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Fig.1 Inter-annual changes in the CPUE of the winter-spawning cohort for Todarodes pacificus from 2007 to 2018
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Tab.1 Initial value of the surplus production model parameters in the MCMC iterative calculation

il PN ELH SRR R B78 R 2y EGEY
Distribution scenario r K/t q
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Tab.2 Biological reference points of winter-spawning

cohort for Todarodes pacificus

RIS FETHTRNSHS AT EYRNEESE S
Catch F-based BRP B-based BRP
Fyey =F,, =1r/2
MSY lim =77 Bysy =K/2
MSY =rK/4 Fy,=F,, =0.45r A
) By, = Bysy /4
F,=C,/B,

T F, o AR ) SEBR A 5 56 T2 2800 Fo o BRI PR A 457 S T2 3 5
Fmsyj“? H*ﬁ‘ﬁ%%t%ycy% t @ﬁ@fﬁﬁiﬁjﬂ AR TR

Notes: F, is the actual fishing mortality coefficient in year ¢; and F,
is the limit reference point of fishing mortality; Fygy is the target
reference point of fishing mortality; C, is the catch in year ¢ and B, is

the biomass in year f.
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Tab.3 Statistics of parameters in the surplus production model of Todarodes pacificus

Fig.2 Comparison of prior distribution and posterior distribution in the four surplus production models

Z Parameters

i r K(x10%) q(x107™*)
Models i ik i ik #fi ik DIC
Mean SD Mean SD Mean SD
A&7 1 Model 1 1.862 0.121 97.70 3.278 0.027 0.012 245.5
7 2 Model 2 1.838 0.050 99.92 3.250 0.073 0.083 217.4
%1 3 Model 3 1.840 0.049 99.90 3.153 0.050 0.039 238.3
F 7 4 Model 4 1.663 0.050 99.32 3.157 0.103 0.169 132.6
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Tab.4 Statistics of biological reference points derived from four models from 2007 to 2018
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By, /J7 t 12.21 12.49 12.49 12.42
MSY/J5 t 45.48 45.92 45.94 41.28
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Fig.3 Resource status of Todarodes pacificus in four surplus production models from 2007 to 2018

3 eSS

3.1 #HEALGEERSHSH

T VEAE 2 A Ry — 4 AR Y S A A S
i, L GE M 5 52 B FE A B RE . HE FAO 45
VI, KOV PERE 22 AR s = 1 8 K, 1986 48 J5 7
HRIEA LT, 2015 AR5, ORI
AR, AT B, KPP 5 YR IR

http: //www. shhydxxb. com

I FE i 2 PR I (3 PR IR T B A A 0o
VRIS , S R U AT 4 R R A BRI Bt
SAKURAT % Ay A B 48 32 1 W 5 Ak 2 38
SZPEBN PREE RR AR B IR A R R
()1 3 B, % 7 B A A KA I B
w7 I R AR A WA A R R S g
AR I, 7R
GERITAR T, T T 2 T AT P B 33



33 LA A T P SR 0 BE 0 AT 8 2 0 A A R B DA 655

AT HFPRE S A 1 5 m

R, PREE AR A V8 28 £ 00 A= ) 22 K
PEAIZBR 368 TG 1 0] FH A 0 At A 250
HHATH IR, Ay P A RN 7 B R
FERAS B 19 A= W 22 5080, AR R i i 87 8%
fa CPUE"™ | S e BRI PEAL A MR I, R
DUMERge Tt % A 5 (5 B AR T S 541t
FANEff 2 M, PRI, SR Schaefer 6 4% 7= AR 76 X}
KR A RE AT SR PEAN , B —
R I (o
32 FHEMST

Ol TR IR A9 A 8 M 3 ORI TR AR
B AN M B S E0 AN 1, DA SR
PEHa] 50 %05 Wi, R T AR R 4 B 1 A 1
FEME R T 2019 4F H ASK T R T AREHER 22
A A B IR IR R4 B A B B Rl
PR FE  (ER AR A W 1 D bR B e 5 1 0 T AT
RETFLE— 5 O E M, AR ST IR T B 40
IR RN 34.5 J7 t, AN R0 Uh 5 AR 0 T lb 58 U5
PEAL AT RE A — R B2

TR BN AN 1 7 1, i CPUE 4R
W22 o WA 0.2 % AR B X PEAN 5L 7Y A1 PE AL
SRR R . BT TR
VEPTAL B ) PR S B0, 1 9 2 B2 TR AN UYL
SR, SR B R AR AR Y S R &
RAHEASAL, N B SR AETT 3R G UR ] S X A R
GENRAR ORI o DR I, AR S Ny ) o R v B
JEBERT [R]AR 10 10 A= P2 S8 AR B

FEECHRAT FR B 7 18, AR 5% 28 7 0 9 4 ™
AR IE T 2007—2018 41 H Al £ i 1 ol
AR, DR G 3 T b AR A BR AL A R A S
B, HRE T b A AR FR A R IR R O, X
S T ROV 3 A B 2 o A A TR A b, H
FEPIRBE A AR A KAR DA &) 32 IR 35 AR AL 52 ]
PRI FH T AU 2007—2018 4 22 A Ay el ¢ R
] BEAFAE— 22 A KUK
3.3 XKFEFEZEFZERRTEN

