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ABSTRACT Albacore Thunnus alalunga is one of the main tuna species in the Indian Ocean
(1I0). The stock status of 10 albacore was uncertain due to the lack of reliable data. We as-
sessed the albacore based on the most recent available fishery data and biological information u-
sing an age-structured assessment program (ASAP). The estimated fishing mortality (F),
spawning stock biomass (SSB) and biological reference points were sensitive to the assumed
steepness (h) in stock-recruitment relationship. At the assumption of A=0.7, 0.8 (base-case)
and 0. 9, the maximum sustainable yield (MSY) was 25 268 t, 27 414 t and 51 924 t; the ratio
of current (year 2010) F to Fysywas 2.85, 2.32 and 1. 11; and the ratio of current catch to
MSY was 1. 65, 1.52 and 0. 80, respectively. The F value has been increasing and SSB value

has been decreasing since 1984. At the base-case(h=0. 8), the current stock status was “over-
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fishing” and approaching to “overfished”. At the sensitivity analyses of h=0.7 and 0.9, the
current stock status was “overfished” and “overfishing”, respectively.

KEY WORDS Thunnus alalunga ; Stock assessment; Management;Indian Ocean

K A& &Mt Thunnus alalunga 53 F = KEEP A 50° N~40° S 2 [8] (38, 32220 A TR K 38, AR a8
B 3 K 5 Y o B ALK (Collette ez al.  1983), BN EE VA B G 46 0 7 A T 1440 50 4E4X, B2 440 il
18 T B 22 Pt b 22—, 2 DA SR 2 B M Y S A A R i TR A Y L I R Al )N R M S £ R,
B [ GERHh XA H A i AR E S X, B8 SR Y Dy s e 7 B 2008 AR 4.8 11,2010 4R
BA N2 T ¢,

H T ffe 2D 5 8 00 vl A AN B 00 AR ) e AR S B R VR KR A A B — R D AT AR 9 3T Al (TOTC-
WPTMTO03 2011) ., K, EJEFE4L M A2 512 (Indian Ocean Tuna Commission, [OTC) ¥ & 4 46 A 3% 5
PEAK 31 0 T A AR ERFAT 4 JOTC-WPTMTO3  2011), K6 4 e 00 7 3 A S 38 [ i 4 4 £00 0l i 35 28
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VT AR, [ PN O T B BE VR R B 4 4G R B JEOIR B0 R BF 5T R WA TE . AN BF 5 03 HHAE I A A B IR T Al AR R
(Age-structured assessment program, ASAP) (NOAA Fisheries Toolbox 2008) X} E[J & ¥ | & 4= #6; £ W% I3 3
AT VPAR 72 BB A A 455 5 B8 X 98 Y50 A v R T . 4 1 45 A 55 2 219 A 3 Il B 5P Ak Y T A
AU, ASAP 2 H A 5 [ X6 H AR B ¥ v Ml B2 IR AT VA BT Y R AR R 2 — O HEAE KPR T 40 K
B, £61 b % HLIA J MR A B IR 9 PP Th 2 38 (NOAA Fisheries Toolbox  2008) .,
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B HE VA A B 4 A £ A S 400 B UM A A T AR B SR 4R Y ) o R R 95 20 KA 1 (JOTC-WPTMTO3
2011) o BEPRIPAL 5 30 43l 28 B 4] 43 R LA 6 426 M R AT il R AS Bl I 18] 722 Al CalOAB AR AR /D D9l . AR R 45 4
TR T e ) 35 A e L 500 3 AR R A i 45 W B (Catch-at-age, CAA) , HiSk [ TOTC Ak 45 4k, Bif ] & 1984 ~
2010 4F, 3 14 MERH (0~13 " year) . ABFZEH TOTC %4319 5 F il (B H A 4E 28 29 a0l F% 6 6 1 b X
S 248 1 0 M RAL R 0 3l PR PR L A /N R M) 5 9 SR TR A L B SE 28 44 3l (Longline, LL) F1H Al i
A (Other) o Ry A R A48 5 J2 325 il o f7 Ak il Fa B4 L% 2 s /0 15 R 2 50Rl 3 1) i L 3 i R
P B CAA Ba o, AF 3R i 2 A My B - R RE 5 IR D0 Al . 4 i 45 A B UL 5 30 7 2 B2 48 JO5E
B AT R AR E Ak 1 2E 28 2 Ml CPUE (ind/1 000 hooks) . #4lg 2k B TOTC ikt .
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BB VR B AR £ () FRE 25 4 W R TE T . AR H AT I 45 2R . 2Bk B /ADAETE 6 it e B 22 K g
A FPRE 2300 2 A T e AL R v B L B R TE VR B T AL TP i (Takagi er al. 20015 Arrizabalaga
etal. 2004; Vinas et al. 2004; Wu etal. 2009; Davies et al. 2011). E[IEEE e S PG 2 Rl BE1E 5845
b B4z (Arrizabalaga eral. 2004) , ASBHF 5T B 152 B RE W 4 B8 G 4G £0 o B — R

