 in the eastern Bering Sea.

Biomass consumed

Prey Predator 1987 1988 1989
Lithodidae
Pacific cod 165.6 554.1 17.8
Walleye pollock 0 0 0.8
Total 165.6 554.1 18.6
Paralithodes
sp.
Pacific cod 179.7 0 1,854.1
Walleye pollock 0] o] 5.8
Yellowfin sole 0 14.1 0
Total 179.7 14.1 1,859.9
Paralithodes

camtschatica
(red king crab)

Pacific cod 490.7 0 36.0

Paralithodes
platypus ‘
(blue king crab)
Pacific cod (o] o] | 20.3
Walleye pollock 8.7 0 0

Total 8.7 0 20.3
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Table 3. --Estimated total nunber (mll
consumed b%/ groundf|sh by ye
during hs 5to 9 inth

in parent heses indicate ¢

S
fi

ions) of king crabs

ar for 31 days

e eastern Bering Sea. Val ues
Il's with sone mssing 9r

ze was assumed to be 97.5 nm
C

size information. Prey
cod predator cells wthout

car apace Ien?th for Paci
prey size information,

e
I
I

Prey Predator 1987 1988 1989
Lithodidae
Pacific cod 0.26 0.88 <0.04
Walleye pollock 0 0 (0)
, Total 0.26 . . 0.88 <0.04
Paralithodes
sp.
Pacific cod 0.28 0 2.93
Walleye pollock (0] 0 (0)
Yellowfin sole. 0 6.83 0
Total 0.28 6.83 2.93

Paralithodes

camtschatica
(red king crab)

Pacific cod 0.78 0 0.07

Paralithodes

platypus
(blue king crab)

Pacific cod
Walleye pollock (0)

[= =]

Total (0) - 0 0.02
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king crab consuned by Pacific cod in 1989 were soft-shell crabs
igresunably females). Pacific cod predation on blue king crab in
89 was l'ess than 1% of the number of blue king crab females in
the Pribilof District. Consunption of blue king crab b
roundfi sh ?redators appears to be a sporadic occurrencé and was
y

ound at only one or two stations sanpled during the My through
SePtenber period. In the previous 3-year period (1984-86),
yellowfin sole was the only predator on blue king crab
(Livingston 1991). Predation occurred only in 1984 and was on

megal ops | arvae.
Snow and Tanner Crabs

Total biomass of snow and Tanner crabs consuned by
groundf|sh predators is presented in Table 4. Table 5 presents
ata on the estimted nunber of snow crabs consunmed in areas
where prey size information was available, so they should be __
consi dered the m ni num number consumed by groundfish predators.
Figures 2-5 show the biomass and nunbers removed by prey size
including results fromthe 1984-86 period for comparison.

Snow crabs--The main predator of snow crabs, in terms of
estimated bi omass removed, was Pacific cod. Pacific cod consuned
at least 90% of the total biomass renovals of snow crabs in al
three years.- The remaining predators were flathead sole, walleye
pol | ock, Pacific halibut, rock sole, and yellowfin sole. Biomass
of snow crabs consumed by Pacific cod decreased from 1987
é151“226.5 t) to 1989 (116,609 t), while nunbers consunmed by
acific cod were relatively constant over the tine period.
Consunption of snow crab by the other groundfish predators did
not occur every year; 1989 was the only year out of the three
where nore than two groundfish species were consumng snow crab
Total nunber of snow crab consumed by all groundfish predators
doubl ed from 1987 to 1989, ﬁrlnarlly due to the large nunbers of
smal | crab consumed by flathead sole in 1989.

Most of the sanpled snow crab consuned in 1988 and 1989 were
between 5 and 15 nm CWor approximately age 1. Stevens et al
(1991) note strong recruitment of postlarval crab in the last few
years. The |arge nunbers of age-l crab consunmed in 1988 and 1989
may be a reflection of above-average numbers of small crab
recruiting into the southeastern Bering Sea shelf Bopulatlon
Monitoring the anmount 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 popul ation size #mhich was
t he age nost Ereyed upon) according to the methods of Forne
(1977? coul d be done for 1986-88 by using trawl estinates o
nunbers at age 3 and backcal cul ating age-| popul ation size
assumng predation removals were the main source of nortality
between age 1 and age 3. Consunption of age-l snow crabs by all
predators, expressed as a proportion of reconstructed age-|
popul ation size from 1986 to 1988, was 44% 43% and 60%
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respectively. The large change in percent predation renovals
from 1987 to 1988 is an indication that predators nay be exerting
densi ty-dependent influences on snow crab popul ations at age 1.
This neans that the number of crabs recruiting into the fishable
stock may be danpened depending on groundfish predation anounts.

Tanner crabs--Estimated total bionmass of Tanner crabs consumed by
all predators decreased from 1987 (107,134 t) to 1988 (55,825 t)
with a subsequent increase in 1989 (88,520 t). Like snow crabs,
most of the bionass removed was due to Pacific cod predation
However, nost of the nunbers consumed were due to predation on
small (1-10 nm CW crab by flatfish such as flathead sole, rock
sole, and yellowfin sole.  Total nunber consumed was highest in
1987 (42,632 mllion) but was still much [ower than the estimte
of total nunber consuned in 1984, which was 152,850 mllion
(Livingston 1991). This nmay be an indication that there has not
been any increased recruitment of Tanner crab since 1984.

Reconstruction of age-o pogulation size for 1985-87 and age-
1 population size for 1986 to 1988, wusing traw estinates of
year - cl ass abundance at age 3 and backcal cul ati ng abundance
assum ng predation renovals were the main source of nortality,
was done to determ ne whether predation was a variable proportion
of year-class abundance. Changin Proport|ons of predation
removal s woul d be an indication that predators were exerting
densi ty-dependent control of prey popul ation size. Predation on
Tanner crabs as a percent of the reconstructed age-0 popul ation
size from 1985 to 1987 was 42% 23% and 67% respectively.
Percent predation renovals of age-1 crabs from 1986 to 1988 was
90% 95% and 95% respectively. Rempvals at age 0 are variabl e,
while those at age 1 appear to be high but stable rates of
renoval across years. his may indicate predators are exerting a
denS|t%-dependent i nfluence on the Tanner crab population size at
age 0 but not at age 1.

Roundf i sh

Roundfish, for the purposes of this report, is defined as
any groundfish species that is not a flatfish. Total estinated
bi omass and m ni num nunbers of Pacific cod, walleye poll ock,

-Pacific herring (Cupea pallasi), and Atka mackerel

(Pl eur ogr anmmus nnngp[erygius% consuned by all groundfish
predators are sunmarized in

ables 6-7 and Figures 6-11.

Pacific_cod--Total estimated biomass of Pacific cod consumed by
%roundf|sh predators (Table 6) decreased from 1987 f8,880 t) to

988 (1,330 t) and increased in 1989 back to a level simlar to
1987 (7,762 t). Predators on- Pacific cod include Pacific cod,
wal | eye pollock, arrowooth flounder, and Pacific halibut. There
was no dom nant groundfish predator on Pacific cod across years.
Al t hough Pacific cod cannibalism did occur each year, it was not
al ways the major source o-f predation nortality. The nunber
consunmed was highest in 1987 (7.7 billion) and was primarily due
to Pacific cod cannibalismon age-0 fish. Mst Pacific cod
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Tabl e 4. --Escthi mat ed t ot aé bidorrass d(matric tgns) of T_a}r]neir crabs ’
ionoecetes bairdi) and snow crabs (c. o%| i0) consune
K groundfish by year during nonths 5 to
the eastern Bering Sea. (- = no sanples taken )

Biomass consume

Prey Predator . 1987 1988 : 1989
C. opilio
Pacific cod 151,226.5 61,210.9 116,608.8
Walleye pollock 0 0 3,463.4
Flathead sole 0 0 4,811.5
Rock sole 15.5 0 1,871.3
Yellowfin sole (1] 962.2 0
Greenland turbot 0 0 0.1
Pacific halibut - - 2,588.0
Total 151,242.0 62,173.1 129,343.1
C. bairdj
Pacific cod 92,005.2 43,944.4 66 338.2
Walleye pollock 0 0 4,137.4
Flathead sole . 12,277.9 . 4,275.9 9,612.4
Rock sole _ 12.7 7,604.3 0
Yellowfin sole 2,838.5 ‘ o 6,288.8
Pacific halibut - - ‘ 2,143.1

Total 107,134.3 55,824.6 88,519.9
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Table 5. --Estimated total number (mllions) of Tanner crabs
( (es bairdi) and snow crabs (c. opiliq) consuned
bK groundfish by year during months 5 to 9 in
the eastern Bering Sea. Values in parentheses indicate
cells where sone prey size information was not avail able.

(- = no sanples taken.)
Number consumed
Prey Predator 1987 1988 1989
Pacific cod 10,665.7 9,980.8 12,767.7
Walleye pollock V] o] (0)
Flathead sole 0 0 5,760.4
Rock sole : (0) 0 2,119.7
Yellowfin sole 0 1,889.3 0
Greenland turbot 0 0 (0)
Pacific halibut - - 157.6
Total | (10,665.7) 11,870.1 (20,805.4)
C. bairdj
Pacific cod 10,665.0 5,789.0 4,125.1
Walleye pollock o] 0 (0)
Flathead sole 26,378.0 3,539.2 5,901.4
Rock sole 8.9 $,330.4 0
Yellowfin sole 5,579.8 0 17,012.6
Pacific halibut - - 204.6

Total 42,631.7 14,658.6 27,243.7
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consuned by groundfish from 1984 through 1989 were age-0 fish.
There does not seemto be any relationship between the nunber of
age-0 Pacific cod consuned in a year and the strength of that
Pacific cod year class. For exanple, Thompson (1991) found the
1987 year class to be one of the smallest on record while our
data Show that 1987 was the year with the |argest number of age-0
Pacific cod consuned. It appears that Pacific cod is not a najor
dietary component of any groundf|sh species. Therefore,
consunption of Pacific cod tends to be a sporadic occurrence that
may not necessarily be related to its abundance.

VWl | eye pollock--Walleye pollock was consumed by nost-of the
maj or groundfish predators considered here. \alleye pollock
canni bal i sm dom nated wal | eye pollock renovals in terns of

bi omass and nunbers in all years. Pacific cod was the next nost
inportant predator in terns of biomass removals, while yellowin
sole and flathead sole were the next nost inportant predators in
terms of numbers renoved.

Sizes of walleye pollock consumed by predators indicate nost
were age-0 walleye pollock (less than 14°'cm SL) in all years
(Figs. 8 9?. Pacific cod tended to consume a w de range of
wal | 'eye pollock sizes, mainly from5 to 45 cmSL. Mst age-|
pol | ock Fa FfOXIﬁHte|y 14-22 cm SL) were consuned by Pacific cod,
wal | eye pollock, and arrowtooth flounder. Mre age-0 pollock
were consumed in 1989 than in 1987 and 1988. \Wespestad et al.
(1990) show that the 1989 pollock year class at age 1 was Iarger
than the 1987 year class by about 40% and |arger than the 198
year class at age 1 by about 50% However, the consunption of
aﬁe-o pollock in nunbers in 1989 is about three times nore than
the consunption of age-0 walleye pollock in 1988. This mght be
an indication that the 1989 year class was preyed on nore heavily
at age 0 in relation to its abundance than the two previous year
classes. Age-O wal | eye pollock consumed in 1989 were smaller
than those consumed from 1985 to 1988. There may have been some
factor making smaller walleye pollock nore available to predators
in 1989 that caused the increased predation.

Li vingston (1992) found for the period from 1985 to 1988
that predation on age-0 walleye pollock was about proportional to
the anount remaining at age 1, indicating no density-dependent
Egedatlon pressure on age-0 walleye pollock in those years.

wever, there was evidence of density-dependent predation on the
1985 wal | eye pol |l ock year class beyond age 0. The apparent
effect of the density-dependent predation on the 1985 year class
was to decrease its relative abundance upon recruitnent to the
fishery at age 3. A though the 1985 year class was nore abundant
at age 1 than the subsequent three Kear classes followng it, its
abundance at age 3 was simlar to the year classes following it.
There are many factors that could influence predation on a
particul ar year class |nc|ud|n% the relative availability of
other prey to a predator and the availability and overlap of a
particul ar prey (andcfrey size) with the predator. Prediction of
densi ty-dependent predation effects will be difficult until we
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can understand nore about each predator's preK size preferences
and about the abundance of inportant prey such as juvenile
wal | eye pol | ock.

