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Tab. 1 Different scenarios of the stock assessment for
Thunnus obesus in the Indian Ocean

AU SR I} [h] 5 AR = LR %
model scenario time span CPUE index
S1 1955-2016 R1_NoID_5516
R2_NolD_5516
S2 1955-2016 R1_ID_5516
R2_ID_5516
S3 1979-2016 R1_NoID_7916
R2_NolID_7916
S4 1979-2016 R1_ID_7916
R2_ID_7916

T RIS ENEEVE VU ARG, R2 FORENFEFE AR A, NolD £
TR WM 1D R A AL I, 5516 FaR 1955—2016 4F
FR B B 5 5 7916 R 1979—2016 4F- (¥ i i) 15 1

Note: R1 denotes the western Indian Ocean; R2 denotes the eastern
Indian Ocean; NoID denotes no vessel identification; ID denotes
vessel identification; 5516 denotes the period from 1955 to 2016;
7916 denotes the period from 1979 to 2016.
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Fig. 2 Prior and posteriors distribution of parameters in the surplus production model for
Thunnus obesus in the Indian Ocean (base case)
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Tab. 2 Result of surplus production model fit
statistics for Thunnus obesus in the Indian Ocean
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S model model model model
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S1 S2 S3 S4
DIC —268.50 —265.70 —341.20 —371.50
RMSE/% 28.70 26.90 29.50 26.80

1980 4FZHij, [R5 0% KR 46
R AR ER RN R ESR, 2R
TREE S MR T RN — 8, ZFHE
PR T RERAS, 2010 42424 H BLRARME (& 4).
B 5B s, HAB B AR T 3(F) . W (B).
F/Fysy 1 B/Bysy B Mohnp {H435%1°5-0.28 . 0.19
—0.33 f1 0.20, M 2000 4 LLJE 46, 4 DSEA b

a — sl
S2
1500 — S3
— s4
2
21000 |
&
I
e
H
500 —
1950 1970 1990 2010
4 year

(B 247 16 — % 72 B (0 [o o i 22 (P 5): F Al
F/Fysy ZEUEBRAL, T B Fl B/Bysy WA 1E 9% =
Al () o] BB

Kobe &5 B, 2016 E KR Al
82.50% FRIAME R Y 7 43 (0 X 3, 17.30% 0 HER ¥4 7F
O X I (] 6), 2B AHR 446 f0 B0 b T3 JEE
BiERES . FEARTE TAC KT, 2017—2026 4K
AR 446 0 %) 58 5t 00 S A (W) R B 1 L T 34,
24 TAC /K4 104.17 kt (RN 2016 4E#a 3k 51
120%), 2026 4F 1) G5 I 64T = T Busy (B 7).

3 itig

T Ay P B R g B 2 A T Ml AR A T Sl
AR FRP23 X T AR I B AR K 455 fy A A
(40 SS3 &), ol Axy AR IR X A 45 b B A2

b

0.25

0.20

e
—
W

HETET R F
=)
)

0

1990 2010

4 year

1950 1970

4 UR[RIAE R SR W v B RE VR IR AR 0 1) B U5 i (o) RIS SE T2 (b) 9 Bh 522 1k
Fig. 4 Dynamic variation of biomass (a) and fishing mortality (b) of Thunnus obesus
in the Indian Ocean in different model strategies
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Tab.3 The parameter estimates and reference points from different model scenarios for
Thunnus obesus in the Indian Ocean (95% confidence interval)

. I e 1 BRI 2 BRI 3 AL HERE 4
model scenario model scenario model scenario model scenario
fhiiH e del io 1 del i02 del i3 del io 4
estimate
S1 S2 S3 S4
K(10 kt) 1300(1050,1680) 1470(1190,1960) 1760(1300,2410) 1480(1110,2120)
r 0.29(0.23,0.36) 0.34(0.27,0.44) 0.41(0.31,0.56) 0.33(0.26,0.44)
Fusy 0.25(0.20,0.30) 0.29(0.23,0.37) 0.35(0.26,0.47) 0.28(0.22,0.37)
Busy(10 kt) 518(419,670) 587(459,783) 703(522,962) 591(445,847)
MSY(10 kt) 126(108,162) 167(130,237) 242(163,384) 163(118,278)
Baois/Busy 0.65(0.41,0.97) 1.37(0.96,1.79) 1.82(1.36,2.21) 1.23(0.79,1.74)

F2016/FMSY

1.05(0.67,1.70)

0.38(0.23,0.61)

0.20(0.11,0.36)

0.43(0.20,0.85)




584 o E K R A $27%
2000 Reference
0.20 - —— Reference
< O T8 —
= — -2014 1800 7 5013
= - - - 2013 _ T
g015F 2012 2 1600
g - 2011 g
19
£ o0l 3 1400
M “ﬂ%ﬂ 1200
* S
'1-] 005 — :H'1
R 1000
ki
ﬁ 0 Ci 1 1 1 1 1 1 800 C1 1 1 1 1 1 1
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010
4E year year
1.0 2.5¢ —— Reference
— Reference - %8}2
o8p — -2 S 2013
— -2014 YT
TSt 2.0 - 2011
st ;
£ | 2
=04} .
1.5r-
02}
0 L1 1 | 1 | 1 1 1.0 L1 | 1 | | 1 |
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010

4F year

K 5

4F year

EIVBEFE MR AR #1119 22> SR {ELAG [0 JB5T P ) R (At 5721 )

5] Reference 10 FRAF Y LG 10 B B 1) 15 (1950—2016), 43R T ARG 1 K AF.
Fig. 5 The retrospective problem of multiple parameter values for Thunnus obesus in the Indian Ocean (base case)
The label “Reference” indicates the model fitted to the entire data time series (1950-2016).
Years represent final years of the model fitting.
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Abstract: Bigeye tuna (Thunnus obesus) is one of the most valuable tropical tuna species targeted by most
longline fisheries. T obesus stock assessments have always been the focus for regional tuna fishery management
organizations worldwide. Based on the catch from 1950 to 2016 and Catch Per Unit Effort (CPUE) from 1955 to
2016, the stock of the Indian Ocean bigeye tuna was assessed by the Bayesian state space surplus production
model in an open environment, JABBA (Just Another Bayesian Biomass Assessment), and the implications on the
effects of fishing boat and CPUE data scale was explored. The results showed that the stock assessment was sensi-
tive to different CPUE, and the scenario using CPUE considering vessel effect from 1979 to 2016 was revealed to
perform best with the lowest Root-Mean-Squared-Error (RMSE) and Deviance Information Criterion (DIC), and
selected to be the base case. The median estimate for bigeye tuna biomass in 2016 was 812 kt, and the Maximum
Sustainable Yield (MSY) was estimated to be 163 kt, which was much higher than the catch (86.81 kt) in 2016,
indicating that the stock was not overfished, with 81% in the green zone of the Kobe plot. The biomass of bigeye
tuna would be higher than the biomass that can produce the maximum sustainable yield (Bysy) in the next 10-year
projection when the total permissible catch was set to 69.45-104.17 kt (80%—120% of catch in 2016). There were
some retrospective errors in the stock assessment results, with underestimated fishing rate and overestimated bio-
mass. Therefore, the stock assessments should be improved by updating the model structure, CPUE standardiza-
tion, and setting for prior distribution of model parameters.
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