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B TSR EE TR I AR R RN L B B b TR (R R 5 2 O AT el BN T
Wl il GETTHAN S8 WA GE IR AL P A 58 RO I 88 £ Ff F TSR = AT SRR IEAL 0 O T A
b B A B PRI 0 L) S AR B A B, AS I 58 A T 1950—2020 4F Hf 5 B EUHE 32 JH CMSY BEAY (Monte
carlo catch-msy) . DB-SRA i %! (Depletion-based stock reduction analysis) Al OCOM #% %I (Optimized catch-only
assessmentmethod ) 55 3 R A BR DAL J7 vk X [ e i | e B BB 75 T S A0 B Eh AT R G Eh 5 6 4
A GEECROLIEAT VAL o BT AN A=W 4 (BIB s, ) FIAH S S5 T2 38 (F/F o, ) BEATH T, it 16 808 11 IRE 15 485
Y 24 1 BT IR S BB EE [ P (B/B,>1)=78%, P(F/F\,<1)=67%; P(BIB,>1)=78%, P(F/F,<1)=55%],
i B T L 25 R ARE 4 A T 7 28 5 B A 45 RS L P(B/B gy >1) =78% , P(FIF 1 <1)=33%; P(B/B,>1)=78%, P
(FIF g <1)=45% ] , 75 T4 A 0 F R [ B B IO AR R AL T4 95 A0 aod B 3l 157 S A T B IR B Bl RS b [P
(BIB>1)=33% , P(F/Fo,<1)=44%; P(B/B\,>1)=55%, P(FIF,«,<1)=33%] . 3 Fifi I, CMSY 5 F1 DB-
SRA BEAUZ5 1 B9 MSY Al THEHE T , CMSY BERL 25 1 5 g B Y 3T 45 2R (6 > R S 47 /e o BE S 5 ) , i
OCOM BEHL 25 3 1) 25 a5 g SR, 3 W 3 RS BT 5 6 4> (0 R (19 B JRUR BRI — o 25 o BUE 0 BT s
SR r VLB, /K W SEI0 108 ) 23 X7 CMSY BRI 5 L 77 A 3 K A 5210 5 DB-SRA A BT B/K Uk, X K38 R F2
fet, WZEAR FoRA 3 B AT LA T X ¥ /N B 5 AR £ 0 S 28 () BE R A L H B — YA T R 2 R 3
el 2% o HSUTE A TR A BRI TTAS Jr iy, SR T 2 81 28 UA S 24 ik AT Lo A, ATE A T AR A5 Fh

TEGTIUIRDL o ASHITFE AT LA ETRE PR /N R i I A R A S %
KR Tt DR BEIUROL; B AT FRIEAE D71 5 ENBEVE

HESES: S932.4 HRAREHD: A

B REVE — B DAR A 2t 5 S S Y AR £ i
Yz — A FE R IR R A
B[R ¥ B G <00 3 v S 1Y <53 A £ 11 2 4 A £ B I
T8 1) BBV 42 48 .25 51 23 (Indian ocean tuna
commission, [0TC) , FZ 7 TT 45 HLE & FER & )
A\ 212 (Food and agriculture organization, FAO)
S1ANST Geit X CENEETE) ma A 2 X AL 48 3
VRS ) AR 0 KA DG A RN SR T T A b A X
e 28  T0TC BT | 24 TAEA IT R SR PEA
£ 55 R A 4 A A T A 20 (Working party on
temperate tuna, WPTMT) | i 1 T /F 20 (Working
party of billfish, WPB) LA K P-4k 35 165 /N7 4 465 £

s B HA: 2023-07-23 & E BHA: 2023-10-29

N 455 2 1 3 T /)N B 4 4G £ T A 2H (Working
party on neritic tunas, WPNT) %', Hi, 10TC &
BN By At 2R R RE A T AR 25 5 A Y
(Stock synthesis Il , SS3) | 4 #% 45 44 y= 4t 455 7l
(Age-structured production model, ASPM) &£ £ fif
FEGEVPAN 72 {0 WPNT 58 WAl 1 6 FiL it
G A2 52« (B g B (Auxis rochei, BLT) |
Jid HE 0% (Auxis thazard, FRI) | B2 % (Euthynnus
affinis, KAW) | H T 4 M 4 (Thunnus tonggol ,
LOT) B 35 5 5 (Scomberomorus guttatus, GUT) |
5 IG5 % (Scomberomorus commerson, COM) [ 4%
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flfa s, Bik 6 SR 2 8 MR T i
M BN I, BT R A e . BR
SRR P REOD ARG BT IRVEAL BTy 10 H Al vl e T
B (g R AR A B85 ) Bz
MELA FABGE PPl 7 o IF VAL . Ry T fi e
X — [, TOTC 7E 2013 4 2 S0K Ko A7 FR A 37
A5 971 (Data-limited method ) YE 8 3FE4AL VT 16 446
M TB . B A BRI TEAL 7 e 2R A 74
Pl = [ Be ity (2 AT 0 A PPAG () B BT B

