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Tab.1 Fishery data of the autumn cohort of
Todarodes pacificus in Japan Sea and the
average sea surface temperature from May
to September in 1985 —2014

AR . i it
Year Tot:l iﬁi/ L(Iyi/ %}fffgfnj/jgi SST/C
(10% 1) (10* d)
1985 13.56 0.82 16. 46 21.49
1986 7.72 0.37 20.87 19.79
1987 18.08 1.08 16.79 20.03
1988 14.52 0.91 15.89 20.19
1989 18.71 1.31 14.32 20.43
1990 18.29 1.53 12.00 21.22
1991 19.44 1.52 12.82 20.33
1992 22.88 1.97 11.60 20.61
1993 28.53 2.15 13.28 18.87
1994 26.28 1.79 14. 69 22.17
1995 25.22 2.13 11.82 20.56
1996 31.75 3.00 10.59 20.45
1997 27.77 3.12 8.91 21.05
1998 21.01 2.51 8.36 21.43
1999 31.00 2.75 11.26 21.21
2000 26.24 2.75 9.55 21.43
2001 26. 84 3.47 7.75 21.37
2002 29.25 3.69 7.92 21.58
2003 28.21 3.34 8.44 20.26
2004 22.12 2.28 9.72 21.69
2005 22.51 2.29 9.82 21.86
2006 23.63 2.83 8.36 20.91
2007 15.56 2.19 7.10 21.76
2008 18.69 3.15 5.94 21.70
2009 19.20 2.90 6.63 20.78
2010 15.94 2.29 6.96 22.31
2011 13.08 2.37 5.51 21.56
2012 14.48 2.56 5.67 22.93
2013 11.78 2.28 5.17 22.58
2014 11.15 2.08 5.37 22.14
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Fz2 1985—2014 £E T SST By B AE KT i¥EE &R 4 B Schaefer #EIF1 Fox 125!

Tab.2 Schaefer model and Fox model based on SST for the autumn cohort

of Todarodes pacificus in Japan Sea from 1985 to 2014

F557% Models

oA A TG Predicted catch/ (10% t)

FET SST 119 Schaefer 5175
Schaefer Model based on SST

T SST 1) Fox 7Y
Fox Model based on SST

Cs_ssr = Cs +AU, - fy=af, = bf> + (uT +7)f, (6)

Cr_ssp=Cp +AU, - f, =me Vi fy + (uT +y)f, (7)

1 : Cygr M t HEHET SST Y Schaefer KL BTN W AR A 5 Cpgor 2 ¢ SEFE T SST HY Fox AR B F10 i 3¢ o
Notes: Cgggr is the predicted catch of Schaefer model based SST in ¢ years; Cp.gqyp is the predicted catch of Fox model based SST in ¢ years
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Fig.1 Total catch of the autumn cohort of
T. pacificus in Japan Sea and the average sea
surface temperature (SST) from May to
September from 1985 to 2014
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Tab.3 Parameter of Schaefer model and
Fox model based on dates of the autumn cohort
of T. pacificus in Japan Sea from 1985 to 2014

PR .
I\TI%del a dm bk
Schaefer $5% Schaefer model 3.88 0.16
Fox #i# Fox model 5.94 0.10

Schaefer F R F1 Fox B AL 1985—1993 4
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1993 4F [} PR 52 e 8 _E F1,2003—2014 i3
T F%,1993—2003 A s R . P ARLLE A X
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Schaefer %1 ;. AU, = —0. 18T +3.80 (P <0.01,
R*=0.09)

Cossr =3.88f —0.16f£% + ( 0. 18T +3.80)/,
Fox Bi#l AU, = —0.31T +6.55 (P <0.05,R* =
0.19)

Crosy =5.94e " f 4 ( -0.31T+6.55)f,
AU F1 SST AR ALMEACCR (P <0.01) , H.
BRI . WA 3,

AN B ) T SST iy 19 A5 U 7 AH X A2
B TINE -5 WL AR 5 R # 3k , JE LA 2003—2014
SEBCN T LEAX S B A AR 2, WLIE] 4
—B- 0 3 —a—s@Cz@ Pl
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30 2003
22 Al
@SZO ; 4
g 15 : .
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4 Year
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il EHE R Schaefer F1 Fox 22U B F il (& 5 WM&
Fig.2 The predicted and observed catch of Schaefer
and Fox model based on the fishery data of
the autumn cohort of T. pacificus
in Japan Sea from 1985 to 2014
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Fig.3 Relationship between average sea surface temperature ( SST)from May to September and AU in the

surplus yield model based on the fishery data of the autumn cohort of 7. pacificus in Japan Sea from 1985 to 2014
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Fig.4 Comparison of predicted and observed values of the not segmented surplus yield model of the autumn cohort of

T. pacificus in Japan Sea based on average sea surface temperature (SST)from May to September from 1985 to 2014

2.4 HERASTHNETFELEREEE SST B9F RGO AT 0 B4 BT, 43 ) Sk 1985—1993 4
KRESHER (FHXTRRE BE) . 1994—2002 4F (A %F % 2h B ) il
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Tab.4 Schaefer model and Fox model based on average sea surface temperature SST from May

to September of the autumn cohort of T. pacificus in Japan Sea from 1985 to 2014

Pl A4y r=EAR] Surplus yield model Cssr/ (10* 1)
1985—1993 4F:AU, = —0.27T +5.40( R* =0. 65)
Cossr = 3.88f, —0.16/,% + ( —=0.27T +5.40)f,
SEEHF SST 1Y Schaefer 4276 1994—2002 4 :AU, = —=0.07T +2. 00( R* =0.01)
Segmentation Schaefer Model based on SST Cossr = 3.88f, =0.16/,% + ( =0.07T +2.00)f,
2003—2014 4F: AU, = —=0.51T +10.93(R* =0.59)
Cossr = 3.88f, -0.16/,% + ( —=0.51T +10.93),