Pacific herring--Pacific cod was the main predator on Pacific
herring, consumng the species in all three years. \alleye

ol lock, arrowtooth flounder, and Pacific halibut consuned

acific herring only during 1989. Biomass of Pacific herring
consumed by predators decreased from 1987 to 1989 and nunbers
consuned were low for all three years. The level of Pacific
herring consunption by groundfish predators was nuch |ower than
in 1985 and 1986.

Paci fic herring consuned in 1988 and 1989 were inmature

(< 20 cm) while those consuned in 1987 were larger than 25 cm

G oundfish predation in 1987 and 1988, expressed as a gercentage
of the available Pacific herring bionmass, was 5% in 1987 and 3%
in 1988. (There was no cohort analysis estimate of bionmass for
1989.) Pacific herring consunption by groundfish predators
tended to be sporadic 1n time and space and naK depend on
encounter rates of Pacific herring schools rather than overall

bi omass.  Furthernore, nost of the Pacific herring available
during the sunmer feeding period on the shelf are inmmature
Pacific herring because adults have noved inshore to spawn.
Pacific herring may constitute a larger fraction of the diet of
%roundf|sh predators in other tine periods when adult Pacific
erring have mgrated to outer shelt waters for the winter
feeding period. = However, we have insufficient sanples during
auturm and winter to quantify Pacific herring consunption during
t hose peri ods.

Atka mackerel --Qur sanples indicated that Atka mackerel was
consuned only by Pacific cod and only in 1987. The |ast AFSC
groundfish predation report (Livingston 1991) noted no
consunption of Atka mackerel from 1984 to 1986. The current
center of distribution of Atka mackerel is in the Aleutian
Islands. Although their distribution in the past has extended
north to the Pribilof Islands, catches of Atka nmackerel in the
Bering Sea are low.  Atka mackerel were consumed at only one
station in the southwestern portion of the shelf, close to the
Aleutian Islands. The estimated consunption by Pacific cod in
1987 was |ess than 1% of the standing stock estimated in the 1991
Al eutian Islands survey (Lowe 1991). The sizes of Atka mackerel
consuned by Pacific cod ranged from 26 to 27 cm SL.

Flatfish

Arrowtooth flounder--Consunption of arrowtooth flounder by all
predators was variable across years (Tables 8-9). Estimted

total biomass consuned in 1987 (13,761 t) was about thirty times
greater than consunption in 1989 (464 t). No arrow ooth” flounder
consunption was observed in 1988. In both years where arrow ooth
flounder were consuned, Pacific cod was the nain predator in

ternms of biomass removed. Arrowtooth flounder cannibalism and
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Table 6. --Estimated total biomass (metric tons) of roundfish
consuned by groundfish by year durlng months 5
to 9, |nclud|n%]malleye pol1ock cannibalism during nonths

10 to 12, in the eastern Bering Sea. ( - = no sanples
taken.)
Biomass consumed
Prey Predator 1987 1988 1989
Pacific
cod
Pacific cod 2,889.9 1,329.7 766.8
Walleye pollock 5,990.9 . 0 851.0
Arrowtooth flounder o] 0 4,597.8
Pacific halibut - - 1,546.9
Total ~ 8,880.8 1,329.7 7,762.5
Walleye l
pollock
Pacific cod 240,310.3 316,497.9 334,855.6
Walleye pollock 1,119,846.9 . 436,708.4 1,326,393.0
Arrowtooth flounder 102,008.9 127,902.2 109,720.4
Flathead sole 18,216.9 14,854.7 14,139.4
Rock sole 44.9 0 0
Yellowfin sole 1,438.9 13,702.1 10,730.3
Greenland turbot 7,264.5 10,835.0 6,013.0
Pacific halibut - - 15,573.2
Total 1,489,131.3 920,500.3 1,817,424.9
Pacific
herring '
~ Pacific cod 3,216.6 5,440.0 8.2
Walleye pollock 2,766.7 0 0
Arrowtooth flounder - 6,302.9 o] (o)
Pacific halibut - - 70.7
Total 12,286.2 5,440.0 78.9

Atka mackerel

Pacific cod 1,649.5 0 0
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Table 7.--Estimated total _
consurmed by groundfish by

!

nunber (mllions) of roundfish
ear during nonths 5

to 9, includ|n%]malleye pol 1 ock canni bal i sm during nonths
10 to 12, in the eastern Bering Sea. Values in
parent heses indicate cells where sone prey size
Information was not available. ( - = no sanples
t aken.)
Number consumed
Prey Predator 1987 1988 1989
Pacific
cod
-Pacific cod 7,707.6 1.5 1.7
Walleye pollock 486.1 0 72.8
Arrowtooth flounder o] o] (0)
Pacific halibut - - 0.9
Total 8,193.7 1.5 75.4
Walleye
pollock
" Pacific cod 8,029.0 6,082.8 921.6
Walleye pollock 233,029.3 182,215.4 831,317.6
Arrowtooth flounder 1,600.4 5,958.8 5,196.1
Flathead sole 13,722.8 1,862.4 15,705.0
Rock sole 124.4 0 0
Yellowfin sole 3,658.7 32,243.9 10,478.4
Greenland turbot 84.5 294.4 168.3
Pacific halibut - - 378.8_
Total 260,249.1 228,657.7 864,165.8
Pacific
herring
Pacific cod 14.1 140.4 1.0
Walleye pollock (0) 0 0
Arrowtooth flounder 9.2 0 0
Pacific halibut - - (0)
Total (23.3) 140.4 (1.0)
Atka mackerel ‘
Pacific cod 7.7 0 o
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eéedation by wal | eye pol | ock al so occurred in both years.

| I eye pol[ock consumed the |argest nunmber of arrowtooth
flounder. Mst of the arrowtooth flounder consumed by walleye
pol | ock were 2 to 5 cm SL.

~ Total biomass consuned in each Year can be conpared with the
estimated standing stock of arrowtooth flounder to determne the
relative inportance of predation on the arrowtooth flounder

popul ation (Table 10). Total consumption in each year, expressed
as a percentage of traw -estinmated biomass of arrow ooth
flounder, is l'ess than 5% This is a small percentage of the
arrowt ooth flounder Populat|on, i ndicating predation is probably
not a major source of nortality. Examination of possible
Bredat|on i npact on arrowtooth flounder too small to be assessed
y the trawl survey is not possible given the current state of
know edge about juvenile arrowtooth flounder abundance. However,
most of the numbers of arrowtooth flounder consumed in 1987 were
age-0 fish, and Sanmple and W/ derbuer (1991) note that 1987 was a
year of strong recruitment. The increased consunption of
arrowtooth flounder in that year may have been the result of
increased availability of small fish.

Flathead sole--Estimted total biomss of flathead sole consuned
by groundflsh predators was relatively lowin 1987 (1,965 t) and
1988 (1,453 t) but was much higher in 1989 (25,718 t). Numbers
consuned followed a simlar trend. Mdst ofthe bi onmass consuned
in 1989 was by Pacific cod, but walleye pollock consuned the nost
in ternms of nunbers in that year (Table 9). This difference
between bi omass and nunber was due to the |arge nunber of snall
(5-7 cm SL or possibly age QE flathead sol e consuned bK wal | eye
pol lock in that year (Figs. 2-13?. ~Pacific cod was the nost

I nportant predator of flathead sole in all years if biomass
consurmed is considered. Qher predators on flathead sole
included arrowtooth flounder, flathead sole, and Pacific halibut.

Most of the flathead sole consumed were |ess than 20 cm SL or
| ess than age 3. Walters and W/ derbuer (1990) report that
flathead sole do-not recruit to trawl fisheries until age 3, and
althou?h sone aPe-Z fish are caught in research traws, they are
probably not fully recruited. is precludes a relevant ~
conmparison of predator renovals of juveniles with the juvenile
flathead sole popul ation size. However, total bionass renovals
by Bredators expressed as a percentage of traw survey estimates
of biomass for 1987-89 (Table 10) are |ess than 5% for each year.
This is a small proportion, at l'east of the adult portion of” the
popul ation, indicating predation may not be a significant source
of nmortality for flathead sole.

In all three years, predators consunmed some flathead sole
that were possibly ‘age 0, but total numbers of age-0 flathead

sole consumed in 1989 were nuch higher than the other two years
(Fig. 13). This mght be an indication of an abundant year class
produced in 1989.
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Rock sole--Total estimted biomass of rock sole consumed by
%roundf|sh predators ranged from5,155 t in 1988 to 18,552t in
987. The number of rock sole consuned followed an opposite
trend. Pacific cod was the nost inportant predator in terms of
bi omass removals. Qther predators included walleye pollock
arrowtooth flounder, flathead sole, and yellowfin sole. Size
conmposition of rock sole consumed in all three years tended to
consist of fish mainly between 5 and 15 cm SL (Figs. 14-15),

sizes that are probably not fully vulnerable to traw surveys.

Fl at head sol e consuned | arge nunbers of age-0 rock sole -in
1988, which mght indicate an abundant 1988 year class of rock
sole. However, relative nunbers at age 2 in the 1990 survey
(Walters and WI derbuer 1991a) suggest this year class was not
necessarily a strong one. Total bromass consuned, expressed as a
percentage of survey estinmates of biomass in the three years
(Table 10) was less than 2% in each year.

vellowfin sole--Pacific cod, walleye pollock and Pacific halibut
were predators of yellowfin sole during the 1987 to 1989 peri od.
Pacific cod predation in terns of bionass domnated all three
years. Consunption by all groundfish in terns of bionass _
decreased from 17,394t in 1987 to 7,190 t in 1989. Consunmpti on
was nuch lower in this period than in the 1984 to 1986 peri od
where val ues ranged from 28,359 t to 56,291 t (Livingston 1991).
These changes in consunption do not seemto be related to changes
in biomass of yellowfin sole on the shelf because total biomass
of yellowfin sole has been relatively stable from 1984 to 1989
according to stock synthesis nodel results (Bakkala and

W | der buer 1991).

Unlike the other years in the tinme series, consunption in
1987 was dom nat ed by age-0 yellowfin sole in terms of nunbers
eaten by walleye pollock (Figs. 16-17). Pacific cod al so
consumed mainly small yellowfin sole 1n 1989. In other years,
most predation was on yellowfin sole ranging in size from10 to
25 cm SL (ages 3-10). There is no information yet available to
support the conclusion that 1987 or 1989 produced a |arge year
class of yellowfin sole. Wen estimates of total yellowfin sole
consunption in terns of biomass are conpared to the bionass _
estimated fromtraw surveys (Table 10), it seems that groundfish
predation constitutes only a small proportion (< 1% of the
standi ng stock bionass.

Geenland turbot--Pacific cod and wal | eye pollock were the only
groundfish that consumed G eenland turbot (Tables 8-9). Amount §
consumed were negligible in 1987 and 1988. \alleye pollock was
the main predator on Geenland turbot in 1989, consum ng

17,628 t. Sizes consunmed by walleye pollock ranged from2 to 4
cm SL (probably age 0). There is currently no evidence to
support an above-average Geenl and turbot year class in 1989. It
seenms |ikely that consunption of Geenland turbot by groundfish
predators is sporadic and limted to snall areas of the shelf.
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Pacific halibut--Pacific halibut was consumed by mallege pol | ock
during 1988 (Tables 8-9). Sizes consurmed ranged from2 to 4 cm
SL (probably age 0). he size of Pacific halibut consuned
suggests they were gost-larvae that had not yet settled to the
bottom Deriso (19 7% suggests that Pacific halibut may be
transported into the Bering Sea fromthe @ulf of Alaska. It is
possi bl e that groundfish consunption of Pacific halibut is a
tranS|torY phenonenon, occurring during restricted time periods
when postlarvae are swept into shallow waters and start settling
to the bottom The total consunption estinates assunme that
predation is occurr|n?_throughout the month 5 to 9 period,
whereas the vulnerability of young Pacific halibut to walleye

pol l ock feeding in the water columm may be of shorter duration,
i mplying that consunption estinates are probably high.

