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Abstract: An age structured production model ( ASPM) was used in this study to assess the yellowfin tuna, Thunnus
albacares , stock in the Indian Ocean. Sensitivity analysis was conducted to evaluate impacts of steepness parameter of the
stock-recruit relationship and natural mortality rates of different age groups on the stock assessment. The dynamics of this
stock was quantified. This study indicates that the value of steepness should be 0.6 —0. 8 for the stock supporting maximum
sustainable yield (MSY). Outputs from ASPM were the closest to the current stock status if natural mortality recommended
by the Inter-American Tropical Tuna Commission were used. Total biomass and spawning biomass decreased with an
increase in fishing effort. However, the total biomass tended to be stable and maintained at 1959 — 2632 thousands tons
with an average of 2210 thousand tons. Spawning biomass decreased to a level below 1000 thousand tons after 1994,

dropped to a level that was unable to support MSY after 1997, and continue to decrease at present. Recruitment varied
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dramatically in the beginning of fishery, varied between 3258.36 —6583. 35 million individuals with an average of 4687. 66
million individuals. The abundance of immature individuals maintained stable, but the abundance of mature individuals
decreased greatly from 246. 51 millions at the beginning to 19. 02 million. Total fishing mortality estimated by ASPM had
increased from the beginning of the fishery, then increased to 0.334 —0.456 after 1991, and exceeded F)y in 2003. The
catch also exceeded MSY in 2003. Current catch is too high to be sustainable. MSY was 364 thousand tons from 2003 to
2005 with S/Sysy equal to 0.76 and F,/Fyy equal to 1.39. The average catch (464 thousand tons) exceeded MSY (364
thousand tons) level from 2003 to 2006. We conclude that overfishing occurs in the yellowfin tuna fishery in the Indian

Ocean.
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H S48 ( Thunnus albacares) BAWFRNAETTNE, | oM T KRG, ENEFERNEES

8 T B AR AR AR TS I S PR 55 L BT ¥ | B 2 19 9 90 DA R B K A T S e .
B RINAE BA BEE  hE A EA KB R IEE AP ke E KB E A . BEE LT &
FIINR , FLBE U6 AT Hp 4 2 i 1 () R 8 37 B El PRl R I 60 . B0 E R IR VRS TAELL S T 1979 X B
HHEEE SR ATIRE BV, YA B SR A C LW A0 T &, B KAl FF4E 7~ & (Maximum sustainable
yield, MSY) 7E 4—6 77t , {HRUGJLH4EHOL MR B, = Bmm il T ART MM HHE. ENERStA

B2 R 20052007 1 2008 4ER}E TARA MW IRPPAG 4558, IA 3L MSY R 7E 25—36 J7 t ], YTy
PRA QAR IS 4 P B ST AR/ %% J1 B ST (Stock Synthesis IT, MULTIFAN-CL 548700 3 i sl A
ENEEVE B AR A IR O . B TR BLEY A BT R R A BE Z R A — 4, B RG4S R R IR A
Wbk ML, ENEFESAR AR R ABURR A 2 MERI T LB T, MESRBUE & B B i, 430
1 R AF- i 4548 7= AR Y ( Age-structured production model , ASPM) SR il E[J B2 ¥ B4 8 46 # BEJRCIR B , 20 #r
SNSRI PR RS MER VR I 45 Fh R 3R, O Y BE PR B8 A f A Y B AR LS 1K 9
1 #MR5FH=E
1.1 HagRE A %% ) &k & (CPUE) $dE 16Q —— [k

A SCHF R F ) CPUE ( Catch per unit effort ) 840 14
HAMRE G BA KT G eRasmyniE oo
5% B MRS R (B D R i g10 4
CPUE ¥ Al 1y s i 040 f6 WO R £ S OAE X PR I, 2 8
ISR & B UE L : % 6

It=theg‘_02_2 £,CN(0,0) (1) ;

XA, g NI R e, REET, RNIEZ(0,07) 0 . . . . . .

