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90%) LA TR, ENEEHREESH M 10 5 AN & AT B MR KT 60%. DU 37 3l 2487 AR BUAE S —Fh o i 45 IR
I FEIRIT AR A, 55 T B0 EEVE R BE A f0,  HIZRERY R A7 M 75 S8 S A0 A TS o M DR 28 % IR PP A o

BT AR, O IR AT B A AR £ A BT IOIR S 5 A BB O T RR AR

KRR EUETE, KEESRM, DIMTah s R, SERITAG 5

HE S ES: S931 AR SRS A

E[J B - K 8 4 46 0 (Thunnus  alalunga) )& T
WM, FEMET 25°N~45°8 2 [A] Y EBE 7,
S ENEEVE R 4G fa ol 1) =2 B AR fafh 2 —,
ot R R K E S At B A SRR 1Y 15%
B R VE R B G40 0 i T & 4f 720 42 S0 454K, 78
80 AFAUH I 2 Ay, iR AR E LR 20000 t IR,
WS, H T e 5 7 4 0 Nl Y T e RN ok i S
ARyl B rh E((FE R E RS EVE
JeVE A E 5, T30 B VR 6 G A £ Y R o i
FH T MR B B PR 44 11 2% B3 23 (Indian Ocean
Tuna Commission, IOTC)JGit, ENJE K g4
et 2016—2020 4FHFEIMAR T 38797 t, &
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F 5 KAl 5 22 77 & (maximum  sustainable yield,
MSY), HI 35700 t, ixX3RWH I & 7] g ik 24
s f RS .

] PN A2 285 0 HTA [ A 25 AR RS AR 0k B 8 7
B A AT T YRR PPAG ST, AN Hillary™ R
Pella-Tomlinson 2fj 25 7™ & A5 8 X6 B BE VE K B 4 46
AT T IR PEAY; Guan DR %8 &
PR | Lee %5 VR FH DL - $popR 25 23 o) 90 A 7
K | Langley! #] ] SS3 (Stock Synthesis ITT) %
A3 RN ER BE K g A fa b AT T BEURIEAL . 2017
4E, IOTC 42 Langley! (% JRITAL 45 5, TAEED
JEE VR BE G A f0 Rb T A 495 B 3 B 4 455 (overfishing)
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Ko Pagry 1R 2650 43 A 36 BRI AN (] 0 3l b o Ak B A7
7 %% 1 #a 35 B (catch per unit effort, CPUE) 1k
PSR PEAL BB . B AT 4 & (Total Allowable
Catch, TAC)fliits2ma, DL A BN BE K 68 4 46
1) IS TR AR BB AR

1 #MEEFE

1.1 HERIE

AR S A E 2R B ek O bR ifEfE CPUE %X
a9k A 10TC Wi (http://www.iotc.org), Hf[A]IE
il 1979—2017 4F ., 2% BB B T g A 0 5%
U5 B Al 455 55 23 ) 43 A ) S B M, TOTC 4% 4 STk
(B V)3 G 68 SAf fa i ik &, I b4
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Fig. 2 Standardized CPUE for Ry, R; , R3and R;+R;

Ro, Ri, R3, Rj+R3 represent the entire Indian Ocean, the
northwest, the southwest and the west sea area, respectively.
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K1 oMERTEMIZE

Tab.1 The priori range of ¢

o 95567

the priori range of ¢

Co 5 Crax IR F

the relationship between Cyand Ciax

Co>0.1Chax 0.9-1.0
0.1Cinax<C<0.25 Crmax 0.8-1.0
0.25Conax<C0<0.33 Crnax 0.6-1.0
0.33 Crnax<C9<0.66 Crpa 0.4-0.8
HiAth othre 0.2-0.6

(2) tov Ty T B AW o

K, /N3 g LL, HAE 58 10000, 25, 4 (B
PRUEZE IR 0.01, 0.2, 0.5 Ri% 7, S 1
R AL A7, TEARSE50h 4.0 F1 2.0, R

SHEEE S 0.01", B 7, ~gamma (4.0,0.01),
To ~gamma(2.0,0.01)

1.2.4 RBVESTL NP7 IS ARR BT IR S
AR AN G B0, AWFSERT A SCS B0k
BT 2), B o AR H e 5 i ),
SRR AR T 90% 9 A, 1980—2016 4F
PRI (P) A B/INT 0,001 BERT 1, T
IOTC i A6 i T AE4H (Working Party on Temperate
Tunas of the [OTC, WPTmT) A 23 4 5 7l 7,
2017 4F B9 A X A= W 1 (Pao17) N FE T BR (Pao17, 1ow)
0.2 5 EBR(P2017, nign) 0.6 Z [0, K& Pi7 A
W, 4 Paory VBRI 0.3~0.7 FHF U
3T A BRI GR 2).