ALa;Ka_%umey-Ajaska plaice was consumed by walleye pollock
during 1989. The size of A aska plaice consumed was 4 cm SL
(probably age 0). The amount consumed (13 t) was small relative
to the standing stock of Al aska' plaice (599,400 t) (Walters and
W derbuer 1991b), suggesting groundfish predation on Al aska
plaice may not be a significant source of nortality.
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bi omass (nmetric tons) of flatfish

consumed by groundfish by year during nonths 5
to 9 in the eastern Bering Sea. (- = no sanples taken.)
Biomass consumed
Prey Predator 1987 1988 1989
Arrowtooth flounder
Pacific cod 9,882.7 0 274.7
Walleye pollock 1,271.0 0 44.5
Arrowtooth flounder 2,607.7 0 144.6
Total 13,761.4 . 0 463.8
Flathead sole
Pacific cod 1,965.2 331.6 11,800.1
Walleye pollock 0 19.0 9,561.9
Arrowtooth flounder [} 0 4,279.3
Flathead sole 0 1,102.9 ‘ 0
Pacific halibut - - 77.1
Total 1,965.2 1,453.5 25,718.4
Rock sole
Pacific cod 17,320.2 2,242.8 8,295.6
Walleye pollock 220.3 332.4 1,917.2
Arrowtooth flounder 0 0 1,659.1
Flathead sole 1,011.8 2,181.3 0
'  Yellowfin sole 0 399.3 3,410.6
Total 18,552.3 5,155.8 15,282.5
Yellowfin sole
Pacific cod 13,864.7 9,240.2 6,838.1
Walleye pollock 3,528.9 430.3 0
Pacific halibut - - 352.2
Total 17,393.6 9,670.5 7,190.3
Greenland turbot
Pacific cod o] 0 : 7.0
Walleye pollock 0 16.2 17,628.3
Total o 16.2 17,635.3
Pacific halibut
Walleye pollock 0] 185.2 0
Alaska plaice
Walleye pollock 0 0 13.0




Table 9.--Estimated tota
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nunber (millions) of flatfish

consumed by groundfish by year during nonths 5

to 9 in the eastern Bering Sea. Values in parentheses
indicate cells where sone preY size information was
not avail abl e, - = no sanples taken.)
Number consumed
Prey Predator 1987 1988 1989
Arrowtooth flounder
Pacific cod 1,441.8 0 5.5
Walleye pollock 1,861.0 0 95.4
Arrowtooth flounder 488.3 0 (0)
Total 3,791.1 0 (100.9)
Flathead sole
Pacific cod 210.2 36.3 578.3
Walleye pollock 0 52.0 3,632.0
Arrowtooth flounder 0 0 (73.8)
Flathead sole 0 672.9 0
Pacific halibut - - 7.8
Total 210.2 761.2 4,291.9
Rock sole
~ Pacific cod 1,103.3 242.7 360.2
Walleye pollock 11.4 585.0 109.9
Arrowtooth flounder 0] 0 272.2
Flathead sole 416.3 (4,278.6) 0
Yellowfin sole 0 702.7 952.2
Total 1,531.0 5,809.0 1,694.5
Yellowfin sole
Pacific cod 416.2 87.4 16,901.6
Walleye pollock 63,350.6 (0) 0
Pacific halibut - - 6.9
Total 63,766.8 87.4 16,908.5
Greenland turbot
Pacific cod 0 0 (0)
Walleye pollock 0 16.6 30,328.3
Total 0 16.6 (30,328.3)
Pacific halibut :
Walleye pollock 0 665.3 -0
Alaska plaice
Walleye pollock 0 0 9.2
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Table 10. --Total biomass of flatfish consumed b
roundfish, traw survey estimates of
i omass, and percent consumed by year in
the eastern Bering Sea. (Biomass in metric

tons.)
Biomass Trawl Percent
Species Year consumed biomass® consumed
Arrowtooth
flounder
‘ 1987 13,761 290,600 4.7
1988 0 308,900 0
1989 464 410,693 0.1
Flathead
sole
1987 1,965 406,000 0.5
1988 1,453 557,500 0.3
1989 25,718 523,229 4.9
Rock sole :
1987 18,552 1,249,800 1.5
1988 5,156 1,903,500 0.3
1989 15,282 1,318,312 1.2
Yellowfin
sole
1987 17,394 2,465,800 . 0.7
1988 9,670 2,897,700 0.3
1989 7,190 2,832,180 0.2

*Sources: Low and Narita(1990) and WIson and Arm stead(l991).
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CONCLUSI ONS

Predation by Pacific cod on Tanner and snow crabs in the
eastern.Berln? Sea may constitute a large portion of the juvenile
?opulat|ons of these two species and nag be a density-dependent

actor that regulates the nunber of crabs that recruit to the
fishery. \alleye pollock cannibalism was the nost inportant
source of groundfish predation on age-0 walleye pollock and may
al so prove to be a density-dependent factor. ~A longer tinme
series of predation data 1s needed to determ ne whether these
data can be used as ear[y i ndi cators 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
pol I ock are needed to determ ne whether predation is a density-
dependent factor controlling popul ation size.

In many cases, groundfish appeared to be an earIY sanmpl er of
Tanner and snow crabs, blue king crabs, and several flatfish
species. Again, nore information on juvenile abundance of these
prey species nmay determne whether this predation is an early

I ndi cator of the presence of abundant year classes.

Consunption estimates for all prey should be viewed at the
present time nore as indices of consunption rather than actual
consunption for several reasons. First, nost of the cal culations
(except for walleye pollock cann|bal|sni consider only the tine
period from May through Septenber in each year. A though this is
the main feeding period for nost fishes in the Bering Sea,
consunption of prey certainly occurs during other parts of the
year. Inadequate nunbers and spatial distribution of stomach
sanpl es during other parts of the year combined with gaps in
know edge about the seasonal migrations of groundfish predators
make calcul ation of predation in other parts of the year
difficult without seasonal resource assessment surveys in the
ar ea.

Predation estimates during the tine period considered here
may be underestinmates for prey that are consuned year-round, such
as Tanner and snow crabs that are consumed by Pacific cod.
Predation estimates for groundfish Bredat|on on newy settling
stages of crabs and flatfishes may be overestimates if the prey
species are not available to the predator during the whole tine
period. Aso, for prey that have a very limted spati al
distribution within a Stratum such as red and blue king crabs,
I nadequat e stonach.sanplln? t hroughout the whol e stratum can
provide biased estimates of consunption. For these prey,
consunption estimtes woul d be biased upwards if sanpling was
concentrated more in areas where king crabs occur and estimates
woul d be biased downwards if stomach sanmpling was not perforned
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in king crab areas. Sanpling density was doubl ed beginning in
1989 so that problems such as this will be mnimzed in 1989 and
future years.

Estimates of total nunbers consumed are underestimates for
Sone prey since prey size data were not available for all _
p;edators consumng a particular prey due to advanced digestion
of prey.

Total consunption estimates in terns of biomass are
underestinmates of total groundfish predation if inportant
g!oundf|sh predators of a particular prey have not been sanpl ed.

kates are growing parts of the groundfish biomass in the eastern
Bering Sea and consideration of their predation is beponlng

i mportant.  Stomach sanplln% of skates was initiated in 1992 and
will be a regular part of the food habits sanpling if it proves
to be an inportant consuner of conmercially inportant prey.
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APPENDI X A

Vil | eye Pol | ock

Appendi x A presents biomass, food habits, prey conposition,

prey size, and prey consunption estinmates for walleye pollock

during nonths 5 to 9 and nonths 10 to 12 from 1987, 1988, and 1989

in the eastern Bering Sea.
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A-1. --Cohort analysis estimates of walleye Eol]ock
bi onass (metric tons) in the eastern Berin
Sea from Wespestad, Bakkala and Dawson (1990)
by pol | ock size, year, and stratum Co

A-2. --Mean percent by weight (9N and standard error (SE)
of prey walleye pollock in the stomach contents of

wal | eye pollock by year, stratum predator size group

and t1me of year in the eastern Bering Sea.
* - no standard error estimate since only one
station was sanpled, - = no sanples taken.).

A-3. --Mean percent by weight (9% and standard error
(SE) of mscellaneous comercial crab species
in the stomach contents of walleye pollock by
prey species, pollock size group, year,
strata, and tine of year. (- = no sanples
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A-4. --Mean percent by weight (%N and standard
error (SE) of mscellaneous conmercial fish
species in the stomach contents of walleye
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A-5. --Estimated total bionmass (thousand nmetric tons) of
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information was available. (- = no sanples taken.).
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Table A-l. --Cohort analysis estimtes of walleye pollock
bi omass (netric tons% in the eastern Berin
Sea from Wespestad, Bakkal a and Dawson (1990)
by pol | ock S|ze year, and stratum

Size
group Biomass
(cm) Stratum 1987 1988 1989
<30 1 6,607 3,381 2,514
2 4,396 7,043 7,275
3 314,585 21,213 . 19,055
4 196,800 © 23,504 51,134
5 73,797 1,024 30
6 377,815 700,835 211,992
30-39 1 485 1,381 0
2 0 ‘ 0 103
3 658,325 144,849 98,759
- 4 257,549 214,280 459,588
5 203,472 90,516 73,885
6 2,092,169 3,742,974 2,119,665
40-49 1 10,520 6,149 3,082
2 70 92 298
3 457,218 410,129 491,273
4 445,952 388,849 767,385
5 152,943 166,812 343,973
6 2,539,297 2,189,469 1,955,989
>50 1 253,778 68,578 65,093
2 36,504 21,930 23,562
3 484,281 343,311 365,444
4 559,470 335,550 643,995
S 156,661 105,283 139,408
6 518,306 305,848 315,498

Total 9,801,000 9,293,000 8,159,000




Table A-2. --Mean percent by weight (%N and standard error (SE) of prey walleye
pol [ ock in the stomach contents of walleye pollock by year, stratum
predator size group, and time of year in the eastern Bering Sea. (* -
no standard error estimate since only one station was sanpled, - = no
sampl es taken.)

Size 1987 1988 1989
group mos. 5-9 mos. 10-12 mos, 5-9 mos. 10-12 mos, 5-9 mos. 10-12
(cm) Stratum W SE W SE £1] SE £1) SE W SE W SE
<30 3 0 0 - - 0 0 - - 4.6 4.6 1.3 1.3
5 - - - - 0 0 - - 22.1 * - -
30-39 3 0 0 - - 0 0 - - 1.2 1.2 0 0
4 5.0 3.6 - - 0 1] - - 0 0 - -
5 13.0 13.0 1] 0 0 0 0 0 39.2 * - -
6 0.5 0.5 0 1] 0 0 - - 0.1 0.1 1.3 1.3
40-49 2 - - 33.3 * - - 0 0 0 o - -
3 0 0 - - 0.4 0.4 0 0 4.2 2.8 39.7 18.7
4 3.4 2.1 0 0 5.1 4.9 - - 5.5 3.3 78.6 4.6
5 1.8 1.8 11.4 7.7 1.0 1.0 0 0 0 0 19.9 19.9
6 2.5 1.6 27.2 7.8 5.9 4.1 - - 1.5 1.2 14.6 8.2
>50 1 5.2 4.9 - - 6.1 5.6 14.8 * 1.4 1.1 - -
2 0 0 70.0 * 17.2 7.5 0 0 17.3 6.3 - -
3 5.0 2.5 - - 0 0 83.9 * 1.1 0.6 41.1 19.2
4 7.7 3.6 69.4 4.3 2.9 1.6 85.8 5.9 13.5 3.1 58.5 7.2
5 2.2 1.8 25.3 9.4 0 0 0 0 6.7 6.7 1] 0
6 29.5 8.6 7.0 13.4 6.8 - - 11.3 4.8 0 0

54.7

65
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Table A-3. --Mean percent by weight (% and standard error
_(SE? of m scellaneous comercial crab species
in the stomach contents of walleye pollock by

prey species, pollock size group, year,

strata, and time of year. (- = no sanples
t aken.)
Pollock mos. 5-9 mos. 10-12
Prey size(cm) Year Stratum £17] SE 1] SE
Lithodid crabs 40-~-49 1989 3 <0.01 <0.01 0 0
250 1987 6 0 0 0.03 0.03
1989 4 <0.01 <0.01 0 )
Paralithodes sp. >50 1989 4 0.01 0.01 0 0
Blue king crab 250 - 1987 3 0.01 0.01 - -
Snow crab <30 1989 6 0.54 0.54 0] 0
30-39 1989 6 0.04 0.04 0 0
40-49 1987 6 0 0 0.08 0.08
Tanner crab 30-39 1989 6 0.04 0.04 © 0
40-49 1987 6 0 -0 0.19 0.19
1989 6 0.11 0.11 0 0
250 1989 3 <0.01 <0.01 0 0
6 0.02 0.02 0 0
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Table A-4.--Mean percent by wei

error (SE) of mscellaneous commerci al

ht (%N and standard

fish

species in the stomach contents of walleye

pol | ock by prey species,

pol | ock size group

year, strata, and tine of year. (- = no
sanpl es taken.)

