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£1 F.®EG. 0. H0EMELBESH CPUE™
Tab. 1 Catch and standardized CPUE for chub mackerel purse seine fishery in the East China Sea and Yellow Sea

W3k E (FoE) #r#E CPFUE
A catch (1 000 t) tandardized
year R (R shE(f£40) [ S e &t CPUE

China( large ) Chinaf teaditional ) Japan Eorea total {/haul }

1997 27 17 211 158 413
1998 A 9 165 163 377 17.3
1999 87 31 108 150 376 20.8
2000 34 14 49 118 2h5 10.1
2001 41 30 78 191 340 15.2
2002 37 28 86 138 289 18.4
2003 43 66 83 115 306 9.7
2004 47 85 853 174 389 12.8
2005 42 84 87 120 334 9.9
2006 33 30 20 100 253 9.4

U AR AR ) AP B 4 ) ) s o () 2 B P ol O Ak fe 5 B il
Notes; China (large) and China (traditional) refer to the Chinese large and traditional purse seine fishery respectively.
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2) o Ht,r BIXTBOE RS 400 R R SO
HE% T 0. 879, XIS ES T 1. 088, i Hubn 1
24%70.879 ¥ BRI r AHBOE AT IRM( -
0.17,0.71%) , %+F K, F5t 500 T Mif %+

1973 — 2006 4F (B Rk E B, A LR
B B I g R ] g, L R
R 3000 T, X TR AR q, Rk Log(q) ~
U( -20,0) , BRI ¢ M HRBEHRA, X g B
FREREAREER 7,

#®2 FHEFERESN r K. NEBBRESR
Tab. 2 Scenarios for different settings of prior distributions for parameters of the surplus production model

TR

scenarios r K Log(q)
E: 7&K baseline case (0.1, 2) (500, 3000) U{ -20, 0)
EAF% normal case N(0.88, 0.44*) N(1500, 5002) U( -20, 0)
FHIERFE Log-normal case Log-normal{ -0.17, 0.712)  ¥[Log(500), log(3000) ] U( -20, 0)
T35 upper and lower boundary [0.1,2] [500, 300] [ -20, 0]
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Fig. 1 Marginal posterior probability distributions for {a) r, (b) K, (¢} By,
(d) Byy/K (e)MSY onder different scenarios
£3 TRARTHEESHEREE LiE
Tab. 3 Posterior means and coefficient of variations { CVs) for various management parameters
for the three prior scenarios
' - § bt R
% mean of the management parameters
RCCNArios
K r MSY Booos By/K
HAEFR baseline case 1888 (0.26) 0.74 (0.23) 328 (0.08) 451 (0.25) 0.25 (0.31)
EZAE normal case 1607 {0.23) 0.82 {0.20) 316 (0.05) 433 (0.26) 0.28 (0.28)
FHEEAE E Log-normal case 1554 (0.28) 0.87 (0.22) 317 (0.07) 421 (0.26) 0.28 (0.30)
EASHRENERRE.
Notes: the values in the brackets are the CVs.
= D I posterior & 0.25r b —— % posterior
:-% 0.30-2 --- '5'&% prior = 0.20 - - -5‘,‘:5& prior
& 0.25- JB&@
EH o2 EE 0L
Ey &
UEE 0151 g 010
2 0.10 £ w05l
R eV & :
= . 0 ‘ . ‘ .
4] 0.5 L0 Lo 20 500 1000 1500 2000 2500 3000 3500
r KQ000t)

B2 EAAFRTLELERESHH Bayesian FRBESHILE
(a)r BSERE TSR BESR 5740 () K BUSEI AN S =R 17
Fig. 2 Prior and Bayesian posterior probability distributions for (a) r and (b) K using baseline scenario
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BAETRE(E 3), AFRIFET,2006 4£FHEE K
HnFEHE L L MSY WEEHERE r MKWk
Fr G AR R IR 2 B0, Bl S r A K B9 B G B A
ZF b, A r K SRR R H B Baye ~Bae”
K F1MSY AR A Z R 2= 50 (B 1-c.1-
d.l1-e) . BRI By M MSY J5 84145
MM ES T EMM R ES T ESHW
B 1 MSY S84 70 [ BASE{E Y K, 12 Booos/K
MG IR o 15 I SEETE 3 P T2 A
H(F3),