MAEAG S5 51T LU Y, 2007—2018 4 KF- 7
AW R FETE 4.5 1 ~31.5 J7 t, F3E
S 19.5 J7 t, 2000 419 31.5 Tt Rf ik,
LR 2011 4E |9 29.5 97,2017 4R %9 5.3 T t,
2018 4 4.5 J7 to 3K U HH KTV AH 32 fa 1 e 4R 1
AR TR B AR, IF HoE AR Haft gk 2 2 R T

R,

ShG A Pl Y ML AR B R 1 ok
B FWEEINT F L R, 3 350 H 455 5 B
W IR ARZWE N . BT RHRE B
7 1 7F 2007—2018 4F B, ¥ KT Byey (&l 6a) ,i%
BEARIPEAS 285 3 W7, P 8 5 0 58 PR 0 R
UF R O R BT, BRI H AT AL T R
T E A, XS A 3 BRI PEAG 45 5 2 A
5.

PEAGRIRL 1 7, R VPERE 22 A AR A
mfmﬁgﬁ%(B/BMsy<lsF/Fmsy<1> ,ﬁﬂz‘g%
B DR 5 | kS Y B R (T 6b)

PEAGRERL 3 7R, 2007—2011 4 B/Byey >1,
F/F o <1;2012—2018 4F: B/Byoy <1, F/Fy <1,
T B I B ) R ST 3 R 2 £ A A BE IR 1 T R
e 2R B Y R (8] 6d)

PEAGRIRL 4 W7, KV VE R 28 10 A& AR RE TR
MRS LR A7y LR 0y 3 I B B/Bysy <1 F/
Fysey <1 BIELA, MITE 2007—2018 4R [A] f2AE B/
Bysy <1, F/F oy >1 BELA 3 U B KPR RS 26 fa
SAERF R I L T O B R B, AR R iR
AF A5y D) BB YRR A () RO, 3K PT A 45 e
BB UL R PR RE I A G

TR, A FREE KL A9 PP AG A im AR
Ba K7 i pEAL 25 5 01 2R IS 5 S, B R
TERA SR A0 A G0 UR A2 PRS2 I I, 23 T i A
BESHAS r A1 K () SHUE, S PP 45258, 24 3h
ARSI K R ARG AH G )
oo BB R AT A 5 0 B o A DR 7 L R Y
M oo B 5 U0 %) 75 BT & RN A RR R A

SE Wk

[1] KIDOKORO H, GOTO T, NAGASAWA T, et al. Impact of a
climate regime shift on the migration of Japanese common
squid ( Todarodes pacificus) in the Sea of Japan[]J]. ICES
Journal of Marine Science, 2010, 67(7) : 1314-1322.

(2] s, WFEA, AR, PR 29(2017) £ 2 )
A A D REFEAZ RO GERTM [ R ] A1 XK E B
52T, 2017.
KAGA T, YAMASHITA N, OKAMOTO S. Evaluation of the
resources of the autumn cohort of Todarodes pacificus in 2017
[ R].Hokkaido Fisheries Research Institute, 2017.

[3] SAKURAIY, BOWER J R, NAKAMURA Y, et al. Effects of
temperature on development and survival of Todarodes

pacificus embryos and paralarvae[ J]. American Malacological

http: //www. shhydxxb. com



656

31 %

[10]

Bulletin, 1996, 13(1/2) ; 89-95.

RETE, MG JE TR EE SST (1 ) 4% 7= o2 4 70
PR R BRI [ T ). B3R P A2,
2019, 28(6) : 933-942.

WU M Y, TIAN S Q. Stock assessment for autumn cohort of
Todarodes pacificus based on surplus yield model with sea
surface temperature [ J ]. Journal of Shanghai Ocean
University, 2019, 28(6) : 933-942.

R, R, TERW, & TR IR
FOAERER AR BT[] WA, 2019, 41
(12) . 71-77.

XIE E G, CHEN X J, WANG J T, et al. Study on residual
yield model of winter fishes of Todarodes pacificus based on
water temperature factors [ J]. Acta Oceanologica Sinica,
2019, 41(12) . 71-77.

WANG J T, YU W, CHEN X J, et al. Stock assessment for
the western winter-spring cohort of neon flying squid
( Ommastrephes bartramii ) using environmentally dependent
surplus production models [ J]. Scientia Marina, 2016, 80
(1):69-78.

LIUJ L, YU W, XU L L, et al. Using Bayesian Bio-
economic model to evaluate the management strategies of
Ommastrephes bartramii in the Northwest Pacific Ocean[ J].
Aquaculture and Fisheries, 2021, 6(2) : 205-215.
TR, R ARAE, RIAR, A F AR 30 AREE R L X
A H & EFERBOBWEFHMR]. P 30 4B KA
SRR B D WS EWRETAN , K EE /T - KEEWETY - BF
i, 2019. 652-697.

