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A T T AU A A [7] Fof Xof — ol il 52 e A
[F P PRI, DAY AN [R) A5 TSR et s 30 300 A
FRREACRS 7 et R B AT I B W, TR
A DA v AR PR D) B R A B A A
g AR B, U IR AE — S [E] P X Sk 3t
(Eptikar G SV
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A, DT B 42638 0 A6 B SR, Dy D B8 9 4 <5
A IR ST R PR AL, AT W AT BT
FE LA A T0TC Rk 2 55 b, T4 7+
FE AT TEAL o

1 Me5I5k

1.1 MSE EXRIEip

MSE Hr— i A, 35 45 AR A B SRR R B Y5
PRAS BRI TRER 4 35 (P 1)) e df
B IE MSE %0 o

PRI (operating model ) FiI R AL FL 5K
7 BEIR SR, Bl R AR S RS B IR A
fiE R A Al A A AR i O R A EUE S
AL, ST AR A A Y g sk 2 i R AR g — 3 25
ARG ATHE I . SR G A 52 45 %% ( Monte
Carlo ) SEA5 40 J5 ¥, LAIB AT AN [A) 9 DAk L 45 2 )y
LM R E . TR BT ¥
TSNS, Rt MSE W] AT o 6 1 Ak DA L 87 3
2 I A A = R e
( Precautionary Principal ) [HZLsk!" | SRJGIHF AR
B P, A (] 7 2SR I 3k 30 48 B H A 1
JE IEPATRAUL R0 1 o SRAF B S
FOLTE M B S A A, B R A AR R = A 1) 5K
PRHEATRAE , LAARAT UL B . G IR PP Al A7 2
X USCER R UL S ) 5 T VA B AR iR A 7 8 U
VR AR 275 a0 DU IR RS O
R vt R 5 B S R0 o A
Rl o PRATRCTY )2 A DL il 4 PSR 4 B R
) St 3 A

TR PO EAT e P, 38 W 5 s AT 24
AR LI 3, Ok Aff 5 T2 TSR W 118 S8R, , DAL T AR
P B E ARFIBR M 25 1, R HE R B 1) 48 3
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Fig.1 Structure chart of MSE
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ATIFGE 32 2 0] B BE Vo 6 4 A 30l A ST
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SRR SR E W 1, APTSE e
TR (1 e Sl A0 P 2 LA Ay B 1) ] B AR v
WHES I A AYAERE N 1 IR T
1.3 MBEYENEHNESNHE

TEGEIE T K 9 1 B B, i 57 P 12 R i
1%, W UR R R 2 25 T — A AR AN AR IR R AA
TG R, AR IS 1 F A R ORI R
BE], AU E R 9.25 Tt
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Tab.1 Parameters for the operation model

ZH HfH E=BUN
parameter value references

AR
RLAEAFIR 1963 ~2010
base year

I
BULAER 2010 -2020
predicting year
=) AN
B 8 [13)
maximum age

Ak
i 1234567+ [13]
age structure
PR 00511111 [14]
maturity
ERIET R 0.2 0.2 0.2 0.2 [15]
natural mortality 0.2 0.2 0.2

1
MPESEYE 00511111 [16]
fishing selectivity
AT L kg 2.84 14.6 33.9 53.1 (7]
individual weight 73 80.5 80.5
AR - 6]

fishing mortality

HhFEREfAR (B-H )

recruitment

a =30465986 b =194497 [18]

MSE APl Hh R 2 ek E it (yield ) (7 BRAEY) i
(spawning stock biomass ) FIFHEEL £ (stock biomass)

0.25¢

0.20}

e B
— —
o o

BT R
fishing mortality
e
o
ol

1980 1990 2000 2010
4} year

B2 1963 -2010 F BT R
Fig.2 Fishing mortality during 1963 —2010

RSCFFBI o VAR AR R AU, 7 B ok
(Al T S 2o NOAA ) T HL VPA # ™ fy
Rivard weights TJRETT 2", Rivard weights 7] 1)
R AR v R T o SRS 3 A P S R T AR R )

=
Ho

£2 AAE 1963 EEMERIWEH( x10° B)
Tab.2 Number of individuals at different ages in 1963