®2 REENDINIRE
Tab. 2 Setting of model penalty terms

FETI I penalty item  FEST 0434 distribution of penalty term

IET 251 penalty condition

FESI R penalty rule

bi979 N (0,1/100)
[ N (0,1/1000)
Py N (0,1/10000)
baor7 N (0,1/100)

P> Drign big =10g() — l0g(@ign)
P < Piow bigre =log() —log(¢y,,,)
HAth other bigro =0

C, >90%B, ¢, =log(C,) ~log(8,)
HoAth other c,=0

P >1 p, =log(P,)—10g(0.99)
P, <0.001 p, =log(P,)—10g(0.001)
At other p,=0

byg17 =108(Pag17) — 108(Pogy7 pigh)
b1z =10g(Pyg17) ~108(Pygy7 jou, )
byy17 =0

Pro17 > Pog17 pigh
P17 < Poo17 0w
HAth other

TE: Broros Cyn pyv Doty SM5IR @ o AR Ly ARAXT AR RS 2017 AEAEXT A P R EEST I N SRR IER S, C 5 By 4l y R

e 5 A Y i

Note: bi979, ¢y, py, and byg17 are penalty terms for ¢, annual catch, relative biomass in year y and relative biomass in 2017, respectively; N

denotes normal distribution; and C, and B, are catch and biomass in year y, respectively.

1.3 BHRIEE

WRYE 7« mo r 5 Paoyy S650 5010 ] e BE IR
FREFRBCEPRIAIR], AR I T 96 Filg R,
BRTFRIE, % 3 31T 14 FcH e, 34 S1
VER A RIS 2 3 v, XTSI, 82 5 S3
FHF HOAE o0 RPGEIRTPAS 1 5200, S4 FHF HUEE m %t
BEEIEA R, S5, S6 MBI T AR ro Paors
SE 53 A BN IR PP 52, ST, S13 5 S14
FH T He A 9 U5 8 B2 i 80308 436 X T T A4t 1) 52 )
S8~S12 5 $2~86 21,

1.4 SEEITMEINERE

ZHUE Koy A TR A Gibbs HlIFE, B4
it KB RET 3 4P MCMC (Markov
Chain Monte Carlo)%%, 454585 185000 k44l
B, EFHEN 35000 IR, AR/ RAERY HAHOCHE,
B SHE R AETI B 10012 ASBIF 9808 FH 5 3643
Aii B v BV o S B T E ), 5 H Brooks-
Gelman-Rubin 4t -2 W sicrE", ABF 5
i 7% 15 & UE W] (Deviance Information Criterion,
DIC) I Z& [ XA R A TR 200
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Tab.3 Scenarios of the assessment model configuration
. V- R4
scenario r Tc Prorr resource abundance

index
S1 1 (0.16,0.50) 25 (0.2,0.6) R;
S2 1 (0.16,0.50) 10000 (0.2,0.6) R;
S3 1 (0.16, 0.50) 4 (0.2,0.6) R;
S4 2 (0.16,0.50) 25 (0.2,0.6) R;
S5 1 (0.16,0.78) 25 (0.2,0.6) R;
S6 1 (0.16,0.50) 25 (0.3,0.7) R;
S7 1 (0.16,0.50) 25 (0.2,0.6) Ro
S8 1 (0.16,0.50) 10000 (0.2,0.6) Ro
S9 1 (0.16, 0.50) 4 (0.2,0.6) Ry
S10 2 (0.16,0.50) 25 (0.2,0.6) Ry
S11 1 (0.16,0.78) 25 (0.2,0.6) Ro
S12 1 (0.16,0.50) 25 (0.3,0.7) Ro
S13 1 (0.16,0.50) 25 (0.2,0.6) R,

S14 1 (0.16,0.50) 25 (0.2,0.6) R,+R3

E: S1-S14 A R4S, m WILRSE r HNBEIERER, 7 i
R ERZERE BE; Paorr B 2017 AEBYAHXTZEW &L, Roy Riy Ry
F R R AR AR BN B AR A PEAL I 7O R A T
v 10 B R E L R A

Note: S1-S14 are the scene numbers; m is the shape parameter; r is
the intrinsic rate of increase; 7. is the precisions of the observation

error of catch; P,g7 is the relative biomass in 2017; Ry, Ry, R;yand
R;+R; represent the resource abundance indices of the whole Indian
Ocean, the northwest, the southwest and the west sea areas, respectively.