B A7 BRIVAG I A RECT LAY g =28 6T
R (Length-based ) s 4F 1% %45 (Age-based )
(M PEAL 7 2%, B T4 B7 5 15 8] 77 4] (Cateh-only)
AIITAG 7 vk 3 T AR B PP Al i K
b, T SRR B LU 4l 55 - B R AT R
1 1L 7 (Monte carlo catch-msy, CMSY) | 3 F 5 i,
1 A RE B U5 62> 23 B A5 Y (Depletion-based
stock reduction analysis, DB-SRA) FI{X i FH 4 7
w 1 G B PE A BE B (Optimized  catch-only
assessment method , OCOM ) & J& FE T Jiff 55 1 K 4t
(R EE A BRVPAL 7 1 o A G T4 48 B IR PP Al 5
B BEAT BRVPAS 7 v 1Y 5 AR A T 7T LU
o Y AR SO A X6 A IE T R AT T 58 8% 1 B DA
AR B A S I RN et 1R A B R
IOz e T Dy 5 e EDU A5 B, PRI AR Bt 5 6 1
BT R B 1B A PRI ik 6 it 4T
FEIRITAL

TR Z B, o T 8 2 AL GEVEAl s i £
HABUEA RYEAL T 2ok 43 802 L X Bk 6
MMaF B 2 R EY)F ) . HETUA RAZA
SEURI HAGHIL A5 0] [ S A T A i 47 T
PEAL L AH 3 PP B HUR R T BBV R — e
W Bk . TOTC 3 ¥ 4 48 f8 T4 21 %4 ff /] Catch-
MSY #H F1T OCOM #5554 Xof 35 16F 4 A £ 1 D 5 2%
HEAT S PPAL T E R DA BT A 280 AN o
B, WPNT Hij i A HE 6 F i S8 1 B IR D
A FE ] F 3R 0 3 AR A BRI skt 6
R GEITHEA TIPS | 3K L2 T ORI 2 30 1A £ o
PEATER TP ITAL o AEFEAE S A A BR 5 2
BEXSME LA E S BOCE T 2 M5, Dok
e X PPA 25 SO PR AR . BE SR 45 R T
Bl ik I ER BE T TS8R 6 b T T £ 28 1 B R
O, o 5 5 T o 4 BI (RE A

1 MRS IE

1.1 #HERIR

AW ST A A 55 e il ok U8 T 10TC A
Fihb (www.iote.org) Wb Ge 04 P2, 4 157 12 v
oA i A BV RE VRSB, R[] 25 2 R 1950—2020 4F
(K1),

200 000

180 000 | — JEIREER BLT
160 000 F — JmAEEX FRI
£ 140 000 L KAW
S 120 000 | HF&Hm LOT
8 100 000 | T FRGE GUT
800 00 | KT COM
4 600 00}
400 00 |
200 00 | JJJV
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E1 EDEEF 6 FUEE/NE S8 A 1950—2020 F 2
Fig.1 Annual catches of Indian Ocean six neritic tunas
from 1950 to 2020

1.2 HEERAGZE
1.2.1 DB-SRA 7

Fofr 3 55 U5 9 2D 43 B B Y (Depletion-based
stock reduction analysis, DB-SRA ) /& 3 F 4 iR 22
SRR (A DMLY . 7E DB-SRA 17!
AR A= ) R B AT D S0 SO 7 i R R R
A HE 4L 77 & 1Y Pella — Tomlinson — Fletcher 455 7Y
(A 2)7 LI

IR ZE AT AR 235

B,=B,_,+P(B_)-C,_, (1)

B g AR A i 5 € O - VAR I B A 45
i P(B, ) REET t-a R W) B IR AR AR P o

Pella — Tomlinson — Fletcher F#Y ft 33X «

Blia — . . 73[7(1 n
P(B,,m)—y-MSY-(T) y-MSY «( R )"(2)

