$539% 5 ol B R Vol.39, No.5
2018 4 10 fA PROGRESS IN FISHERY SCIENCES Oct., 2018
DOI: 10.19663/j.i55n2095-9869.20170627001 http://www.yykxjz.cn/

AR, UM, ARVLWE, BKES, B, AU R R AN G M B RE VR R ARt BTG A 2. el B kR, 2018,

39(5): 01-09

Li YN, Dai XJ, Zhu JF, Geng Z, Xia M, He S. Impact of catch uncertainty on the stock assessment of bigeye tuna (Thunnus obesus) in

the Indian Ocean. Progress in Fishery Sciences, 2018, 39(5): 01-09

BHREARAEEIEEFKRECE
BB

& TG !

N A 1,2,30 43T I 123
(1. B¥RmA ARG AR LI 2013065 2. RV RFEFEF R AR ME MR E LI

TR S R O

201306;

3. RN AR FRRFE W T R E R SEgeE FiE 201306)

WE KR4 & (Thunnus obesus) & i B 2 Jif & By #u i @46 f 2%, SRR UL — B2 KR k4

Maa v EREARRENER, BT S5MEVEY . HHAAMRE R, HEFEARSBAEN T
B E ST — E W R % (Bias), (EE PR FIsE T R RFEIFHESLHE TX—RE, AFER
E 1979~2015 ek E . SRS EREREEERH UL, HEREHRFITEHLE
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10" t (Zhu, 2016).

2012 4, IOTC #Aviy 446 i T/ 2H (Working Party
on Tropical Tunas, WPTT)H& Hi K K HR 446 0 78 PR
15084 5 AR B PG X 2 (I0TC, 2012). 3 5 4Fk,
] B b ok G Al R O B Y f 5SS A T (Stock
Synthesis 3) (Shono et al, 2009; Kolody et al, 2010;
Langley et al, 2013), ASPM A%l (Age Structured

Production Model) (Nishida et al, 2011) 5 ASAP ###!
(Age Structured Assessment Program) (Zhu et al, 2013;
Zhu, 2016), Hd, ASAP BRI H A A 3 E A
B2 — XFEREEVERIR AR i, F4R I0TC
PACHIE TE N RGO BHEGHES, 48 T
PR RS AR W 2 B, OF COOT R T R BT A O
R TAE, iH, FAE 2000 4§ 54 BF78 & X EN
BEFERIR A6 fa b 17 1 98 IR PE4h (Nakatani et al, 2001;
Motomura €t al, 2003), {H LA i PEAL &R Z 06 1 a4k
AR AN R A T B R A 1) S R

WAL XT AR ASAP BERY R PEAL 45 R AT LI O
Brig Bt , mF Ml ARl a5 AL s 2, B
JE A DR R 4 A £ 1) [ 5 ¥ 3R i GE A AE — o Ml 22
(Bias), il 2 B RE VR I I SR vh B X it AR i G it
P22, A2 AR5 P SRR 2 I0TC A4k
TRy, FGETT i 22 (1 = il U Al FTRE IS 15% (IOTC,
2012) ¢ AHFE PR S04 X H 18 58 Al 4 220 I 5 —
2% BeAh, BETFEREE AT RSB B T
P, X XU AN LI R 2 (8 B AL R 22 ) 1 R/ itk
s, X — R A2 atsE, WitRgE WPTT
EM . I, A58z F A I8 45 1 55 I DAl A Al
ASAP(NOAA Fisheries Toolbox 2014)%} E[J i VE K HR
S BT PR AT VPAL L R AR A v R N B E
VLI 35 22 FNGE i 22 )0 BE IR PPl 45 R 52 me, 4
e LA i AR i kg A KA 4 9 DRI AN B TR R A i 2
%, b DR B R IR AR £ A BT PRPE AL A

