#38% MW wool B b JE Vol .38, No.3
2017 % 6 H PROGRESS IN FISHERY SCIENCES Jun., 2017
DOI: 10.11758/yykxjz.20160210001 http://iwww.yykxjz.cn/

iZH SS3 A ERKFEFXKRELEA(Thunnus
obesus) FiFE——& ZHER A B LR B A LL 4
A ig”

(A R WY T A F i SR 3 R Al B AT RS T A R S
R R AR B B 201306)

WE  AMR&4 & (Thunnus obesus) e 7R A i i B 5 09 1 0k 4 e 46 & & i, H 30 R P 65 R F 6952
£ 2 4ty Stock Synthesis 3 #% A (SS3), AL ] {242 & R IF R B L EF B, EXARESM
BEMRBEBERE KT RN L. AR ERAE W HAEEH AL, % SSBELBEAN 231Nk
VARG ENAEES 2 Ed, AR CER N IFHERT 2R, HOEEREAY
BHHBHAARSHENAE, FERE, HHF AT REEFTETRFAN T AT, dEHE
MESE R Fusy T AR, EXEEMEART AZORHEAN, EXEE5E L E
RiREBA, EESBEXMFH MR LT Kobe A FIFRSEDEFHETEZY W, EERKA,
T AR A B R A AR M BT RO S . AR SRR, B AL AR fe ) A KR R S5l ey AL A 0,
ERREWEFFEFESEFEEATANESZ — o, MEAFHLEBERIEN, GRANE

W) 5 5 R RR JUH BT ARV W A K o
ES: 3

hESERE S063.7 XX#tkRiNED A

KHR 42 46 #1.(Thunnus obesus) f& F4is 45 - 1 B
R I ey N T T LI P o | =
Zl— PN AT S LS (ATTC) o4 #EL .
VAol A8 30 R 2R , BRI ITAL J A E AR
KB A 5E M (Uncertainty), R45 i 8 I PEA A R e
IR C A R, RIS S T R RFZ ™ 1Al
I B 7K F- (Aires-da-Silvaet al, 2015), FhiEghy . 2EH)
SRR R CR . WA BIRIZE R |
T GE R R S 35 23 5 SR () S50 5, DTS2 A
Wy 2 7m0 Ak SR RN 5% PR 2 1 1 1B (Alires-da-Silva
et al, 2014), A:Y)2E 2% mige INAE )2 1 ff BE AR B
M GEIRTT A RS B Fa 5 , B AR A ) B Al 55t
T-RECkER . FEHOL FIREAG LB, % B
P AN ] B B i B 5 BR Y (Patterson et al, 2001), — fi%

KR A&, HIRITFH; Stock Synthesis3 A ; A P3¢
XEHS 2095-9869(2017)03-0012-10

AT EME Y Ry 4 KR MERE | JRRE | &
AR 2 FHRAEIR 2% (Chen et al, 1998), R4 4 2Ki% 2%
WHAE T — DU RSGE, N T AEWTSE, BRRR2E I
BARRZZWEE AT HIE, AR RIRGAR iy
VA TPl ANt

I 10 240K, AROKPVEER 2R R EITAL R
) BRI A A-SCALA (Maunder et al, 2003)7Fil
Stock Synthesis 3 (SS3)(Methot et al, 2013), A-SCALA
JEAE Multifan-CL A (Ff ot R34 10 28 BT IR
i iy ZERE R (Fournier et al, 1998)%Lfl 4 il 4
IR LSRR, SS3 F 2007 AT I HH T AR AR R
HR A0 0 BT PR IPAL . SS3 AT L) H DA 157 P AF i 4544
A AR, B S AR G T AR 1 2 Al AR A
(Methot et al, 2013), wJ LA #agkaE . 55 IR (FHXT) 4=

* [E 5 1 SRR 5L 45 (41676120) 11 -1 T B Z A5 95 H (12Y 2134) 2 [F % B[ This work was supported by National Natural
Science Foundation of China (41676120), and Innovation Program of Shanghai Municipal Education Commission (12Y Z2134)]

O WIHEE . ARiTig,
ks H 1Y 2016-02-10, Wefg ks H #1: 2016-03-29

B # 4%, E-mail: jfzhu@shou.edu.cn



%31

JRVLIE: 32 SS3 PHAL 7R KT KR 448 1 (Thunnus obesus) 5% i ——42 A5 1 1 ] A AR 2 11 L 13