A age 1 2 3 4 5 6 7 8 B3] total
amher 65 267 50 830 39 586 30 830 24 010 18 699 14 563 11 341 255 130

1.4 ZEEEREE

TEABR G AR I s e 4 At A
RSS2 X F 1 SSB &5 & 6 AN KT
MEE, ¥ = A A G, B A B,, AB,,
A1B3 """ ASB4,A5B5,;j§25 /l\mlﬂéﬁéﬂ/ﬁ(i%
3) AN, B PR
L4 2010 4E G B W) AR A 13 64T 100 IASEDL T
DB 5E B AR R Dy 10 4R

*3 BFHEEBHIZE

Tab.3 Specification of management strategies

m
SSB/t A, A, A; A, As

0.15 0.2 0.3 0.4 0.5
B, 600000 MS1 MS2 MS3 Ms4 MS5

B, 700000 MS6 MS7 MS8 MS9 MS10
B; 800000 MS11 MS12 MS13 MS14 MS15
B, 900000 MS16 MS17 MS18 MS19 MS20
B 1000000 MS21 MS22 MS23 MS24 MS25

AR R R TR
target F 3l 1 3 7 ORM BT IR IEAG LK TT &
AR AR, AR A R (1) X
2011 4E 11 7= B 2 & 7 ( spawning stock biomass,
SSB) it % 4 F| 2012 4 @4 fh 3¢ SSB ( SSB
estimated ) ; (2) FRAEE FHEME A Fo H1 SSB,,,,,
AR5 2013 4£1 H AR £7 58 12 (target F) ;
(3) X target F AT X H00E &% 25 T 2511, 1%
F) 2013 £ERYHHHTIE T35 (4) B N4 0y, ff T4
PEAE T AGHATRIE O, 19 307 B R AR &5 (5) A
Wreig FRAP TR, — H B WIAEFR SR, 4 REOR
Mg AT

SSB < SSB, I}, F

msy target

SSB
ssp) (D
SUH: SSB A AR 0 19 77 B A ) i 5 SSB M
A (3 B T 57 B Y B . T A

:Fmayx(
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P AL T3,

SSB=SSB,, i, F . =F,., (2)
A SSB A TN A4y 1) 7 B A ) i, SSB,,,,, R T
DUAF5y B e K AT R 2L 77 R AE ) 1, F e N T A
P AL T3,
1.5 FEYREMNIERR

T0TC X5 g 4 46 £ 10 7 2l H b2 - il by
/NTMSY,F/F, \SSB/SSB,_ (I HLAE /N T 1, AT
G T L B BB IR B . TEAT iz
HARMIETEE T, A0 R T LT & AR AN
FE R T RAG: B A ) A5 B SRE  F 8 R2

(1) 10 4FF5000 AF FR o, A YRBSEADL A0 7 2 4
Bite 5 MSY LA

(2) 10 AFF50I0 AF BR H, A YR BSEADL A0 7 2 4F
7 5 A (R) 228 S AR K
Sic,., -C,l
T sc C : (3)
T AAV SR Y AR B 1 1 4F [R] 28 ¢ 2R 4K C
N y SRR, C L NS y + 1 AERYI BT

(3) 10 4E I AEFR v, AR BB P 2 4 F
5 F, W

(4) 10 4= 00 47 R v, 4 OB UL 1Y) - 34 48
SSB 5 SSB,,, K LU AH ;

(5)10 AEFMAE R, B AU 4 SSB 1Y
STUNIEE

(6) EHLS )5, 5 —4F 1 SSB,

I 3 WU AR PF- 0 8 br -5 el i s AH G
Pl AR B A HF AL T3, 5 =S BRI SR
FHSE, B4 SSB AT o e 1 A B SR W I 1% S
et R B HOAR | sl KL F/F, N T 1 SSB/
SSB,., KT 1 A BHLEHINE SSB, 5 SSB /M.
OR AR LA 3 B A B SR K I, ) I SE Py
TRPRBEAT AU o
1.6 FBEH

2 #& ROSENBERG #I RESTREPO'*,
FRANCIS il SHOTTON™' | KELL &%) () 43
25, MSE H R AR P AT LAy A R R 25 SR
wE MR E BRRE AT IR ZE, AXLH
BTG Y B S B R 2, L kb A i
TR EURE AR A R AR DG i e B R 25 . AR