K KR IGAY R IZB AL AE RS 8y
Hi n SR IRE

DB-SRA # & iy B HL SRA #& 2 DI K
Depletion-corrected average catch RIS T (T A
DB-SRA R TR A i) £ Ff 7 9 10 2 8 90 A K
A R RS OLT , AR 2 v R 2 iy, it
RREAAN 3 T 5 68 o B DR Fy f o AR
b SRR R 2 AL i A1 IR DA T] 43 A 1 2 T
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S 2R AL B B2 3 AN Tk AR AT A
IS0 S B B R SR
TBIA T BB R T B4
1.2.2  CMSY gAY

SRR DU B A 57 i - e R T )7 A
% (Monte Carlo catch-msy, CMSY ) J&3& T Schaefer
Z MR R (A 3) Y, Schaefer 22
PR A AR 2

B,H=B[+r(1—l;<’)Bl—Ct (3)

A C o A AT B
YRPRE R ARRROR, BIRE A A= ) 5 T 2
IR 1/4 Z B I SR LR 25K
B

Bl 13
B[+1:Bl+(4rK)(l—K)Bl—C, (4)

A 4rB/KAB L PR B D 70 i R R
K O 2K T RE " A o R T RF2l ™ i — 2 A
Y. %A B H e TR LA )
{I R 4 X O S Nt N S R

A1 Schaefer 25 ML 45 7= 5 A5 76 1) S 058 —
AN THBY 563030 B2 CMISY A58 A G B i, G
K DL RARG AE A d  SE {1 2 WAL Y 1
fli 2 SR =t AR, L I AR E B R K
Ry A EONT RE 2 BT AR 25 F M I 22 L Rt
CMSY B rp 25 T T i J5 — ARl B i Al i K
il 95 B2 0 K R A X AR W e A Al T

T

BEARL e ] 5207 R 2 0 v 0 R R 1Y) e R AT ¢
Sy AT AR T B AT BT R BR T A
P 4 455 2 I 1] 9 20 5080 LA A 3 g BERPRE Y r K
FIARXS A i i Se 0 A o R 2 S Y
5 KSR S0 ih B Yyt b BEPLH &, 43 i
T 45 5
1.2.3  OCOM 7

AU 41l 957 2t 19 D0 Ak I £k 52 Y (Optimized
catch-only assessment method , OCOM ) [F] F f J2& J
T Schaefer 28 ML 4 7= FEAREL (A 30 3) M iy, H
Hh e AR IR Y MO B AR (1, R A i 2ot
2T+ 13 (Boosted regression trees , BRT) I
X} b B e 20 AN B2 (Final saturation, s) S5 5860 7
R FEAT T 5 7 K AR A S5 56 23 A6 H s B 55 56 0 A1
5B, il i A B, /K=s KAF . OCOM
R B TE HE Al 57 16 18] J 71 o r 0 KR A E A8
1. HBERUE F Schaefer 4= ) S A FI AT 17 24K
PRV S5 5OR X B RE I MSY , BB, 55 1) %
27 i AT ITAG
1.3 SHERLE

B BIREFE T FARPET Z AR PR ROR
MELL B A AR ] T 256 A AT A
i, 43 9 2 % THEN %2 | HAMEL %" Al
HOENIG S5 B 588 FH Y 5 Ry i 5125 1
HHEA RS, A RRE LR L,

®1 BAETERTEAR

Tab.1 Formulas for estimating natural mortality

J77 Method 233 Formula 22 ik References
T KA Based on max age M = 4.899¢,0°1 [20]
FTF K ZH Based on growth parameters M = 4118k 03 [20]
FF K S5 Based on growth parameters M = 1.55k [21]
T KA Based on max age M= 574 [21]
TR A Based on max age InM = 1.46 - 1.01ln¢, [22]
HaEAX: r ] LA 24 R, AW T3 i 4 ) O
L3, (s) 7% EDWARDS IF & 19 A 1% 50 2 B 2 (Life
"ok history module, LHM) , i% £ % 3 33 3K f# Euler-
S R R KT A kRN K Lotk 7R (AR 1) S MBIV I o 24T

st NS IR AT s Lo i R
CMSY A5 U 75 B8 b (14 r 01 K LA B2 AR X A2 4
17 (B/IK) W JE50 5340 o
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PERAEE 50, 4 a AF IS I Rl AR T 5 5 o S S5 BE
JE ()RR S EL s, YIRS 585 r N BLE G
=,
w, A LA A7 R A5
w, = a(Lm(l - ek(”_“‘)))b (7)