FEFREL . W AR AT W 25 A0 A BRIV A A S5 A A B L A A
DL A6 v M 9 R R A R I R AR A A A5 A R
f 5w Rl S B A Y 2255 0, IF HReR L&
T R MG X PR AT A BT, BbAh, B AT DLAE R
YEA5 Y (Operating model ) #E4 735 L el A 4D 5%
Sebr b, SS3 A A ARV AL &, T
e — R, P EE IR L, SS3 E i
T Z EGA R IRABRR 2 —, JUH7EJL 3
(Methot et al, 2013), t W — K VE R A4 il X
B PR U2 (B PR 2 Ah), o HOT
J G DR VEAR Y S B, pl v B ) R 4K
i, EIHT, SS3 AR [ A 76 T T Vg 1) 10 S B IR T A
Hiz .

R RIR AR il 250 2 2%, FBAE 26
Uy [ RISE 2 4, 1L R0 43S 4 1 F AR RN T4
AN TR 2o R TRI A Al X3 L 7 s et 30
ISR AR (Aires-da-Silvaet al, 2014), i K HR 4
H £ 114 SS3 AL SR Ay BT AR AR Y G A I
FfEl” (Length-based, statistical age-structured model),
ABFFERR Jg S AR (Full model), 45 23 A,
BIEER R . S8 Z | RREE S . MR ZE A0 R AT
faifk, K B T3 SR PR A TARMReR . BAR i
IR VAR AN vk 1 & Rt T A, (B IE AT
5807 F ] B R RN Jy 15 i JF % (Cotter et al, 2004
Jardim et al, 2015),

UEI , 9 3 23R IR 4 4 £ ) 55y 7 o 1
SS3 FLAY, [HZ AL B Fi e H TR IT h i
YERERI(Wang et al, 2014; Zhu et al, 2016), AER T
AL SR 0 KR S 00 R, 9 A A AT . AR
WF5E 2230 AR AT KR 440 f SS3 AU AT 71k,
3 35 % 7 A 45 ) (Simplified model) R4y, %4¢
AT LA BN Z IR A PP e ) o R T RS IR B A
ATICHARTN, AT W, AR AR R 2B A A
IONART R EOS £ 2/5 i ml = RS WU 1= PN NN 1P AR et Bl
255 5 Ze BT (R 25 AT LA, R PPA ARAE o
1 MB5FE
11 EYFEN

A= )2 SRR B S T TR B R A B AR — 3K
(Aires-da-Silvaet al, 2014), ¥ R B 50 H . B
FRIOE R MR AR 11 Ry — D BERAEAAR, TR P B
AhTFoe 4 FENLEITR AR ZS (Maunder et al, 2006)., 4F

#4514 K% ] von Bertalanffy 2 KA, {H% g4 o
FU e HLA R A A AR K AR S, RIVRA )47 0% 1 (R OR

A, KRt Ity 40 4~ “Fibda”, Wi EER
10 10 WAL CHMHMAERY4) . 78 SS3 H, AR KA
SR FH S5 /N A R B AR (LA 43 310 205 em Al
185.5 cm, 4= K AZ S bn i 22 4351 24 1.82 cm Al 12.04 cm)
B HAL, KB K=0.068/4F . HRILT-F AL
(M) gl R fa . MEvE RV P 25 57

12 SZEBEE I BIESH

G 1A I 235 R AR T T 11 B A Yl B 0 4
el () 3 4R 5t (Cateh) | ACFRPE ML 1) R AT 1 2H B
R 2H i (Agelsize composition). kil i Al
X} 8 7 B 45 %% (Rel ative abundance index) . A< F 55 55
FR IR 1 v Ml KA 2548 5 3 1A ) S PR PP A SR AR AR ]
£ 5 23 Al (% 1), Horb, 5 K2 ) Sy vl 111,
W N GE SR B g il 12—23, PR AR A g vl —
R G} S VR AN 7 108 -7 (Sel ectivity) Sk i S, 524
77 S B I AT T I

el B s ] 85 5 ok 1975 4F 1 H —2012 4F 12 A
(2014 4EFE VAR IR ) , B v LR B8 Ry Fh i 2h 2572
AR B TR A7 (B 148 ASZFEY) . B TAIRE R H 942
Fb A A2 B AN AT AL AR AL (0 DA 22 5, i A PRAS How
VT IECR I (3% TAE i | ATTC b b 70 4R I 1 23 2 HE
TEIFRE), Bk, RRMEHSITR . RIRFERE
BHCRAR A 21 BUFE R R [ 3222 1 1 I el (RPN T4
A ) FRE 2R £ ol (% 2).o

