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R SR, IER A MR ) SRR AR #EAT TSR G Pl . G5 REW], KB4 L
HIfE 413 ~54.8 cm, FFEMPBLN 422.74 ~ 78274 g. FEAKEFE T, MEVEMBEM I EEENZR.
HAR S SRR K (LB FE A W=0.045608L**, von Bertalanffy 4= K 5 FE#E 4K L4 74.86 cm,
W58 W 1860.78 g, AEKRIK KN 0.17; BITREZ N 0.67, MiflisErRE F 040, JF
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Abstract: A total of 230 Walleye Pollock, Gadus chalcogrammus, were collected from the Bering Sea. The
population was assessed for age, growth, and mortality by using the software FISATII, a fishery resource

assessment software recommended by FAO. From our result, total lengths varied from 41.3 cm to 54.8 cm,
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and the eviscerated weights ranged between 422.74 g and 782.74 g were the dominant groups, respectively.
There was no significant correlation between sex and growth (the relationship between sex and length-weight
was W = 0.045608L>*°); von Bertalanffy growth parameters were L, = 74.86 cm, W,,= 1 860.78 g, K = 0.17,
and 7y = 0.77. The total instantaneous mortality (Z) was estimated at 0.67, whereas the corresponding estimate
of fishing mortality (F) was at 0.40. The population appeared to have been moderately exploited at an
exploitation rate (£) of 0.59. We further made a comprehensive assessment of the utilization status of this
species by analyzing the historical catch of the past 40 years (Fig. 6), and found that the current utilization
status of the Walleye Pollock population has become more rational, standardized, and institutionalized than the
end of the 20th century, which could be attributed to the regulation of pelagic fishery international
organizations. Although the exploitation rate of G chalcogrammus is above 0.5, it is far lower when compared
with the economically important fish species, such as Trichiurus japonicus and Pampus argenteus which are
currently caught in the coastal areas of China. To promote China's pelagic fishery healthy and sustainable
development, continuous monitoring of various species with high economical value are highly suggested.

Key words: Gadus chalcogrammus; Age and growth; Bering Sea; Life-history traits; Resource utilization
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LT (Gadus chalcogrammus Pallas,
1811), MRRRAHL I npets . IR MA%, JE4
A Walleye Pollock 5% Alaska Pollock, J& T 6%
H (Gadiformes) #%F} (Gadidae) #%)E (Coulson
etal. 2006, Carr etal. 2008). K425 4+i,
Theragra chalcogrammus 24 WHET Z N
H2%4 (Renner-Martin et al. 2018), UWIEEA [F
a5 &AL (Food and Agriculture
Organization , FAO) H MK KW H T
chalcogrammus . 353 A1 36 Bl 32 EAE LR R
IR, RBEEPRRE, PHREEEE R,
AL B A BT R, 7 22 KA B FR A ) (Daniel et al.
1990, Kano etal. 2015). & 205 J& R G4 7K
Mt 2s, —MHILTE 30 m F 400 m KJZE,
IR MBERZ , SR AT EIE 1280 m IRKIE,
A BE i FE A AL 2= I #2 (Daniel et al.
1990, Kotwicki etal. 2005). H1F 35 ZEpktEHt
JEE K BRI E R, — B DR A5
FEY)FN (Tanelli et al. 2016), BRI E= AL
BN, WA R ERE AR —

(Smith 1979, Wespestad 2000, Yasumiishi et al.
20150, BEAMIENE N —Fhm &G E IR R,
HRREN A KA HARO DN X A 2 i 2

HOIERI AR . WNESZFAENE, Ak
W52 AP, FER WIS, B
FINMRE N 125 (Dwyer etal. 1987), %%
Pt AN 2K L g S AN (Laake et al. 2016)
SR, FZHEMIRRIART T, %Y
EAFXEESRATETREEEZE N, &
H AW X AR Y P (Yamamura et al.
2002) . BAth, X3RS AR OC A F SV
R Z AP I BT R PP A B R B A B
HEMNESE L.

