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Tab.1 Monthly sample size of walleye
pollock by standard length class

At . AR REA
Month Sample size of each standard length class/ &
(0, 30] (30, 40] (40, 50] (50, 60)
6 8 5 5 4
7 5 9 8 -
8 6 7 5 -
T =7 FOR TR NAERAE
Notes: “ -7 represents no individual with corresponding length.
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Hg R KA REA R D BT UG e 500 B &
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IR AR B ™ (57. 1% ) , )2 K3 R 26
FHE FEE KA, 2K 25 A %
AP (%£2) .
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Tab.2 Relationship between incidence of cannibalism and length and fishing depth of walleye pollock

B AR RAL A B A R A

R Zii}: Incidence of cannibalism and sample size of eachstandard length group
Depth Incidence
(0, 30] (30, 40] (40, 50] (50, 60)
11.1% 14.3% 25% 100%
<140 m 26.1%
n =9 n =7 n =4 n =3
11.1% 30. 1% 22.2% 100%
140 ~180 m 25.0%
n=9 n =13 n =9 n =1
- - 80% -
>180 m 57.1%
n =2 n =25 _

TE :n 7R GRTER BN AR K RIREA G, B 5 A A RO AR AR R S B R R R

Notes: n represents the number of stomachs in each standard length group at the corresponding depth, and the percentage above shows the

incidence of cannibalism.
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SR A A2 2K ) R0 ot EU R A 3 72 A 2 5 B0
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WL, B G Ik R 12.25% 111 6 F1 8 H 43 A
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B, FFARBRAE 1 BT R
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Fig.2 Variation in stomach content composition of walleye pollock with month and standard length

<._.
= i B2k G SN TR
= Amphipods Chaeteognths Copepods Crustacean larvae Euphausiacea
B
S
®™E 50 e L
'H']"-H . . T M o fo
E e ° ‘o < . ®e0 o
UE 563 2.5} ..' :. Q __ \‘
KT 0| = . . el B
RE
3
% 2.5
&
fﬂ 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8
= M ARFEE Gonadosomatic index

PR 5288432 95 % EA5 X 1A o

Shaded areas signify 95% confident intervals.
B3 HALHBRESSYMAFESHBRERZENXER
Fig.3 Relationship between abundance of stomach contents and GSI

for walleye pollock in the Western Bering Sea

BRER S RA) i S

Amphipods Chaeteognths Copepods Crustacean larvae Euphausiacea

0 3 6 9 0 3 6 9 0 3 6 9 0 3 6 9 0 3 6 9
B&YHRE Mass of stomach contents/g

MR
log-transformed numberof individulal/A4™

P BB 43y 95% BAF X H]

Shaded areas signify 95% confident intervals.

B4 ARSHRETAVMAXFESESYWREZEANXR
Fig.4 Relationship between abundance of stomach contents and mass of stomach

contents for walleye pollock in the Western Bering Sea

http: //www. shhydxxb. com



1518 (S R Ty N S S 1 31 %

3 e

3.1 FHBMBEESTETUREMKEES
AT

Pl L2 3 A, HAR & X R AE A
P Z R R M2 R X R T R B A )
R ZEL PR ph 4R X A 1 ARG ) A %
S 5 A T I B 23 06 R 1 3t ) g
SO R U 0 ) T 4L R R
W YR AT AR AR R A 4 5, B EEH
AU 1 32 T T O W2 e B SR R 1) R
K RO A ZmE ™, YAMAMURA 4"
R, A R AE B0 1 5 W e B R RS AR sk
R YIRIE, A 4—6 A B R R LS 2 i
SRS MRER 2 (20 ~ 80 m) & 250 m {1 IF i
ARSI T BB AN A 15 I IR e % £ 43 A K
JET A A R I B T B R R, HEA
HA 25 A8 22 ) VR I 7K 2 T B J T 1E A
R T, FCMA S BB 5 M 4 A 31 B B R
P, DRI B O B ) R R S, BF R R
B, Bl B i e AR L R B 05 484 0 i D
D UM S TG 1A AR L R i 4 A Y 2
WA Ak, BUCKLEY 45" ¢ /R, bk i 4% £1 %
S v 2 T IR 2 M 2 B 1 A8 b A R B
PRS2 1 TS SR K B, B 248 S 2 R B AR 2
VR4 78 LI, WO 23 4 S e RS R 2, Bl IR 2K
WA A )3 A A T 5 30 A5 B s 7 F £ 0 52 SR
IR E R, BT, BRI
VR R TIR AD , EECE e B 4 v o R M
27 GDM S5 8oR, % B W B Rm,
W B AR R 0 55 W S, 8 B e % 3 ok
SRET B R AT LIRS R A B T, BIVAR %
THA R U AR A, Bl AR 2 T 0 0 T B
Bio L TE R 2 A TR 13 e, 0 0 A 4
PSS JEE 245 T 8 D /L 6 T 94 908 0T B MR 285 0 R
i R AT BB A o 1 T R SR &
W02 T 8 7 Bl i A W R A i 2
TR REVE ZE A A B R, e
YIRS RE T BT 7 A, Xl R
SRR E A K R E A K
3.2 KRGS S &Y HER BB

