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FREEIT R AT E A S S R i v AR S R M IT %, il 2013065 4. [ S0 v ik TR LORBF I L, L
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i F: IS (Gadus chalcogrammus) Jy 4 1 Z ALKVt o AR R Ak f bl o A 25 AR 4 rh S A
T SRR RO BRES A SR RIE , 5 oA DL 2 AR 1L o O AT R 8 T U 7 A R 17 0 S LR i) [
R ABIFENS 2019 4F 6—8 7Y [ A B T IE h 5292k L (Andsakis sp. ) AR BLHEAT T 7047, IR X
LA ((generalized linear model , GLM) fif ¢ | 57 R4 B UL PRI D 2 S5 SR 7R , P 1 A 9 A0 85 T 55
IRER MU AR FE R A 93. 3% , MENT: FUMEME P 6 S e 5 38 22 e AN 35 5 S A R R B AR I
TSRS i 28 BE B SE TG RGN , Bt SR s e 18] RS T/ o ST 4 R DA 0 4 W e 5 L7y A i A g2
FRPERIBE AR SR A5 B, AR B 25 R T 5 B (Al Bl

REBIA: U BRAG s TP s ARk HL; A ARl

HESES: S941.5 SMBRAREED: A

Bt ( Gadus chalcogrammus Pallas, 1814) 5§
JBiE I H ( Gadiformes ) i% £} ( Gadidae ) Bk % J&
(Gadus) , J@& A2, 7z A F AR F 2
H A SRR U S I | 416 B B R R I3 /K B R
AU S g Sk AR A T, P
BEOM T il 4 A S K R e i R AR P 1
LSRG R YA, R 2 A B Y
FIEAE o 2018 47, 4Bk He ik ] 340 J7 1, ifi
F 2 4 BRI R B PR in T 4, 4E i T2y 50
Tt

A i (Anisakis sp. ) , F @ H (Ascdris)
13 B ( Ascardina ) 522 F} ( Anisakidae ) 2, k¥
PE R AR R AR 2 Sk 2K H TR A
WFPEEL S h A AL B R LSk
HURIAT ] B S AR 2k L (Anisakis simplex) | 7Y S
gLk (A pypica ) | PR AT 5 5 A 2 L (A
physeteris) %'*  SRALR st b Ul KR ELE )
LRI VA B A AR A RS HE AR, 5B
—f F—H R E R R M g i, e H
PRI 2 B A7 A 6 I A I AR s, 6 B0 — R IR

W HER: 2021-03-30 & HER: 2021-06-03
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J AEFLE AT 2 ISR R R

JHF IR #0125 PAYME 4 5 2 58000, IR A Jo R
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UAVE SRy R e S N I[N = P SE e A
2 HUAT A A PR A A, TR T, 2 g o AL
AT A IR B AR A I I 552 ) 380 B 5 ) L A
AV PSR  E T A = I N [ 2
W KOFEARALER Y 0 A A R
PREEH e BT AN [RIRE L 19 S AR 2k U e . R
KPR 2 A UK 5 - AT A A
P il B (L SO B8 25 2R U B FE 1 U AGE
T SARLE R T ISR 3 W14 L R A RS
BT FRRARGE 1 XA OO, 17X L8R5 (AR T8
T PR R SRR L S AR R
VU A TR PR 2 A R R HEAT TR A, (H%
SO B8 3] S AR 5 PR 1 A ) 2 R 1k 22 1)
MISEFR , R 25 I8 HP F 3558 B il R i) 2 . oA

E£WA : Wb PRI G &I H (JDXT2019-07) ; B 5 [ ARl 2=k 4: (41776185) 5 [H 5 & S0 & 114 (2018 YFC1406801 )
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Fig.1 Western Bering Sea and sampling locations

1.2 LHE
1.2.1 FEARLLHE

BREAR TR E MK G, TR (L)
ARG & (M) S5 B 240 (RS %20. 1
em RFEAEHE 0.1 g, FEREEY =80 R &
Jei , R 0 A0V IR 65 JHF AU, i 4 AR IR
1.2.2 BB S8

W5 BTl AR 2k s A BEER 7K o g, A MR
T ECH 0% 1) CFEEEWOK IR AR 70 °C L 1§
HUARSE AR B B 5, B R S
B R OB R G BT B NI 454
PASSTEFR S . S5 58 S U4 5 RO 2
PR AR SE O 22 0. 01 mm) .
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1.2.3  ZfE UL s B 73 A

