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Fig. 1 The annual catch of Atlantic yellowfin tuna from 1950
to 2017
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Table 1 Standardized CPUE for each longline fleet of Atlantic

yellowfin tuna
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Table 3 The informative and non-informative prior and posterior distributions for K and r in the JABBA for Atlantic yellowfin tuna

L

S4(KF HA1E B
KNTCAR B, mh A (5 B e

Pt owyiil L%y
K/10*t r K/10*t r
U[139.2, 265.8] U[0.14, 0.34] 177(140, 227) 0.211(0.162, 0.273)
U120, 3 000] U[0.14, 0.34] 161(114,232) 0.231(0.159, 0.331)
U[139.2, 265.8] U[0.01,2] 180(136, 242) 0.207(0.144, 0.285)
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5 RMSE A K 748 {H DIC F#{% . S5. S6. S8 T 1
WERBCRR AT, STMAE 22 (£ 4), £ BRTR, A
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32 HERE
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A 21 20 BT, FRE Ak 2o 4 B bR A& R X 465 5E
T3 F/Fyusy>1, AR A ) 1 B/Bysy<1 (18] 5))s

DL 2019 MR IR 4R, 78 7 AR TAC HAR T,
T 434 57, 2019-2027 4F % U i 2 4 15 14 K A
B(E 6), 4 TAC Ky 8.8x10* t i, A= ¥y f 386 K e e,
W& TAC AR K, WE i i 3 K o B i % . XUBR: 43 #r 45
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4 TAC 2 13.2x10° t B}, 2024 4F B>B, ey [ HE 2% A% 5]
T 69.2%(58 6), {H F>F s, HIMEZI] 3K (28.9%, % 7).

IR AR Ay M 4 R W, 24 Ko B fF B R,
K AGTHE RS AT /N, r Al THE RS AT 3 K Y r M5 B
SEI BT, KA T B A B, A TR A e
(£ 3)o Foy R0 3 /0 2 B2 2 3G MW/, Booyy W
5 2Z M Foyy B 22 8 3 KM/, Bog, M5 2

IR (£ 9)e HARFERIRIEI T, Byy/Busy KT
1, oo/ Fysy #/NTF 1, FLGE R Ak T fa F R 25 1) HE SR A
FRE /N o T 43 B 45 R R B, Y B R A > 2
2012 4F, B B/Bysy Ml iTHEBSE A /N, F. FIFys fliiHH
W& A 3K, (H22 508 /N (- 7). 33 5] B, B/Bysy.
F. FlFys, 19 p fH43 %] —0.360, 0.448, —0.183. 0.296.
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g G A 00 b T T YRR o B A BRRAS (A B T 2 i B
Uk BE il 55005 SS3 Fl VPA BRI IA S H AL T - A 5 A
Tt B PR A 2 T ASPM A D ) 3 B L H OR Ak T
o R BRRAED, 284G LIRRIAL, ICCAT Ay R Ak
T TR IR AT AR 1T A T 2 A5 R Ao 5 P R AR
AT 27 A 2% 5 00 D R AT R bR A s R EE A
5 R JURP A5 Y ) 45 48 22 S5 B A0 ) SE 50 {5 AN TR
JT T3 . ARTFFEAR B K VGV B 68 S A 0 1 IR A
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Fig. 2 Time-series of input CPUE of Atlantic yellowfin tuna and predicted CPUE of S1—S8 scenarios in JABBA
SRAB SR R TN () CPUE 25 5%, BI5% X300 H 95% & 15 X [A] . (4 Be 45 i BA 1Y CPUE %4l
The solid black line represents the CPUE predicted by JABBA, and the shaded area is its 95% confidence interval. The colored lines are
the CPUE data of each fleet
T4 KHEFEESLICHE JABBA #A S1-S8 AR AR
Table 4 Goodness of fitting of S1-S8 scenarios in JABBA for Atlantic yellowfin tuna
EFER S1 S2 S3 S4 S5 S6 S7 S8
RMSE 49.8 23.7 23.1 23.0 22.9 222 24.8 224

DIC 885.7 397.2 346.1 3453 68.4 254.5 432 330.5
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Fig. 3 Priors (dark) and posteriors (light) of parameters of base case in JABBA for Atlantic yellowfin tuna
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Vi /S

A X ICCAT 24 i (9 %% U PF 4 455 784 1fif 5, JABBA
AR A T80 4 7 A (1 — b, L2 SR P SR s R v
757 ) A0 28 0 AR W 2= 5dE , 5 ICCAT fdf i % At
Tl 4 7= s AR 40 ASPIC %54 L, JABBA 1] LUA 113
FRR 2, WHE RSB AG T A B, {1 JABBA (364