1 #REFE
1.1 SRR N EIE

IR VTAL B B ST B Aol 2R ) 43 DL
PR IR A58 P A Bt s 1) 728 A (B AR AR AR/ IN) o AT 3R AR 1Y
HlV B AR . HRYE TOTC X K AR 4 46 £1 A il %%
P2, ARUATAL T 430 7 Rl B G 1 2 48 44
Holk (b 1, LL) . 1 F AR SR el (k. 2, PSFS) .
T A Ao B a0l (ol 3, PSLS) . /INEY Bl 19 3l (3
i 4, BB). H IR AELEE ik (ol 5, FL) . F890lk (i
Al 6, LINE) A1 HAt 6V (¥4l 7, OTHER),

Ay 5 AR A R T T ) SR AR e B A A AR
4 3 A0 R (Annual catch) . 4F % 45 ¥ #a 3 i A 4
(Catch-at-age, CAA)FIFHXTHEIR F= BEF58dis, DLk
AR IET 1I0TC fb 454, BRI K 1979 4F 1 H~
2015 4F 12 A o FREHRECE I R FH 32 22 228 £ BA 1Y)
B G A5r1EAL CPUE (Joint CPUE, J2/1000 4J) (Hoyle
etal, 2016), A5 B EEVE PU AL BRI ZR JL IR S 2 S isf
] 751 (] 1)
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Fig.1 Standardized CPUEs of bigeye tuna

in the Indian Ocean (1979~2015)
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SRIEKRIR S PP ELEF VE T, 78 ENETEAF1E
B — f4 Fl Bf (Appleyard et al, 2002; Chiang et al,
2008), AHFFT A5 440 f0 Sk B — VR VR RR A
A KSR G421 Von Bertalanfy 42 K J7 F2 (Laslett et al,
2008), KT WS UK LR R N : W =3.661x107° >,
ANFEERKRZE, ARIET-R M Bi% 0.4/4F(Zhu,
2016), AN REMES] ., AFE AR E AR fE . B-H %
PR—%h 70 8 5 RAERLBEE S8 h=0.8.

13 ERBERSHMAT

ASAP &L TG TR 22 43 A1 ) 3 i AR R 45 AL A5
Hl(Statistical age-structured catch-at-age analysis) (NOAA
Fisheries Toolbox 2014)(NOAA Fisheries Toolboxathttp://
nft.nefsc.noaa.gov), HHT, ASAP AT 7EZ -l
PRV T T AT, AnAE RV T £ (Sardinops
sagsx) . 4 KV £ K P PR (Clupea harengus) . 4
TR ARG IEAG o, ASAP BRI HRjSE
] X AR S 30 T e M B PR A T DA BT ) AR
—o A, ARG A ] B (Time block)HE & FIREAL
2455 (Random walk model) A i3/ S5l 55
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BRI BB Dy ELA LI 5 2 A O A i I
T S R SO (i T H bR SR, I S K ARUSR VLAl i
FERISH . AR PREL IR 220 A A7 2 B 230040 AR
T HOER 534 o 230023 A3 1T 0 R AF % 4 s
2%, H B T2 AR S L A SO 2 (Effective
sample size, ESS). ik . WIREIFECH X EOES
Iy A, T ER R N TR R bR, FE
ASAP fRAIE, RH CV ¥R, CV TEIXK,
FHARYEA AL A B, ik, CV AR
SR 5% 2 1) = L e PR o 223000 A R ARLSR pR SR
~InL=InESS4+ ) InC-ESSY pInpredp, (1)
o, InL A RUSR eRECEOG S, C R i IR AR
W, op N i IR AR R EL . KR 25 43 A ALK bR
—lnL:O.51n2n+Zln0b§ +Ino +
0.5y LIn(0s) ~InCpred, ) 2

2
o

s, obs FT pred, 95 i AN LI {E FIASE
RIGSEAE, o AbrifE2E . RIR G ASAP BRI H
PRERECFZE A DL b 4 AMBUSR iR R

objective function = 4; Z[— ln(L)]j 3)

A, 2 N AR R BRI R B (=1~4)