(1)998 1‘.;99 Zd(l) 2061 2602 20b3 2()'04 20:05 20I06
4 yoar
B3 1997 -2006 FEEFFITEEHEA T KHL
EEH 5% B{EXE
Fig. 3 Estimated stock biomass of chub mackerel
relative to K from 1997 to 2006 and 95%
probability intervals

2.2 HETHERA

AFRFRT, SRERRWEYFEE SH
MELTE 7 EBITEOE & SKVGER, 2 T E
B, MEWBA TR LN EYES QA
SN BN (FRE) . YT ZEIRE By
FHHEEIET . R EL Fooe EA F R T FIFEA XA
AR b AR (£ 4) .

Foos T Fryey BEZRH HRT(2006)3 FHET
R EBHTREEZLEREE. 3AESRE
B 2006 FHEMBHY RN FEYSEH0.25
Bysy , HMCY A G SR BT IR E AL B
BrRE(FED,
2.3 RESH

MFE 5 A, Wik AR 0.5 KU L,3 Mo
FE T 2011 R MBHR T 2006 HERE. X4
WORZRSERETE 0. 5 B BT, 2011 AR B R E K
TR, B /K B P BERFGEFT R TN
0.20. FARFRT H0.35 MBMESHTET 0.38,
{H 2011 4R I8 & KT 2006 FF B MRS
it 50% (% 5, &l 4) . ARSI, 2011
EFRFEAT 2006 FHTIRBAIHEZRN GRS T [,
VU5 Y5 0 DXL U B

£4 TRARTHEENEDESEA.2000 FHRBEENHERETRENRITE
Tab. 4 Summary statistics for the estimated BRPs, B, and F,,, for different scenarios

FE K T il T 95% AMH
scenarios parameters mean median 5% percentile 95 % percentile
Blysy (1 000 1) 044 917 556 1395
0.25B,qv (1 000 t) 236 229 139 349
EEFE Bay, (1 000 t) 451 436 269 656
baseline case Foq 0.33 0.31 0.25 0.51
Frasy 0.37 0.45 0.27 0.57
Foes 0.54 0.52 0.43 0.69
Brsy (1 000 ) 804 776 547 1138
Foes 0.56 0.55 0. 45 0.75
AR 0. 2585y (1 000 t) 201 194 137 285
normal case By, (1 000 t) 447 405 254 713
Foa 0.37 0.36 0.27 0.52
Frasy 0.41 0.49 0. 30 0.5%
Buygy (1 000 1) 777 708 545 1281
0.258,5y (1 000 t) 194 177 136 320
AEAF R Buye (1 000 t) 433 299 248 786
Log-normal case Foa 0.39 0.39 0.25 0.52
Frasy 0.43 0.43 0.28 0.58
Foos 0.58 0.57 0.45 0.76
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L EWRRBAB I T, r WXHBUES DT
OB A A8 3 9 85 R S SR, 7 So B e A
FIGERE A, 2011 PRI RE RS K, BZ.r K
Sl AR BHER (RS A, BT IR N RO AR I &
&8, Tl E i (overfished ) FyHRE R T (3=
5)o
2.4 BgSH

R 5 AE LI AR B B AT 2 1 HE i T 4%
2011 SRR IR FIoROK 5 4F [ B9 B AR R B
SO RS I, kB AR R O R
s (R 6) . A3 MERT,
WARARSE T 0.5 B, SRR B B H S 4E[]
AR & W s/ {5 2011 HEFRBTIR R A4 T EAS
K, B/ NRIRE M-FBIE B &/ TF 500 F 1
(%6,A5). BRRERXTHFT 0.3 4, BiakE
#EIT 1000 T, 1 LR R B KT 0.5 i, Bifa gk
BRI (FRE) o

Ml A R, WIRE 0.3 B b &
&, WA TWREEN 0.4 BRT,BER R
IR E GRERA 0. 4 81 T /M RR {8 2011
FHRRHBENRRBE(E6), RIRE N
BRARE(ERS) .
3 B
3.1 ZBNEREESR