AR B 4 5 SO 5 S AR Y B £ ) A
KRB, AR 5 4 VR U 3 W e 1) £

http: //www. shhydxxb. com

2 BEE R T AL K2 B KA 1 A L DA
I A — 26 3¢ T 1 4 1 Bl 28 DR 5 45 B X 4
WA K5 Ak 4558 , i BUCKLEY 262 i T &
ZEIR AR T A B T 00, 48 Hh B 2 FE Al
BB 2 P B AL, HL H
Wt K38 T T ek 20> T st K g e 2 5 £ o
LIRS DWYER 25610 78 X 194 W 1 05 1t £
T BLRITIFE Hh & B, B2 G i R e 5 1 8 1
W A o 2 B P R A 2% 2 R R S )
RIS A ka3, [ 2 M & E PR K KT 50 em 1)
Pl 5 5y . RS GDM 45 B UK,
PR A B 5 W 21 BTG S R ) (H AR 5 4
RABBERE RSN W L) U . DS 4 R,
WRRTE S & B B & L R A 3 i 2
MRS AR KT 50 em B4 BLX A
KU B AT o

o8 JE 2K A S5 B 0 5 T ek 2 )
e AR IR DR T SE B0 R AR A 0 5 kL ) 8 22
ZHN ARG T /MA KL (L<30 em) B ZH
BE T o R R A TS A IR T8, BN E 2
Pt BB U4, bR 2 MR UR 2 B i
MIRETE % B, H 72 s S IR R ., i o/ 25 B
WK B AR AR o — B, £ 2 TR R
R A AR £y SR Y B T R B K T /A
KAMRB 248 130559, To R IUE 2 1) & g
Bl AHIST IR AT BB A 7E B 2 1 o A2 R FTH
SRR, X S Vi Sh Y lE Uk B s, H g T
W B TR T WO AR 3 5 DR I, 00 % 34 1o 4
X ENTHE ARG A 72, 40 ~50 em (R K 4]
WD T e R, AT RE - PR A AR AT A A K
ARAA K. BUCKLEY 27§ 5 (R K A8 (L &
AR B AR Ak AT R A DR A e e g A [) B 7Y
A5 Al < S Gy SRS ) B 2 A K ) 3 K T 3 K
S EAE AR L AR PR R AR, TR B K e
RS I T 23 RO, B ) SR A5 ) B W R U
I, B oY BRI B B R B AR Y 3
T
3.3 EEHERSRESH

ARV 4 0 B B E 7K 2 43 A B IR A
KR, B T FEAE B4, COONEY
SV R BB AR T2 B DR JE 2SR AR 2
B ANFETR U S o U8 3= AN R B, A IR &
2, MRS T E 2 0 A e



6 ] R 22019 4R B Z 04 (1 MR 18 S WAL HEE R R 1519

We sl A (R X SBT3 AS BF 9 W 38, & B
100 ~200 m 7K JZ 19 H 23 i 4 P 1 A2 4% K 2=
A% 12K 2 VL A A B 1 B 32 5200 A1 1 UK
JZ o PRI, BP9 B ) ) 6 AR ] BE 2
PR A 2 T 38k 7 U B W) AN AL YAMAMURA
S TE AT [ AR AR R TR R R
PR SR BE A I e B, TRHEE PP % 85 AR A E LR
RET2EABIK X AR A, BF5E bt W5
B TR —BG RIRRAL(L > 50 em) A A2 i
B2/ <140 m) FfF R [HIZR (R 1) o