1.3 ifflRE

131 Hi#EAR R 4 4 £ 57 22 A5 U 5 F SS3
F £ (Methot et al, 2013)f4 &, BRI S0 & T
20120 8044, I FIKE S BRI IEAL, 72
AD Model Builder (Fournier et al, 2012)F # 4w 2 )5
HCE TR A Y ROR . SSIHE AL 5 43 Ry 34T
R, FEEsh SR, fiRfEAEYFCERK . FETS Fb
Fo) Al 2 FEVE R A BT IR AR AL s LI, R
Ik 7 G0 AS AT LI AR 5 ] 08I AR ) 56 R (n=F
JEREB S IR R CR); GEITART, AR AR Y T i
55 WLINAE 22 1] () 158 22 2548, I3 aok A R AL K 1ok Al SRR
RIBH, AL, A e, RIESEEITEAY
252 0, FR TR O A [R) 4 B T B R AR
fbo T SSIHEREEH ek, A5 5 KR 446
£ TR T R A 32 AR 48 R A ] Bfifiad , o 2R
415 7] = I M ethot (2000) #1M ethot4%(2013) ,

1311 #EFHSHA 1B 1 W 4 9% 15 Ry - AR
A, WRIRAEER 427 h R, SEPR o ZETT)
PG R y B9 a it PR IR ] RN .



14 wool B o R % 38 %
R1 HAREEKRREE SS3 ERER @\ AR 4
Tab.1 Fishery definition of full SS3 model for big-eye tunain eastern Pacific Ocean
#lr Fishery ¥4 EL Gear ARy Year AR B4 45 Feature of the fishery data
1 PS(OBJ) 1975-1992 4kt Catch
2 PS(OBJ) 1993-2012  yagfit + Bl 2-5 AR K 4 R FE X A [ ) Catch+Discards
3 PS(OBJ) 1993-2012  (size datafor fishery 2-5 obtained from different sampling area)
4 PS(OBJ) 1993-2012
5 PS(OBJ) 1993-2012
6 PS(NOA, DEL), LP  1975-1989 ¥4 3k &t Catch
7 PS(NOA, DEL), LP  1990-2012 a3k & + %3¢ & Catch + Discards
8 PS(0OBJ) 1993-2012 ik 2 HHE S/ Discards of small fish from fishery 2
9 PS(OBJ) 19932012 ¥k 3 F E S/ Discards of small fish from fishery 3
10 PS(OBJ) 1993-2012  ialk 4 TP E5EH/NE Discards of small fish from fishery 4
1 PS(OBJ) 1993-2012 ik 5 ThEF A& Discards of small fish from fishery 5
12 LL 1975-1989 i3 2%k Catch in number, 10°N LlJt North of 10°N
13 LL 19902012
14 LL 1975-1989 ik B % 0°—10°N 2 ii] Catch in number, Between 0° and 10°N
15 LL 19902012
16 LL 1975-1989 gk 2% 0°LARS 100°W LLP§ Catch in number, South of 0°,West of
17 LL 1990-2012  100°W
18 LL 1975-1989 gk 2%k 0°LARS 100°W L7 Catch in number, South of 0°, East of
19 LL 1990-2012  100°W
20 LL 1990-2012  ¥ajkHE 10°N LAt Catch, North of 10°N
21 LL 19902012  yfazkig 0°—10°N Z[&] Catch, Between 0° and 10°N
22 LL 1990-2012  ¥fa3kat 0°LARS 100°W LAFE Catch, South of 0°, West of 100°W
23 LL 19902012  #affifE 0°LAES 100°W LI % Catch, South of 0°, East of 100°W

F: PS: HIM; LP: 5445 LL: fE4EEY; OBJ: AN TAEMBFENM; NOA: A MMFFEN; DEL: g KHE
(IR, BEk H Aires-da-Silva %5 (2014)

Note: PS: Purse seine; LP: Pole and line; LL: Longline; OBJ: Sets on floating objects; NOA: Sets on unassociated fish; DEL:
Sets on dolphin schools, revised from Aires-da-Silva et al (2014)
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Tab.2 Fishery data and selectivity curve used in the full model and simplified model for big-eye tuna