1.5 EAHENHE
TAC AT : (1) )5 5 4k

=) 80%. 82.5%. 85%. 87.5%. 90%. 92.5%.
95%. 97.5%. 100%. 102.5%. 105%. 107.5%.
110%. 112.5%. 115%. 117.5%. 120%fE ¥ KA
k10 AE a2, (2) R B S5
EE NS5, 15 B> Busy H
Farpar<Fusy BIRER O; (3) ¥ O KT % T 60%H}
1 re K3t A S TACRY,

2 EREHSW

21 EAXAB=THSHMITSKESRENE
ER s

HERAGZSDT, ro K. g FHASEHA
THEWFR 4, % 5; HE 3 0TH, B K flo )5
B3 A5 SRR A ATAERCRZE RS, L g pHil T,
(Y I 50 53 A1 5 S 5 A 34 L e 3l o BRAS A0y
A, AR R A b T Rs 5% 5 4R HOR AR I R
WA L, HEE RN LT, BN
A AR T R A Bl b, AR A 4
R FE(K 4), fE355 S1 T, MSY Hi{li ly 34523 ¢,
95% B 5 X [A] iy 29430~40927 t. Bag17/Busy 5
Faor7/Fusy FIHE 5108 1.05 5 1.02 (% 5), EIE
T BE G 40 10 52 B AL 0 B 45, R AR IR
RS 57 B BB R 00 3 R 39% .54%,
it B 57 [l B & A A3 R 36%

x4 AEBETSHMEITE DIC &

Tab. 4 Parameter estimation and DIC values in different scenarios

5 scenario r ® q/10° K 7, Toy DIC
S1 0.30 0.63 3.77 306925 410 277 —554.4
(0.20-0.44) (0.53-0.76) (2.91-4.87) (231495-419685) (155-918) (100-677)

S2 0.31 0.64 3.76 302709 380 275 -553.4
(0.21-0.44) (0.53-0.76) (2.90-4.88) (229220-409052) (145-852) (97-714)

S3 0.28 0.62 3.60 336728 437 275 -552.2
(0.19-0.41) (0.52-0.75) (2.77-4.65) (251625-451817) (172-955) (94-685)

S4 0.38 0.64 3.42 325546 381 280 —553.2
(0.25-0.56) (0.53-0.76) (2.63-4.46) (240517-454023) (144-862) (97-686)

S5 0.42 0.63 4.95 229438 409 273 =552.1
(0.27-0.63) (0.53-0.75) (3.66-6.64) (166139-321225) (154-915) (96-668)

S6 0.31 0.63 3.75 303330 411 283 =551.7
(0.21-0.45) (0.53-0.76) (2.88-4.88) (228714-410738) (155-900) (100-692)

S7 0.34 0.60 4.52 291254 417 287 —545.6
(0.23-0.49) (0.50-0.72) (3.50-5.83) (218023-388621) (164-916) (106-707)

S8 0.34 0.60 4.52 288297 393 288 —545.0
(0.23-0.49) (0.50-0.71) (3.49-5.78) (217905-386642) (154-885) (102-690)

(f$%% to be continued)
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(8% 4 Tab. 4 continued)

Y15t scenario r ® q/10° K 7, T, DIC
S9 0.31 0.59 4.39 312283 450 290 —543.3
(0.21-0.45) (0.49-0.71) (3.40-5.66) (235133-412244) (175-965) (105-709)

S10 0.44 0.61 4.13 298834 406 293 —547.4
(0.29-0.66) (0.51-0.73) (3.19-5.38) (220194-412809) (155-894) (110-699)

S11 0.47 0.60 5.90 216068 425 292 —543.5
(0.30-0.73) (0.50-0.72) (4.34-7.83) (156144-305392) (160-930) (106-725)

S12 0.36 0.61 4.45 282004 432 292 —547.8
(0.24-0.54) (0.51-0.73) (3.43-5.76) (213282-375763) (171-934) (105-710)

S13 0.30 0.61 4.00 306021 344 252 —538.6
(0.20-0.45) (0.52-0.75) (3.12-5.18) (227868-411648) (126-800) (81-664)

S14 0.30 0.63 4.15 306432 402 280 —546.1
(0.20-0.45) (0.53-0.75) (3.19-5.39) (230728-417920) (159-907) (101-676)

T r AN B KA, o APREMR YIRS K WL, ¢ AHE REG K WA o, 1 o, 20D R R 25 06 5 15 BT IR = BE 4R 4L
MR ZEHE I, HE S S E T E, 55 NS 95% 8 (5 X ).