DWYER %' [ ffF 5 % R, 111418 7 7 ol 4
FIPEACREZ I 2 B R A B4, AR Rl 28 1
AR ZEAH B R A TERK T A, B B R R B 1
O B AR VU ALRE 2L B[R] A £ B R =AM
il 3 AT B, B B R B G A
R, BT 0 ~3 AR, ATE &
KA IR B0 A T B R R AR R A B I —
BT AT B A AR 4K R
MR FE IR A, AT AT LA 2 2 04 B 2 T 4
BRI BRI TE . R, #F58H HF R %
U 15 £ A /N TR £ R A BE 42, {H 2 DWYER
ST R N 2 B B G 1A
TR Y 15 0 0 R, T A G = A>T 1 O
DL o S B 0T [ A B At /N 20 0 2 p) B £
VEFET RS B I Z 1 I A AR A 5%
3.4 MBREZEEHRERRMXER

GDM Z55 R 7, B TP i (0 25 2001 1 i 2
Wy 4 R R B R S g o k2 3 AT
PRAE ;™ G I3 L S SR . P A T R A Y )
B U 1 A 4—6 J1 1T R AR AL O
UG, BB IR A2 1)k 2 5 512 B 2 4 19 P
PN T LR 22 Rk i 5 4 400 1] 307 BB — 3k, HL
o RARAE T ERI AR . ARBFIORAE
()l 6—8 1, IS B 25 2R 7, G 1 i i
B G et R AR AL, kA hoy
REAL & RO IR B A, S 1 AN HEPE A 1A
eSS s S Tipa et e 3 [ W B A N e X
PR PE IR 5 20, L E S BCR B , fA R AL
A2 R B RO R )N 1
paL IR

PRER A B Ot R PR IR A o X
FU A T ABIEE I, (57 T W5 X 387K B £ o] B
GEAR LS Sl IR RN S S VNER Vi Db 4 /i

Yt PRI — UG 4 J5E PR AT R Er L 1 i
DWYER 2" % B, B 82 0 365 2 vp 0655 1 &
JREH T H M I A /. TRAYNOR 26120
TR G PR B 2 i AR ORI 5 B X 4
rfa s, LR RS 4 IR A B A e, L, [\
B Sk DB B B AR 1 b 7T, (H A A R
AT TR A 1) B 3 v R b AR A B R
FIAILE S 25 5 B NS 2, A Rt — 225
WAk e iR B M E M R 2, ik
O3 A DX L Fh E5 A, OK BRRAE DL ) A
J14E AR B T AT M AW AN & TRk
5 1 B3 B L 2 R A H 3 5K 2 B R R
SO, J B2 T AR E— 20 in i H A R 227 ok 1 52
M, -3 00 90 A DX sl A 3 L 5 e () 5, DA M) 4
T b )T 2 DX Sl A ) 4 B ML o

BMFRAE P PEKREHRAGHTF 15" 4%
s R B A A R B R AE R, Bl LR FR
F A R IRARE AR A A P Sh A4S 4 H) R A 6 B
BB RAET  EF K AT A B ) 5 A 52 I A R
WFL L, FTREMFET LETE LEEFRFX
F AR R B AR FAF A R TR 6 L,

S 3k

[1] UCHIYAMA T, MUETER F J, KRUSE G H. Multispecies
biomass dynamics models reveal effects of ocean temperature
on predation of juvenile pollock in the eastern Bering Sea
[J]. Fisheries Oceanography, 2020, 29(1) : 10-22.

[2] BUCKLEY T W, ORTIZ I, KOTWICKI S, et al. Summer
diet composition of walleye pollock and predator - prey
relationships with copepods and euphausiids in the eastern
Bering Sea, 19872011 [ J]. Deep Sea Research Part II:
Topical Studies in Oceanography, 2016, 134 302-311.

[3] YAMAMURA O, HONDA S, SHIDA O, et al. Diets of walleye
pollock Theragra chalcogramma in the Doto area, northern
Japan: ontogenetic and seasonal variations [ J ]. Marine
Ecology Progress Series, 2002, 238, 187-198.

[4] SPRINGER A M. A review: Walleye pollock in the North
Pacific - how much difference do they really make? [J].
Fisheries Oceanography, 1992, 1(1): 80-96.