ﬁ}'%ﬁ . 1968 1974 1980 1986 1992 1998 2004
4y Year

1.2 ASPM

ASPM 2\ W JETAL B T BAR R > — | W Ak 1 HFEMPEAZSHNEFEHESLETSRS CPUE HiEF
iilz,fﬁ -L/( ﬁ% é’z.\*ﬁi fa ( Thunnus alalunga) Al ﬁ% é_z\ *& i :]fg(wfs;j’o[;)]z 2: yellowfin tuna longline fishery by Japan and
(Thunnus thynnus) %) ASPM B HIZER, A F Taiwan Province of China in the Indian ocean(1968—2005)
7 B B R A 7 RS A R 30 75 K K B B (] 51 4
CEMFRBEMTZ I o (R TR AR P B AT A T IR B R B A PR R W IR R M BRI X YRR S S
ASPM NI T A P4 I 40 AR G R DR FE B T IR RIS 80 o ASBFFE ) ASPM 1A 553 #2 72 AD Model
Builder N 4gF23CT .
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1.2.1 FARRISEH
ASPM F iy Punt"* #34F Hilborn" $2H IS SL . BRI T — MR BERBTE LS .

Nl,z+1 =f(st) a=1ﬁ"%Eﬂ‘ (2)
Noorior =N, o770 FAFERR A, BJ5 — MR ABRIN“ +7) (3)
Np,t+1 =‘/\/vp—l,te_zl'-l'l +Np,ze_zl"lﬁjﬁ—/|\q:ﬁ§'\éﬁ t=p+ iy (4)

XA, N Rt 0 o R EEVEER (S) BRI TR REG a 1t MHIFIRFRAER ;0 =1, PN R
FhFEAFEES 5 Z FOR BRI LR B BIFE T R L B B ARSE R B M, SHEIE R F 2 M, ZERMAIHE
WEHF AR FRAREMER AR R R ER . AR EMEE T R F, i E %
B S, ST RE Y, ERERFHKET , AREBEMEHN™ R Y, , SFRETT AR U, Mt
(5)F1(6) .

Y, = S F.S, 0.Vl (5)
_ 1 - e‘%’?g,tsg,u.t‘Ma
Vo = S F, .S, + M,s (6)
1.2.2 (A EHTEXRR
ASPM B AR BRI T B-H RFEERE-HAEXR, AR T
as,
Rt+1 =f(St) =B+S; (7)

KRR, R, =N, ,,, ;S WEEEYR, WETSE o.B WM, SIABEE RS r WEES, 7
F S TR YR v 19 20% B, MR R ARG FAI MR FE B R I HLBI(BP S =y/5 B, R =7R,) "™ X
READ R SR BN e 6 R X 56 T BERE A I8 AR W B O R, X BT ASS B B At .k B-H £ R T &, 9
A B 5 B K S bR R R — FE B EL ], B B R BURIZE 0. 2—1. 0 2™ e s i B R R A B L A B
HAMEEE S . WIIREYE T R TFa R il TR (8) ™.

oy
Ro=57my,s (8)

47R,
a=g (9)
p=r=1) (10)
123 BB
EBA 1 P TR 120 B3 1, K 48— sk R 5 5 DR 5 A PRV
SRS . fE AR (N, ST AEIRE (=1 1) ASR(2) ((3) (4) (7) KT F s 3h s
95, HHESIRAER AR (4) HFHIFET AL, Sy AR MES R A SR A

-In(L) = 3 [F 2ol + 3 zaLit(Iw -1.07] (11)

e, i FRE MR TR s 55 — TRV 5 B 2 J7 5 o RV B 251, 2 W ¥ V6
5T, TG IR B B T, , T G4 1) 28 A U B TR DA BB A B w T K«

L,=q.IN, 1,0, (12)
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1.2.4 BHBEEBKNITE

SRR TR KRS — BHIE , MSY Sysy Fysy S48 AT E 5K 5. Shepherd ™ iR T 4R ¥ 314
BANERXRITE P RMZ& LI YPR . SPR RSP . TE47E FAET (B8 T A MEENE) , FERR A
THFREEYE AR E T EIT

Sy =aSPR, -B (13)
Sk

F_SPRF (14)

Y, =R, x YPR, (15)