Pollock mos, 5-9 nos. 10-12
Prey size(cm) Year Stratum W SE W SE
Pacific herring 250 1987 1 1.78  1.30 - -
Pacific cod 40-49 1987 4 1.10 1.10 0 0
>50 1989 4 0.22 0.22 0 ]
Arrowtooth >50 1987 4 0.37 0.30 0 0
flounder 1989 4 0.01 0.01 0 0
Flathead sole 40-49 1989 6 0.39 0.39 0 0
>50 1988 2 0.14 0.14 0 ]

1989 4 0.03 0.03 6.07 6.07
Rock sole >50 1988 1 0.21 0.21 0 0
1989 1 4.63 3.25 - -
1987 2 0.99 0.99 0 0
1988 2 1.80 1.46 0 0
1989 2 0.49 0.49 - -
Yellowfin sole >50 1987 1 2.20 1.51 - -
1988 1 1.03 1.03 0 0
1987 3 0.04 0.04 - -
Greenland turbot 40-49 1989 4 0.74 0.74 0 0]
6 0.31 0.18 0 0
>50 1988 4 0.01 0.01 0 0
1989 4 0.01 0.01 0 0
6 1.69 1.66 0 0
Pacific halibut >50 1988 6 0.10 0.10 - -
1 0003 0.03 - -

Alaska plaice 250 1989




Table A-5. --Estinmated total biomass (thousand netric tons) of prey walleye
pol | ock consunmed by wal | eye pol | ock by year, stratum
Bre_dator size group, and time of year in the eastern
ering Sea. Nunbers in parentheses indicate cells where
no prey size information was available. (- = no sanples taken.)

_Biomass consumed

Size

group 1987 1988 1989

(cm) Stratum mos. 5-9 mos. 10-12 mos. 5-9 mos. 10-12 mos. 5-9 mos. 10-12

<30 3 0 - o - 1.5 0.3
5 - - 0 - <0.1 -

30-39 3 o - 0 - 2.0 0
4 21.7 - 0 - 0 -
5 44.6 0 0 0 48.7 -
6 18.9 0 0 - 3.2 29.0

40-49 2 .- 0.1 -~ 0 0 -
3 0 - 1.8 0 25.3 143.7
4 18.3 o 24.2 - 51.5 444.2
5 3.4 12.9 2.1 0 0 . 50.2
6 76.0 507.8 158.2 - 36.2 210.4

>50 1 8.0 - 2.6 3.7 0.6 -
2 0 9.4 2.3 0 2.5 -
3 14.9 - 0 104.8 2.5 55.2
4 26.3 142.9 6.0 106.0 53.3 138.6
5 2.1 14.6 0 0 5.7 0
6 93.6 104.3 25.0 - 21.7 0

Total 327.8 792.0 222.2 214.5 254.8 1,071.6

c9



Tabl e A-6.

--Estimated nunber (billions) of, prey walleye pollock consuned by

wal | eye pol | ock bK year, Strat'um predator size group, and
time of year in the eastern Bering Sea. Numbers in parentheses

|nd|cate cells where no prey size information was available. (= - no
sanpl es taken.)
Numbers consumed

Size

group 1987 1988 1989

(cm) Stratum mos. 5-9 mos. 10.12 mos. 5-9 mos. 10-12 mos. 5-9 mos. 10-12

<30 3 0 - 0 - 1.9 2.0
5 - - 0 - <0.1 -

30-39 3 - 0 - ) 0.5 0
4 (0) - 0 - . 0 -
5 11.0 0 0 0 : 33.3 -
6 (0) 0 0 - 1.0 2.3

40-49 2 - (0) - 0 (] -

: 3 0 - (0) (] 2.7 39.5

4 3.4 0 (0) - 251.1 156.7
5 (0) 7.8 0.2 0 0 5.8
6 (0) 139.2 8.5 - 4.3 14.8
2 0 1.3 0.2 0 0.3 -
3 1.4 - 0 125.2 1.7 44.6
4 33.5 11.2 0.3 44 .8 7.1 43.7
5 (0) 3.0 0 ] 217.9 0
6 6.0 6.7 0.4 - 0.1 0

Total 55.3 169.2 9.6 171.8 521.9 309.4

€9
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Table A-7.--Total biomass (netric tons) of mscellaneous
commercial crab species consuned by walleye
pol I ock by prey species, pollock size group,
year, strata, and time of year. Values in
parentheses indicate cells where no prey size

Information was available. ( - = no sanples
taken.)
Pollock Biomass consumed
Prey size(cm) Year Stratum mos. 5-9 mos. 10-~12
Lithodid crabs 40-49 1989 3 0.3 0
>50 1987 6 0 51.5
1989 4 0.4 0
Paralithodes sp. 250 1989 4 . 5.8 0 -
Blue king crabs >50 1987 3 8.7 -
Snow crabs <30 1989 6 1,917.7 )
30-39 1989 6 1,434.7 0
40-49 1987 6 0 1,443.4
Tanner crabs 30-39 1989 6 1,414.2 0
40-49 1987 6 0 3,623.9
1989 6 2,689.7 0
>50 1989 3 1.7 0
6

©31.9 0
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Table A-8.--Total biomass (netric tons) of mscellaneous
conmmerci al fish species consumed by walleye
pol | ock by prey species, Pollock size group,

ear, Strata, and time of year. Values In
parentheses indicate cells where no prey size

information was available. ( - = no sanples
t aken.)

Pollock __ Biomass consumed

Prey size(cm) Year Stratum mos. 5-9 mos. 10-12
Pacific herring 250 1987 1 2,766.7 -
Pacific cod 40-49 1987 4 5,990.9 0
>50 1989 4 851.0 0
Arrowtooth >50 1987 2 1,271.0 0
flounder 1989 4 44.5 0
Flathead sole 40-49 1989 6 9,448.4 0
>50 1988 2 19.0 0
1989 4 113.4 14,377.4
Rock sole >50 1988 1 90.2 0
1989 1 1,846.2 -
1987 2 220.3 0
1988 2 242.2 0
1989 2 71.0 -
Yellowfin sole >50 1987 - 1 3,416.2 -
1988 1 430.3 )
1987 3 112.6 -
Greenland turbot 40-49 1989 4 6,915.9 0
6 7,416.8 0
>50 1988 4 16.2 0
1989 4 35.3 )
6 3,260.4 0
Pacific halibut 250 1988 6 185.2 -

Alaska plaice >50 1989 1 13.1 -
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Table A-9. --Total nunber (mllions) of mscellaneous
commercial crab species consumed by wall eye
pol | ock by prey species, pollock size group,
year, strata, and time of year. Values in
parentheses indicate cells where no prey size

Information was available. ( - = no sanples
t aken.)
Pollock __Number consumed
Prey : size(cm) Year Stratum mos. 5-9 mos. 10-12

Lithodid crabs 40-49 1989 3 (0) 0
>50 1987 6 0 (0)

1989 4 (0) 0

Paralithodes sp. 250 1989 4 (0) 0
Blue king crabs 250 1987 3 (0) -
Snow crabs <30 1989 6 (0) 0
30-39 1989 6 (0) 0

40-49 1987 6 0 59.7

Tanner crabs 30-39 1989 6 (0) 0
’ 40-49 1987 6 0 197.3

1989 6 (0) 0

250 1989 3 (0) 0

6 (0) 0
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Table A-10. --Total nunmber (millions) of mscellaneous
comrercial fish species consuned by walleye
pol | ock by prey species, pollock size group,
year, strata, and time of year. Values in
parentheses indicate cells where no prey size

Information was available. ( - = no sanples
t aken.)

Pollock Number consumed

Prey size(cm) Year Stratum mos. 5-9 mos. 10-12
Pacific herring >50 1987 1 (0) -
Pacific cod 40-49 1987 4 486.1 0
>50 1989 4 72.8 0
Arrowtooth >50 1987 4 1,861.0 0
flounder 1989 4 95.4 0
Flathead sole 40-49 1989 6 3,322.3 0
>50 1988 2 52.0 0

1989 4 309.6 362.5
Rock sole >50 1988 1 158.8 0
1989 1 102.7 -
1987 2 11.4 )
1988 2 426.3 0
1989 2 7.2 -
Yellowfin sole >50 1987 1 61,328.2 -
1988 1 (0) 0
1987 3 2,022.4 -
Greenland turbot 40-49 1989 4 10,343.7 0
6 15,530.0 )
>50 1988 4 16.6 0
1989 4 27.0 0
6 4,427.6 0
Pacific halibut >50 1988 6 665.3 -
Alaska plaice >50 1989 1 9.2 -
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Table A-l11.--Size ranges of sonme commercially inportant prey
consunmed by wal | eye pollock duri n% months 5 to 9
in the eastern Bering Sea during 1987 to 1989.
Predator Prey size
Prey size (cm) range (mm)
Pacific cod 40-49 100
>50 80-110
Arrowtooth flounder >50 20-50
Flathead sole 40-49 60
>50 30
‘Rock sole >50 , 30-110
Yellowfin sole >50 , 10
Greenland turbot 40-49 20-40
>50 20-40
Pacific halibut >50 20-40

Alaska plaice 250 40
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APPENDI X B

Paci fic Cod

Appendi x B presents bionass, food habits, prey conposition,

prey size, and prey consunption estimtes for Pacific cod during
months 5 to 9, from 1987, 1988, and 1989 in the eastern Bering Sea.
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year, and stratum . . . . . . . . . . ..

B-2. --Mean percent by weight (% and standard error
éSE).of roundfish in the stomach contents of
acific cod by prey species, cod size group,
year, and strata during nonths 5 to 9 in the
eastern Bering Sea. ( * = no standard error
estimate since only one station was sanpled.).

B-3.--Mean percent by weight (%N and standard error
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B-6.--Estimated total weight (netric tons) of roundfish
consumed by Pacific cod by prey species, cod size
group, year, and strata during nonths 5to 9 in the
eastern” Bering Sea. C e e e e

B-7. --Estimated total nunmber (mllions) of roundfish
consuned by Pacific cod by prey species, cod size
group, year-, and strata during nonths 5to 9 in the
eastern Bering Sea. Parentheses indicate cells where
no prey size rnformation was avail abl e. oo

B-8.--Estimated total biomass (nmetric tons) of flatfish
consuned by Pacific cod by prey species, cod size
roup , year , and strata during nonths 5 to 9 in the
%as ern Bering Sea. C e e e e e

B-9. --Estimated total nunmber (mllions) of flatfish
consuned by Pacific cod by-prey species, cod size
roup, year, and strata during months 5 to 9 in the
gastern Bering Sea. Numbers i1n parentheses indicate
cells where no prey size information was avail able.