FEIRUAR A T H 5 A AR HUR e 320 1

YLom ez .
P =(N/N,) x 100 (1)
I=N/N, (2)
A P Ry A AR UYL R, % 5 N, Sk ar A sk
e ERCEE, BB N, i Bk A i B A e RO,
Fe 5N, gk B 2 A dUR B, H 1 o1 g
IE, /R
1.3 Hitath

7 A R AT R (AR B R DG 2R, R
BRATIZ NS LR ETRE, B
Shapro-Wilk St A SRS B A & IS /0, 4
FEAIEA M R A ¢ 458, 25 A5 A, DKL
WA R BOE X5 B TR, LA BSR4 &
B3 A A B LR J5 22 73 B (analysis of
variance , ANOVA ) 46 56 7 4= Hu R A R G 5l Ji7
Bl A AR S AP TE B 5 25 5, W kP
P <0.05,

R LAY ( generalized linear model ,
GLM) #R 5 57 AR 48 1 5 A 3= (O i (A K A it
) VA ] CRAE M FORERAETR L) I 8] CRAE H
SHAERAEI ] ) FRARE R 2R (T T O B8 FHRATE 7K
JEKIR) LA B > b e 6 ¢ 5 i 2 (B ) 6 R He
SR S LA VR A TH 46 157 B 28 8 (slon) |
LR (slat) 227, SR AE IR BE DL 9 /Y AR Il 98 B2
(depth, m) 7R, RAE H A LURAE H AE—4E 1
KE(DOY, d) Lo, RALMS [E] LG R T R 24 K
AR THE S IFE] (fom, b)) 2758, T3 R0 D 46 ) T
[ BsF S 57 4D VAF 3% 1T UELE (sea surface temperature
SST, C) FRAEKZ 7K (temp, C) , 24 1 HE 5
et LAt 0 1) A 55 BRL AN 4 5 85 ) A i 3R R ( catch
per unit effort, CPUE, t/h) F&/x, GLM # I — %
EAFRT

Yi =Bo +Bix; + &
oy, PR AN A b Y A AR R, xS
PS5 By FI B, AR R, HIRFET

2 B3 AR RO OO , AR AT
TR A Oy MK 4 R B R 7 2 B K I T
(variance inflation factor, VIF) {5728 2 [6] [l £2
FALZ M A5 R R IR BT i 5 HAL R A B
LME(VIF >5)  BTE I ZER b R . B4
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AR O B A5 AR, B R B e B
TE, AT T AR 2 MR T 1%, LA B 5+
XS RN . R AE B N (akaike
information criterion, AIC) &30k A A AU {14 1) By
A, AIC (B /NN O S RS . BT A 53 AR
R(4.0.0 Zb2H, B s anoiii W], 25 LSFIH + 45
#E2E (Mean £SD) IR,

2 4

2.1 BREBEMEYEER

BAEREANAIIE N Hy 23.8 ~53.8 om, FH4K
S(36.88 +5.71) em AT E BRI MN138.7 ~1 120. 4
g, FRIR Ty (485.80 £203.07) g, AR
HERNM=0.022 I’ (R’ =0.952,n =90,
P <0.001)  ULIE 2,
2.2 RREHMERFIE

RS A ARG 1 27 AR e ) 28 2 Dy i H
(‘Asodris) il \lV. H ( Aseardina) 5 22 #} ( Aniskidae)

SR MR T LR AR L R ik, HuiARTo M,
W], SRR 1 il T 0 2 TE B Y 7 g
[, 54, Sk v 1) i v A 204k CEELRRD o IR KA
8.41 ~37.23 cm, FHIRK K (24.71 £5.32)
mm, 55 0. 06 ~0. 88 mm, I FE & 4 (0.45 =
0.11)mm,
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Fig.2 Standard length and body mass of

Gadus chalcogrammus in the western Bering Sea
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2.3 RREHABREEESRIEERX R
90 RIS AR A |, SR 5 A2k IR I R AR
Oy 84 B8, RN 93.3% o Hovh, Ml HEDR BT

HIEAE A5 JR e 22435 91. 5% F1 95. 3% , XA [A

®1 BAASHERREASMERBRIKEER

Tab.1 Infection of Anisakis sp. on Gadus chalcogrammus in the western Bering Sea by sex