Note: r is the intrinsic rate of increase; ¢ is the ratio of biomass in the initial year to K; ¢ is the fishing coefficient; K is the carrying capacity;
7, and r are the precisions of process error and observation error of the resource abundance index, respectively; the values outside the
parentheses are the median of the parameters, and the values within the parentheses are the 95% confidence intervals of the parameters.

x5 TREZETEESHMIT

Tab.5 Management parameter estimates under different scenarios

iil% scenario Py Busy Fusy Bio17/Busy Fao17/Fusy MSY

S1 0.38 112912 0.30 1.05 1.02 34523
(0.24-0.52) (85162-154394) (0.20-0.44) (0.67-1.40) (0.72-1.60) (29430-40927)

S2 0.40 111361 0.31 1.10 1.00 34690
(0.28-0.52) (84326-150482) (0.21-0.44) (0.76-1.41) (0.71-1.53) (29985-40020)

S3 0.35 123876 0.28 0.97 1.08 34322
(0.14-0.52) (92568-166215) (0.19-0.41) (0.37-1.43) (0.70-1.83) (28077-43816)

S4 0.38 162773 0.19 0.76 1.52 31446
(0.22-0.55) (120258-227011) (0.13-0.28) (0.43-1.11) (0.98-2.45) (26822-36940)

S5 0.39 84406 0.42 1.06 0.98 35556
(0.24-0.54) (61119-118172) (0.27-0.63) (0.64-1.46) (0.68-1.53) (30590-42076)

S6 0.40 111590 0.31 1.09 0.98 34953
(0.25-0.56) (84140-151103) (0.21-0.46) (0.68-1.54) (0.62-1.56) (29493-42353)

S7 0.45 107147 0.34 1.23 0.84 35966
(0.33-0.57) (80206-142966) (0.23-0.49) (0.89-1.55) (0.61-1.20) (30650-43360)

S8 0.47 106059 0.34 1.27 0.81 36416
(0.36-0.57) (80163-142238) (0.23-0.49) (0.98-1.56) 0.61-1.15) (31256-42390)

S9 0.43 114883 0.31 1.17 0.89 35493
(0.21-0.58) (86501-151657) (0.21-0.45) (0.57-1.59) (0.63-1.35) (28659-44630)

S10 0.50 149417 0.22 1.01 1.10 33173
(0.33-0.66) (110096-206404) (0.14-0.33) (0.67-1.32) (0.75-1.70) (27934-40124)

S11 0.46 79487 0.47 1.26 0.79 37598
(0.32-0.60) (57442-112348) (0.30-0.73) (0.89-1.62) (0.58-1.13) (31748-45398)

S12 0.50 103744 0.36 1.37 0.72 37892
(0.36-0.64) (78462-138236) (0.24-0.54) (0.97-1.75) (0.50-1.09) (31735-46802)

S13 0.38 112580 0.30 1.05 1.02 34674
(0.23-0.52) (83828-151438) (0.20-0.45) (0.64-1.41) (0.70-1.70) (28772-41612)

S14 0.39 112730 0.30 1.05 1.01 34640
(0.24-0.52) (84880-153745) (0.20-0.45) (0.66—1.42) (0.70—1.64) (29136-41526)

TE: Paoiy 0 2017 SR AW 5 K 19 HUAE; Busy 13 Fusy 235 H R 877 10 KOF T LR Wi S B SE T2, MSY Jydm KT #7471 45
SHMHSEMTE, SN AS Y 95%E (5 X H.