KAGA T, YAMAAHITA N, OKAMOTO S, et al. Resource
evaluation of the 2018 Japanese flying squid winter outbreak
group[ R]. 2018 Fisheries Resource Evaluation of the Waters
Around Japan, Fisheries Agency/Fisheries Research and
Education Agency, 2019. 652-697.

MINOBE S. A 50-70 year climatic oscillation over the North
Pacific and North America [ J ].
Letters, 1997, 24(6) . 683-686.
FRWERE, hBRSR, RaE, FOIBTEINE R TR AR
SRR 2 £ 3 I S A3 AR B sER [] . P K R R
2015, 22(5) : 1036-1043.

TANG F H, SHI'Y R, ZHU J X, et al. Influence of marine

Geophysical Research

environment factors on temporal and spatial distribution of

Japanese common squid fishing grounds in the Sea of Japan

http: //www. shhydxxb. com

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[J]. Journal of Fishery Sciences of China, 2015, 22(5) .
1036-1043.

JIF, GUO X Y, WANG Y C, et al. Response of the
Japanese flying squid ( Todarodes pacificus) in the Japan Sea
to future climate warming scenarios [ J ]. Climatic Change,
2020, 159(4): 601-618.

R, WORTEE, BOCTL, A ARG A TR AL S A R
AWM. Jbat: Bzl 2011: 104-128.

LI G, CHEN X J, GUAN W ], et al. Stock assessment and
management strategies for chub mackerel ( Scomber japonicus)
in the East China Sea and Yellow Sea[ M]. Beijing: Science
Press, 2011 104-128.

SAKURAI'Y, KIYOFUJI H, SAITOHS I, et al. Stock
fluctuations of the Japanese common squid, Todarodes
pacificus, related to recent climate changes [ J]. Fisheries
Science, 2002, 68(sl) ; 226-229.

R, R R ROTERE S S B A B S
B RT]. WEEHl, 2004, 26(3) : 193-198.

LI J S, YAN L P. Quantity distribution of Todarodes pacificus
and its relation with environment in the East ChinaSea[]].
Marine Fisheries, 2004, 26(3) : 193-198.

THORSON J T, MONNAHAN C C, COPE J M. The potential
impact of time-variation in vital rates on fisheries management
targets for marine fishes[ J]. Fisheries Research, 2015, 169.
8-17.

KIDOKORO H, SHIKATA T, KITAGAWA S. Forecasting
the stock size of the autumn cohort of Japanese common squid
( Todarodes pacificus) based on the abundance of trawl-caught
juveniles[ J]. Hidrobiolégica, 2014, 24(1) . 23-31.

VFOE R, BRBIE, TE4 W, 4. 2T Schaefer 57 [ 4K g
ROV R M GEPITAT A L T] . 2=, 2015, 37
(10) ; 49-58.

XU LL, CHEN X J, WANG J T, et al. Stock assessment and
management of Dosidicus gigas in the Southeast Pacific Ocean
with Schaefer model[ J]. Acta Oceanologica Sinica, 2015, 37
(10) ; 49-58.

BT, MR, R0, A il BRI BT
PR 5 R [T]. b ok = FR 2, 2013, 20 (5):
1112-1120.

GUAN W J, TIAN S Q, ZHU J F, et al. A review of fisheries

stock assessment models[ J]. Journal of Fishery Sciences of

China, 2013, 20(5) : 1112-1120.



33 LA A LT I R IR A RSP 22 £ A R R BT IROPTA 657

Stock assessment of winter-spawning cohort for Todarodes pacificus based on
the sea surface temperature in the spawning ground

LU Hongyue', WANG Jintao">**  ZHANG Chang'

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

Abstract; Todarodes pacificus is a commercially important oceanic cephalopod resource, and its resource
changes are vulnerable to the impact of the marine environment. In this study, the intrinsic natural growth rate
(r) and the maximum environmental capacity ( K) of the fluctuation parameters of the Todarodes pacificus
population were combined with the sea surface temperature (SST) to construct four surplus production models
respectively, which evaluated the changes in Todarodes pacificus population resources under the influence of
SST. The research results showed that the resource evaluation model ( model 2, model 3, and model 4 ) with
environmental factors added to the four surplus production models had a deviation information criterion ( DIC)
value smaller than that of the traditional residual production model (model 1). The DIC value of the model 4
was the smallest (132.6) , indicating that the model had the highest accuracy. According to the best model
assessment, the fishing mortality F, of Todarodes pacificus from 2007 to 2018 was lower than F,. When MSY
was 41.28x10%t, B, reached 49.66x10"t, and there was a phenomenon of resource-based overfishing, but
resources were gradually recovering. Studies have shown that the resource status of the winter population of
Todarodes pacificus is greatly affected by the environment, so it is necessary to seriously consider the impact of
environmental factors such as SST in future resource development and scientific management.

Key words: Todarodes pacificus; sea surface temperature; bayes estimation surplus production models;

stock assessment
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