(5] RAEGE, AREF. bR BT ko el i 26 A 2R RRAIE K
FEMEPEMLI]. K=, 2019, 43(7) : 1581-1592.
LIN Q Q, ZHU G P. Ecological characteristics and
importance evaluation of fish species in the Arctic Alaska
[J]. Journal of Fisheries of China, 2019, 43 (7). 1581-
1592.

[6] SMITH R L, PAUL A J, PAUL J M. Seasonal changes in

http: //www. shhydxxb. com



1520

R EEE:

¥k

31 &

[10]

[11]

[12]

[13]

[14]

[17]

http:

energy and the energy cost of spawning in Gulf of Alaska
Pacific cod [ J]. Journal of Fish Biology, 1990, 36 (3):
307-316.

FIIL, BT, RIEPE. P E 08 25 00 LR 7 R
fiELJ]. BRI R AR, 2021, 30(2) : 331-338.

WEI B B, HUANG K, ZHU G P. Ovary development of
walleye pollock ( Gadus chalcogrammus ) in the western
Bering Sea summer [ J ]. Journal of Shanghai Ocean
University, 2021, 30(2) : 331-338.

HOF, FULOL, SRESE. 06 A1 5 2 p 0 1 R 21 2 g
EELH N RS [ 1], RKIEHHE R0, 2020,
35(4): 564-569.

HUANG K, WEI B B, ZHU G P. Evaluation of factors
affecting energy density of gonad of Alaska pollock Gadus
chalcogrammus in the Western Bering Sea during summer
[J]. Journal of Dalian Ocean University, 2020, 35 (4) .
564-569.

HEINTZ R A, SIDDON E C, FARLEY JR E V, et al.
Correlation between recruitment and fall condition of age-0
pollock ( Theragra chalcogramma) from the eastern Bering
Sea under varying climate conditions[ J]. Deep Sea Research
Part IT; Topical Studies in Oceanography, 2013, 94. 150-
156.

MOSS J H, FARLEY E V JR, FELDMANN A M, et al.
Spatial distribution, energetic status, and food habits of
eastern Bering Sea age-0 walleye pollock[J]. Transactions of
the American Fisheries Society, 2009, 138(3) . 497-505.
DUFFY-ANDERSON J T, CIANNELLI L, HONKALEHTO
T, et al. Distribution of age-1 and age-2 walleye pollock in
the Gulf of Alaska and Eastern Bering Sea: sources of
variation and implications for higher trophic levels [ M ]//
BROWMAN H I, SKIFTESVIK A B. The Big Fish Bang.
Proceedings of the 26th Annual Larval Fish Conference.
Bergen: Institute of Marine Research, 2003 ; 381-394.
STEPANENKO M A, GRITSAY E V. Assessment of stock,
spatial distribution, and recruitment of walleye pollock in the
northern and eastern Bering Sea [ J ]. Izvestiya TINRO,
2016, 185(2) : 16-30.

BOUGUILA N. Clustering of count data using generalized
Dirichlet multinomial distributions[ J]. IEEE Transactions on
Knowledge and Data Engineering, 2008, 20(4) . 462-474.
ZHOU H, LANGE K. MM algorithms for some discrete
multivariate distributions[ J]. Journal of Computational and
Graphical Statistics, 2010, 19(3) ; 645-665.
AGRESTI A. Categorical data analysis[ M ].
York : John Wiley & Sons, 2002 . 73-88.
DWYER D A, BAILEY K M, LIVINGSTON P A. Feeding

2nd ed. New

habits and daily ration of walleye pollock ( Theragra
chalcogramma) in the eastern Bering Sea, with special
reference to cannibalism|[ J]. Canadian Journal of Fisheries

and Aquatic Sciences, 1987, 44(11) . 1972-1984.
BRODEUR R D. Prey selection by age-0 walleye pollock,

//www. shhydxxb. com

[19]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Theragra chalcogramma, in nearshore waters of the Gulf of
Alaska[ J]. Environmental Biology of Fishes, 1998, 51(2) ;
175-186.

COONEY R T. Bering Sea zooplankton and micronekton
communities with emphasis on annual production [ M ]//
HOOD D W, CALDER J A. Eastern Bering Sea shelf:
Oceanography and Resources. Seattle;  University of
Washington Press, 1981, 2. 947-974.

BAILEY K M, DUNN J. Spring and summer foods of walleye
pollock, Theragra chalcogramma, in the eastern Bering Sea
[J]. Fishery Bulletin, 1979, 77 304-308.