AETE LR RAT AR MRS
kA AW b i L N 2 — (Dobson
2007), W HE SONPHEER AL R, HiER
Mo 47) Fb A2 A7 0B 1 % 2 (Ricklefs et al.
2002), T IEBIFAG IR RSN T MRS A |
A= U A = R T = R S R (S

(Pratchett 2005) . 6% AEKANIETH 2 28
FhEE A 2 00 B R AR VE SRR, T XS R
PP I SRR 907, X LBREAE ] B il B[] A 1
MR, ALK, FETES I 2 MR
ST EEN . B, EAbEE —EX
W PHEAE K FRAGE TSRS H S
AT ST (Trippel 1995, Jennings et al.
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1998, Kooka 2012, Ashworth et al. 2016, Ianelli
etal. 2016). fEFTHEIMIIARET, Fi KN E
i JIR) R B FEAR (MacNeil et al. 2017).
PN AR B B A A I SRR A BIE 7T B
T 20 128 90 FEAR, BE/E EEEFT T 0 ~ 26

( Yokota etal. 2016, Porter etal. 2019,
Passerotti et al. 2020). X T R, LK
i HA 31 5 8 6 PR 46 tH I ANIE W% 9L (Buslov
etal. 20190, i HAERF T R IR H A EK

(1 ~4cm), —MIE 4L HIELIT N
FERHIINE . M, FH A B B i (58
GLEEE 2010) VAl b bt X 35 28 B 0% 4R % 1 v
TP 2 KRB A3 — O sk R
JRVE N B A AR R PP AR M iR (Lai
etal. 1987, Akira etal. 2001), {HIXF 5% [FFE
X e MA R S A BORRZE .

AR HBE ERE S RAHAH (FAO)
TR IEHEE I FISAT 1L, R E A4 61
WO IX B R BRAEE R FOR B, g 4 KA
oA, IR 73 1Ti% ELEFAN |

(electronic length frequency analysis) it & 1ZF
FEHmL e, Wi 2 KEEKSH, I

% von Bertalanffy £ 77 12 (Renner-Martin et al.

2018), X H B KRBT LA VRN « BIRFA
WG A= 22 a5 G IR, RERE X 3k i v
T B 0 2 R 1) AT RS R AR
AR

1 #MEETE

1.1 HARWESRE

SEG AR R AL Iz el A W R 5 E A
FAO #VIX 25 61 [X (178° E, 61° N), it
230 B, &M%A%RT 2018 4F 11 A 17 Hikik
WEE . AGTFEANE S h fEE, TR
KR ZHNE, BFE2K (total length,
TL). X4 (fork length, FL). &4 (standard
length, SL). #AH (body weight, BW) Fl=¥
5tH (eviscerated weight, EW) %5, KEHE
JRL(DL8100, 13 712w FifAr L (DL91150,

BHAFD WMEIAEHE] 0.1 cm, HFKF
(XH30002, HAAEEE e CGRIT T I &EE
&, K 0.01 g.

1.2 £KSH

RPE CREMEA XK (Lp) ek (L)
BE, PAEHYK-2KKLARERN Lk =
aillr+ b, KA RBEUAEHELK (L, B4
em) FIZSFHE (W, B4L @) MAHKRKR N W=
aLr’, M Snedecor At H 4 KA 4H
HPEAH 1.5 cm. T JaRAHBE EAREHERR
FISAT I %M (Version 1.2.2) 1 HA KA 7y
#r C electronic length frequency analysis ,
ELEFAN) & 3 B i K (L)
Wrp s FE (W) AEK AR (K. FHRIE
Pauly (1980) HIZEAR: In( - 1)=-0.3922 -
0.2752InL,, - 1.038InK 3R H # g A K s 2%
(t9) o BZH7 N\ von Bertalanffy 4K 5 fE: L=
Lo[1 - ™0, w= w[1 - ™ -0P, /7T
(E A T TG 5 A R A S 40 HoAth 2= T
TGS REAT A, AP RIE R T REKE
s @ (Massuti etal. 2000), AN @' =
1gK + 21gLo,o F3 ) FH A K A0 25 7 J I AR K3
A T8 R il 26 36 2E KO R R R AR Lk AT
EI%JZEo ﬂ‘ﬁ/éﬁﬁ[ﬂ:’ dL/d; = KLooe_K(t HO)’
dWd, = bK WX+ (1 - OO0 2y P =
_ Ksze-K(t+ 10 ), dzm/dzt _ szWwe-k(t+ 10) (1 _
e T NOA O Ly, M EEAEKEINA
FUN S B, HEEAKAED A, BarrrEk
AL, EPWidt=0, B4 be - K(t - t) =0, 4
K8 Ty = Inb/K + foo A, L AN, Ly
NAK, a F by AR FEEE, a AP
FE, b ARAREL LA WORAMEERS ¢ I T
M A=K R TS558, Lo ek, w, i
IS E, e NANEL, T, NEKY .
1.3 ETSH
FET: R FRBRI SR T3, e —/ N