P 1) e B P S A 2 U JR e it 3 IO B0 L AT
WS REAS ¢ K06, A B | f’ﬁ/\ﬁilEﬂM Yunim i 2= 5
RE% (1= -1.194,P=0.236 >0.05) , L% 1,

P o A FEA KL ’@%’%*#ZF\M ’E‘Q%’%$ ¥15’$%9ﬁ§ %EE@(E

Sex Number of Infected fish Infection Mean intensity of Anisakis sp.

fish sample/ & number/ & rate/ % Anisakis sp. / ( R/ &) number/ H
HEM: Male 43 41 95.3 7.44 £8.29 320
MM Female 47 43 91.5 9.00 £10.10 420
411 Total 90 84 93.3 8.26 £9.26 740

2.4 RREAXIREERBREERSN
GLM 7p#fr 4l i (3 2) fs, SRFEIF[] (Z =

24 LRGP B U ) S A Bt SR AR I TR] 114 HE RS 18
Wi (1] 3a) , (ELREE 22858 ) A HE L 1t 36 o 141

2.518,P=0.0118) £ & (Z = 1. 428, P = 3b). SpIREHUNHRMS JTFME ) R e e B2 B o 7 &

0.004 5) LA K BRASIR K (Z =

HAT B0, Al R W JC 2 #5535

3.491,P =0.000 5)  {RKAYSE T A0 (18 3c)

R2 T XEMEBELRCK B REF RN RRERREITER

Tab.2 Statistical results on infection of Anisakis sp.

in liver of Gadus chalcogrammus

in the western Bering Sea modelled by Generalized Linear Model

LI FEAGTHE PR 22 AN B E K-
Variable Estimated coefficient Standard error Z value Significance level

#HE Intercept -53.470 0 756 600 0 0.999 9
KRR ] Sampling time 0.048 5 0.019 3 2.518 0.011 8
KB Sampling depth 0.006 0 0.0042 1.428 0.1532
2 Longitude 0.218 1 0.076 8 2.841 0.004 5
i Latitude -0.3200 0.482 0 -0.664 0.506 7
BTSSR Catch per unit fishing effort -0.008 0 0.019 5 -0.412 0.680 7
IR Sea surface temperature 0.280 8 0.243 4 1.154 0.248 5
KFEK)Z /KR Temperature at sampling depth -0.864 5 0.739 1 -1.170 0.242 2
PefE AR Standard length of G. chalcogrammus 0.053 1 0.0152 3.491 0.000 5
SKAE H W Date of year -0.004 4 0.006 8 -0.645 0.518 7
X g g

~ ~ ~

g 40 i . g 40 m . g 40 . .

.Vl ] * 1] . L} 1] . Ll

~ ™ '~ . ~ .

E 30 . N;}, 30 . E 30 .

o~ . o~ . B .

< . < . < .

& & 4
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S . S S

g : o2, 5 5
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Illlﬂﬂ{lo .:'8 .o:.. .}..g mlo i

£ «® o . ; . "- .3 K ] E

H 0 T e % 2 gl H 0 H
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RIS 823 Sk 95 %0 AR X 10l

(a) RFERTIE) Sampling time/h

(b) £/¥ Longitude

Shaded areas signify 95% confident intervals.
B3 RREHPEBSRENE.LEUARREFRKZERHXR

Fig.3 Relationship between number of Anisakis sp. and

sampling time, longitude and standard length of Gadus chalcogrammus
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3.1 R HEHER BRI

A FERE MW AR D IREA M, fh
( Scomber japonicus ) . Ty # £ ( Scomberomorus
niphonius) | 7 % 4. ( Trachurus japonicus ) | f&
( Gadus sp. ) . fif: 1 ( Oncorhynchus sp. ) . 1 I
( Decapodiformes ) 55 Y5 %} S SR £ M A 45 vy ) J e
P SRARER UK LS AT F (1
TEMRFLBYY, A V5 A KA ) EOBE T
W A E NAYMESHEDE, BRI HEA
7K o HEH Y HoOP A S EOR B N 28R R s
KRB ML H . o0 h AL 2 B 4 R O kSR
— ] T B AE BRI 5T (BRI 45 ) i 44
WL RE R 3 %, A AT REATh 5 B A 2 JH 4
WrBro X385 g H v i 50 2R b a)
T, B S s 0 R0 5 IS R Sh ) A B, 2 4
TEJG H RN IR TR 3 4l By, FREEATR A
T AL A R i R T A 2R A 3 14
Uy RN S WA 2R 8 R PR T
R R, SRARLR U R AR Y
i FRe e (AR e R fa S P R R
KO AE SR T LRGE T AT Y
X G —bE R 8 TR e fafh