B-10. --Estimated total biomass (netric tons) of king crabs
consunmed by Pacific cod by prey species, cod size

roup, year, and strata for 31 days during months 5 to

In the eastern Bering Sea. . . .

B-11. --Estimated total nunber (mllions) of king crabs
consumed by Pacific cod by prey species, cod size

%roup, year, and strata for 31 days during nonths 5 to

In the eastern Bering Sea. Values in parentheses
estimated from an average king crab size of 97.5 mm
carapace length. . . . . . . . . . . ...

B-12. --Estimated total biomass (metric tons) of snow

(Chi onoecetes by opilio) and Tanner (c. bairdi) crabs
consumed by Pacific cod by prey species, cod size

group, year, and strata during months 5to 9 in the
eastern Bering Sea. Values in parentheses indicate
cells where no prey size infornmation was avail abl e.

(- = no sanples taken.).

B-13 .--Estimated total nunmber (mllions) of snow
( Chi onoecetes opilio) and Tanner " (C. 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 indicate
cells where no prey size information was avail able.

(- =no sanples taken.). . . . . . . . . ..

B-14. --Size ranges of sone commercially inportant grey
consuned by Pacific cod during months 5 to
in the eastern Bering Sea during 1987 to 1989.
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Table B-I. --Estimated biomass in nmetric tons of Pacific
cod in the eastern Bering Sea by cod size,
year, and stratum

Cod

size ‘ _Biomass

(cm) Stratum 1987 1988 1989

<30 1 5,248 631 163
2 1,348 245 33
3 3,350 T 462 204
4 3,384 4,506 1,677
5 1 0 0
6 30 116 32

30-59 1 79,591 41,919 4,278
2 17,334 16,843 4,401
3 131,314 116,101 62,706
4 133,072 108,465 92,204
5 17,961 15,194 13,375
6 73,559 92,825 46,454

>60 1 110,986 ' 69,780 26,536
2 39,874 20,825 14,666
3 99,428 127,844 186,220
4 85,873 52,460 98,439
5 75,155 86,199 97,038
6 264,941 205,128 312,010 -

Total 1,142,449 959,543 960,436
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Table B-2.--Mean percent by weight (% and standard error
éSE)_of roundfish in the stomach contents of
acific cod by prey species, cod size group,

year,

Sea.

and strata during nonths 5 to 9 In the
eastern Bering

! _ * = no standard error
estimate since only one station was sanpled.)

Cod
size 1987 1988 1989
Prey (cm) Stratum £ 10 SE £ 1] SE W SE
Pacific 30-59 6 0 4] 0.07 0.07 -0 0
cod
260 4 3.14 3.14 0 0 0.73 0.73
6 0 0.57 0.57 0 0
Walleye <30 2 o 0 50.59%9 * (1] 0
pollock 4 0 0 2.70 2.70 5.50 5.50
30-59 1 1.01 0.66 16.20 16.20 0 0
2 0.84 0.84 7.68 7.68 1.17 1.17
3 11.54 4.62 9.38 5.65 0.62 0.49
4 6.98 4.68 3.52 2.55 8.00 2.62
5 3.52 3.11 4.16 3.62 2.59 2.59
6 4.36 4.24 31.90 10.10 8.64 3.34
260 1 0 (o] 0 0 6.47 4.61
2 4.67 2.42 0 0 4.47 3.66
3 40.67 8.72 31.92 11.16 32.38 8.34
4 20.89 7.83 24.31 23.81 26.87 4.88
5 28.39 11.47 63.78 9.94 49.41 8.70
6 39,71 11.13 57.70 10.99 51.21 5.06
Pacific 30-59 3 0 0 3.40 2.34 0 0
herring
>60 1 0.02 0.02 0 0 0 0
2 0 0 o 0 0.05 0.05
3 0 0 6.40 6.40 0 0
4 1.98 1.98 0 0 0 0
5 1.71 1.71 0 0 0 0
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Table B-3.--Mean percent by weight (%N and standard error
SE) of flatfish in the stomach contents of

b

acific cod by pre
and strata

year, ,
eastern Bering Sea.

species, cod size group,
uring-nonths 5 to 9 in the

Cod
size 1587 1588 1989
Prey (cm) Stratum L1 SE W SE £1} SE
Arrowtooth 30-59 1 2.83 2.83 0 0 0 0
flounder 2 <0.01 <0.01 0 0 0 0
3 2.63 2.11 0 0 (o) 0
) 0.01 0.01 0 0 0 0
>60 2 0.46 0.46 0 0 0 0
S 0.38 0.38 0 0 0.25 0.24
6 0 0 (] 0 <0.01 <0.01
Flathead 30-59 1 0 0 0 0 5.26 5.26
sole 3 0 0 0.04 0.04 0.02 0.02
4 0.72 0.72 0 0 0.48 0.45
5 0 0 0.17 0.12 0 ‘0
6 0 0 0 0 0.10 0.10
>60 1 0.54 0.54 0 0 0 0
3 ] 0 0 0 1.01 1.01
4 0 0 0 0 0.04 0.03
5 0 0 0.25 0.19 0.51 0.37
6 0 0 0 0 2.46 1.65
Rock sole 30-59 1 7.83 65.40 0 0 1.06 1.06
2 1.05 0.77 0 0 1.90 1.90
3 0 0 0 ) 4.52 3.60
4 0 0 0.69 0.69 0.01 0.01
>60 1 6.43 3.63 1.63 1.63 8.74 5.83
2 1.98 1.68 0 -0 0 0
3 0 0 0 0 0.58 0.48
4 0 0 0 0 0.53 0.49
Yellowfin
sole >60 1 5.34 4.43 12.36 6.82 6.85 4.79
2 11.23 5.71 0 0 0 0
3 2.55 1.88 0 0 2.32 2.32
4 0 0 0 0 0.26 0.26
Greenland >60 6 0 (0] 0 0 <0.01 <0.01

turbot




Table B-4. --Mean percent by weight

acific cod by prey species,

84

_ %N and standard error
éSE) of king crabs 1n the stomach contents of
_ cod size group
year, and strata during nonths 5 to 9 In the
eastern Bering Sea.

Cod
‘ size 1987 1988 1989
Prey (cm) Stratum £ 1] SE £1) SE W SE
Lithodidae 30-59 3 0.43 0.43 0.07 0.07 0 0
>60 1 0.03 0.03 0 0 0.02 0.02
3 0 0 1.91 1.91 0.04 0.04
Paralithodes 30-59 1 0.75 0.59 0 0 0 0
sp.
260 1 0.05 0.04 0 0 0.40 0.40
3 0 0 0 0 4.53 4.34
Paralithodes >60 1 1.73 1.73 0 0 0.62 0.62
camtschatica 2 0.87 0.87 0 0 0 0
(red king crab)
Paralithodes >60 1 0 0 (0] 0 0.35 0.35

platypus
(blue king crab)
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Tabl e B-5. --Mean percent by weight %9Nv and standard error
n

SE) of snow ((Chior and Tanner
c. bairdi) crabs in the stomach contents of
acific cod by prey species, cod size group,
year.; and strata during months 5 to 9 in
the eastern Bering Sea. (* = no standard
error since only one station was sanpl ed,
- = no sanples taken.)

Cod
size 1987 1988 1989
Prey (cm) Stratunm 1Y SE 17} SE £17) SE
€. opilio <30 2 11.08 11.08 o] 0 0 0
4 1.01 1.01 0 0 0.67 0.67
30-59 1 0 0] 1.93 1.93 6.81 5.74
2 18.76 6.94 14.60 5.01 47.55 12.78
3 8.97 65.99 0.92 0.60 9.33 3.33
4 10.95 3.42 11.67 4.37 18.05 2.81
5 0 0] 0 0 4.25 3.56
6 16.67 6.70 1.49 0.99 15.48 3.27
>60 1 0 0 0 0 2.94 2.02
2 18.86 9.62 83.18 * 39.23 8.29
3 11.92 6.86 0 0 2.89 1.32
4 22.28 5.44 19.36 11.86 21.93 3.77
5 2.70 2.70 0.73 0.48 6.09 3.01
6 17.56 6.15 2.64 2.35 8.80 2.39
C. bairdi <30 3 7.16 4.96 - - 0 0
' 4 1.53 1.53 0 0 0 0
30-59 1 0.02 0.02 0.66 0.66 0 0
2 0.28 0.28 2.46 1.15 0 0
3 7.40 2.38 4.67 2.54 7.41 2.93
4 13.34 4.93 6.35 1.81 3.49 1.59
5 30.01 9.24 11.67 5.10 22.42 8.97
6 15.28 6.68 9.42 4.49 11.05 3.47
>60 1 1.11 1.11 0 0 0.52 0.37
2 0.07 0.07 0 0 0.29 0.29
3 5.45 13.76 3.82 3.63 4.56 2.69
4 3.42 1.88 1.70 1.70 1.09 0.67
5 9.73 6.17 4,17 4.01 13.18 5.91
6 4.41 4.24 0.69 0.31 6.03 1.82
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Table B-6. --Estimated total weight (metric tons) of roundfish
consumed by Pacific cod by prey species, cod size

group, year, and strata during nonths 5 to 9 in the
astern”Bering Sea.
Cod
size Biomass
Prey (cm) Stratunm 1987 1988 1989
Pacific 30-59 6 0 84.8 0
cod :
260 4 2,889.9 0 766.8
6 0 1,244,9 0
Total 2,889.9 1,329.7 766.8
Walleye <30 2 0] 227.6 0
pollock 4 0 223.3 169.4
30-59 1 1,104.2 9,352.7 0
2 201.5 1,780.3 70.7
3 20,873.3 14,998.0 532.7
4 12,782.0 5,261.5 10,161.1
5 870.1 869.4 476.3
6 4,419.5 40,775.7 5,524.1
260 1 ] 0 1,839.6
2 1,995.0 0 702.1
3 43,306.3 43,700.0 64,582.0
4 19,216.1 13,659.3 28,332.8
5 22,854.1 58,877.0 51,353.4
6 112,688.2 126,773.1 171,111.5
Total 240,310.3 316,497.9 334,855.6
Pacific 30~-59 3 0 5,440.0 0
herring
260 1 20.6 0 0
2 0 0 8.2
4 1,822.2 0 0
5 1,373.9 0 _0_
Total 3,216.7 5,440.0 8.2
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Table B-7. --Estimated total nunmber (mllions) of roundfish
consumed by Pacific 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 information was avail abl e.

Cod
size ‘ _Number
Prey (cm) Stratum 1987 1988 1989
Pacific 30-59 6 0 , (0) 0
cod A
260 4 7,707.5 0 1.7
6 0 1.5 0
Total 7,707.5 1.5 1.7
Walleye <30 2 0 28.5 0
pollock 4 o 9.8 44.2
30-59 1 66.7 4,730.2 0
2 29.6 . 207.5 6.5
3 1,447.4 29.2 1.6
4 251.2 184.2 144.1
S 234.5 2.9 0.6
6 185.5 319.2 22.7
>60 1 0 o | 2.4
2 379.9 0 2.0
3 313.4 79.0 99.7
4 166.6 23.3 94.6
5 3,541.1 142.9 91.4
6 1.413.2 325,9 411.9
Total 8,029.1 6,082.6 921.7
Pacific 30-59 3 0 140.4 0
herring
>60 1 0.1 0 o
2 0 0 1.0
4 8.0 0 0
5 — 6.0 — 0 0

Total 14.1 140.4 1.0
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Table B-8.--Estimated total biomass (metric tons) of flatfish
consumed by Pacific cod by prey species, cod size
group, year, and strata during nonths 5 to 9 in the
eastern Bering Sea.