ZR B AR SE T, LR BT R A (D),
HARIET: R E (M) AT 25 (F). K
H Pauly(1987) 2858 2 At 5 HARSE T RE M,
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InM = - 0.0066 - 0.279 In L, + 0.6543 In K +
0.4634 In T, FH In(NJ/4f) = - Z,+ InN, fhi 5
WLRE (2 Wi#ib T /% (F) RIE8IE
T REMARK T R ZHHEAH, W F=2Z
- M. FFRFE E, 2RGS0 R
tb, E=(Z-MZ=F/Z. —Kiis, EKXT 05
J& Tk I & (Pauly etal. 1987, X4 %%
2010). AR F AT (longevity) fm KH =
3K+t it HE IR b, N KA
B SRER BB, A NEAN A KAH T
PRA K2 ERRATHR MR (], LoAdE 4K, K
FNEKRE, T NGRS EIREKERZ
MEIREE (T,
1.4 AEFHSBEERI S REKS TR
W Lai 2 (1987) . Akira %5 (2001)
1 Janusz 28 (1997, 2005) WrFtss ., %M
tm = 3/K + 1o UG T B AN A i BA RN X
PIFRRTF AT o RS 0T 8 i DORIA [R] g 52
()5 AR AE P A KBS FAT 7007 K R AR 3
PERAFAE Execl 1, HIEAPRARIES,
FISAT IIHHTHAKSEUGE . B BR6E ) L4
B EAUE TEA ERAAL (FAO) BT Mk

K15 (http://www.fao.org).

2 g3

2.1 EKKZEFEHAM

SRR, A 230 ERESAKRITEE N
3530~72.00 cm, ¥J{EN (48.17+6.29) cm,
32 FBAEPTE 41.3 ~54.8 cm, SFEASE
[1)75.19% . FEAZS 5L I [ 342.7 ~ 1 740.1 g,
PIE Y (650.90 +237.98) g, EH4 N 422.74 ~
78274 g, HEEAREN 80% (B 1) .
22 AKMXKRKZE

RIE AR Lr=a Ly + b 2 L H w265k
SEMENE . HEPEAMERERT A FEA R 2K (L) HX
K (Lp) HZRR (F2). Mt Lr=0247+
0.967 Lt (R*=1.00, n = 147) ; MM Ly =
-0.428 +0.979 Lt (R*=0.99, n=283) ; it
Mk Ly =-0.068 +0.972 Lt (R*=0.99, n=
230) o WrJ7 2= AT MEREAN AR I A KR KT
EER (P>0.05) , GHMEEMBEERSKS
XKRKZALLEFF.
23 2KFEREXR

B RAE A K 2SR EAM S (Spearman
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Fig. 1 Total length and eviscerated weight distribution of Walleye Pollock sampled in the Bering Sea

a. ARKEESG, KA EEARR I S RAAEARE 1.5 cm; b, FREHESAM, K MHIBRR SRR 40 g.

a. Total length density distribution, where each column represents the calculated optimal group spacing of 1.5 cm; b. Eviscerated weight density

distribution, where each column represents the optimal group distance of 40 g.
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1 i AME: W = 0.045L>* (R* = 0.9045, n =
g ol 230) o XPMEPEATAEPEA PR AR 1) b HEAT B
! i, MEEZERARE (P>0.05) , &R
% Sof VRN ) A K S S SR E SR R AT LA I
52 — P M All 24 HKHE
X 40f L vemale % von Bertalanfty £ KT FIEAF 4 .