ABIFTE RS 1 57 S 2k HURRHE 15 R R B 26
R S A2 . T BIARASF & RRE R
SEELF A T A BT INE H, NURHIDAYAT 251 %of
H AT B S A 2k dURR YL 1 B A I 2 B, R %
BRI (74. 7% ) TEREAEAFE o [R]RE ML, MK
W TG 40 82 ( Merluccius merluccius )™ F0 o 62
( Merlangius merlangus ) """ JfF i v 2,300 55 3 S 4
2 MU SR K o 3 I U S A 2 Uk
AR A R Y D PR 22— 2 ST U B At P U 45 B
FREER, H s & IR 5, i 5 A 2k de &)y dus By itk A
JFIEHLOF LIS B Ak, B g T AR BRI 28
g, b AR Bt AR A T IR S AR
XA AT A R AR B 3 v T HAAS B
3.2 REUHNERREHELREE

AR, REAFAEREZ S, (HRRL
HUOR R PP % TR e AR vy T, JR e R v
PR B R TR . 2R 056 T 2010 4EX¥%
VR (A SOPRIE HEA T T R AE IR A, SR 1 I Uk
YRR T e s RARTE S 3k A R €5 808

i S I 2 HUBR S DL HE AT Ge i T e & B, T P e
TR I 2 T MEE, X 5 AR SO, R — B
— BRI, T e 6 L M e B AR KR TR AR R
AHSE BT I 25 B AT 08 R 1 5 DRI,
HENMASAHE Z K G ar A %A, iRk
2 HUAE X T BBl A i AT 1 i i A A
SRR ML I, It — 4 T Bk S e
AR RIS AR B A A A A
R E R e — B R B3N TR AR
LML . POLTEV 25 BIF 58 b i Jl g A
DL AR, 52 B A A PR 02 6 3 o LU e R
IR R A 1, X AT RE 54 5 76 3T IS 2 K 380 Y
PRI AT 5, RO A TR A8 K e e s — 5 A 15
PTIEJZ K . HEMMINGSEN 45 a4 | i
R SRR B p M 22 S T Re AR B 2T T
[T 25, 7% 1 B AS B 5% 3 R 23 #0112 1k, e
ToIEFIWT G 002 5 & & A e Bk o {H A
Geit B AHIFGE rp e e R 1 e S T O e e S
R N 22 TN B3 BRAEAC B A B 6 i
TR AR MR BE AT RE S Z AP P R A G, XN
s B — AT
3.3 HEAKERRERBLREE

WEGE K& I, Wit A 2 0 R K g 38 4, LT i
SEARER HU R YL I B M X 5 AR RN
AL, AHICAIEIE O b T B 5 R K 5 5 2R 4 1
YL BB [B) A IE A G 5¢ R il 4n: ARTHUR
A2 L B TE RS BT, o SR e 5 JUL PA) Al
AR 1 A R, LR R R R L 5 B Ol B AR K
4 BRB ;TR U E— 2D A T RS TR K 1
R HR R B E LR, XM XA
PR 2 s A TR T i i AR BRIV
0 ERRI NI 35, B A7 1) 2 A2 1
A DUBRYUE AR IS 1A, 38 1 3 B R r itk Ay
PR

HAWEFEA YRR O R ERE T 5FRE R
JEYL LI AR K N A5 L. ABATTOUY 45
e, SR R R S5 H A 6 ( Scomber
Japonicus ) R 2 B E IEA LR, XA R 5
FAE BRI A 0 A AR B BRSO A OG,
AN [F1AE 0% B i 3 %) 5 12 08 B 1k 0 25 58 oy L 25
A HUBLARBE . RELLO 2570 4R 5T T AR 4k Uk
YK SR 6 ( Engraulis encrasicolus ) R S 2%
PEMEANSGE 2, TAKAHARA 2550 76 Xt K P 348 5%
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1t ( Todarodes pacificus ) J&Ye S 22 26 1 4 2 B} &
B, AR B A IR S A 2 B LA T
FERG LI TR Ay i o e A A T 328 ¥ 185 o ) 40 1
AU I e EER a2+ .
3.4 HImMFRERBRLWIMEEER