AAV =100 x
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FEFNIE RE DR 22 AP G N BOE A0 A o TR
SR BT SR LA R AR v (B AT R
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Tab.4 Specification of uncertainties

e R2EZEA A3 At BiE
parameter error distribution number
N =2
PVUREDR — pomye IPGEBAG €V =0.01
initial biomass
BARE R MEESAE CV=0.4
recrultment
WARRIUE s SPGESAE OV =0.1
catch sampling
MEMH s AEESME CV=0.1

survey sampling

2 4k

2.1 EHHMREE
SRR B B UL L, e S 3R AR LA 2010
AEAE R WO AT BR 0 FF 4R, 43l iE 4T 1963 - 2018
1963 — 2019 1963 — 2020 4F 1 3 YA LI, 45
B & A 100 YREE 15 2 AL ™ 5 0L 3,
1963 —2003 4F [y 4pl 45 B L P 54,2003 — 2020
AR AR INR S B KA 4.2% . L
AL 3 RIS SR bR e , IU R4l ik 2 m]
THY .
7. E+05

e 1963—2018
— 1963-2019
== 1963-2020

6. E+05

5. E+05

4. E+05

3.E+05

=&/t yield

2.E+05

1. E+05

0. E+05 . L L L . L L L L )
1963 1968 1973 1978 1983 1988 1993 1998 2003 2008 2013 2018
4F year

B3 1963 -2018.1963 -2019,
1963 -2020 FHRIULE R
Fig.3 Simulation results of three stages of
1963 —2018, 1963 —2019 and 1963 2020
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K5 2003 -2020 FFEFERTLE
Tab.5 Change rate of catch in 2003 —2020

P 754k change rate

1963 -2018 &5 1963 —2018 55 1963 —2019 5
Y 1963 ~2019 1963 2020 1963 —2020
2003 ~0.7% “1.2% ~0.6%
2004 0.4% “1.1% ~1.5%
2005 0.9% ~0.8% “1.7%
2006 1.4% ~0.2% ~1.6%
2007 1.4% ~0.1% ~1.5%
2008 1.3% ~0.1% ~1.4%
2009 1.2% 0 “1.1%
2010 0.7% 0.8% 0.1%
2011 ~0.8% 2.0% 2.9%
2012 2.0% 2.8% 0.8%
2013 2.6% 1.1% ~1.5%
2014 2.7% 3.4% 0.7%
2015 0.3% 0.2% ~0.1%
2016 0.7% 0.2% ~0.5%
2017 1.8% ~1.3% Z3.1%
2018 ~2.3% 22.0% 0.3%
2019 - - —4.2%
2020 - - -

T AL B AR P A R ), - AURBA TR R L
Note ; The black bold number in the table represents the minimum

change rate of catch. - represents there is no meaning of calculation.

2.2 EHBEREEOH

L MSE4. 0 15 3 (1) 25 T 45 23R g ) 5 421
WER6, TN 1 -5 IR 6 — 10 5 H
WG 11 — 15 ZSPESEEE 15 - 20 A5 TEmE 21 - 25
RAILLVE B 957 5 B i 3 K, AR i 47 1 AN
K T B A Y SSB ORI /)N , 1 B 4 4 i
(RGBSR BEAS B = 1) 7 i, (H R ) B R SR 4
ANHI 5 - AR 1 ) AF W) 722 S 2R BBl A il 155 T
TR RSB/ NG 28 K, TER B JE T2 76 0. 2
I, AR R A8 7 R AR/ , 2. 14% o HHilis;
WET-ZH 0.4 F10.5 I, P45 A0 4.5.9.10,
141519 20 24 25, Ffi %5 4 # H br SSB,,, # R
R AR B AE LD, B # SSB,,, S R,
AR BT R R BEBOR B2 X BT, i SSB Y
G H VA R TR i, S RIR

TEFEIFET- % 0.4 F1 0.5 B, 4R [A] 48 7 R
BB LU R, 43 R 15.02% F01 20. 88% , A F|
FIRF R W E L, ERMPIIET- %N 0.4
FO.5 I, A4l 457 1 19 AT (R) A8 S RO K, X 2
R BB T FE T FR MY BG R AR RN R,