AP a5 bR AV A BT 7 B BB
L, b i e A sk AR A K S8 R
Yok 0 i i Y BB R L B3NS HOR A T

Von bertalanffy J5F£ .
s, THAF 8K :
s, = e (8)
MY A SRFET A
m, Al AT 95K
m,=(1+ e(%))fl 9)

Tz as AT BCAR S
an] A0 1R S

P = zwamusu (10)
a=0

4h
P(-h) (11)
HER A G a b L k.t MAF A4 550
wﬂiﬁ%ﬁ%m$ﬁ%¢%QWME%?%ﬁ
K A TAHSCRI ST Sk > BRI 2 5 T £
NS E PRI D222
AN WE 5 {# FH T Fishbase (www. fishbase.
org) b2 IR r 1 S0 30 (B3 B AR S A5 3L ORI
Bro KPS Bl 155 i ] e 91 v i) f R 7™
A AERY BN BRAH S AR IR PRl R G e AR A=
Yy 0 e AR AN TR A 3153007 0 an AR R A=
Py e v, Dk FH 28 312, QAR o A 4 A )
HHAX13:

o =

2 12
K, = masx () s Ky = max (¢) (12)
T high Tlow
K, = max (¢) s K, = 4max (c) (13)
Thigh Tow

2 s max () SR 5 s ) 810 o A o AR KA
Tougn 53 1oy S0 7 9 1R B ARBF 9 A 6 - F ok
AR R N LT A S 5 KR8
A 12,
1.4 3MERERIEE
CMSY %5 T i oA X A= 0 i A 2 S B0
T FEL LA BCHI AR AR 2, 40 5 Fh i 0 - B TR FE

(0.01~0.2) , &= FETHAE(0.01~0.4) , FP ETH #E (0.2~
0.6), IIHFE(0.4~0.8) , JLF- i A THFE(0.75~1.0)
LR AT A 4 e AR (B /K ) DU MR A 455 o
6] )3 8 TF 4 B[R] A 7 R, 571 1960 4F I Ky
HEAL TR FEIR A, T 1960 4E MITA A FhEEALL T
W RE T REIR S, AR 5T 6 A R f 4l 57 15 )
BIHLT 1960 4%, PR HAT) 46 AH X AR 4 e B (B )
WEN(0.75,1) 0 FZAMX A& (B, /K) LK
(B3 FEIAR I B 5 — ARl 7 1 (€, S B v E] P
v g KA & (€, ) R AT, -, >0.7C,, T
wﬁﬁﬁi?ﬁﬁﬁ%*(@ﬂBQWWMWﬁ
HEAL T 2 THFEIR A s FEARAH L T A R Ak T v
FETEFRIRA . ﬁn¢%6Aﬁﬁ%F GRINEE
AR, R R Ak TR T FER A (0.4,
0.8) ; WLANA T fif B, /K XHSEHY 4 52 i F 5% 18 14 ¥
TG R B eI (0.2, 0.8) 17 St i 47 AU 1k
M PRILAIFTELS T 6 4 b (A X AR 4
56 1 3 Y DA B SO 43 v B et R ) B (R
2) JFEA 4FE S s LR S 2l
f 2 F LHM AR50 r, 2 s 5 EM?KH%
ﬁXﬁ%%ﬁ‘%ﬁﬂl 5t 440 FH 2 Fishbase

I, TR 3 489 B, KA )51 5 1R
/\Maﬁﬁﬁh

DB-SRA R A o B i A S 800045 . ML K,
BAFAY (as,) , R T RESE MR & B R B st T
R HIRFET M A (Fyo/ M), 5 K] R4
A I AR W S AR A N 1Y HU(E (B /K) L
TG 40 35 A0 X A= W (BUK) , R Y 2208 % (B/