Cod
size Biomass
Prey (cm) Stratum 1987 1988 1989
Arrowtooth 30-59 1 3,101.8 0 0
flounder 2 0.1 0 0
3 4,746.7 o] 0
S 1.9 0 0
>60 1l 1,529.1 0o . 0
2 198.6 0 0
5 304.5 0 263.4
6 0 0 11.3
Total 9,882.7 o 274.7
Flathead 30-59 1 4) 0 310.0
sole 3 0 68.8 19.1
4 '1,323.7 0 612.1
S 0 36.4 o]
6 0 0 61.4
260 1 641.6 0 0
3 0 0 2,012.2
4 0 0 46.1
5 1) 226.5 $31.1
6 0 0 8,208.1
Total 1,965.2 331.6 11,800.1
Rock sole 30-59 1 8,582.8 0 62.5
2 251.4 0 114.9
3 0 -0 3,903.0
4 0 1,025.5 16.3
260 1 7,639.6 1,217.3 2,484.6
2 846.5 0 0
3 0 0 1,156.7
, 4 0 0 557.6
Total 17,320.3 2,242.8 8,295.6
Yellowfin 260 1 6,350.6 '9,240.2 1,945.4
sole C 2 4,797.5 0 0
3 2,716.6 0 4,623.4
: 4 S ¢ —_0 —269.3
Total 13,864.7 9,240.2 6,838.1
Greenland 260 6 0 o] 7.0

turbot
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Table B-9. --Estimated total number (mllions) of flatfish
consumed by Pacific cod by prey species, cod size
roup, year, and strata during nonths 5 to 9 in the
astern’Bering Sea. Nunbers 1n parentheses indicate
cells where no prey size information was avail abl e.

Cod
size Number
Prey (cm) Stratum 1987 1988 1989
Arrowtooth 30-59 1 (0) 0 0
flounder 2 (0) 0 o]
3 (0) .0 0
5 (0) 0 0
>60 1 688.9 0 o]
2 100.0 0 0
5 €652.9 0 3.3
6 0 _0 2.1
Total (1,441.8) 0 5.4
Flathead 30-59 1 0 0] 68.4
sole 3 0 15.1 4.2
4 69.4 0 48.1
5 0 8.0 0
6 0 0 6.2
260 1 140.8 0 0
3 0 o] 292.6
4 0 o] 0.3
5 0 13.2 33.5
6 I 0] 5.3
Total 210.2 36.3 578.6
Rock sole 30-59 1 317.2 0 3.2
‘ 2 48.3 o 2.7
3 o] 0 256.2
4 1] 23.8 3.9
>60 1 715.1 218.9 61.4
2 22.7 1] o
3 0 0 17.5
4 0 0 15.2
Total 1,103.3 242.7 360.1
Yellowfin >60 1 271.6 87.4 18.0
sole 2 128.4 0 0
3 16.3 0] 16,882.1
4 0 0 1.5
Total . 416.3 87.4 16,901.6
Greenland >60 6 0 0 (0)

turbot
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Table B-10.--Estimated total biomass (netric tons) of king crabs
consunmed by Pacific cod by prey species, cod size
%roup, year, and strata for 31 days during nonths 5 to
in the eastern Bering Sea.

Cod
size Biomass
Prey (cm) _Stratum 1987 1988 1989
Lithodidae 30-59 3 158.0 23.1 0
>60 1 7.6 0 0.9
3 0 531.1 16.9
Total 165.6. 554.1 17.9
Paralithodes 30-59 1 167.0 0 0
sp.
>60 1 12.7 0 23.2
3 0 0 1,830.9
Total 179.7 0 1,854.1
Paralithodes >60 1 415.7 0 36.0
camtschatica 2 75.0 0 0
(red king crab)
Total 490.7 0 36.0
Paralithodes >60 1 0 0 20.3
platypus

(blue king crab)
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Table B-11. --Estimated total nunber (mllions) of king crabs
consunmed by Pacific cod by grey species, cod size
%roup, year, and strata for 31 days during nmonths 5 to
in the eastern Bering Sea. Values in parentheses
estimated from an average king crab size of 97.5 nm
carapace |ength.

Cod
size Number
Prey (cm) Stratum 1987 1988 1989
Lithodidae 30-59 3 (0.25) (0.04) 0
260 1 ‘ (0.01) 0 (<0.01)
; 3 0 (0.84) (0.03)
Total (0.26) (0.88) (<0.04)
Paralithodes 30-59 1 (0.26) 0 o
Sp. '
>60 1 (0.02) 0 (0.04)
3 0 (4] (2.89)
Total (0.28) 0 (2.93)
Paralithodes 260 1 (0.66) o] 0.07
camtschatica 2 (0.12) 0 0
(red king crab)
Total (0.78) 0 0.07
Paralithodes 60 1 0 0 0.02
platypus

(blue king crab)
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Table B-12. --Estimated total biomass (metric tons) of snow
(Chi onoecetes opilio) and Tanner (C. 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 indicate

cells where no pre% size information was avail able.
e

(- = no sanples taken.)
Cod
size Biomass
Prey (cm) 1587 1988 1989
€. opilio <30 2 274.2 0 0
4 62.9 0 20.8
30-59 1 0 1,114.5 401.4
2 4,478.0 3,386.0 2,881.5
3 16,220.3 1,471.1 8,057.9
4 20,062.0 17,434.3 22,923.4
5 0 0 783.1
6 16,885.4 1,900.2 9,904.2
260 1 0 0 835.2
2 8,054.1 18,552.5 6,162.0
3 12,688.1 0 5,771.8
4 20,489.0 10,875.6 23,121.9
5 2,176.0 676.5 6,325.5
6 49,836.5 5,800.4 29,420.2
Total 151,226.6 61,210.9 116,608.8
€. bairdi <30 3 440.5 - 0
4 95.0 0 0
30-59 1l 19.0 379.9 0
2 67.8 571.4 0
3 13,375.8 7,461.8 6,395.1
4 24,451.5 9,489.2 4,434.0
5 7,421.9 2,442.1 4,129.4
6 15,476.2 12,037.5 7,068.6
260 1 1,322.3 0 147.5
2 30.8 0 45.8
3 5,800.6 5,227.1 9,104.3
4 3,144.6 955.3 1,152.6
5 7,833.1 3,853.7 13,697.6
6 12,526.2 1.,526.5 20,163.4
Total 92,005.2 43,944.5 66,338.2
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Table B-13. --Estimated total nunber (mllions) of snow
(Chi onoecetes opilio) and Tanner (c. bairdi) crabs
consumed by Pacific cod by prey species, cod size
roup, year, and strata during months 5 to 9 in the
astern’Bering Sea. Values in parentheses indicate
cells where no prez size information was avail abl e.
(- = no sanples taken.)

Cod
size Number
Prey (cm) 1987 1988 1989
C. opilio <30 2 1,443.2 0 0
4 331.3 0 (0)
30-59 1 0 22.2 56.2
-2 666.5 685.3 233.4
3 1,115.9 484 .8 1,821.6
4 2,292.5 7,674.0 6,756.4
5 0 0 121.4
6 1,496.6 293.3 1,056.9
>60 1 0 0 45.2
2 324.4 550.3 350.3
3 362.4 0 372.2
4 698.7 128.4 1,143.3
5 24.7 4.7 140.8
6 1,909.5 670.1
Total - 10,665.7 9,980.8 12,767.8
€. bairdi <30 3 126.1 - 0
4 66.6 0 0
30-59 1 0.3 0.4 0
2 9.9 400.5 0
3 2,281.6 828.7 525.8
4 3,296.3 . 2,191.4 424.5
5 1,242.5 308.7 691.3
6 2,211.1 1,296.1 442.6
>60 1 34.8 0 12.0
2 0.1 0 2.5
3 210.6 230.2 488.1
4 154.1 18.2 39.0
5 666.4 402.3 627.1
6 354.6 112.4 872.2

Total 10,655.0 5,788.9 4,125.1
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Table B-14. --Size ranges of some commercially inportant 8rey

consumed by Pacific cod during

nonths 5 to

in the eastern Bering Sea during 1987 to 1989.

Predator Prey size
Prey size (cm) range (mm)
Red king crab >60 80-95
Blue king crab 260 100
Pacific herring 30-59 140-150

260 90-250

Pacific cod 260 30-390
Atka mackerel 260 260-270
Arrowtooth flounder >60 30-170
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APPENDI X C
Yellowfin Sole, Al aska Plaice, Rock Sole, and Flathead Sol e
Appendi x C presents biomass, food habits, prey conposition,
prey size, and prey consunption estinmates for yellowin sole,
Al aska plaice, rock sole, and flathead sole during months 5 through

9 from 1987, 1988, and 1989 in the eastern Bering Sea.

Li st of Tabl es

Tabl e Page
Gl.--Yellowfin sole, flathead sole, and rock sole bionass
estimates, in metric tons, by year and stratum . . . . 118

C-2.--Mean percent-by weight i%/\) and standard error (SE)
of snow crab in the diet of yellowfin sole, flathead

sole, and rock sole by year and stratum nonths 5
t hrough 9. Dash (-) indicates stratum where predator

was not sanpl ed. 119
C3.--Mean percent by weight (%N and standard error (SE)

of Tanner crab in the diet of yellowfin sole, flathead

sole, and rock sole by year and stratum nonths 5

through 9. Dash (-) 1ndicates stratum where predator

was not sanpled. . . . . . . . . . . . . .. 120
G 4. --Mean Percent b?/ wei ght (9% and standard error (SE)

of walleye pollock n the diet of yellowfin sole,

flat head sole, and rock sole by year and stratum

months 5 through 9. Dash (-) ‘indicates stratum where

predator was not sanpl ed. e A

G5, --Estimated snow crab biomass (nmetric tons) consuned by
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Table CG1. --Yellowfin sole, flathead sole, and rock sole biomass
estimates, in metric tons, by year and stratum
Biomass
Predator Stratum 1987 1988 1989
Yellowfin 1 1,310,926 1,212,723 1,057,890
sole 2 .285,203 328,480 360,609
3 919,578 878,994 559,036
4 159,153 235,803 221,747
5 112 : 0 0
6 0 113 18
Total 2,674,972 2,656,113 2,199,300
Flathead 1 18,319 13,667 8,010
sole 2 965 628 354
3 144,658 201,515 190,908
4 41,754 46,884 62,302
5 69,924 98,571 87,241
6 130,074 196,218 174,415
Total 405,698 557,483 523,230
Rock 1 - 563,123 878,172 505,172
sole 2 83,831 114,095 108,695
3 355,542 590,458 336,243
4 198,298 265,793 324,030
5 5,294 3,633 2,016
6 43,273 51,393 42,060

Total 1,249,361 1,903,544 1,318,316
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Table G2 .--Mean percent by weight (% and standard error (SE)

of snow crab in the diet of yellowfin sole, flathead
sole, and rock sole by year and stratum nmonths 5
through 9. Dash (-) indicates stratum where predator
was not sanpl ed.

1987 1988 1989

Predator Stratum iw SE E17) SE £ SE
Yellowfin 1 0] 0 0 0 0 0
sole 2 0 0 0.28 0.25 0 0

3 0 0 0 0 0 0

4 0 0 0.27 0.19 0 0

5 - - - - -— -

6 - - - - - -
Flathead 1 0 0 0 0 0 0
sole 2 - - - -~ - -

3 0 0 0 0 1.83 1.83

4 0 0 0 0 1.25 0.70

5 0 0 0 0 0 0

6 0 0 0 0 0.12 0.10
Rock 1 0 0 0 0 (4] 0
sole 2 o] 0 0 0 0 0

3 - - 0 0 0 0

4 0 0 0 0 0.54 0.54

S 0 0 - - - -

6 0.03 0.03 0 0 0 0
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Table G 3. --Mean percent by weight (% and standard error (SE)
of Tanner crab’in the diet of yellowfin sole, flathead
sole, and rock sole by year and stratum nonths 5
through 9. Dash (-) 1ndicates stratum where predator
was not sanpl ed.