A KA SZ ] von Bertalanffy A2 K 52 (Lee ez al.  1992) , XK (em) SR HE (kg) 5E (year) X FR N .
L =163. 7T1[1—e > 101002008 ], W=81. 70[[1 —¢ 1010020000 J2808  H A & o PR 5l ] 25 57 . B JE V4K B 4
Ko £ BB LR W) 2 BB ST B AR AL T2 1 A R A BEORER W O R O & FE AR 2 L R 2 AR ] Y 7 O
2 (I0OTC  2009) . & EH 5 B K PGVEFRE B9 A LPE (Arrizabalaga ez al.  2004) . A WF5E 225 /5 RPUTE K
{8 G M A0 1) R VP AR BB 5000 BUBVAE IS O 5 AFL 5 AR LR B R B 6 4R K DL B 3 B ( Anonymous
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2008) . 5 LLFEBFIE . BV ¥ K 65 4 40 10 1 AR FE TS R M MK 0. 221/4F (Lee er al.  1992) . 84 BF ¢ %
M=0. 221/4F , FL % 1 HE 5 AR 8 RO ) 1 05 4L
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ARG R A ASAP BEALTPAR K 8 4 48 M 96 IR . ASAP S8 35 F 501118 22 43 4 B9 ¥ 3R 10 45 4 45 i A AU (Statis-
tical age-structured catch-at-age analysis) (NOAA Fisheries Toolbox 2008), ASAP J&7E R 1% 04 3 IR-#b 78
O R M OLT o] F 4 34 48 03 1 B o Ve 3R B I PSR T R AR
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£ _ aSSB,
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B-H #A LG, i R LT IER .
__ 4h(SSB,/SPR,) , _ SSB,(1—h) (3)
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o (0 Wi XA
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K, Dev(R,) ML HIRZE
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A O P5 FE T F 8O 58 A A ST B AR HE U T2 R (Fmadt) 5 8 8 2 FEVE R SRR . Fnude Z800 PEER 70
F R BRI ER AR (2 = 1) B Fmult MRS TRIU64F Fmult B)72H0E (1 = 2) .
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R @ = 2 4 B IO VE IR R TT LAHHE R 56 4 SSB L% SSB YA B-H BUAL(GU 2) . 5500 1A 4 10 R 75 it 1Y
) B (] L 45 A R FE AR 22 (U ) BRI A 48 10 b F i AT T LS00 B8 4F 1058 4 SSB (a8 1) BT IR AF 22 19 %
SEY (¢ = 2) . [RVRE AT LIRR 4 B-H 50 1150 7 I 0 SR L SR 465 4 b 70 IR 22 AR B A0 va = 2 A 4E IR
L0 AR P R 20 CA S 2L S R AE IR 4
N =N, e e, 2<a<<A