ADAMS C F, PINCHUK A I, COYLE K O. Seasonal changes
in the diet composition and prey selection of walleye pollock
(Theragra chalcogramma ) in the northern Gulf of Alaska
[J]. Fisheries Research, 2007, 84(3) . 378-389.

KO A R, LEE S J, YANG ] H, et al. Diet of the walleye
pollock Gadus chalcogrammus in the East Sea, Korea[]].
Korean Journal of Fisheries and Aquatic Sciences, 2020, 53
(3): 456-463.

GORBATENKO K M, KIYASHKO ST, LAZHENTSEV A Y,
et al. Benthic-pelagic trophic interactions within the fish
assemblage in the western Bering Sea shelf area according to
stomach content analysis and ratios of C and N stable isotopes
[J]. Russian Journal of Marine Biology, 2008, 34 (7).
497-506.

KOOKA K, HAMATSU T, YAMAMURA O. Transported
zooplankton from the Okhotsk Sea facilitate feeding and

growth of juvenile walleye pollock on a continental shelf along

the Oyashio Current, western subarctic Pacific[ J]. Marine
Biology, 2018, 165(6) ; 100.
KOOKA K, TAKATSU T, KAMEI Y, et al. Vertical

distribution and prey of walleye pollock in the northern Japan
Sea[ J]. Fisheries Science, 1998, 64(5) : 686-693.
COONEY R T, ALLEN J R, BISHOP M A, et al. Ecosystem
controls of juvenile pink salmon ( Onchorynchus gorbuscha )
and Pacific herring ( Clupea pallasi) populations in Prince
William Sound, Alaska[J].
10(sl): 1-13.

[J]. Meufag, 2002, 14(2) . 126-135.

LINJ H, DAL Y Y, LIN M, et al

Fisheries Oceanography, 2001,

Distribution of the
zooplankton in Bering sea in summer[ J]. Chinese Journal of
Polar Research, 2002, 14(2) . 126-135.

MUETER F J, LADD C, PALMER M C, et al. Bottom-up
and top-down controls of walleye pollock ( Theragra
chalcogramma)) on the Eastern Bering Sea shelf[ J]. Progress
in Oceanography, 2006, 68(2/4) . 152-183.

HINCKLEY S. The reproductive biology of walleye pollock,
Theragra chalcogramma, in the Bering Sea, with reference to
spawning stock structure [ J ]. Fishery Bulletin, 1987, 85
(3): 481-498.

TRAYNOR J J, NELSON M O. Results of the US hydroacoustic



6 ] R 22019 4R B Z 04 (1 MR 18 S WAL HEE R R 1521

survey of pollock on the continental shelf and slope[ M ]// May-August, 1979. Bulletin of International North Pacific
BAKKALA R G, WAKABAYASHI K. Results of cooperative Fisheries Commission, 1985, 44, 192-199.

US-Japan groundfish investigations in the Bering Sea during

Composition of stomach contents and its influencing factors of walleye
pollock ( Gadus chalcogrammus) in the western Bering Sea in summer 2019
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Abstract: In order to understand the factors influencing feeding habit of walleye pollock ( Gadus
chalcogrammus) in the Western Bering Sea, the stomach contents composition of walleye pollock collected
from the western Shelf of the Bering Sea in summer 2019 was analyzed, and the factors influencing stomach
contents composition were analyzed using the generalized Dirichlet multiple distribution model (GDM). A
total of five zooplankton taxa, i. e. Euphausiacea, Amphipods, Copepods, Chaeteognths, and Crustacean
larvae, were identified in the stomach contents of walleye pollock, of which Euphausiacea and Copepods
accounted for 85% of the zooplankton. Cannibalism was prevalent in 29% walleye pollock, in which the
number of zooplankton in the stomach reduced with increasing of cannibalism, and walleye pollock with
standard length over 50 em almost only preyed on walleye pollock. The results of GDM showed that
gonadosomatic index ( GSI) and stomach contents weight of walleye pollock had a significant effect on the
stomach contents composition. The proportion of Amphipods, Copepods and Euphausiacea in stomach contents
of walleye pollock decreased with the increasing of GSI, while it increased with the increasing of stomach
contents weight. The results of this study can provide basic data for further study of the food web structure in
the Bering Sea.
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