K)o Ho MM Kk AT LR TR IS, M aiE
% ok P8 F SCHk T 50% P B K von
Bertalanffy 4= & J5 BT T A5 710240 BRI T £
TIBE 557, 8858 1) P AR 8 O 2 8, LA 4 2
Yy 1%, 6/ AP 2 D 1950 4 TF il 457, IF
TR B A1 DRI S ) i A ) o A PR A L K
B/K¥E N ERR K075, DL . K
TR A PR ZE 5143 (Pacific fishery management
council, PFMC )48 Hi % F— A~ 0] 3352 & @ il il
eVt , HIR R T R L = i i (4 A P i A/
RN B0 40% , TR BUFE By /K 38N R Y
B 405, FFBRA(0.1,0.9), FrfE2 Jy 0.1 51
A . WALTERS %5 2% B0 55 48 H | Fuo/M IR
MIE R 0.8, EFBRHK(0.1,2) , brifE2E R 0.2 1)
XPECIE 254346 . DB-SRA 1% B A 4 #pif &5, Horp
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18 5 1A 5% 2 0 Bl B M AR K LA X BJK (#£2),
15 3 552 KHITR], 518 5 1 /) B/K HTA] OCOM BRI Hh iy A S0 M, A B 5% v T 4
B4 5 1IMKMHRE, 520 B/KME B MRIETF S0P 28 AR g (£2),

%2 CMSY #1DB-SRA K OCOM #E S HHMNE
Tab.2 Input parameters for CMSY and DB—-SRA and OCOM

. CMSY il DB-SRA f5 ! OCOM 7Y
ﬁiﬁon S AR A A BTG R Y i A X A= ) A gl (NS ES ARIETH
B_ /K r B/K K(x10%) BJK M
BLT1 (0.4,0.8) (0.5,1.7) (0.75,1) 37.7~768.3 (0.4,0.8) 0.97
BLT2 (0.2,0.8) (0.5,1.7) (0.75,1) 80.0~1 920.1 (0.2,0.8) 0.97
BLT3 (0.4,0.8) (0.2,0.8) (0.75,1) 80.0~1 920.1 (0.4,0.8) 0.97
BLT4 (0.2,0.8) (0.2,0.8) (0.75,1) 37.7~768.3 (0.2,0.8) 0.97
FRI1 (0.4,0.8) (0.9,3.3) (0.75,1) 77.1~1 698.0 (0.4,0.8) 1.44
FRI2 (0.2,0.8) (0.9,3.3) (0.75,1) 318.0~7 641.1 (0.2,0.8) 1.44
FRI3 (0.4,0.8) (0.2,0.8) (0.75,1) 318.0~7 641.1 (0.4,0.8) 1.44
FRI4 (0.2,0.8) (0.2,0.8) (0.75,1) 77.1~1 698.0 (0.2,0.8) 1.44
KAW1 (0.4,0.8) (0.6,2.3) (0.75,1) 846.0~3 243.2 (0.4,0.8) 0.96
KAW2 (0.2,0.8) (0.6,2.3) (0.75,1) 405.0~9 729.7 (0.2,0.8) 0.96
KAW3 (0.4,0.8) (0.2,0.8) (0.75,1) 405.0~9 729.7 (0.4,0.8) 0.96
KAW4 (0.2,0.8) (0.2,0.8) (0.75,1) 846.0~3 243.2 (0.2,0.8) 0.96
LOTI (0.4,0,8) (0.4,1.6) (0.75,1) 221.0~5 301.7 (0.4,0.8) 0.70
LOT2 (0.2,0.8) (0.4,1.6) (0.75,1) 442.0~10 603.0 (0.2,0.8) 0.70
LOT3 (0.4,0,8) (0.2,0.8) (0.75,1) 442.0~10 603.0 (0.4,0.8) 0.70
LOT4 (0.2,0.8) (0.2,0.8) (0.75,1) 221.0~5301.7 (0.2,0.8) 0.70
GUTI1 (0.4,0.8) (0.6,1.9) (0.75,1) 54.3~1032.6 (0.4,0.8) 1.45
GUT2 (0.2,0.8) (0.6,1.9) (0.75,1) 129.0~3 097.9 (0.2,0.8) 1.45
GUT3 (0.4,0.8) (0.2,0.8) (0.75,1) 129.0~3 097.9 (0.4,0.8) 1.45
GUT4 (0.2,0.8) (0.2,0.8) (0.75,1) 54.3~1032.6 (0.2,0.8) 1.45
COM1 (0.4,0.8) (0.4,1.4) (0.75,1) 265.3~5 572.0 (0.4,0.8) 0.55
COM2 (0.2,0.8) (0.4,1.4) (0.75,1) 464.3~11 145.0 (0.2,0.8) 0.55
COM3 (0.4,0.8) (0.2,0.8) (0.75,1) 464.3~11 145.0 (0.4,0.8) 0.55
COM4 (0.2,0.8) (0.2,0.8) (0.75,1) 265.3~5 572.0 (0.2,0.8) 0.55
_ R BE 7 OAb T R O B b