58 Z=#5% Full model
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Note: A: Logistic curve; B: Dome-shaped curve; 1 indicated selectivity=1; O and @ indicated the data were used in the

full model and simplified model, respectively
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Fig.1 Threelevelsof natural mortality of big-eye tuna
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Tab.3 Comparison of numbers of parameters and the fitting time of SS3 model for big-eye tuna

o i LHAH DA R ERR(TR) BRI B
Model Assumption Number of parameters Fit time (min)* R, (Thousand fish)  SSB, () Model code
52 R BERE h=1.0 234 48 5826 296905 F1
Full model BEEF h=0.9 234 47 6418 327116 F2
BERE h=0.8 234 45 7274 370705 F3
fRT AL AR A B h=1.0 176 27 6498 331161 S1
Simplified model g pr n=0.9 176 8 7295 371774 2
BERE h=0.8 176 12 8351 425615 S3
53 F e #E M Higher M 234 50 5826 296905 F4
Full model 14 M Middle M 234 68 5336 317009 F5
BAK M Lower M 234 88 4377 357304 F6
i fp e #E M Higher M 176 27 6498 331161 4
Simplified model w14 M Middle M 176 28 5938 352740 S5
BAK M Lower M 176 30 4926 402102 S6

* RN A T AL PEES 4 Intel Corei52.4 G

* indicated the processor of computer for model fit was Intel Corei52.4 G
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Fig.2 Recruit time series of big-eye tuna
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Fig.3 Spawning stock biomass (SSB) time series of hig-eye tuna
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Tab.4 Comparison of biological reference points of the full model and the simplified model

A Model 5% Assumption  MSY (1) Fusy  Frutipie  SSBmsy/SSBo  Cour/MSY  Feyr/Fusy  SSBeur/ SSBusy
SRR BERE h=1.0 95636 0.25  1.69 0.23 0.79 0.59 0.77
Full model BERE h=0.9 95352 020  1.39 0.27 0.79 0.72 0.63

BERE h=0.8 96360 0.17  1.18 0.30 0.79 0.85 0.54
i A BERE h=1.0 67724 027 212 0.14 1.12 0.47 1.38
Simplified model [ h=0.9 66204 020  1.59 0.21 1.14 0.63 0.94
FERE h=0.8 66320 017 131 0.26 1.14 0.76 0.79
S IR % M Higher M 95636 025  1.69 0.23 0.79 0.59 0.77
Full model 4 M MiddleM 94552 023 1.67 0.23 0.80 0.60 0.73
WK MLower M 93276 021  1.60 0.24 0.81 0.63 0.57
fai g % M Higher M 67724 027 212 0.14 1.12 0.47 1.38
Simplified model  1%% M MiddleM 65484 0.26  2.09 0.15 1.16 0.48 1.27
Wk MLower M 61252 026  2.03 0.16 1.24 0.49 1.05
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Stock Assessment of Big-Eye Tuna Thunnus obesusin Eastern Pacific
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Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education;
College of Marine Sciences, Shanghai Ocean University, Shanghai  201306)

Abstract The big-eye tuna (Thunnus obesus) is the most commercially important tuna species in
eastern Pacific Ocean. The fishery of this species has been managed by Inter-American Tropical Tuna
Commission (IATTC). IATTC evaluates the stock of big-eye tuna annually using Stock Synthesis 3 (SS3).
SS3isone of the most commonly used models that assess age-structured fishery stock based on biological
parameters and fishery data such as the annual catch, the age-composition, the length composition of
catch and abundance indices. A recent assessment of the big-eye tuna stock in eastern Pacific Ocean
indicated a small recovery of the spawning stock biomass (SSB) and the fishing mortality (F) with respect
to biological reference points (BRPs). The integrated model effectively combines multiple data with
various sources into single analysis, and propagates the uncertainties associated with model parameters
and structures into model outputs such as the biomass time series and BRP. However, it is time-consuming
to use full SS3 model to analyze the big-eye tuna stock as it has as many as 23 fisheries. Therefore, model
simplification has become necessary to improve the analysis efficiency. In this study, we tried to simplify
the SS3 modeling process by using 2 fisheries (purse seine and longline fisheries) instead of 23.
Representative abundance index and size composition from the purse seine fisheries and longline fisheries
of the full model were used in the simplified one. The outputs of the simplified model were compared to
that of the full model to evaluate the performance of the former. The results showed that the simplified
model effectively captured the historical trends of stock time series (e.g., recruitments, SSB and F) and
estimated Fysy with little interference from the stegpness and natural mortality parameters. The reduced
interference from steepness allowed the simplified model to correctly analyze the stock status based on
the Kobe plot. However, the simplified model increased errorsin the estimation of other BRPs. This study
implied that selecting BRPs and defining stock status of big-eye tuna could affect the evaluation of the
performance of the simplified model. Further studies are needed to achieve a balance between high
performance and reduced complexity of the model.
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