KA, SPR,H YPR, 53 52 B HM T B SRR B B AN R M AR
1.3 HESHEE
1.3.1 EY¥#SH

R PR 3 MEYESE: BAR TR M KE B, B THEF RSN AR TR
HARSET- RE B RTEA A, A SCELE T B Br KPS 448 £ 57 97 2 51 & (International Commission for
the Conservation of Atlantic Tunas, ICCAT) | 3& M #7446 £ 2% 51 2 (Inter-American Tropical Tuna Commission ,
IATTC) B§ K F-VEZ 51 2 (South Pacific Commission, SPC) fifi & M A Y550 k1,

x1 HESREFHARATTERER
Table 1 Natural mortality of yellowfin tuna by age group

[ BRZH R %% Age class

International organization 0 1 2 3 4 5 6 78U
PR AT fa 373 & 514 ICCAT 0.80 0.60 0.60 0.60 0.60 0.60 0.60 0.60
EVPHE S 25 514 TATTC 2.40 1.28 0.90 1.10 1.08 0.80 0.80 0.80
KPR G4 SPC 1.48 0.8 1.20 1.80 1.35 1.02 1.02 1.02

SF R R AR IR AL P R B AR A KRR AR K R BRI S ERTRNT ™

1 -B(t-tg-a) y —(ky—-ky)/B
0 =L,,(1 —e_kz(’_%){TT} ) (16)

KA L, A s by o T AR A s o A KRB RAR R 5 8 A ROH BRI 42 R 5500 B B AR K A F
MIFis . ERIESH S R 2,

x2 HBEREEKFESHR
Table 2 Parameters of growth curve of yellowfin tuna

WIHEAK L fom  AKH ky A by He KA, o H KA R B FARKRAFES 40
Infinite length Growth rate Growth rate Growth rate change point ~ Growth rate control parameter ~ Age at zero length
146 0.1334 0.905 4.1228 10. 9654 -1.42

AR B R R S K A BB

M [ <64cm Bf, W=5.313 x10 °L*™* (17)
M [=64cm B, W=1.585 x10 °L** (18)

KA, WoARE (kg) ,L XK (em) o RIEAK(16) FI(17) BEFR-EKEX R, BRBEH T SFRA
BT BE B, Ik 3,
1.3.2 ¥agREA

B[ PR IT & B St M LS SRS, AR 4R Y T LRI AR A AR it LY (B 2) 6
EEHRPCER B P HELR BRI Sl o K4k AR B B A 2] ASPM, FI TR S B S o
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1.3.2 &£
RIBAERS 4L B AR, 8 7] Separable VPA F2F ™ it} 8 RN [ B AU vEPEME , S5 NI 3, HrhiE28
FILL 3 0 M B AR R 5 R 0 L BB SR L 1 e A AR e B g 5 U U A 2 068 8 R s R M e g

R3 HEFEHSREFR-FEXR AAESEEN
Table 3 Age-weight key, maturity and fecundity for yellowfin tuna in the Indian Ocean

4% Age class 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
{KHE Weight/kg 0 0.81 1.39 2.15 3.05 4.20 10.58 22.66
BB Maturity 0 0 0 0 0 0 1 1
%58 /7 fecundity/kg 0 0 0 0 0 0 10.58 22.66
4% Age class 4.0 4.5 5.0 5.5 6.0 6.5 7 7.5
{KHE Weight/kg 33.94 42.78 49. 14 53.50 56.40 58.30 59.54 60. 33
FREE Maturity 1 1 1 1 1 1 1 1
%5 /7 fecundity/kg 33.94 42.78 49. 14 53.50 56.40 58.30 59.54 60. 33
—o— AYCPEATE) —a— FEM(E B
—a— EHB(AA) —e— [HMEFHA)
—A— 8 —— B
—— WA —o— HAth
60 - | maK
8 EMGA) 10 -
50 B BEIR(E b
- A E A ) = 08 -
L 40| O EAH(HA) >
= HeAts z
2 30 BHM Y g 0o
O B 44 A A
£ ool ES 2 oat
10 y = Z H 02|
0 - —_ )
1968 1974 1980 1986 1992 1998 2004 0
A4y Year