1987 1988 1989

Predator Stratum W SE - W SE %W SE
Yellowfin 1 (0] 0 0 0 0.51 0.51
sole 2 0.12 0.12 0 0] 0 0

3 0.01 0.01 0 0 0 0

4 2.67 2.67 0 0 2.19 2.19

5 - ) - - - - -

6 - - - - - -
Flathead 1 0 0 0 0 0 0
sole 2 - - - - - -

3 5.23 5.03 0.19 0.19 0.13 0.13

4 0.88 0.88 0 0 3.00 2.51

5 2.61 2.21 0.44 0.44 3.43 2.01

6 1.32 0.78 1.62 1.62 2.22 1.27
Rock 1 0 0 0 0 0 0
sole 2 0 0 0 0 0 0

3 - - 0 0 0 0

4 0 0 2.67 2.67 0 0

5 0 0 - - - -

6 0.03 0.03 0 0 0 0
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Table C-4.--Man percent bP/ (%Y and standard error (SE)
of walleye pol ock |n the diet of yellowfin sole,
fl at head sol e, and rock sole by year and strat um
months 5 through 9. Dash (-) 1ndicates stratum where
predator was not sanpl ed.

1987 1988 ‘ 1989

Predator Stratum W SE £ SE W SE
Yellowfin 1 0 0 0 0 0.83 0.60
sole 2 0.75 0.75 0 0 2.43 2.43

3 0.01 0.01 2.55 1.61 0 0

4 0.07 0.07 0 0 0 -0

5 - - - - - -

6 - - - - - -
Flathead 1 13.00 10.31 0 0 7.74 7.74
sole 2 - - - - - -

3 0 0 ‘ (o] 0 4,50 3.38

4 0 0 '~ 15.20 15.20 6.41 3.78

5 6.61 4.38 0 0 0 0

6 7.69 5,11 3.44 3.44 0 0
Rock 1 0 0 0 0 0 0
sole 2 0 0 0 0 0 0

3 - - 0 0 0 0

4 0 0 0 0 0 0

5 0 0 - - - -

6 0 0 0.10 0.10 0 0
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Table C5.--Estimated snow crab biomass (metric tons) consuned by
yellowfin sole, flathead sole, and rock sole by year
and stratum nmonths 5 through 9. Numbers in
parentheses correspond to year-stratum conbinations
where nunber consumed coul d not be cal cul ated. Dash (-)
I ndi cates stratum where predator was not sanpl ed.

Biomass
Predator Stratum 1987 1988 1989
Yellowfin 1 0 0 0
sole 2 0 565.90 0
3 0 0 0
4 0 396.27 0
S - - -
6 - - -
Total 0 962.17 0
Flathead 1 (0] (0] 0
sole 2 - - -
3 0 0 3,746.00
4 0 0 466.70
5 0 0 0
6 0 0 229.08
Total 0 0] 4,441.78 -
Rock 1 0 0 0
sole 2 0 0 0
3 - 0 0
4 0 0 1,871.27
S 0 - -
6 (15.48) 0 0
Total 15.48 0 1,871.27
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Table C-6.--Estimated nunber of snow crab (mllions) consuned by
yellowfin sole, flathead sole, and rock sole by year
and stratum nonths 5 through 9. MNunbers in
parent heses correspond to year-stratum conbinations
where number consuned coul d not be cal cul ated. Dash (-)
i ndi cates stratum where predator was not sanpl ed.

Number
Predator Stratum 1987 1988 1989
Yellowfin 1 o] 0 0
sole 2 0 641.02 0
3 0 0 0
4 0 1,248.26 0
5 - - -
6 - - -
Total 0 1,889.28 0
Flathead 1 0 0 o
sole 2 - - -
3 0 0 4,242.31
4 0 0 1,090.02
5 0 0 0
6 0 0 427.08
Total 4] (0] 5,760.41
Rock 1 0 0] 4]
sole 2 0 0 0
3 - 0 0
4 0 0 2,119.77
5 0] - -
6 {0) 0 0
Total (o] 0 2,119.77




Table G 7.--Estinmated Tanner crab biomass (netric tons) consuned
yellowfin sole, flathead sole, and rock sole by year
and” stratum nonths 5 through 9.

124

Nunber s

in

parentheses correspond to year-stratum conbinations

where number consunmed coul d not be cal cul ated. Dash (-)

I ndi cates stratum where predator was not sanpl ed.

. Biomass
Predator Stratum 1987 1988 1989
Yellowfin 1 0 0 3,320.15
sole 2 201.03 0 0
3 33.50 0 0]
4 2,603.86 0 2,968.70
5 - - -
6 - - -
Total 2,838.49 0 6,288.85
Flathead 1 0 0 0
sole 2 - - -
3 8,099.34 409.39 255.90
4 392.32 . 0 2,004.07
5 1,953.74 465.65 3,207.98
6 1,832.49 3,400.85 4,144.50
Total 12,277.89 4,257.89 9,612.45
Rock 1 0 0 0
sole 2 0 0 0]
3 - 0 0
4 ) 7,604.28 0
5 . 0 - -
6 12.73 0 0
Total 12.73 ~7,604.28 0
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Table C9. --Estimated nunber of Tanner crab (mllions) consuned
by yellowfin sole, flathead sole, and rock sole by year
and stratum months 5 through 9. Nunbers in
parent heses correspond to year-stratum conbinations
where nunber consunmed coul d not be cal cul ated. Dash (-)
i ndi cates stratum where predator was not sanpl ed.

Numbg;
Predator Stratum 1987 1988 1989
Yellowfin 1l 0 0 8,981.68
sole 2 544.10 0 0]
3 1,610.15 0 0
4 3,425.59 0 8,030.96
5 - - - -
6 - - -
Total 5,579.84 0 17,012.64
Flathead 1 0 0 0
sole 2 - - -
3 21,910.39 289.97 73.29
4 159.54 0 705.57
5 1,965.42 326.41 2,577.17
6 2,342.69 2,925.82 2,545.42
Total 26,378.04 3,539.29 5,901.45
Rock 1 0 0 0
sole 2 0 0 0
3 - 0 0
4 0 5,330.40 0
5 0 - -
6 8.93 0 0
Total 8.93 5,330.40 0]
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Table C-9. --Estimated wal | eye pol | ock biomass (netric tons
consuned by yellowfin sole, flathead sole, and rock
sole by year "and stratum nonths 5 through 9. Nunbers
in parentheses correspond to year-stratum conbinations
where nunber consumed could not be cal culated. Dash (-)

I ndi cates stratum where predator was not sanpl ed.

Biomass
Predator Stratum 1987 1988 1989
Yellowfin 1 0 0 5,360.96
sole 2 1,312.35 0 5,369.39
3 58.92 13,702.13 0
4 67.63 0 0
5 - - -
6 - - -
Total 1,438.90 13,702.13 10,730.35
Flathead 1 2,550.40 0 663.75
sole 2. - - -
3 0 0 9,199.71
4 0 7,632.15 4,275.92
5 4,948.54 0 0
6 10,718.02 7.222.54 0
Total 18,216.96 14,854.69 14,139.38
Rock 1 0 0 0
sole 2 0 0 0
3 - 0 0
4 0 0 0
5 0 - -
6 44.91 0 0
Total 44.91 ) 0]
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Table C10. --Estimated nunber of walleye pollock (mllions)
consuned by yellowfin sole, flathead sole, and rock
sol e by year ‘and stratum nonths 5 through 9. Nunbers
I n parentheses correscg)ond to year-stratum conbinations
where nunber consumed could not be cal cul ated. Dash
(-) indicates stratum where predator was not sanpl ed.

Number
Predator Stratum 1987 1988 1989
Yellowfin 1 0 (1] 6,814.47
sole 2 232.27 0 3,663.47
3 10.28 . 32,243.86 0
4 3,416.19 0 0
5 - - -
6 - - -
Total . 3,658.74 32,243.86 10,477.94
Flathead 1 319.75 0 173.17
sole 2 - C - -
3 0 0 14,924.73
4 0 956.87 607.09
5 2,822.15 0 0
6 10,580.91 905.51 0
Total . 13,722.81 1,862.38 15,704.99
Rock 1 o] 0 0
sole 2 0 0 0
3 - 0 0
4 0 0 0
5 0 - -
6 124.41 0 0
‘0 0

Total 124.41




128

Table G 11. --Estinmated biomass (metric tons) of mscellaneous
speci es consunmed by yellowfin sole and flathead sole
by year and stratum "nonths 5 through 9. Numbers in
parent heses correspond to year-stratum conbinations
where nunber consumed could not be cal cul ated using
conventional methods.

Biomass
Predator Prey Stratum 1987 1988 1989
Yellowfin
sole Rock sole 1 0 0 3,410.56
2 0 399.31 0
Paralithodes 4 0 14.07 0
sp.
Flathead
sole Rock sole 1l 1,011.80 125.86 . S ¢
3 0 (2,055.45) 0

Flathead sole 3 0 . 1,102.87 0
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Table G 12. --Estimated nunber (mllions) of mscellaneous

speci es consuned by yellowtin sole and flathead sole
by year and stratum months 5 through 9. Nunbers in
par ent heses correspond to year-stratum conbinations

where nunber consumed coul d not be cal cul ated using

conventional methods.

Number
Predator Prey Stratum 1987 - 1988 1989
Yellowfin ‘
sole Rock sole 1 0 0 952.23
' 2 0 702.75 0
Paralithodes 4 0 6.83 0
sp. .
Flathead ‘
sole Rock sole 1 416.30 661.18 0
3 0 (0) 0

Flathead sole 3 0 672.93 0
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Figure G8. --percent by weight of snow crab in the diet of
yel lowfin sole in 1988, and flathead sole and rock
sole in 1989, by sanpling station in the eastern
Bering Sea, months 5 through 9.
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Figure G9. --Percent by weight of Tanner crab in the diet of

yellowfin sole 1n 1987 and 1989 by sanpling station i

the eastern Bering Sea, nonths 5 through 9.
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Figure C-10. --percent by weight of Tanner crab in the diet of
flathead sole, 1987-1989, by sanpling station in the
eastern Bering Sea, nonths 5 through 9.
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Figure G11.--Percent by weight of walleye pollock in the diet of

yel lowfin sole, 1987-1989, by sanpling station in the
eastern Bering Sea, nonths 5 through 9.
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Figure C12. --Percent by weight of walleye pollock in the diet of
flathead sole, 1987-1989, by sanpling station in the
eastern Bering Sea, nonths 5 through 9.
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Figure G 13.--Percent by weight of rock sole in
yellowfin sole in 1989, and Parali
diet of yellowfin sole in 1988 by s
the eastern Bering Sea, months 5t

the diet of
tholdes sp. in the
anpling station in
hpgugth.
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APPENDI X D

G eenl and Tur bot

Appendi x D presents biomass, food habits, prey conposition,
prey size, and prey consunption estinmated for Geenland turbot
during nonths 5 to 9, from 1987, 1988, and 1989 in the eastern

Bering Sea.
List of Tables
Tabl e Page
D-I. --Bi omass éby predator size, stratum and year) of
G eenl an

turbot in the eastern Bering Sea from
1987 through 1989 (data based on the bottom traw

survey conducted by the PACE Division of the Al aska
Fisheries Science Center,NVFS)......................... 155

D-2. --Mean percent by weight and standard error
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Table D-1. --Bi omass éby predator size, stratum and year) of
Geenland turbot in the eastern Bering Sea from 1987
through 1989 (data based on the bottom traw survey
conducted by the RACE Division of the Al aska
Fi sheries Science Center, NVFS)

Predator Biomass (metric tons)
size (cm) Stratum 1987 1988 1989
<30 .
4 46 98 111
5 (4] 0 0
6 339 706 122
Subtotal 385 804 233
30-49
4 83 111 728
) 0 0 0
6 640 4,228 3,481
Subtotal 723 4,339 4,209
>50 |
4 651 0 0
5 221 286 0
6 8,669 6,137 4,463
Subtotal 9,541 6,423 4,463

Total 10,649 11,506 8,905
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Table D-2. --Mean percent bY wei ght and standard error (W + S.E.)
0

of walleye pollock In the diet of Geenland turbot by
redator size, stratum and year in the eastern
ering Sea (sanpled in nonths 5to 9). (- =no
sanpl es taken.)