40 50 60 70
42K Total length (cm)

B2 BRSNS KM KKIXR
Fig. 2 The relationship between the total length and
fork length of Walleye Pollock in the Bering Sea

KD 90.94 (P=22x10"%) , UiWIkHERE
Weim. waK L AE55E Wk /T4,
BRI (W=a+bL) . Bt (W=aL") .
B (w=aeh) . 2T (W=a+bL+cL?),
B R St RABHEAT 1L A5 o 465 SR R B0 A5 56 A
S BB, R*=0.904, a. b{E% % 0.045 Fl
2.46. MRARTE A LSIWCRAERN 230 RIELK
IR A, ST E R, IRYER R HO R
HEEHZEE (3 .

MEPE: W = 0.058L* (R*= 0.8997, n =
147) ; Mtk W= 0.024L** (R*=0.9000, n = 83 );

— FIAME Al
—— Mt Female
—=— etk Male
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23758 Eviscerated weight (g)
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B3 BEARENEKNETERNXR
Fig.3 Diagram of the relationship between the total

length and eviscerated weight of the Walleye Pollock

B2 4> o TR 2R () B {5 X [B] . The shaded region represents

the confidence interval of the curve to which it belongs.

REALWR LIPS EKSH, LN
74.86 cm, K 4 0.17, X H Pauly 205 N3RS
to N -0.77, %Uﬁﬁk{qﬁﬁ%k FERKRZAH
as b ZHUE, WTHE K LS B a5
W, B W,=0.04505%, Zidit5, A4
U % 2 B T P 1 25 e O 1 860.78 g

AR S R A K S U3 B (1 Ak
LRIt (R R A K SR EAE K TR TN :
L= 74.86[1 - 70750 W, = 1860.78 [1 -
e T OTINRA6 AR M X N I AR K R 2

(K 4,
25 AKEE. MEFEMEKDS A

S, BFREAEK ML T B R M 2K
KRR R, R A KR R AR I
TR S AR KT RN SRR . ASHIF AU
F R B4 A H 1 von Bertalanffy E{/tjif'ajz,
KRG AL R PIE A K K. SR EA
3 BRI INSE S S 43 )4 ?EIJ*H?%H%%I(@S)
[ 4 Y Uk % 28 B 1) A K AR K T RE A
dLJd,=0.17 x 74.86¢ 710077, 723 g g Ko i
TREN dW/d, = 2.46 x 0.17 x 1860.78¢™7¢ 077
(1 - o017 +0. 77>)<2 46-1) o A A A K
ﬂ%\ﬁujﬂ d’L./d? = - 0.17* % 74.86e°‘7<”°77k
d*WJdE = 2.46 x 0.17° x 1860.78¢%!7¢ 07
(1 - e—0.17(t+0.77))2‘46—2(2 46e -0.17(t+0.77) _ 1.

ST RPN 18.5 0, 9 AUAE
W 3.07 W, 45 AT AR EE T I I A K AN A R Ay
AN 35.89 cm 1 305.40 g. 44K/ T 3.07
i), ZseEAKEERZ BT, EIEIEE T
B HoNIEAE, R T 3.07 W ETHAMAZS SR 8 AR
KT A — E R, 31 3. 075“&#1&%%&%5(1@
5b). HER/NT 3.07 #E, TR EAKEE
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Fig. 4 The total length (a) and eviscerated weight (b) growth curve of the Walleye Pollock in Bering Sea
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Fig. 5 The total length growth rate (a), eviscerated weight growth rate (b), total length growth acceleration (c)