(Overfished and overfishing, B/B<l1.F/Fy.>1) o

2.1 6 1EMBEFIFIRMR SERBWI (181 2) , 64> (R A AT iy 1 45 2R 2 A

X} 6 4~ ta F 14 8 Ff CMSY . DB-SRA i1 OCOM
PEAT T 3PAd . Hor CMSY 1 DB-SRA %% B A 4
ﬁﬂr f 50, OCOM A 1 Fivid 5t o AR AL 4 Hh 7Y BY
Buysy VAL FIF o XERI R A 08 DRIR DL EA T 0 7 o 4
AR A W At B, (EUAFD T 455 A0 T %0 s i), A
A H AL TR A G BE 7 P (Overfishing,
BIBy>1, FIFy>1) 5 QAR A= 4 1 1%, AH X4 455
FETRAARES , DA Pl B R AL T 58 5 A i B
i (Overfished, B/Byo<1, FIF<1) ; {0 AH %t 4=
Yy AR H AR 85 50 TR i, b R AL T 9%
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FEid R B O

(5] e 0 ¢ 5 Ak - fke B P M %k 33% , 3o JEE A
BRIR AR A 67% , ELERGE IR 4D T i B R S AR
H45% , oF BEAR B RS MR R 55% , 3 B
SN T4l 17 AL ik B Al 155 0 5 i A A R AL T B
RSB R 67%, 1 BB IR SRR 33%, Bt
ST PR AL TR RS RN 67% , Ak Fad
FERERR S MR N 33% , — K e U5 H AL T
f HERAS M RESR R 3 T 2t TR AL Tl
AR ALy 33% , i FE 4 B RS R 67%,
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JoRE E 5 Ak i FRER S O MR O 33% , 1 [
TR AN 67% , —F KMERRE AL THH45 8

B #E68 BLT

£
B/Bysy
LR KAW
g
2
0 0.5 1.0 1.5 2.0
B/Bysy
BER B GUT
3.0
2.5
2.0
g
E 1.5
1.0
0.5
0 0.5 1.0 1.5 2.0
B/Bysy

I BEA T AR F R R BB A
JRAEEE FRI

B/Bysy

0 0.5 1.0 1.5 2.0
B/Bysy

R A CoM

0 0.5 1.0 1.5 2.0
B/Busy

CMSY .DB-SRA ,OCOM 351I%F Ri7 3 Fivii A, BLT1  FRIL 454351136 R ¢ 2 3 i 1 5t
CMSY, DB-SRA, and OCOM correspond to the three models respectively, and BLT1, FRI1, etc. correspond to the scenarios set up in Table 2

respectively.

2 6N EFERE—FHFIEIKI Kobe

Fig. 2 Stock status Kobe plot of six neritic tunas in last year of assessment

2.2 CMSY #1DB-SRA EE S AR EH T
W5 7E CMSY #1 DB-SRA Wik & T £/ AR
1555, LA AS [] 2 806 P4 435 51 72 AR i 5
MEER PR (F3), 76 CMSY BRI r LI B,/
K 1 JE 3015 34 2 XA AU 25 5L 7= AR 3 K B 52 1)
M H A SR E I, 5] LHM B RS 1
AR, 8 H] Fishbase 45 H Y r S 5015 1 25 (AR Y iy
B Py AT T AEL DR AR AT 535 F/F o I 5 By £

THE M 55 3 30 B/ By A FRRE A A9 f BRAR S
SPARAL BRI ZG ) MSY 2R AR ; 1 Ho A 28
[ 5 AL AR B, /K B, $5c 2R A ) AR, A5
RITA A H wFp R 0 B T % 72 B b g, B H R AR
I AE AR T B o B 3 v, R T B AR R
Bt R B L IR AR S 6 MSY 5 BRI . DB-
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Tab.3 Assessment results of CMSY (the 95% confidence intervals are in brackets)

35 Situation ST F5 7 B MSY/(X10%) R I kTt BB F
MSY'

BLT1 20.2(14.5~37.8) 27.6(18.9 ~ 40.3) 0.60(0.30~ 1.22)
BLT2 14.9(11.0~26.3) 24.1(16.8~34.7) 0.90(0.60~1.35)