T3 0 SRR FE AT el R (CAnE AR E A
CPUE) 547 3 WA W s # 50 AR B 55 45 R4
et NS BEE S RERM T, B
HIF, X 2047 3 M7 e 4o AR 4 i R AR 2 i
U220 Horbr— A o o P L e S I M 2R ) 7 %
BT RA PR ER Y T SRR
2R win, nFE R REIE A RAE R,

T4 J5 e ht B B A F 45 R v B 52y Su e i 2R
EFAERE,

#=5 IHAEEFRIRETH 2011 F8FTHERRERHBE
Tab. 5 Probability of projected stock biomass of chub mackerel for
alternative harvest rates under three scenarios in 2011

FR WogksR

o N P(Byyy <0.125K)  P(Byy; >0.5K)  P(Bayn; > Bags) By /K
0 0.00 1.00 1.00 0.91
0.1 0.00 0.98 1.00 0.76
0.2 0.00 0.80 1.00 0.62
HpErR 0.3 0.00 0.47 1.00 0.49
baseline case 0.4 0.00 0.21 1.00 0.38
0.5 0.03 0.08 0.57 0.29
0.6 0.26 0.02 0.21 0.21
0.7 0.53 0 0.08 0.15
0 0.00 1.00 1.00 0.95
0.1 0.00 1.00 1.00 0.82
0.2 0.00 0.94 1.00 0.69
EEFE 0.3 0.00 0.70 1.00 0.57
normal case 0.4 0.00 0.39 0.99 0.45
0.5 0.01 0.13 0.79 0.35
0.6 0.07 0.02 0.36 0.27
0.7 0.29 0 0.14 0.20
0 0.00 1.00 1.00 0.96
0.1 0.00 0.99 1.00 0.83
0.2 0.00 0.91 1.00 0.70
HEEEHR 0.3 0.00 0.76 1.00 0.59
Log-normal case 0.4 0.00 0.52 L.O0 0.48
0.5 0.02 0.23 0.81 0.38
0.6 0.10 0.03 0.49 0.30
0.7 0.23 0. 00 0.22 0.22
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Fig.4 Median and 95% confidence intervals for the ratios of stock biomass divided by K from
2007 to 2011 with alternative harvesting rate under the baseline case
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WR AT LB . BT P, 1 Kq
BRI SR MR A e 18 51 00 A , SR o AR 4R
HEHNMMBEET R, FXMEREY, A2
HEHFP,r K 8BRS IR 2R A0 LR R
RS RFERAESR , Hin B R4 Em
EITF IS (E 2) . Jesh, FEIEBITRAXT
BOESHTRT, r K KRR SHGEN
RO R EMRAZR (K 2,223 8 1-a fiF
1-b) o LA ESHERE, S TRAK™ BERSHE

B—FREA ST, 2300 RO 4L
TRBEZHNER.

TV r K SR S 51 7 A B R TR AL 2
REFEW, AL FIEERT 3 F r K AR SEE
DA E, S C SIS 3 #
FRIFNE-FENBESHIT TEHER(HE
1-af11-b), HURMMFERBREETEN
EAFRMGERN r MRS IR AL,
EAFEAMBIESHFERIN K WERER
AREIEEAML 1AM, MSY 2006 45T E R HE
JEIFERN SRRy AR T R R R BAR
/MNME1-c1-d1le), DA EAREIFERIEAL L
R = B RSH) LR R TR AU,
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F6 REaid 4 MEEFENTHE

Tab. 6 Mean values of four measures used in the risk analysis

R i oare,  BEmmmsRe RS
sCEnarios harvest rate (1 000 1) CV of catch (1 000 6) (1 000 0}
0 0 0 694 1670
0.1 521 0.29 649 1378
0.2 876 0.24 603 1110
HEHE 0.3 1091 0.18 557 871
haseline case 0.4 1189 0.11 511 664
0.5 1198 0.06 444 490
0.6 1140 0.10 334 9
0.7 1036 0.20 230 239
0 0 0 679 1512
0.1 504 0.27 635 1286
0.2 864 0.23 592 1070
FEFE 0.3 1096 0.18 549 869
normal case 0.4 1219 0.13 505 688
0.3 1252 0. 067 454 328
0.6 1214 0.074 369 393
0.7 1125 0.14 274 281
0 0 0 669 1453
0.1 493 0.26 627 1243
0.2 852 0.22 585 1044
WEESHTR 0.3 1089 0.18 548 859
Log-normal case 0.4 1221 0.13 501 689
0.5 1266 0.075 451 539
0.6 1240 0.078 376 409
0.7 1162 0.12 291 300
3.2 SAERESH 3.3 HMEEEE