WS T GLM Xof i I 7Y S SR 4 1 J g
FREEHAT T 4307, 45 5 5073 SR A I (] R A 0l
(ZHE) X R HUR AR BT B & 50 mm . B
B RAE I F] O HERS , S I 2t A S 2 o R 58 T Dk
55, 3 AT BE 5 V9 2 M A Y B R B A S 4
Ao RATHED T 1993 4F 0t A Bk
RIS AT VRTINS it B FE A 1 B B R A XOpk
e 4y 0 S AT LA S LA R B ., H ] AR 6 4))
A1 32 A B A 80 ~ 120 m /K JZ , G I W] A HERS
N 16 B JE R W1 B B, A4 (22:00
B HBR2:00) @FFHETERZ R 10 m KJZE,
1717 57 9 £ At O Bl 78 3 i 5L 3 ) A HE AT
K PRSI bR B s A
P73 A1, DT FE] 43 52 Wi AN [7) 98 J32 Ak e i 5 2
g WYL sR FE. 4N /I 20 B ( Balaenoptera
acutorostrata ) ﬂfjﬂ@jtjﬁ—ﬂzﬁé [Xiﬁ lj*] ﬁ%ﬁ%éﬁ
Y FE LR E " AR IR s
i, R AR Z R S HEIT b &
K SO R DT 2R JTS , 36k JTEE VK IS 2 S ARk
HFFEERCR, XM EPIE T 27 A4 dUa] DLVE Sy —F
AT AR R B T ELA% B
WA S . (H H O TR AR 8] 5 27 A2
SRR B AT D, HL g | ok 225 Ak 1 B3 1
B A it — PRI

HI T RS 8 205 T 2 T rp bl 28
FANEZE AR 23, 4 1 B 2= 0 i sh i 7
SEAE Fili 22 R] A, PR OS5 | K R R A 4
0 B VY AU 2 1 AR, OV SR K R
BOPGHRER , 51 A e A 2 SR AR, DA 1 o S AR &
HURGL A (L AR B . XM ] i S BRI
SARE R R T B X S AR AL 1

110 NI o7 2 o8 A Bl SO D E IR 2 oA 2
o TR RS RGN R AR S AT e
B I Wy RS E PE AT S 3 T 4R AR )
FREHRCY S RS TR P 1A U PR IR TRk
i -2k HUJR Y 7 85 56 28 ] Ry DY 1 4 VR U VI
FLANYIFIE SO A A U2 A AR AR , [l g S b
IV 5 R B2 22 s .
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Factors impacting infection characteristics of Anisakis sp. in liver of walleye
pollock ( Gadus chalcogrammus ) in the western Bering Sea

ZHU Guoping"*** | ZHENG Zhihong' , QIAN Hurui', LIU Fangda'

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Center for Polar Research,
Shanghai Ocean University, Shanghai 201306, China; 3. Polar Marine Ecosystem Laboratory, Ministry of Education Key
Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Shanghai 201306, China; 4. National Engineering
Research Center for Oceanic Fisheries, Shanghai 201306, China)

Abstract; Walleye pollock ( Gadus chalcogrammus) is the most important commercial fish species in the
waters through the Bering Sea to the North Pacific Ocean, and is the keystone species in the ecosystem of this
region. Anisakis sp. is the common parasite in walleye pollock, particularly in the liver of this species.
Therefore, In order to explore infection of Anisakis sp. to liver of walleye pollock and the factors that affect
this process, this study analyzed infection of Anisakis sp. to liver of walleye pollock in the western Bering Sea
and explained the factors that impact infection of Anisakis sp. to liver of walleye pollock using generalized
linear model. The results indicated that the infection intensity was high and reached 93.3% , however, no
significant difference could be observed in infection intensity of Anisakis sp. between sexes of host. The
infection intensity of Anisakis sp. increased with the increasing of host size and eastern moving of sampling
locations, but decreased with the lapse of time in a day. The study provides the scientific information about
biology of walleye pollock and Anisakis sp. in the western Bering Sea and provides the basic data for food web
structure in the North Pacific Ocean.

Key words: western Bering Sea; walleye pollock; liver; Anisakis sp. ; parasite
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