TE ASAP BRI TR EA S B - F4FAh e
PR2E RO R i v 3 2R E S B ) AR
k). 7 Bl i BEBEPE S BOR A BORE A & | PI LR AP
SERYTN BT IR | MR AR 1 S8 e Bl B A T R M CH
A AR 1 22 R TFRIER AR . O Al A B 2 A Bk
WS HAEEKSH . WAVE . ARIET-RE. £E
FEBR 22 (B CV=0.1) i 2T 575 O e KERS:
FEHE(MSY) . MSY AR 5 I8 T R (Fusy) « S HiTTd
BIAET- 25 Fyusy WELIE . HATHE RS MSY BLE
{H. MSY HNAY SSBO™BRHHAEY ). 41 SSB 5
SSBusy M L1 & 24 B SSB 5K IT & 1F SSB Y H(H .
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Tab.1 Base case model and sensitivity models for bigeye tuna in the Indian Ocean

A Model

ARSERE WA A 5

ARG 22 JE I

()% Time period of catch ~ Adjust level for catch(%) Converged or not

i Model 1 0.05
BiFl Model 2 (JEMBEIRY Base case) 0.1
R Model 3 0.15
iRl Model 4 0.1
}i% Model 5 0.1
i Model 6 0.1
i Model 7 0.1
R Model 8 0.1
A Model 9 0.1
Al Model 10 0.2
Fi% Model 11 0.25
}i% Model 12 0.1
i Model 13 0.1

1979~2015 — & Yes
1979~2015 — & Yes
1979~2015 — & Yes
1979~2015 10 & Yes
1979~2015 15 & Yes
1979~2015 20 & Yes
1979~2015 -15 & Yes
1979~1983 -10 J& Yes
1984~1995 15
1996~2012 20
2013~2015 -10
1979~1983 10 2 Yes
1984~1995 15
1996~2012 20
2013~2015 -10
1979~2015 — 75 No
1979~2015 = 7 No
1979~2015 -10 7 No
1979~2015 -20 7 No
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Fig.2 Observed and predicted abundance indices of bigeye tuna in the Indian Ocean (base case model)
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Fig.3 Residuals between observed and estimated abundance indices of bigeye tuna in the Indian Ocean (Northwest index)
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Fig.5 Observed and predicted annual catch of bigeye tuna in the Indian Ocean (base case model)

ﬁﬂﬁﬁt%%@ﬂtﬂﬁﬂht% ., HAEA R W R &

, HHHBIET- REEAF . 7£ CV 2 0.05 F1 0.15
E@ TEOLT, B 0T R BOGAG T S FE A AR 7 A (AR
ek, ARS8, R, AR R R
5 ANEIRL (BRAR A 8)748 b $Athy 5 LA AR A — 35  (HAR
A8 M HF AL T RBUNAG A A 1983 R WAL T

HAth 8 MEEHS, BICIBTEM MR, H 1984 4L
K, 7 Ml AT R — HAA T R TS,
HIE 1984~1999 47, H - FH&a s @ mk .,

9 MY SSB AL ANIE 7 iR o 1EAS [ Ao A 5
T, SSB AR bR IEAAAIR] . #E 1979~1985 4F
IS, SRIEEETE D, 2 2000 4F 5 A [T



6 woooor B % 3 R %539 %

*2 HERSHER
Tab.2 Model fit summary

ER7NSE WA FREAREUR Y AR A AR AR

Lambda %ﬁf_c Objective function Catch Index Age comps Recruit devs Penalty
Lambda expression
— 7 2 — 1 1000
g A Model 1 5765.3 1703.7 54.1 3552.9 454.6 0
ZH AR Model 2 5725.7 1887.7 31.5 3352.7 453.8 0
CV  Ri# Model 3 6024.9 1995.8 37.3 3537.2 454.7 0
#agiE R Model 4 5961.2 1912.6 44.6 3545.4 458.6 0
Catch  #i% Model 5 5972.8 1924.1 44.7 3543.9 460.2 0
AL Model 6 5774.3 1937.9 38.2 3338.2 460.1 0
A Model 7 5883.4 1845.9 44.8 3543.7 448.9 0
A Model 8 6731.7 1920.2 59.4 4300.4 451.7 0
i Model 9 5979.4 1923.5 46.7 3547.8 461.4 0
0.10 r
——— &A1 Model 1 - - - - #%I2 Model 2 ------- 73 Model 3
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Fig.6 Estimated fishing mortality of bigeye tuna in the Indian Ocean
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LA A AR AN SE X BB IR BAR £ TR PTA A 5 0