R6 25 HEIERISHIEMLER

Tab.6 Simulation results of 25 management strategies

AR
O T RIS R or GBS BBIZESSB g/ SSB
model average yield average of " i predicted SSB minimum SSB
annual variance
1 378767.34 3.06% 0.9246 3.36 2121293 1835560
2 440138. 65 2.14% 0.8958 2.97 1783101 1766768
3 519383.75 8.57% 0.8671 2.37 1285071 1281830
4 559453.05 15.02% 0.8526 1.94 941781 941781
5 575989.49 20.88% 0.8433 1.62 699764 699764
6 378767.34 3.06% 0.9246 2.88 2121293 1835560
7 440138. 65 2.14% 0.8958 2.54 1783101 1766768
8 519383.75 8.57% 0.8671 2.03 1285071 1281830
9 559453.05 15.02% 0.8526 1.66 941781 941781
10 574325.20 21.18% 0.8339 1.39 723264 716623
11 378767.34 3.06% 0.9246 2.52 2121293 1835560
12 440138. 65 2.14% 0.8958 2.23 1783101 1766768
13 519383.75 8.57% 0.8671 1.78 1285071 1281830
14 559137.99 15.08% 0.8520 1.45 943891 943891
15 569657.72 21.65% 0.8137 1.23 765798 740696
16 378767.34 3.06% 0.9246 2.24 2121293 1835560
17 440138. 65 2.14% 0.8958 1.98 1783101 1766768
18 519383.75 8.57% 0.8671 1.58 1285071 1281830
19 557807.24 15.30% 0.8454 1.30 958579 953176
20 566122.56 21.91% 0.7841 1.12 824995 765561
21 378767.34 3.06% 0.9246 2.01 2121293 1835560
22 440138. 65 2.14% 0.8958 1.78 1783101 1766768
23 519405.37 8.57% 0.8671 1.42 1285071 1281830
24 554209. 69 15.60% 0.8338 1.18 992287 970236
25 561340. 82 22.56% 0. 8557 1.03 883582 791002
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4 SSB /NF SSB,, B, S BRI B B T2, i/
PR, T D s il R B R AR AR S5 Rk T AL
FHEFFETRAE 0.4 F10.5 B, ffiHEi R K im kT
10TC $2AL IR AT HEL ™ i, AR A3 14 28
g

FEF T B 15 A SR I 6 A H bR
REFERFE AT S . M B HARE R
I, BITE SBB K SSB,, W 251, AR 4l 455
HOECRBRAT . Mgk AE 400 000 t B IR
WS 2.7 .12 .17 .22 %t 4 Ha k5 78 500 000 t
W, BRSNS 3.8, 13,18 .23 &, M HE H AR
FELLFRAP BT, BIEEK SSB/SSB,,,, 1Y HUAE ALK, i 4%
AEFR /N SSB K, A B IE 1,611 .16 .21
L3/

LA B PR B B AR AE R — TS,
T AT, fEAS BN 7,F, &N 0.2,
SSB,,, E FE 600 000 t fif , ffi 5 it A i, AF A1 AR 5 3R
it /N, SSB/SSB,,, BRI AAE il i /N ) SSB A8
K, A 7S AR A B H AR 2 18] Y — A O
S RAR Y 5T R B 1 B B OR I, 52 ] Kobe
Plot T X} FHIEME 7 PR B 1 2 8 AR fa ifh
M TF R B 2 B L R 4, el 1963 —
2003 4 [H] A 2004 4 H B3 46 BT 1 kB
FIRE 7 s 2004 AR B SE TR m A
Ko 1963 AFETF Uy, it 4557 5 55 A DRI 184 o, o 1) e
1990 —2004 4, fi B 5 FE #4943 P, 31 2010 4%,
F/F,. SSB/SSB, #8401, X F i 68 &4
PR E T AR K, W SAR A IR AW T
R, A FAR K I A AU H o fE 2010 — 2020 4%
[i] , AR 0 P A5 L SR M 7 SR A B e B, YA
BHAT B A7 (4 100, 9 U T DA R AR A o 1 0T
1 APIRAS , R AR 53 o B 35 119 7 B ES ©