R RE ) T e, AR Ko B i 522,
IR TR,
B SR, A B KBIR BL. 20 8 BB,

and eviscerated weight growth acceleration (d) of the Walleye Pollock in the Bering Sea
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26 HTSH

RIOT R 45 — KRR w2 —,
I T A SR BE T A A KA T DL T8 1% R
ERE X I AETRIRES . AWFFCKA FIST 11
R I K A e e 3R ) il 28 75 (length-
converted catch curve) I Pauly 46/ il &
H LR BT BB T- R B Z 8 0.67, HARIET
REM N 027, HHIET-REF 7040, K
R EN0597, BAKKRIIEE o 2.79. H
BT R EEK AR (MK 2 1.59,
e® N 0.017. [ LRPRAE LAY S
Ol A& 1.

F1 AXEHEREZLEMESH
Table 1 The biological parameters of Walleye

Pollock in the Bering sea

L2450 Biological parameters 1R fFF5 Symbol {H Value

#iit 4K Asymptotic length (cm) L., 74.86
Wika 5 E Asymptotic weight (g) W, 1 863.50
KRB Growth coefficient K 0.17
BRI A to -0.77
Theoretical beginning of growth

SRR ' 2.79
Total growth performance index

BT R Total mortality z 0.67
H4RFET: R4 Natural mortality M 0.27
PR R AL F 0.40
Total instantaneous mortality

FF & # Exploitation rate E 0.597
FHi¢# 1 Theoretical longevity tm 18.5
G FEMERIK: Reasonableness test M/K=159 ¢%=0.017

3 Wi
3.1 ELPEMEKTEREXR

WA KT RHERXR TN, BIAME
SR —FNEK-TRELRERHFALR
# (P>0.05), HAEEK KL N 45cm (B 4.7
W) LUE, MR EE I (K 3). HE
RITTRe & SHEVE R B PR R S . NEII A1
FASE R A 5K o PLBS M ROZAE S8 i B0 2 5
AR A TR I e B — B4 F T 77 O BB P

TR R B e, MR ERUD, T
WX —E oy pe i ARG K, Rt
PUHEPEAMA I E IR, (H o ZRIEA
BENNER, XS5HF5ER AL
TE 4 W e A PE AT A (Stahl 2004) . 4 K-
T E R RS T KT IS H 2 F 5% (Froese
2006, Ricker 2015), FLEBREEFEAR 2K 2555
B W = 0.045608L>, & T fn Fid b
K, HY5 Fadeev (2005) 1EH 2RI 745 R
FEBL (b =2.482) , {H5 %L 28 P fid F L
fita P (b = 3) ML, bERN, HIER
WREFERAN EE R R, B, LXRHANT R
HAMBEKAERITEN R, 5— AR
PR KRR E A 25—, FEARBZ NME,
KM E S KoM E (E 3 BR
IE BB RAMAM K S RETTE R, M
MM FEA% T b {H.
3.2 ELFENEKNFETSH

AT TR EE IR RA R R R 18.5
W, LA3 ~ SEAME SRS, AKRHK.
RICTIRE Z. HIRET R M B st T R
BF 43524 0.17.0.67.0.27 A1 0.40. R4 M/K.
e IGE M. KAEMAEME, MK =159, /r
F1.5~25, e“=0017<1, HWFEEEME. H
B FZH Y Search fishbase Chttps://www.
fishbase.se/search.php) . Fadeev (2005) %5[H]
G RE T 45 AR — B, (B e KA
K RS 508 TR U R B 2Rk 6 T D 25 L
(Fadeev 2005) . R RER A2 550 E
RILIGHAAN, T B AT AR B R T )
Tty FHAUT RIS 0 AR EAS R 21 A LIRS