BLT3 17.5(11.2~ 27.9) 63.3(38.8~ 103.0) 0.19(0.11~ 0.33)
BLT4 9.9(7.3~13.8) 54.8(40.7 ~73.8) 0.28(0.17~ 0.48)
FRI1 119.0(92.4~173.0) 158.5(106.0~ 205.0) 1.05(0.78~1.41)
FRI2 108.0(89.2~143.0) 136.0(91.2 ~ 195.0) 1.12(0.88~1.43)
FRI3 96.1(75.4~129.0) 380.0(238.0 ~ 606.0) 0.26(0.15~0.44)
FRI4 87.1(68.2~122.0) 349.0(233.0 ~ 523.0) 0.28(0.16~0.47)
KAW1 161.0(125.0~233.0) 220.0(137.0~ 351.0) 0.76(0.46~1.23)
KAW?2 144.0(119.0~203.0) 179.0(124.0 ~ 257.0) 0.80(0.55~1.31)
KAW3 140.0(107.0~194.0) 559.0(342.0 ~ 912.0) 0.26(0.15~0.44)
KAW4 124.0(97.1~180.0) 486.0(325.0~727.0) 0.27(0.16~0.45)
LOT1 151.0(120.0~207) 292.0(183.0 ~ 466.0) 0.53(0.32~0.90)
LOT2 138.0(111.0~194.0) 260.0(175.0 ~ 385.0) 0.56(0.33~0.93)
LOT3 131.0(106.0~174.0) 494.0(324.0~ 752.0) 0.25(0.15~0.43)
LOT4 120.0(94.2~165.0) 492.0(335.0 ~ 724.0) 0.28(0.17~0.48)
GUT1 48.5(38.1~66.5) 75.8(48.2 ~ 119.0) 0.65(0.41~1.03)
GUT2 45.5(36.0~59.9) 63.3(44.6~89.8) 0.71(0.48~1.09)
GUT3 42.4(33.3~56.8) 170.0(106.0 ~ 273.0) 0.26(0.15~0.44)
GUT4 38.4(30.8~54.5) 148.0(98.1 ~ 223.0) 0.27(0.17~0.45)
COM1 171.0(134.0~238.0) 370.0(233.0~ 585.0) 0.47(0.29~0.76)
COM2 153.0(124.0~216.0) 323.0(217.0 ~ 482.0) 0.49(0.31~0.79)
COM3 155.0(121.0~207.0) 614.0(377.0~ 1 001.0) 0.26(0.15~0.44)
COM4 138.0(109.0~197.0) 554.0(370.0~830.0) 0.26(0.16~0.44)
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Tab.4 Assessment results of DB—SRA (the 95% confidence intervals are in brackets)

5 S INIIERE T s = NIIES F5 TR TN kT SCFNIIEE i R ARES
Situation MSY/(x10°) By /(x10%) Fysy
BLT1 17.6(7.5~43.9) 52.4(22.5~133.7) 0.67(0.40~1.01)
BLT2 15.0(6.0~27.9) 44.5(17.5~82.2) 0.68(0.40~1.03)
BLT3 17.9(7.3~43.9) 53.1(21.9~132.4) 0.68(0.40~1.03)
BLT4 16.1(7.6~33.5) 45.6(22.0~102.3) 0.68(0.40~1.04)
FRII 102.3(60.0~173.1) 291.7(163.6~502.0) 0.74(0.48~1.08)
FRI2 90.9(84.0~112.8) 226.0(176.5~309.8) 0.80(0.60~1.31)
FRI3 115.7(68.7~201.0) 318.0(184.4~689.0) 0.74(0.48~1.09)
FRI4 95.5(58.3~207.0) 235.6(167.4~388.0) 0.81(0.60~1.33)
KAW1 158.0(88.3~309.7) 470.7(259.0~949.0) 0.67(0.40~1.02)
KAW2 127.0(111.3~152.0) 366.0(277.4~468.7) 0.70(0.45~1.04)
KAW3 168.0(97.3~385.8) 498.0(274.5~1 009.0) 0.68(0.40~1.03)
KAW4 132.2(88.1~173.0) 398.0(240.3~512.3) 0.68(0.40~1.02)
LOT!1 146.0(81.7~290.7) 478.0(262.9~944.0) 0.56(0.32~0.90)
LOT2 126.0(95.2~177.2) 408.0(275.6~603.4) 0.57(0.32~0.92)
LOT3 154.0(130.7~333.0) 503.0(267.0~1 171.9) 0.56(0.32~0.91)
LOT4 132.3(85.8~198.0) 432.8(270.1~626.0) 0.55(0.31~0.90)
GUT1 47.8(28.3~84.2) 136.0(78.3~242.3) 0.74(0.47~1.09)
GUT2 38.9(34.7~48.1) 107.0(82.8~137.8) 0.78(0.52~1.12)
GUT3 53.0(33.1~114.7) 149.0(86.7~315.0) 0.74(0.48~1.08)
GUT4 41.5(30.2~45.7) 119.8(80.1~145.0) 0.77(0.51~1.13)
COM1 172.0(97.5~353.3) 644.0(351.1~1 271.0) 0.44(0.25~0.73)
COM2 144.0(108.3~203.0) 533.0(348.5~781.5) 0.45(0.26~0.74)
COM3 179.0(102.8~386.0) 670.0(357.1~1 498.0) 0.44(0.24~0.73)
COM4 160.2(91.0~253.7) 582.0(322.0~889.0) 0.44(0.23~0.72)