3 e

ABFE 2 B 25 FhAT 3950 WS, VE A
2010 — 2020 4 il 8 JS B, F v 5 1 10 A
s TS 7, B F, B 0.2,5SB % E
600 000 t, FELLIHOLT , REAF 19 77 ON SR AR 5 #0
T HERME SSB,,, , FHFERME L TR F BHis
8 F,., , PRAERE RN 440 139 o 4R [] 7 5k 3
B/, AT R TS T A B R Il A R
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F/F

SSB/SSB,,,

E4 HEFEESEEEWHIFEE Kobe Plot I
Fig.4 Trajectory chart of yellowfin tuna
fishery in Indian Ocean( Kobe Plot I )

ANHIFFTAE BRRMG 7 Fp o 0 4 M £ ) AR 45
AR I 440 139 t, M4 10TC (5Tt 3
Ryt L RN ¥ i XF 4 BT A e R AT S, 15 3
2011 - 2013 4F [ 4F 4l £5 i 4 5] 4y 327 453,
400 2921402 084 t, H:rdr 2012 4EH1 2013 4F 104
P B B T K T RS E  340 000t, X 5
AWFFE I LS R 442 986 441 496 t KR —2L
HR AR 2014 4F 587 1 B RS 7 0l 2= 51 25 TOTC 11y
Giil, BEiE 4 HG 0 0 v FE S B Ry 340 000 t, %
TARMFAE A5 1 440 139 t, Ui AR P8 45 5K
W 7 (RASLRLHED , 72 2010 — 2020 4F 8 fif 4> 46 £ 5%
VIR R b FR v, B B 1k BT B 5 0 1
o

TE S A 58 H 38 F A 45 58 T % Fil = o
SEMR AR R T & R H bR, (R IR S T
il B E P57 P8 T 3 R A7 el A . AR i A
SR R BRI A (1) A (2)  ZE R IR iR
PG, B P= U0 R RS T HARME SSB,,, B, AT LAXT
T FE TP TR L LLOR P BT, 3 2 X 3l A
TS5 BB — P a] LTS 3 455
oL R

TEAHIFTE #0840 0 00l B A0L 3 7 v
I8 T 2O, AN AG AR ) AR T
AR U | IR A BURE IS 1 T, WU AR
SR n B EE R B T ED VR 2R B &
IR (HATS 1] REAFAE— 22 I AR H S o, X T
AN E P BRI T B — D R S T
o ARSCHIWESE R IR0 22 ] MSE X B B
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Management strategy evaluation for yellowfin tuna fishery in Indian Ocean

LI Zhi', WANG Jiaqi', TIAN Siquan'*"

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. The Key Laboratory of Oceanic
Fisheries Resources Exploitation of Shanghai Education Commission, Shanghai 201306, China; 3. Scientific Observing and
Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture, Shanghat Ocean University, Shanghai 201306,
China)

Abstract: The yield of yellowfin tuna ( Thunnus albacares) in Indian Ocean stayed near the maximum
sustainable catch in recent years, and generally the status of its resources is at risk. Traditional fishery
management methods are usually limited in considering the existence of errors (or uncertainties) in each
section of fishery, which might have an enormous impact on the management. Fishery management strategy
evaluation is a kind of systemic method which simulates the targeted fishery by computer simulation. MSE
usually specify management objective firstly and then test and evaluate the performance of different
management strategies to achieve that objective. MSE can increase possibilities of the success of fishery
management and is being used more and more widely. We set up operation model according to the biological
parameters and other fisheries data for MSE in this study. Then we evaluated different strategy evaluations by
computer simulation and chose the optimal management strategy, so as to provide advice for the sustainable
development of the yellowfin tuna resources in the Indian Ocean. We specified 25 management strategies and
simulated the resources in 2010 —2020 using MSE 4. Osoftware. According to MSE, the optimal management
strategy for yellowfin tuna fishery is MS7,i.e. , F is 0.2 and SSB is 600 000 mt.

Key words: Indian Ocean; yellowfin tuna; management strategy evaluation; computer simulation
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