B AR N AR AE R 2, X — s A el adk o tAb,
TE v1.1 WA /) JABBA 7, 7E i% #% Pella-Tomlinson f=
it PREE, B TE VRS m VR AR I S B A L,
A HBE Busy 5 K B R R4 3, BT — 25341
K T JABBA 1Y 5 5 MUAS, DAAIESE m (18 ik 53 1) et
JABBA BRI 4% e H i, LGP, M A A
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x5 KAAEFHRUESINE JABBA 2R S HFHHIHE
RE 95% BIEXIE
Table 5 Posterior estimates and 95% confidence intervals of

parameter of base case in JABBA for Atlantic yellowfin tuna

e il 2.5% 97.5%
K/10*t 178 140 229
r 0.210 0.159 0.274
Bioso/K 0.949 0.809 1.035
Fusy 0.210 0.159 0.274
Bysy/10* t 65.4 513 843
MSY/10* t 13.7 12.0 16.0
Bog17/Busy 1.109 0.723 1.624
Fogii/Fysy 0.893 0.565 1.432

ans) ) I HFFE, MAE HAE RFMOs 19 % J5 1Al Aok
RAFRR M E LR .

A SR R PGV B B A f0 P e AR R 13%10° ¢ 42
A, T A3 A 45 SRR W, M HT TAC(11x10* ) 48 B it
X LA 0 SR AP 2 A R0y, Al LA SE B ICCAT iy 48 31
H s, 7E S A8y e 3K 5 A, A=) & 47 fg
Fp—E G, Ak, T E R 3R 0.05%
10% ¢ 224729, (8 Syt gk & el /0N, HLAR Ok B T 4E 248
Byl i) Fedm AR, DA 3R ] A OV B A 4 A i
AT — 2 B R 25 ]

KVG VB b oA £ 3 M = AT [ XL S 2 44 RN i
B3 P, v B D el S R R Y 70% A2 A, LI
o 9 Ml = TR AR R R VG PEAR M 2, T B A 4 A 1Y)
ARG RIS B B, g0 B B A KR 218,

1.59

21.0

FIF,

0.54

1970 ' 1990 ' 2010

4y

[u]
o
[5]
]
O s
o

4 1950-2017 4F K VY 7 ¥ 65 x40 2 JABBA FE AU 3L
Bl B P AR S AR AL
Fig. 4 Kobe phase plot showing estimated trajectories
(1950—-2017) of B/Bysy and F/Fysy of Atlantic yellowfin tuna of
base case in JABBA
M8 LR IR T B/Bysy F F/Fysy 16 1950-2017 4E By 284k, 3 T8
VR TR B B 0, X 8 43 AR 3R 2017 48 B UIRAS 1) 845 X (1],
2017 AF BRI TEAEL L B (0 R4k LR BB AR 53531
26.9%. 8.1% H1 65%

The black dotted line shows the interannual variation of B/Bysy and
FIFysy between 1950 and 2017, three different shades of gray area rep-
resent the confidence intervals of the stock status in 2017. The probabilit-
ies of the stock falling in the red, yellow and green quadrants are 26.9%,

8.1% and 65%, respectively, in 2017

By BUAE PR, L 88 AR 1 40 £ 32 B/ R VYRR
10 52 B U A 9 SO 4 T A Sl 9 R L P,
T B A B0 4 A £ 4y £ T TR R 02, TR AN S
AL, BRI B R AR, B A B >, AT
DA% jE0E 4 BRI R 190 il A B B, DASE 4 SR
R PG P 3 0 A £ B

T T

4y
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Fig. 5 F/Fysy and B/Bygy of Atlantic yellowfin tuna from 1950 to 2017 of base case in JABBA
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Fig. 6 Future projection (2019—2027) of B/Bysy of Atlantic
yellowfin tuna of base case in JABBA under different TACs
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Table 6 The probability that B>B,y of Atlantic yellowfin tuna under different TAC targets in 2019-2027