2% Age class

B2 HEFEZSHETEEANFERE
Fig. 2 Annual catch by fishing gears for yellowfin tuna in the
Indian Ocean

B3 HEFE#HSEEaTREERNERHEEEYE
Fig.3 Selectivity at age by fishing gears for yellowfin tuna in the
Indian Ocean

1.4 BIAEIGHT

ASPM PFAE 4 WA 208 : SEUURAE T AR UR BL o0 AT o S EURAE i B35 R B -#h R B 4k
BERE REL + FAERS A B ARFE T R B M X DAk 45 5 5% ) (1) 20T 5 B JROIR 0 40 BT S i AR T 452 AL iy L 485 SR AR
HEBGESE EHS R RABRIEIT R
2 #R
2.1 SHEUBES BT
2.1.1 BEERK T

FIFE B AR E & A K E B RS AIEARE) CPUE 550 . ICCAT &4 M, /4 BT A 7 T X
RGBSR A (K 4) o BRI, RFEK 7 XF MSY [ F s, FISRIR R SEAG TR A B, H B AT A 8] 28
e SR SR B, 78 0.9 B, MSY 005 il Sysy i BURH 57 7 0.5—0. 8 B, UG E KA B —EWSH
B, HRE4ERE MSY MR AR MG IME, 7 N7E0.6—0.8,
2.1.2 HRWT-RZBM

FIFE B AR E 6748 i B BEVE B 6 0 M JE 4844 CPUE 84K, ik = 29 0.8, iK% 3 4R MRS 45T
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TRB(FK ) o SR EI IATTC HEFFH) M EUSBOR LBHRIE PR 1E 00 ; R A ICCAT R f9 M {ELR, HoAh
THITREY Faos iR ( <0.12) , SEPMELLALT G ;R A SPC I M {ER, 15 HBEA4F B9 MSY At
ERF WO, BAERITRE) Fys i/ ( <0.08) (£5).

®4 FTRBEERY « THMBESHMITE

Table 4 Stock estimator of yellowfin tuna by different steepness 7

§ . BERE 2% v Steepness
FIR B Stook cstimator 0.5 0.6 0.7 0.8 0.9
R? 0.796 0.794 0.792 0.799 0.795
FXHELSRE negative loglikelihood -68.358 -67.488 -66.741 -62.943 -64.949
2005 4Ef#) MSY MSY,05/10%t 37.7 38.1 38.8 52.7 0.7
HEFE MSY MBS TR B Fysy 0.311 0.439 0.613 0.482 0. 666
2005 4EITHHFET-REL Fagos 0.360 0.533 0.764 0.724 0.694
VIl k& Initial spawner biomass/10%t 1153.1 874.9 680. 1 694.5 616.2
e MSY AR Sysy/10%t 142.4 101.5 74.7 73.9 0.5
2005 4E I FEMREL Syos/10%t 121.8 72.4 42.9 71.5 17.1
FEARE T4 Ho ] Residual spawner biomass ratio/ % 10.56 8.27 6.30 11.16 2.77
x5 AREBKRTEHM EHNEHHYUSHR
Table 5 The results from different natural mortality M
M {ERPE M source

FBFSH Stock estimator EIRAPF RO R S FATHZR L

P12 514 ICCAT F 514 IATTC SPC
R? 0.711 0.799 0. 806
FTBBISRE negative loglikelihood -51.470 -62.943 -75.664
2005 4Eff) MSY MSY ,45/10t 50.0 52.7 2.65
Yy MSY (LT REL Fysy 0.536 0.482 0.559
2005 SEHYTFETSREL Faos 1.124 0.724 1.348
Wb kR Initial spawner biomass/10%t 1778.9 694.5 982.0
HEF5 MSY [ Sysy/10°t 185.4 73.9 2.81
2005 4F I FEARER Syo0s/10%t 34.8 71.5 21.7
SEARE T 4% o) Residual spawner biomass ratio/% 6.25 11.16 2.21