Predator . $W £+ S. E.
size (cm) Stratum 1987 1988 1989
<30 ‘
4 0 15.7 + 15.7 12.1 + 12.1
5 - - -
6 33.3 £ 33.3 41.0 + 18.8 0]
30-49
4 50.0 £ 50.0 43.2 + 43.2 36.3 + 15.2
5 - - -
6 46.9 % 16.5 66.7 + 16.9 46.6 + 13.6
>50
4 -— - -
5 - 76.5 + 9.4 -
6 96.4 + 3.6 84.7 + 2.0 65.6 + 15.6




157

Table D-3. --Estinmated biomass of walleye pollock consunmed by
Geenland turbot in the eastern Bering Sea (by

predator size, stratum and year). (- = no sanples
taken.)
Predator Biomass (metric tons)
size (cm) Stratum 1987 1988 1989
<30
4 0 26 23
5 - - -
6 190 487 0
Subtotal 190 513 23
30-49
4 83 95 526
5 - - -
6 597 . 5,612 3,225
Subtotal 680 5,707 3,751
>50
4 - - -
5 - 167 -
6 6,395 4,446 2,239
Subtotal 6,395 4,613 2,239

Total 7,265 10,833 6,013
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Table D-4.--Estimated number (mllions) of walleye pollock
consuned by Geenland turbot in the eastern Bering
Sea (by predator size, stratum and year). (- = no
sanpl es taken.)

Predator. Number (mjillions)
size (cm) Stratum 1987 1988 1989
<30
4 0 5 6
5 - - -
6 24 37 0]
Subtotal 24 42 6
30-49
4 1 5 76
5 - - -
6 21 238 81
Subtotal 22 ' 243 157
>50
4 - - -
S - 1 -
6 39 10 5
Subtotal 39 11 5

Total 85 296 168
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Table D-5.--Estimated bionmass and nunber of m scellaneous
commercial _prey consuned by Geenland turbot (sanpled
in nmonths 5-9) by prey item predator size group,
year, and stratum Nunmbers in parentheses indicate
e?ls with no prey size informtion.

Predator ‘ Biomass Number
Prey size (cm) Year Stratum (metric tons) (millions)

Chionoecetes
opilio <30 ' 1989 6 | (0.12) 0]
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APPENDI X E

Arrowt ooth fl ounder

Appendi x E presents biomass, food habits, prey conposition,

prey size, and prey consunption estimates for Pacific cod during

months 5 to 9, from 1987, 1988, and 1989 in the eastern Bering Sea.
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Fisheries Science Center, NVFS.............. ... .. ...

E-2.--Mean percent br wei ght and standard error (%N + SE)
of walleye pollock n the diet of arrowooth flounder
by predator size, stratum and year in the eastern
Bering Sea (sanpled in nonths 5'to 9). (- =no
samples taker.) . ........ . . ...

E-3.--Mean percent by weight and standard error (%WV+ SE)
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Table E-1 .--Bionmass (by predator size, stratum and year) of
arrowmooth flounder in the eastern Bering Sea from
1987 through 1989 (data based on the bottom traw
survey conducted by the PACE Division of the Al aska
Fi sheries Science Center, NVWS).

Predator : Biomass (metric tons)
size (cm) Stratum 1987 1988 1989
<20
1 105 107 467
2 0 0 0
3 873 1,476 2,494 .
4 178 2,128 497
5 541 : 1,252 2,061
6 297 1,205 989
Subtotal 1,994 6,168 6,508
20-39
1l 723 824 821
2 0 0 0
3 39,087 46,262 49,175
4 11,442 9,698 30,051
5 30,630 44,494 50,938
6 32,312 48,184 46,989
Subtotal 114,194 148,638 177,974
>40
1 826 87 0
2 0 0 0
3 25,570 29,817 32,403
4 7,143 1,616 11,600
5 59,339 46,253 60,235
6 81,576 72,959 121,963
Subtotal 174,454 150,732 226,201

Total 290,642 305,538 410,683
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Table E-2.--Mean Percent bY wei ght and standard error (%V+ SE)
of walleye pollock In the diet of arrowtooth flounder
by predator size, stratum and year in the eastern
Bering Sea (sanpled in months 5to 9). (- =no
sanpl es taken.)

Predator ' $W + SE
size (cm) Stratum 1987 1988 1989
20-39
' 1 - - 42.3 + 42.3
2 - - 0
3 0 5.6 + 5.6 18.3 + 11.6
4 51.8 + 25.9 0 21.3 + 10.9
5 11.0 + 8.0 (o] 10.3 + 10.3
6 28.2 + 14.5 59.8 + 19.5 26.6 + 9.0
>40
1 - - -
2 - - -
3 - 0 0
4 87.6 + 0.0%* - 59.5 + 24.3
S 21.4 + 11.5 88.9 + 6.8 6.8 + 6.8
6 64.5 + 10.8 52.0 + 14.9 39.7 + 9.0

* Only one station was sanpl ed.



Table E-3.--Mean percent by weight and standard error

of m scel |l aneous commerci al

169

prey consuned
arrowooth flounder (sampled in nonths 5-9) by prey
item predator size group, year, and stratum

W + SE)

Predator
Prey size (cm) Year Stratum %W + SE
Pacific
herring >40 1987 5 7.92 £+ 9.92
Pacific cod 20-39 1989 4 11.11 + 11.11
Arrowtooth
flounder 20-39 1987 6 5.86 + 5.86
>40 1989 5 0.22 + 0.22
Flathead
sole 20-39 1989 q 4.94 + 4.94
>40 1989 5 0.22 + 0.22
1989 6 1.60 + 1.60
Rock sole <20 1989 4 1.88 + 1.88
20-39 1989 3 2.43 + 2.43
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Table E-4.--Estimated biomass (netric tons) of walleye pollock
consuned by arrowtooth flounder in the eastern
Bering Sea (by predator size, stratum and year).
(- = no sanplés taken.)

Predator Biomass (metric tons)
size (cm) Stratum 1987 1988 1989
20-39
1 - - 478
2 - - ) 0
3 0 3,552 12,418
4 8,156 0 8,798
5 4,646 0 7,204
6 12,536 39,642 17,200
Subtotal 25,338 43,194 46,098
>40
1 - - -
2 - - -
3 - 0 o]
4 6,697 - 7,394
5 13,613 44,052 4,395
6 56,360 40,656 51,833
Subtotal 76,670 84,708 63,622

Total 102,008 127,902 109,720
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Table E-5. --Estimated nunber (millions) of walleye pollock _
consuned by arrowtooth flounder in the eastern Bering
Sea (by predator size, stratum and year). (- = no
sanpl es taken.)

Predator Number (millions)
size (cm) Stratum 1987 1988 1989
20-39
1 - - 4
2 - - . 0
3 (o] 4,514 1,355
4 440 0 482
5 - 14 0 1,880
6 166 785 644
Subtotal 620 - 5,299 4,361
>40
1 - - -
2 - - -
3 - o 0
4 160 . - 35
5 65 111 8
6 755 548 790
Subtotal 980 659 833

Total 1,600 ' 5,958 5,194
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Table E-6.--Estinmated biomass (nmetric tons) and nunber (mllions)
of m scel |l aneous comercial -prey consuned by
arrowt ooth flounder (sanpled in nonths 5-9) by prey
item predator size group, year, and stratum  Nunbers
In parentheses indicate cells with no prey size

i nf ormation.
Predator Biomass ' Number
Prey size (cm) Year Stratum (metric tons) (millions)
Pacific
herring >40 1987 5 6,303 9.2
Pacific cod
20-39 1989 4 (4,598) ‘0.0
Arfbwtooth :
flounder 20-39 1987 6 2,608 488.3
>40 1989 5 (145) 0.0
Flathead
sole 20-39 1989 4 (2,043) 0.0
240 1989 5 145 21.0
. 1989 6 2,091 52.7
. Rock sole <20 1989 4 ' 13 22.6

20-39 1989 3 1,646 249.6
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APPENDI X F
Paci fic Hal i but

Appendi x F presents biomass, food habits, prey conposition,
prey size, and prey consunption estimates for Pacific halibut

during nonths 5 to 9 in 1989 in the eastern Bering Sea.
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Table F-1. --Estimated biomass in netric tons of Pacific halibut
for 1989 in the eastern Bering Sea by halibut size
group and stratum

Biomass
Stratun <30 cm 30-59 cm >60 cm
1 740 2,512 7,627
2 110 2,396 5,041
3 59 4,820 15,334
4 7 3,088 12,539
5 0 68 13,162
6 0 544 9,034
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Table F-2.--Man percent by weight (%Y and standard error (SE) of
fish in the stomach contents of Pacific halibut by
preYhspeC|es, hal i but size group, and stratum during

months 5 to 9 in 1989 in the eastern Bering Sea.
Halibut
size :
Prey (cm) Stratum W SE
Walleye <30 1 5.64 5.64
pollock 2 33.62 18.32
30-59 1 18.04 10.03
2 12.50 12.50
3 15.40 10.18
4 5.31 5.31
5 0 0
6 3.93 3.93
>60 1 7.11 7.11
2 28.93 13.66
3 49,81 11.54
4 35.50 12.32
5 18.52 15.42
6 49.16 15.04
Pacific 260 5 19.20 19.20
cod
Pacific 260 4 ' 0.92 0.92
herring
Flathead 30-59 1 . 2.01 2.01
sole
Yellowfin >60 1 7.55 6.42

sole
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Table F-3.--Mean percent by weight (%Y and standard error (SE) of
Tanner (Chi onoecetes bairdi) and snow (C. opilio) crab
in the stomach contents of Pacific halibut by _

preyhspeC|es, hal i but size group, and stratum during

months 5 to 9 in 1989 in the eastern Bering Sea.
Halibut
size

Prey (cm) Stratum W SE
C. opilio 30-59 2 0.38 0.38
4 11.77 11.53
>60 4 7.46 6.81
5 13.36 13.36
6 6.68 6.68
C. bairdi 30-59 1- 2.40 2.40
3 5.50 3.83
4 0.71 0.71
5 47.82 47.82
6 7.92 5.05
260 3 11.15 7.77
4 1.90 1.50
5 3.42 3.32
6 0.51 0.26
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Table F-4.--Estimated total biomass (netric tons) and nunber
(mIIions?1 of fish consumed by Pacific halibut by prey
species, halibut size group, and stratum during nonths
5to09in 1989 in the eastern Bering Sea.

Halibut
size
Prey (cm) Stratum Biomass Number
Walleye <30 1 89.34 113.56
pollock 2 79.22 54,06
30-59 1 693.32 © 63.74
2 458.23 16.98
3 1,135.98 : 37.31
4 251.04 26.06
5 0 0]
6 32.75 1.44
260 1 331.91 35.21
2 892,61 2.54
3 4,674.74 13.16
4 2,724.06 : 5.57
5 1,491.82 2.47
6 2,718.24 6.68
Total 15,573.26 378.78
Pacific >60 ‘ 5 1,546.87 0.87
cod ‘
Pacific >60 4 70.75 (0)
herring
Flathead ' 30-59 1 77.06 7.78
sole

Yellowfin >60 1 352.24 6.88

sole
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Table F-5. --Estinmated total biomass (metric tons) and nunber
mllions) of Tanner (Chionoecetes bairdi) and snow
C. opilio) crab consuned by Pacific halibut by preK
species, halibut size group, and stratum during nonths
5to9in 1989 in the eastern Bering Sea.

Halibut
size :

Prey (cm) Stratum Biomass Number
C. opilio 30-59 2 14.08 0.37
4 556.31 81.25
>60 4 572.16 56.25
5 1,076.18 15.67
6 369.29 4.01
Total 2,588.02 157.55
C. bairdi 30-59 1 92.23 7.87
3 405.50 59.59
4 33.71 2.88
5 49.76 5.88
6 65.93 7.79
>60 3 1,046.22 74.31
4 145.66 9.40
.5 275.79 33.43
6 ——28.28 —3.42

Total 2,143.08 204.57
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Table F-6.--Size range of fish consumed by Pacific halibut by
prey species, and halibut size group during nonths 5 to
9 in 1989 in the eastern Bering Sea.

Halibut Prey
size , size range
Prey (cm) (mm) ‘
Pacific coqd >60 500

Flathead sole 30-59 90

Yellowfin sole >60 130-140
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