X5 OCOMEENEELER (BN AISNEEXE)

Tab.5 Assessment results of OCOM (the 95% confidence intervals are in brackets)

55 BT H = Bk R R A KT R TE TR
Situation MSY/(x10%) By /(x10%) Fluey

BLT 31.7(13.8~259.2) 68.1(31.2~717.1) 0.50(0.13~0.94)

FRI 133.2(91.0~1 004.2) 263.6(125.0~1 948.0) 0.58(0.18~1.02)

KAW 210.0(131.0~2 163.2) 472.1(177.0~5 487.0) 0.53(0.13~0.99)

LOT 122.0(81.6~153.5) 353.0(134.0~2 981.6) 0.38(0.10~0.91)

GUT 76.2(43.2~933.7) 142.0(51.4~1 725.6) 0.63(0.18~1.06)

COM 151.0(98.7~192.1) 488.0(206.6~1 466.0) 0.31(0.07~0.85)
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Application of three data-limited methods for stock assessment of neritic
tunas and mackerels in the Indian Ocean

CHEN Di'an'?, ZHU Jiangfeng"*?, GENG Zhe'*”

(1. College of Marine Living Resource Sciences and Management , Shanghai Ocean University , Shanghai 201306, China; 2. Key
Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education ,Shanghai 201306, China; 3. Key
Laboratory of Oceanic Fisheries Exploitation , Ministry of Agriculture and Rural Affairs, Shanghai 201306, China )

Abstract: Neritic tuna and mackerels catch in the Indian Ocean have increased rapidly in recent years,
whereas these species currently lack comprehensive assessment due to their predominant capture in artisanal
or small-scale fisheries, where fishery statistics are insufficient and the necessary data required for routine
stock assessment are lacking. In order to better understand the resource status and develop appropriate
management measures, this study applied three data-limited methods (Monte carlo catch-msy, Depletion-
based stock reduction analysis, Optimized catch-only assessment method) to assess Bullet tuna, Frigate
tuna, Kawakawa, Longtail tuna, Indo-Pacific King Mackerel, and narrow-barred Spanish mackerel in the
Indian Ocean. Stock status were evaluated based on relative biomass (B/Byg,) and relative fishing mortality
(FIF,s ). Results showed that Frigate tuna and Indo-Pacific King Mackerel had a healthy status [ P(B/B,>
1)=78%,P(F/F\<1)=67%; P(B/B,y>1)=78%, P(F/Fy«<1)=55%], Bullet tuna and Kawakawa were at
higher risk of overfishing [ P(B/Byx>1)=78% ,P(F/F<1)=33%;P(B/B,«>1)=78% ,P(F/Fw<1)=45%].
Longtail tuna and narrow-barred Spanish mackerel were at higher risk of being overfished and were subject to
overfishing [P (B/Byy>1)=33%, P (F/F.<1)=44%; P (B/B,w>1)=55%, P (F/F\<1)=33%]. Of the three
models, CMSY and DB-SRA resulted in close MSY estimates, with CMSY giving the most cautious
assessment results (overfishing in all six species) and OCOM giving the most optimistic results, with some
differences in the judgement of the current resource status of the species among the three models. Sensitivity
/K had a large impact on the CMSY results; DB-SRA

was sensitive to B/K and more robust to K. All three models were applicable for neritic tunas and mackerels

analyses showed that both the priori setting of r and B,
stock assessment; however, relying on a single approach may lead to bias results. It is recommended that
when using data-limited methods, multiple models should be used to reduce bias. The findings of this study
can provide a reference for the management of neritic fisheries in the Indian Ocean.

Key words: neritic tunas; mackerels; stock status; data limited method ; Indian Ocean
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