R R 2015 4F, SRR TREESE, BRI 9,
2015 4E 1 SSB BT MSY AR 19K, EMB % CV
4 0.05 A1 0.15 ST, SSB 5 IR AR A B A HH I
H 225, TR A i 3R B 25 B, SSB Al THE R
(BEAY 2 BEAY 4~ 6), YRk it R 2200 15%
mF, SSB A, AR 4 K HR 44t £ 52 b (1) By s P2 4y
AR YA 9, H SSB Al iHE IR, HE T MSY
AR A 7K o

BIREBIRENEYFESE R M F FRSHIBTH

A1)

FEARF B BEAIE T, B EIRL Rl 4 PR A )
257 11 MO RS EN AL A UL 3R 3 BRI AL (15
9 2), AT Faors/Fusy 5 T 1, AT E I MSY B9
1.02 £, 47 SSB 4 SSBysy 19 1.18 5, Al LIHHE
2015 AW 0 B AR DL I A ik BE B, X5 2016 4F
IOTC X ) B 7 K MR 4 4 £ (%) 9% U B A 45 S — 2
(Adam, 2016), XFFLAEAY 1, A5 2 A 3 & 8,
CV BN/t MSY KAIKEM S % S HA —E W
o, BIY CV 3 hnEiim NN 2% S MSY
Fusy SSBusy 308/, FHI B Cour/MSY |« Feur/Fusy
PIHa R, SSByBH CV I A . X HeAsERl 2 #7
4. BIRY S FIAIARL 6 I, 4 1979~2015 4Fifa gk it
AR, HZ% 8 Cou/MSY /D, Feunl/Fusy
AR, M SSBeur/SSBusy A1 SSBeur/SSBy %47 HH {4
AL aH, 024 1979~2015 4FE ik /b 15%0F, H
XN ) O B 2 % 05 Feu/Fusy « SSBeurn/SSBusy
SSBeur/SSBo FIU& A B ARk o 1A X LAY 8
FIRER 9 KB, 6 1 XF 1979~2015 4E 43 v Br i a7 i
BRBEARFK iR 2, HIEmas R R A H BN ES,
Feurd Fusy 18 /N T H At 85 A | SSB,/SSBysy #ll
SSBeun/SSBy i T HABAR A

X m W LR 22 1M 7, % EUARAS 1 (CV=0.05) .

2.3

FERL 2 (CV=0.1)58iR 3 (CV=0.15) Foun/Fusy 5
SSBeur/SSBusy Ml HEAE ML, CV B RS/ N, 247
1R G YRER A X R b ABE R 4 A 0o P Al B ) R L X
BTSSR (T Y= - SEaliEr eyl INEE A =1
MSY fHEEM K. 45535 3 1 Fon/Fusy 55 SSBeun/
SSBusy MIZE R LA, HA B RERZEN
20%MF,  FLPPAG 25 S AR X SERIAS R A i BB R
T HAARBE(10% . 15%F1-15%) T, BIRTEAG I 45
HE SRR AR 8 B S Ak o [RIER , Sh BRI 4
XTI 16% . 17%. 18%. 19%JF L iFAL 45
BRI, YA R R . I, 78 H ASAP
PR XoF R AR 4 A £ 9 U 14 T T A7 B 7 0 PR e 3K e
TH 22 PR FFTE 20% LA PN, 3304 X0 W 5 A IR 285 1 )
3. HRmRSE I mESFREELEMR,
1979~1983 45 45+ i 22 X 7 PR DA% 445 T A B K )
SN, 1T 2013~2015 45 9 ¥ 8 i 2 % B8 R P4k 45 2R
HAMRKBIFM,