Nz.A = Nx 1.A-1€ Ftan +N1 2.A€ At sa = A <8)
AR B AR I Baranov 5 #EH5
Ci{leer,1,u = Nifleet.,z.a(l —e “toa )/Zz.u (9

T A IBE 1) 30 8 e A 1% &8 Fg o m DA L DL i R i i gk B T 45 5 MR B B R AT AL
2 B B I 0 Halk BT R 2R BN 4 v S A Fonde 2500 BB RTGR AR B qow FT— R BN T W 4G
IR IR 2 Dev(quq.) B3]

Qonar = 1% i Thoel DeeCay g 0] (10)
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Nind,z.,u - N[.a Zm, (11)
B RO AR AT P BT PR | R PR A R R B0 A R
If)red ind .t qmd,/ Z:i;:;dwnﬁiudJ.useliuzl.1.u (12)

AT » = B 8 B0 0 38 4F % 40 A (Proportion-at-age) ] DLTFHE .
1.3.2 A&t

ASAP ZH il B s R 510 1005 50000 9 ARLSR eR B0 10 o ALK BRI BR 199 152 2 43 A A PR < 22 30 =X 0 A R 24T
BorAn A T CAABR2E 5 # M Tl iR 22 L PR ER 22 RIK-Fh S8 5 50 R 22 . 23000 A1 UK s ALY
EBE S R 2 AR 08 20 B A BURE A4S B (Effective sample size, ESS) , %50 1E 75 79 A7 L1 4K BRI Y 35 B 52 i (R R iR 22
S3ATRRRIE 2 (B CV) , 38 75 BT, JF AR A AL UL 5 15 B0 38 20 1 8% Z2 30 =X 00 A i RLAR R

— In(L) =—In(ESS!) + Eln(c, 1) — ESS Eplln(predp() (13

A In(L) SRR eRECBON B, C; g @ B8 YR AR A p, Dy i R 3 AR Ak LU 9] o 0 B0 25 20 A B fBLAR R B
(I3 4.
E [InCobs;) — 2ln([)red, )

o
v .obs, Fl pred,; s ¢ A K 0 LI A FISE R Ak BB, DRy i 22 20 A i b o 22 KK B8 2 40 8 ASAP BLAY 1Y
H AR &0 LA B 4 SRR pR B 2 A
objective function = A, > [— In(L) ], (15)

A WA G RR R E R G = 1~ O R TR IR 2 IR RUEK pR B0 B AR bR 50 BT kA X
R GARIFGE B R 1 B A ) S 07 b 7 f S LR 22 | 3 B 5 8O0 1o “ el 8 ] 9 2R B OR Bt st ] 22 Ak L B b
Ol 1) 56k S ORI SRR AR 2 W IR R RS AN B8 U5 W AR AT (0 58 b T FRCH b 4547 003 1 158 25 CRE X F
VIR  JCHTAG T C s B SECA £ K S8 A L HARFE T R A F R B 22 (I CV = 0. 05),

P T A W 2 2 B AR 8 R 5 T B AN E T U T A 06 2B ST R A AR TR] R 0 A A X e AR AR R g
BEOURAE S BT L OF USSR 22 5 0 F AR BE T R BRI BE B 2 B0 AF 08 5 M A Y e 2 8 0 AN 08 PR IRt T K B
S HRET- BB O A LTSS (Lee e al.  1992) o A B 58 80U 0 W1 AL 1 b, 2 I8 LLAE B9 BF 5%
(ICCAT 201D AR R E AR h = 0. 8, HURMESHrEF 2 43 5H 0.7 F1 0. 9,