2.2 WEARBLIHT

ASPM 58 A B, H A< B 6§ AR FASEA4R 5 CPUE 458U S RCR b B G154 Mk (1B 4) 5REF-T5 fidy
B2 13.92 F1 63. 83, X A] BESE H1 T 1968 4FH [E G 158 W HEE SR A L4845 CPUE fE5% ¥ i (15.97 B/
1000 £3) o NV HIHH) CPUE ZURIF B, #h e BEAE WV U0 2 B WE BE B 3l , 78 1978 4EJE i TR #h e Bt

—— Wi —B.— FHdE
10 18
16
~ 8 = 14
g £,
= 6 = 10
s ¥
< 4 <
m m
=} o 6
A A
Q 2 o 4
2
0 1 1 1 1 1 1 0
1968 1974 1980 1986 1992 1998 2004 1
AEAfy Year
4 HEFEHESLE CPUE WA ES ASPM ER K HAE

Fig.4 Input CPUE value versus predicted value by ASPM of yellowfin tuna in the Indian ocean
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BFAETE 3258.36—6583.35 x 10° )2, - 4687.66 x 10° B (& 5) o AR B (3 BT ) #hFEHUE Bk
R, TR BRI PSR 2, MWIIIIHY 246. 51 x 10° i/ 3 2005 45 19.02 x 10° 8, A R4 e & il
LM EERME 6,

BEE HH S BN, AR EFCE AR EERE TGS HARER A 1990 F5, Bl , R 1E
195.9—263.2 J7 t, P32k 221 J7 t, TsRERETE 1994 4E)5 TRER] 100 J7 t IF, BRI 2 IENE T B 1) i
(7).

25000 O o @ 4 6000 -
B 1 B8 sk
20000 21 B ol _ 0o
- O 3% O 78k <
= = 4000 -
% 15000 [ g
8 'S 3000 |
=) - o
5 . A O
Z 10000 1) 9 ;mﬂ
-~ - 2000
M R A - »}15
5000 [+t W N 1000
0 bty 0 . . .
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A4y Year SEAR R Spawner biomss/10%t
BS5 HEFfE#ESRAFTHRARFEESTHL E6 HEFfEESRAFANTEMLE

Fig.5 Changes of stocks at age group of yellowfin tuna in the Fig. 6 Stock-recruitment curve of yellowfin tuna in the Indian

Indian Ocean Ocean

MART Gt el TE AR BLRTE , B AL T REL Fo NV AT BT, 1991 48 )5 i BURIREE B7t,
AT 0.334—0.456 [1],2003 SEMIEELT Fysy (B8) o #lk ™ BT 2003 4Fiid MSY (& 9) . FRIKRTE 1997
LG BEAL T 4ERF MSY R R RKFZ T (1 10) .

1400 0.8 —— ST R AL
—— Wikt B —a— AEFEMSY BHIBE T R B

1200 E —o— MR 07 i S
£ 1000 oor
=) 2
é f‘é s 05+
g 800 1
£ € 04f
g Re
1 600 E g 03 L
g [
L 400 02+

200 e = 01

0 Lo Y e
' ' ' ' 1968 1974 1980 1986 1992 1998 2004

0 1 1
1968 1974 1980 1986 1992 1998 2004

fE4 Year AEHy Year

H8 HESREBBHETRE Fu5 Fusy
Fig. 8 Total fishing mortality F,, and Fysy of yellowfin tuna

B7 E#SREFGEERARFEERLER
Fig.7 Spawner biomass and total biomass of yellowfin tuna

2.3 HHSER

2003 4E LK, EVBEVE BoBE oA £ 1 TR PR BB R AN AT REZE ™) OF FLAE 2007 4R BB S0 7= R (1 95 3]
T 31 J7 t, & F 2003—2006 4E [ F-4477 8 46.4 J7 v [EIL, f ASPM {4 i) 2003—2005 4E [ f) 5 MSY 4H%
W2 KT BOE BRI . Forr MSY 2y 36.4 J7 t,95% BAF XA (35.1 5 1,37.8 J1 1) 58/Sysy h
0.76,95% EAFIX [E]24(0.70,0.82) ; F o/ Fysy H 1.39,95% BAFIX A (1.30,1.46) ; Bl FET-RE Fu
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0.62,95% EAFX A (0.57,0.66) , X K B BB BLEN BE ¥ B 8 A0 2 AT REAL T BERI PR A