o
3 iTig

VR VR R IR £ 46 £ A BT U4, , 76 1998 4E LI,
W VR S AT R I RIAPTP)HEATAY, 1999
SELUG t B REVE A 10 2 D1 23R4T o MKAE BB 7 B
S SO B | 427 s AR SR VB L X el R 15
BT LA REARAR T B KT F42 = i (MSY)KF . I0OTC
MR IEALF T, B EEVE R HR A0 f0 %R H R A o
JEHT, (2 2015 FRA R P EE, [
SSB1015/SSBumsy >1, Faois/Fusy FIAER T 1o MIAWFSE
HhILE TR P 25 R 5 H — 2, B SSB1015/SSBusy>1
(=1.18). Faois/Fusy=1o X HCEAL 8 MR GBEAEHL 1P
g R, R B i B S IR B (R 6), TiHE
PR AT I AP B4, (EATR IR AT 3 B 4 455 1)
#F4(SSB1g15/SSBusy>1 (=1.18)  Faq;5/Fusy=1.06),, [A] i,

®3 BIMEEMSELIRBXSY

Tab.3 Biological reference points and related parameters from each assessment model

B Model  MSY(H) Co/MSY  Fusy  Feur/Fusy SSBumsy(t) SSBeu/SSBusy — SSBo(t)  SSBeun/SSBo
% Model 1 88506 1.05 0.145 1.08 621982 1.16 1967740 0.37
1% Model 2 91208 1.02 0.146 1.00 629187 1.18 1974170 0.38
B Model 3 89439 1.04 0.145 1.04 628136 1.20 1983010 0.38
i Model 4 98871 0.94 0.145 1.04 695959 1.20 2200580 0.38
i Model 5 103442 0.90 0.145 1.04 727117 1.20 2298140 0.38
BB Model 6 106374 0.87 0.146 1.06 735084 1.18 2311650 0.38
B Model 7 76441 1.21 0.145 1.04 537153 1.19 1697510 0.38
B8 Model 8 126710 0.73 0.178 0.56 633599 1.23 1902070 0.41
Bi% Model 9 105637 0.88 0.144 0.75 744251 1.24 2355170 0.39
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Impact of Catch Uncertainty on the Stock Assessment of
Bigeye Tuna (Thunnus obesus) in the Indian Ocean

LI Yanan', DAI Xiaojie'**", ZHU Jiangfeng'**, GENG Zhe', XIA Meng', HE Shan'

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai  201306; 2. Ministry of Education Key Laboratory of
Sustainable Exploitation of Oceanic Fisheries Resources, Shanghai Ocean University, Shanghai  201306;
3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources,
Ministry of Agriculture and Rural Affairs, Shanghai  201306)

Abstract Bigeye tuna (BET), Thunnus obesus is a large epi- and mesopelagic species distributed in
tropical and subtropical waters of the Indian Ocean. Its stock status has been the focus of regional tuna
fisheries management organizations. Because of a variety of fishing gear and fishing fleet structures, there
have some statistical biases in the historical nominal catches of the Indian Ocean BET. However, the
impact of this bias on stock assessment has been neglected in recent years. This paper aimed to assess the
impact of observation error and statistical bias of catch on the stock assessment of Indian Ocean BET,
using Age-Structured Assessment Program (ASAP) based on fishery-specific catch, catch-at-age, and
standardized catch-per-unit-effort data. The results showed that the current stock of BET in the Indian
Ocean was not overfished. The results of base model and eight sensitivity analysis models showed that the
observation error of catch had influences on the stock status evaluation. When the bias of nominal catch
was assumed to be 15% (i.e., the historical catch was underestimated), the assessment result was
consistent with the base model (i.e. not overfished). When the bias of nominal catch was assumed to be
20%, the stock might be overfished. Therefore, both the observation error and the statistical bias
associated with catch data can have significant impacts on the assessment results, with the latter having a
greater effect. This study highlights the importance of considering both the assumption of observation
error and statistical bias in catch data in tuna fishery stock assessment, which has been neglected recently.
Key words Indian Ocean; Thunnus obesus; Stock assessment; Catch; Uncertainty
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