1.3.3 L EmAMmPERrES

ASAP e F 457 i Bk b R = S B BT R BOT SO A B A ) 2 B N AR R R S
F A CR AR cure” 38 47577 B 2010 4F) | Fusy (iR KA 2577 8 AH I A A 85 56 T2 R EO VF o/ Fusy CH T 85 5E
TR Fusy BHAE) MSY (e KHFE 5 ) L Coe/MSY CH T 3R B 5 MSY (9 FLAED L SSB sy (MSY A1 I 1
SSB) .SSB..../SSBusy (41 SSB 5 SSBysy M H.AH) A1 SSB..../SSB, (4 SSB 5K JF & B} SSB ) HAf) .
1.3.4 Tl

R T ST R B AR AR R R SR s AR R AR W 2 i B BRSBTS .
IR Foare \TOYF (0 50 Y0 F o 3 R I & SR W 45 58 5L 1] i 50000 1) 2050 47, b 29I & SSB 17481k .

2 H#R

—In(L) = 0.5 In(2x) + > InCobs,) + In(e) + 0. 5 (14)

2.1 REFISH

A RO S (E S UL AR Y % 22 DL AT 1 e 3 Al 55 UL 00 A 0 ik 22 L P 20 2 R AT W A A A Bl
B S WL AL AL B 0T = J8E 5 J5ORN U AR 1) 0L P o T R b Y 96 R AT 0% 4 RO SBORE AR B A (B PR
RIR A AT A7 B9 A AL i R (AT 3) o i 20 49 3l 9 A5 0O A v T A R o BR T 5 R AR B S A 45 H S AR A
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K8 4 4 o ke SSB B AE AL WL IR 6 0 — 0. 8 I 25 F o AR FEAE 24 W 7K - » B 26 T 45 25 A 75
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AR G b AT 2 5 EPEEVEK BB 40 077 O R R AR P A ELE
CF 0 BRI S B B T 20 A58 0 Fig. 5 Estimated spawning stock biomass (SSB) for albacore

Fig. 4 Estimated fishing mortality of albacore
x1 EARER(h=0.8) FAFERESHT(L=0.7, 0.9)

3 'I,TJ"L/E THSERAREXSH
Table 1 Management-related quantities from base-case (h = 0. 8)

S 520 K DR S
IR, B 2 e AN R ST AR B (h = 0.9), B UR L B 53T o o8 —os
Tl B 2 BE L G UECR AR VT AT SR ™ BN 2R R A P o 0 3135 o 3017 o167 1
A (SBR) kA K, B4 1 SSB 55 IR 2 (SSB) 1 Caune 41778 41778 41778
% SBR #:3E F 0, % B %% I iR 4E % /™ & (Watters SSB 108 415 101 728 383 598
et al. 2001);SBR $2ik T 1. F AR EM SSB vl GBI A SSB. 427 129 401 948 697 856
B 4 ek /b s SBR 5 F 1, 3R B BE IR Ax 7 6 0T RE AL T K Fusy 0.11 0. 14 0.15
WK EE S farE 3 AR T B SBR 400k 0. 25(h = Feur/Fusy 2. 85 2.32 L1
0.7).0.25(h=0.8) 0. 55Ch = 0. 9), % P &b T 52384k MSY 25 268 27 A s1 ozt
£ 5T MSY (052 55 Conr/MSY 1. 65 152 0. 80

MBI AT (B 6) BV 5 MSY A feens o mens e

SSBuw:/SSBusy  0.92 1.07 3. 14

() SSB 7KV FEFe i SF B T (h = 0. 7) , SR 4 457 5k - R ——————
AR curr” FR M HTARZS (2010 4F) , W3R i A ) A6

EEREEEN 4k 500/ . b dgs [ 2 e AR Sk — 0. ’\/—‘L‘

gﬁl}%ﬁg,ﬁ OOA ’ ELK?X%*EG{F}WF(}L 0.8) i‘ Al Note: “curr” indicate “current” (year 2010) . unit of catch and

TP IR T REAR L) 3070 TERAPRSF IR R (h = 0.9), biomass. ¢
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