MIET-ZHE, BT RECN 0.67, i
FETRHCH 0.40, MR 38 H IR RS TT K
R EN0597. —RITKZ E N 0.50 NidEE,
T 1 A e B 2 0 o T I ) 4 5 s g
R . X5 O M S ARIE 45 1 25
i Ab T i R FPIRES B AL B, HEHE
WK EZHEFALML, WHARW A
(Trichiurus japonicus) E N 0.864 (45
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2008), fRHEE (Pampus argenteus) E 5 0.71 (%
HARSE 2014)5F, T MRAT I FE R FE R R
0T — R A B R RS R g
B MR AEAS I, T B R AR T
BRZELZU6T 2t B3 5 AR DR DL R 45 1D o v
Ml R E AL
3.3 IR HAANHE X B LR AR AT Foh BE S5 M B
R

BT R P ER AR
—o TEEBREEIE, AR R E X 2 i
ATH A I UREAT 3 PR Rkl 455, 1991
FUUE, PE. EE. LS EE A E bR
IKIBGEATHES (Lai etal. 1987) o ARHE FH Pk
KRHLLFAO MG IT R, RIS Kl #7 X 35
N FAO ¥V IX 158 61 XA 67 X . A 4401t
PLK (1950 £ 2017 ) B F 68 I #H7103%,
AR R 213 306 776 t, “THYEEEH
3K 1 887 670.58 to JLHAETE 1985 FHifi Eik
F 3 582 779 t, I TR RETFPRER 17 ) 5
N . A IR EE K T A T 2
BT E [ Bm i 3 (00 B A 47 b, AU T FAO i

x2

WX 61 X o AR ZRBEE [y s fifid7 Bt STk
S50 45 R LU b e AT i i A (3R 2),
TELRARME L SE B AP, Bk 4K
L AFEESSEYIME (B 6). #EENER,
20 28 70 AR BE PR EEFP B AV 24 K&
BRI, BETT B 80 HEAR B LR e i 1 47t 157 M i
R 1980 =5 W LR R AT A= ) = (1At 1 1 430
Jiot, HASERGEAREYLEER 80%
(Shuntov et al. 1990), Bl# 80 HALH Z /K,
R K, SRR RS R RS, I
IR VRS, I RAMER Z, WAL
WA LK. 1993 SFE S LR PR ORI LRI %L
B> i ™ (Akira et al. 2001), FH#5H0K
Mt D, LB IR et il i Bk JE
A4, BRA ERARHZE 23 Kot T (2
N g A ST [ bR R S A A it ) B e )
FHE, BEESMEA LG EIE, L&
. AR 1991 25, FANE KB
X B 2 PAE TR BT, BR T 1993 A1 1994 4F
[R] 35 28 e P T o 71 L/ S Al 7 F
FABA B R LIRS, BE (S

7[R 3 52 e AN [ 3 o B SR IR BT T 7 ik A R AE K S LR

Table 2 Comparison of research methods and growth parameters of

Walleye Pollock in different historical periods and locations

K AL Iy T HER I HERZH Growth parameters
Source Location Method Periods L, (cm) K fo fn
Akiraetal. 2001 14§ Bering Sea #Bbeik Break + burn 1973-1976  63.39 0.062 -17.78  30.61
1977-1980  64.50 007 -1075  32.11
Lai et al. 1987 F 4§ Bering Sea J8bei% Break + burn 1981 73.79 0201  -0.154 14.77
Akira et al. 2001 44 Bering Sea JBREi% Break + burn 1981-1984  59.82 0.167 -2.98 14.98
1985-1989  56.65 0291  -0.64 9.66
Januszetal. 1997  SREGLHF Okhotsk Sea  AKAN#IE Length-frequency  1991-1994  50.85 0204  -1.745 12.96
Janusz et al. 2005 SRE K 7HE Okhotsk Sea  JBiFE7% Break + burn 1997 50.9 0.149  -3362 16.77
1999 61.8 0.159  -2235 16.63
2000 61.73 0205  -0505 14.12
2000 63.79 0.13 -1.450 21.63
AWEFC This study 4§ Bering Sea RKAIR D Length-frequency 2018 74.86 0.17 -0.77 18.5

Lo #iieK: Ko AEKREG o BRAEKRAER: n BidHm.

L. is Asymptotic length, K is Growth coefficient, #,is Theoretical beginning of growth, #, is Theoretical longevity.
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