TAC/10% t 20194F 20204 20214 20224 20234 20244 20254 20264 20274F
8.8 0.712 0.793 0.852 0.892 0.921 0.941 0.956 0.966 0.974
9.35 0.717 0.784 0.836 0.873 0.901 0.924 0.940 0.950 0.957
9.9 0.718 0.778 0.824 0.856 0.882 0.904 0.922 0.934 0.944
10.45 0.720 0.766 0.806 0.835 0.857 0.880 0.894 0.908 0.919
11.0 0.714 0.751 0.785 0.808 0.831 0.846 0.864 0.876 0.887
12.1 0.715 0.733 0.749 0.762 0.772 0.783 0.790 0.798 0.806
13.2 0.718 0.711 0.705 0.701 0.695 0.692 0.686 0.685 0.680
=7 AETAC Bir TAEFHEELICE 2019-2027 F F>Fys, MEEE
Table 7 The probability that F>Fy of Atlantic yellowfin tuna under different TAC targets in 2019-2027
TAC/10* ¢t 20194F 20204 20214 20224 20234 20244 20254 20264 20274F
8.8 0.022 0.016 0.012 0.01 0.008 0.006 0.005 0.004 0.004
9.35 0.035 0.028 0.022 0.017 0.015 0.013 0.011 0.011 0.008
9.9 0.050 0.042 0.034 0.028 0.023 0.02 0.018 0.016 0.016
10.45 0.071 0.062 0.053 0.048 0.041 0.036 0.033 0.030 0.027
11.0 0.101 0.091 0.083 0.074 0.068 0.062 0.058 0.053 0.051
12.1 0.166 0.163 0.159 0.151 0.150 0.144 0.145 0.140 0.139
13.2 0.258 0.266 0.276 0.279 0.286 0.289 0.294 0.298 0.303
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Table 8 The probability that the Atlantic yellowfin tuna is in healthy status under different TAC targets in 2019—2027
TAC/10*t 20194F 20204F 20214F 20224F 20234F 20244F 20254 20264 20274F
8.8 0.712 0.793 0.852 0.892 0.921 0.941 0.956 0.966 0.974
9.35 0.717 0.784 0.836 0.873 0.901 0.924 0.940 0.950 0.957
9.9 0.718 0.778 0.824 0.856 0.882 0.904 0.922 0.934 0.944
10.45 0.720 0.766 0.806 0.835 0.857 0.880 0.894 0.908 0.919
11.0 0.714 0.751 0.785 0.808 0.831 0.846 0.863 0.876 0.887
12.1 0.715 0.732 0.747 0.761 0.772 0.782 0.789 0.797 0.805
13.2 0.700 0.693 0.687 0.684 0.678 0.677 0.672 0.671 0.668
R9 FREEBREBRMILG TAEFHEESILE JABBA ERERTHEZRERES
Table 9 Stock status of Atlantic yellowfin tuna in different mis-reported rates of catches of base case in JABBA

e U R o SRR B EL A % Byis/10° ¢ Boo17/Busy Faory Fooil Frsy BN/ %

70 71.7 1.227 0.175 0.854 70.1

80 73.9 1.165 0.185 0.896 65.6

90 70.9 1.119 0.191 0.914 63.1

100 72.5 1.109 0.187 0.893 65.0

110 72.7 1.081 0.186 0.886 64.3

120 77.4 1.094 0.175 0.845 67.1

130 80.4 1.078 0.169 0.824 64.5
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Fig. 7 Retrospective analysis of B, B/Bygy, F, F/Fysy of base case in JABBA of Atlantic yellowfin tuna
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Stock assessment for Atlantic yellowfin tuna based on
Bayesian state-space production model

Tian Zhipan', Tian Siquanl’z’3 , DaiLibin!, Ma Qiuyunl’z’3

(1. College of Marine Science, Shanghai Ocean University, Shanghai 201306, China; 2. National Engineering Research Center for Oceanic
Fisheries, Shanghai 201306, China; 3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education,
Shanghai 201306, China)

Abstract: Yellowfin tuna (Thunnus albacares) is an important fishing target for offshore fisheries worldwide.
Stock assessment is essential for its fishery management of sustainable exploitation. According to catch and catch
per unit effort (CPUE) data from the International Commission for Conservation of Atlantic Tunas (ICCAT), the
Bayesian state space model was conducted to make stock assessment in an open environment (Just Another
Bayesian Biomass Assessment) and to compare the effects of different surplus production forms and CPUE data on
the assessment. The results showed that the model performed best with the Fox surplus production form and CPUE
data of four fleets (United States, Venezuela, Japan and Chinese Taipei). The median and 95% confidence intervals
for carrying capacity, intrinsic growth rate were 178 (140, 229)x10* t and 0.210 (0.159, 0.274), respectively. The
current stock was not overfished (B/Bysy=1.109) and was not subject to overfishing (F/Fysy=0.893). Sensitivity ana-
lysis revealed that when the rates of reported catch divided by the actual catch were 70%, 80%, 90%, 110%, 120%,
and 130%, the current biomass assessment results were higher with lower fishing rate, but the stock was still in a
healthy status. When the total allowable catch (TAC) was set at 11x10* t, the stock would remain basically healthy
until 2024. The results from this stock assessment is generally consistent with ICCAT's current stock assessment
results, so it is recommended to set a TAC of 11x10 t to keep the stock status healthy and sustainable exploitation

of this important fishery.
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