1000 — ¢ ik
60 - —— —X— FEMSY YRR
5 —B— RKATHS g 80
£ Z 600
z £
g -3
S i 400
i g
= ; = 200
10 &
0 . L L L L L o hiaiededebelviiteiedrededediter |
1968 1974 1980 1986 1992 1998 2004 1968 1974 1980 1986 1992 1998 2004
A4 Year 44 Year
E9 E#ESIEE MSY 5FEESE 10 EHESREFFERSUHR MSY HFEEFE Sysy
Fig. 9 Trend of catch and MSY of yellowfin tuna Fig. 10 Trend of spawner biomass and S,y of yellowfin tuna
3 it

3.1 RIEHM A 45 SV e R0

FEiT 25 20a o EEEPE B S0 f 7 B — BRI . BN VR TR AN SR ER A 1 4 5 B A A
FELR AL ) CPUE 323t W14 iR 20 F MR BESG 1O F-Ra a3, 1965 4R I ZE48 44 CPUE 373 T 1965 4
LUGH) o JEAESR, B MMl CPUE 75,2003 4F f 7K -5 1, 3 45 3 A% Bl 2 70 61 0 A 54 400 55 B 348 A
Bl I R RE 28 44 A K 7 B W SR i 22 o BT P 3R 4 b 1A K Sl 40—100em i1, T JE 48 44 1) 7 B 2
FAEREARK g 100—160cm FIAME o A% BT & ISk, Hofa 39 i F- 2 B B A B B T, InsE4g
BINTFIR B9 S0kg TSI B RTH) 35ke, B 15kg 24 FREEI BRI 10kg LT, XF FHREDHEESH
KB E A % . FELRSMA DI CPUE $5808A R R T B8 YT IR B, T B M ¥l f¥) CPUE
AT SRR AR PRI B , B Bl vl O BHE , TT BB ASPM. B TTEAG 45 SRAF1E — b 22 , W B BE A0 f 4 fa AR
AT AR R
3.2 HARIETREUERE

BT, DR R LSRRI RTE R 0 A R IO AR I 4 M g 1% Bk SRR H% . B,
RIS B BE AR A R OB A L B Sk M) (AU M B, Ge A8 1 [ ARBE T
EBAR T TEE . B2 B RFC T R AR, & B 1—2kg B8 65 440 21K 1% LL 6kg OB
S EAEE RN M, RTZ/MEEREESR AR OEN BRI . 528, RAEKNT 1R
WESMAIERRIEX M M BER—RE, TIREIN, KPR ESM AN M BT AR 2. 74 5, LAK
SEFERS T5% P o A G FE 4 £ 0 BB I W ML A /NSRRI I £ B A £ MOSEBR HARE B R KU
AR M AE S AR B — N, BRI BREAAK (90em) o SXFIERRTHY M AT RER B o RAMA
WEVE f g AR IR D P o ABFITELER T 3 4 M, RIUR IR P EEIE X 8 At 2 M T 45 Rt TR0
RS M RE AT EEREX; MENPE SR AR R SRR EE LSRG M, P E ST
Pro {HH RPN AT R SBBARE B M E RIS AR RSN HITFS, B4 Sch it
f*h 75 B H Nishida 2577 JEAG OS5 K, AR SO 2 8 # FORCRAT XS T Nishida 27 i b 7 8, IEFR A
PO REAHT BB, AF Al X B SRR . RS I, BRI B 4% 5 Nishida 257 Hillary 2 A"
HITPAE S R A —3K
3.3 FRESEKKESR

KT HEE M A KFER S AR R THRKPR AR5 AR SR B SRR 8, RIS
R o 5 BIR S I , AR RS AR R D7 48 s bR i AR B . I B A KD P S i
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SEBR, BLE M, EEE S A TE 30—40em FEARFTERAE, B FAK, X ER/NF 6 NH . hEMEMEEE SR
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