B HPR VRS RN R R E AT
K B B BT IRE M 1997 AR ihkrsR T
B, R.EEHERE = HHLL TR TR,
AR EGHE ™, BBk
A T IR AG 45 R R 1999 — 2006 4E 4% g8
FREL T H L BMEAFEY, M —FdER
e HEETIZKBERERENE
R B SRR A B A S L ERE A
RE R . TR E Al T Y8 B Ml - E i
R RERLh A L R A RAMS, HERIREN
1998 £E 49 1. 3 Ty MK 4 B 2005 4514 8. 4 J7 M,
TG P £ 46 = T M. 2005 4E 200 £H 303 2005 4 1Y
600 41", 3375 10 4R (8], F AFEE ] B Wl
HEEhSRaf 1 Baar”" . LRoiE
HA, o 25 14T P i B J7R 425 R LA B B R B9 B KT
FERICHT, 4N 2006 FHIRE R ER 5% ~
60% , B3 T 2006 SFERYHR A AIHFEE™ &,

%5 WERER Fr i EREEBKES
AR o L B R P 4 3 PR s () R AR A, G R TR 3R
A AR AL i R BOR B R AR 4K
#ERJRM, B A T LR IEA B T R, B EA
A T 3 HERE, WA 2011 FEMRIER KT
0.5K X THRMET RN IESRTT R, BeEH HR M
R RV E N 0.3, MTHEESTE, K
RER 0.4 BERAERITRKF, H4FIEXRM
MO TR, AEFTREINGFRENER, §
2011 SEER YR E B SR A A R B R (3R
6), FEFBEHETRT BT HERIBN R &L
A", BABREET 0.5 0, TR R K H
R, (BB IR A & M 75 2000 K P
b, i At i A R e 3 . BRIk, 0.3 1Y
ORFRTEAR K 5 AF BB P R AR R B IR

R o Hr G RS TR IR E N 0.3 i
BT AN LM, ERRRET,
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57 9% IR BB A 2006 41 451 I 18 fin 3
2011 41 871 F i, K 3 Byysy (944 1) HEH
H0. 48, 33 R R BN T 246 T i) o iE 3
B0, IHRELEE N 0.3, IF 4k 5 £ THA
), 7R EIB AR B B A e 1091 T, &
AERY BT B R 5 5 R 2007 4F 167 T, 2008
AEEG 197 FWl, 2009 4F B 224 T Wik, 2010 4F
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Stock assessment and risk analysis of management strategies for Scomber
Japonicus in the East China Sea and Yellow Sea using a Bayesian approach

LI Gang'**, CHEN Xin-jun****, GUAN Wen-jiang'**
(1. Collsge of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. The Key Laboratory of Shanghai Education Commission for Oceanic Fisheries Resources Exploiration.,
Shanghai Ocean University, Shanghai 201306, China;
3. The Key Lahoratory of Sustainable Fxploitation of Oceanic Fisheries Resources, Ministry of Education,
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Abstract ; Chub mackerel ( Scomber japonicus) is an important commercial fish species in the East China Sea
and Yellow Sea. Since 1997, the annual catch of chub mackerel has been decreasing. It is necessary to
assess its stock size and manage it properly. The stock assessment and risk analysis of the management
strategy for chub mackerel was carried out using a Bayesian surplus production model, and the stock status
was determined. The stock biomass, annual total allowable catch and probability that the stock would
collapse in the next 5 years were also estimated. The results indicated that the stock of chub mackerel in the
East China Sea and the Yellow sea was in the state of " overfishing™ , but not overfished in 2006. The
decision analysis showed that harvest rate of 0. 3 was the optimum management regulation with
precautionary approach, under this harvest rate the average stock biomass would increase from 451 thousand
tons in 2006 to 871 thousand tons in 2011, the probability that stock biomass in 2011 reaching BMSY
would be 0.47, and the probability of having an overfished stock would be 0.

Key words : Scomber japonicus; stock assessment; decision and risk analysis; Bayesian approach; surplus
production model; East China Sea and Yellow Sea
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