Note: P17 is the ratio of biomass in 2017 to K; Bysy and Fysy are biomass and fishing mortality at maximum sustainable yield levels,
respectively; MSY is maximum sustainable yield; the values outside the parentheses are the median of the parameters, and the values within
the parentheses are the 95% confidence intervals of the parameters.
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Fig. 3 Posterior distribution of parameters under scenario S1
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and annual biomass (right) under scenario S1
The points are the observations; the solid lines are the median values of model predictions; the dash lines
are the 95% confidence interval of model predictions.
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Tab. 6 Probability of Indian Ocean Thunnus alalunga
not overfishing under different fishing quotas

ey S/
{fijii;;& WIRE Q2021/% @ifir{;j& WIRE 2021/ %
used catch used catch
cl 29029 83 c2 29029 84
cl 29936 77 c2 29936 79
cl 30844 73 c2 30844 74
Cl 31750 65 c2 31750 67
Cl 32658 C2 32658
cl 33564 51 c2 33564 53
cl 34472 46 c2 34472 47
cl 35378 38 c2 35378 39
cl 36287 31 c2 36287 32
Cl 37193 25 C2 37193 26
c1 38101 21 c2 38101 21
cl 39007 16 c2 39007 16
cl 39915 12 c2 39915 11
cl 40821 9 c2 40821 8
cl 41730 6 c2 41730
c1 42636 5 C2 42636
Cl 43544 3 C2 43544 3
C1-N 29029 89 C2-N 29029 90
CI-N 29936 85 C2-N 29936 86
CI-N 30844 80 C2-N 30844 82
CI-N 31750 75 C2-N 31750 76
CI-N 32658 68 C2-N 32658 70
CI-N 33564 C2-N 33564
CI-N 34472 55 C2-N 34472 57
C1-N 35378 46 C2-N 35378 48
CI-N 36287 39 C2-N 36287 40
CI-N 37193 32 C2-N 37193 32
CI-N 38101 24 C2-N 38101 24
CI-N 39007 18 C2-N 39007 18
CI-N 39915 13 C2-N 39915 12
C1-N 40821 10 C2-N 40821 9
CI-N 41730 7 C2-N 41730 6
C1-N 42636 4 C2-N 42636 3
CI-N 43544 3 C2-N 43544 2

[E: Cl1 R BT 5 ST SEL, C2 KRBT 5 S1 5 s2
T SEG N RoRifi iR IR 22, %A N WNFRR R Ea
MR ZE; Qaozr A 2027 4R K AT EERBFAOME R, A HE RO E Y
Fom AR 2 AE N TAC.

Note: C1 denotes parameters estimated based on scenario S1, C2
denotes parameters estimated based on scenario S1 and S2; N
denotes catches with no observation error, while the absence of N
indicates catches with observation error; Qsg7 is the probability of
not being overfished and not undergoing overfishing in 2027; the
number with a frame indicates that its catch is used as TAC.
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Status assessment of Thunnus alalunga resources in the Indian Ocean
using a Bayesian biomass dynamic model

AN Kang', GUAN Wenjiang"?

1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306,
China

Abstract: There is relatively little information on the biology of Indian Ocean albacore tuna (Thunnus alalunga);
further, many problems with the fishery data result in a large uncertainty in its stock assessment results and affect
fishery management. In this study, based on the fishery catch, standardized Catch Per Unit Effort (CPUE) data,
and relevant stock hypotheses of Indian Ocean albacore tuna, a Bayesian biomass dynamic model was used to
conduct a stock assessment. The results showed that: (1) The observation error of catch has an important influence
on the estimation of model parameters, judgment of resource status, and fishery management, and an increase in
catch observation error increases the probability of overfishing assessed by the model, which leads to a decrease in
Total Allowable Catch (TAC); (2) The shape parameters of biomass dynamic model, prior distribution of 7, and
choice of resource abundance index affect the quality of stock assessment, and this study shows that the stock
assessment results of the Fox model are more reasonable than those of the Schaefer model, the increase in the
range of r priori distribution makes the resource state assessed by the model better, and the assessment results are
relatively better when using the standardized CPUE of the southwest waters; (3) Setting a range of resource
proportions (¢ . Py17) for certain years can help improve the quality of fishery stock assessment under the lack data;

(4) The probability of overfished and overfishing for albacore tuna in the Indian Ocean are 34% and 50%,
respectively, and the probability of both occurring simultaneously is 32%, and the species is at risk of overfishing.
The projection analysis showed that the probability of not overfishing for Indian Ocean albacore tuna after 10
years was greater than 60% when the TAC was controlled below 32658 t (i.e., 90% of the final five-year average
catch). The Bayesian biomass dynamic model, as a data-limited fishery stock assessment model, is applicable to
Indian Ocean albacore tuna, and it can better consider the effects of parameter inputs and uncertainty factors on
the quality of stock assessment and the estimation of TAC, providing a scientific basis for an in-depth study of the
stock status and management of Indian Ocean albacore tuna.

Key words: the Indian Ocean; Thunnus alalunga; Bayesian biomass dynamics model; stock assessment and
management
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