1985—1993 4E: AU, = —0.25T +4.95(R* =0.42)
Crgsr =5.94e 0 1if 4 (-0.25T+4.95),
A EERT SST (1) Fox A&7 1994—2002 4E AU, = —=0.12T +3. 10(R* =0.03)
Segmentation Fox Model based on SST Crssy =5.94e 7% 10/‘[// +(=0.12T+3.10)f,
2003—2014 4 : AU, = —=0.65T +13.68(R? =0.56)
Crssy =5.94e 0 1Wif 4 (-0.65T+13.68)/,

Oy BEHE T SST A0 P /AR 7R B4 750 000 L 3 U8 0 model-SST £ 1985—1993 Fii il {i % A A T U8 I
{E#RE AT . 47 Bt Schaefer model-SST ZEAHXT  {H,2007 4F Ji5 %) T I AEL F& 44 v 1 S0 DL« A5
T g B ) 7000 1 % R & F I AE; 4 Bt Fox FUAE AR X 8l B 48L& AR XS B AN SR AR 4, WL 5
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Fig.5 Comparison of predicted and observed values of the surplus yield model in the Japan sea the autumn

cohort of T. pacificus based on average sea surface temperature (SST)from May to September from 1985 to 2014

2.5 EELK
A B 43 B Schaefer model-SST H i,

AFET AIC 1953 B 45 2 R U & SR IR IR & 45
E% Foxmodel-SST ., Schaefer model . 4~ 43 B¢ Schaefer

model-SST . Fox model , % )5 &7 B i) Foxmodel-
SST; H: T AIC 1 73 Bt 25 R AR W5 BOUR B 2 4k
HETI %, Tl BHCE R % D, Schacter H110
LG RO T Fox BERIHULARCR . WK S,

RS 19852014 FHABAFEBFEMNEHATRBRESHILR
Tab.5 Comparison of error parameters of six models of the autumn cohort
of T. pacificus in Japan Sea from 1985 to 2014

Ao B

AorEe 3B orB

IRZEZH Schaefer model Fox model Schaefer model-SST Fox model-SST Schaefer model-SST Fox model-SST
Error parameter Not segmented Not segmented Fox  Segmented Schaefer Segmented Fox
Schaefer model-SST model-SST model-SST model-SST
F1 2 SSE 650 827 745 1052 218 4717
)5 % MSE 22 28 25 35 7 16
75 RMSE 5 5 5 6 3 4
e 25 R? 0.46 0.31 0.38 0.13 0.82 0.60
AIC 44.08 47.20 49.84 54.35 41.83 52.04

3 e
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P, 12.5 CUTERERM) 72 IR IE# &
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F555 3 BRI 22 8] 1 5 R BOME T, iy LA 3L
BRI A B
3.3 RERNA
2003—2014 £E [\ Ak 5 SST Z [H] L2 1)
BEMAFK(P <0.01), H4r B Schaefer model-
SST WU F2 BE et , Bt DA AR SCE 4 2003—2014
41173 Bt Schaefer model-SST 473153 AH N 1) d¢
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Stock assessment for autumn cohort of Todarodes pacificus based on surplus
yield model with sea surface temperature

WU Mengyao', TIAN Siquan'-***

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. National Distant-water Fisheries
Engineering Research Center, Shanghai 201306, China; 3. The key Laboratory of Sustainable Explotiation of Oceanic Fisheries
Resources, Ministry of Education, Shanghai 201306, China; 4. Key Laboratory of Oceanic Fisheries Exploration, Ministry of
Angriculture and Rural Affairs, Shanghai 201306, China)

Abstract: Based on the average sea surface temperature ( SST)from May to September, the Schaefer model
and the Fox model were used to estimate the catch for the autumn cohort of Todarodes pacificus. It is assumed
that the AU (residuals of catch per unit effort between the observed and predicted values) calculated form the
traditional surplus yield models were correlated with SST, and the SST-based surplus yield models were
established. According to the overall development of the autumn cohort of T. pacificus fishery since the
1960s, the total catches from 1985 to 2014 were analyzed separately 1. e. from 1985 to 1993, from 1994 to
2002, and from 2003 to 2014. According to with/without SST and whether to segment with SST, three
Schaefer models and three Fox models were constructed respectively. Results indicated that the segmented
Schaefer model-SST was the best, there was a negative linear correlation between AU and SST(P <0.05),
and the catch decreased with the increase of temperature from 18 to 23 “C. It is suggested that: the model
establishment process should be segmented according to the different time periods, which can improve the
model fitting; the segmental Schaefer model-SST can be used to evaluate the future catch to provide some
reference for related resource management when calculating the maximum sustainable yield.

Key words: Todarodes pacificus; surplus yield model; CPUE; sea surface temperature ( SST); stock

assessment
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