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1.1 HIEEKIRE

fify £ Y0 % H M R VR T v [ R v B 2 B
TR PE R A R B F AR 4L L) K H A v [ 59 AR 77 4 1T AL
P, WHEIEEN 2000-2011 4E(F6 1), BAf7 4555
()R (CPUE, ¢ /M) 2000-2011 4F-Fk [E K RIAT 5
BRI 3ol Ay R o, HE B s SR T S M A A
(Generalized Additive Model, GAM)#EA 745 ififkAb i
(Z=N4E, 2010), DLBLAE MR 58 U5 3 5 5 £ (Nishida

et al, 2004), HAnEA M EHE R A SCHR(E 44,
2014),

1.2 FRFEEBRAREE

F 4y P AL D) Schaefer BRI &R )17, H
Fok R SR (T 4545, 2011), 7ERIRTEMS Y, W
B — R P IR T K, SRR A A )
T BRI SEOR M 4 4002 3 4~ (McAllister et al,
1998), HXFhEIE HA el I 1f B R — 4 L 5T R

HOFIEO R AL TR FE Rl R 7E 20
fhag 50 AL ST tnd st fa, M H A wiE 4
] %) PR DA el A 5 B £ 7 e 5000 0 e S i SR LR
F 20 {4 70 4EAR (2404, 2010), WAL, ABFSE
RRER et —4E MR K. AR 3R 2549(2008)Y
MR, B 2000 AF[ointa bl in we i By A
82.73 Ji t.

5% CPUE RN UR AL b,  FLULIN R 22 iR A X

BOEAAM G (254, 2008Y; 25404, 2010), U9k B%k
iSESTSWSR
o1 4 [In(7,) - In(¢B,)1?
L(I|0)=
(110) t:lz:)[ool,cr mexp[ 207

K, 1,28 ¢ 41 CPUE, B4 15 BJRIEH, o
CPUE MItnifi2s, q HATHIREL, BN ¢ AFIB .

HTARRFFACR A T 2000-2011 45 f i 35 1 Al
CPUE #tdls, R 2 K i A AR EE o,
KL BESE o S 0.2(McAllister et al, 1998).

1.3 RESHEBRSHARIZE

T A B R R 15 B AR TR 2 800 Je 56 49 A 2
W3 M EREE2), il M mEGEE T E) . EE
AR AR FUBUE 2540 10 (2240, 2008Y) ., % By
Z: W SCHR (29945, 2010),

F1 F. HEESRaEEMEEREFRAELE CPUE
Tab.1 Catch and standardized CPUE data for Chub mackerel purse seine fishery in the East China Sea and the Yellow Sea

#a3fHE Catch (10 thousands tonnes)

FO O REABIDUAN WAL o1 s chue
Year Chinese large Traditional local fisheries in (ton/net)
purse-seine Zhejiang Province Japan South Korea Total

2000 3.44 1.37 8.90 11.80 25.52 8.3
2001 4.10 2.96 7.80 19.10 33.96 16.7
2002 3.73 2.78 8.60 13.80 28.92 16.5
2003 4.28 6.56 8.30 11.50 30.64 17.4
2004 4,72 8.52 8.30 17.40 38.94 16.7
2005 4.24 8.41 8.70 12.00 33.36 11.7
2006 3.31 9.10 9.00 10.00 31.41 14.0
2007 2.83 8.94 10.60 14.30 36.67 13.5
2008 4.47 15.46 12.10 18.10 50.13 16.5
2009 3.52 12.93 13.10 16.80 46.35 16.6
2010 3.24 10.97 11.80 8.90 34.91 141
2011 2.34 17.15 11.10 13.90 44.49 12.1

1)

, 2008
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Tab.2 Scenarios for different settings of prior distributions for parameters of the surplus production model

. S KR AL

J7% Scenarios Intrinsir,j ra'za{cff}izngrease Ca;ry%/:fciiity log(g)
¥34)4345 (1) Uniform distribution U(0.1, 2) U(50, 300) U(-20, 0)
IEZ0 45 (1) Normal distribution N(0.88, 0.44%) N(150, 50%) U(-20, 0)
XTECEZ 4347 (1) Log-normal distribution LogN(-0.17, 0.71%) U[log(50), log(300)] U(-20, 0)
. TR Upper and lower limits [0.1, 2] [50, 300] [-20, 0]

14 BESHERBEXEIHHITE

FIH /R Al K88 52 45K 2 (Markov Chain Monte
Carlo, MCMCO)B LR R AT mEAIKSE r. K.
q WJE AR (2N A5, 20105 FAph 4245, 2011).
RIS SRR E B WL 3. THERE, Jodr7iai
10000 Wiz HLEH, VUG ®Hs5 40 IRXTE5 SRt ir—
YA, PRz % 40000 Wk, dEFE4T 50000 Kz 5.
1.5 MWEFEEEKE

PLBGER R (Harvest rate)VE A . 916 40 1) B8 IR
BHURMS (N, 2010), UG IR —FP i 5 1 6
M (McAllister et al, 1998) . 75 AR R 3 HIBEE M 0,
0.1, 0.2, 0.3, 0.4, 0.5, 0.6 f10.7,

1.6 Gordon-Schaefer & 442 &5
TE Gordon-Schaefer 4= ¥ ) St |-, Fysdid:

Y2 TR (HIll er al, 2003) ., H AR R 4 1 4545 L OR
W8 T fe KA HR227 f (MSY) . S R4 3% 77 1 (MEY) Fl
A= ) 26 5% YA 55 (BE) S 1) 3R 7= B AN B A o 115
Lk 4.,

17 EMFSERMEFFESE QNIEE

AR ALY F S5 58 Fusy. Busy.
Fo1 A MSY A HAt | Foy Fl Byysy 7351105 3] MSY
KT B X B 50 T REORGE IR i, Foa M
S i A AR RN AR 45 SE T R EOC &R ih &l KRR
10%%F 17 B4 457 SE 1= R B (Hoggarth et al, 2006; Caddy
et al, 1995), /3L 3CHk (Hoggarth et al, 2006; Caddy
et al, 1995) 5% 4,

EAF¥F, B iR KA % & (MEY)
VE AT B s, mEAEY 257 5 (BE)E N KA
MR RR G 2% 5, ik, AR ERNLETE¥%S% 5N

#*3 MCMCiHtERKFERESH r. K. q WHKREIRE N, 2010)

Tab.3 Initial value for r, K, g of surplus production model of MCMC iterations
3 Fiy B G i K EEES I
Intrinsic rate of increase Carrying capacity Catchability coefficient
Y4543 45 (1) Uniform distribution 0.7 150 0.00001
IEZ4r AR (1) Normal distribution 0.7 150 0.00001
S BIE 254347 () Log-normal distribution 0.7 150 0.00001

R4 EMFESERNL

ERFEERBITEAR

(BRFr 4255, 2011; Hill et al, 2003; FR#T74, 2005; Hoggarth et al, 2006; Caddy et al, 1995)
Tab.4 The formula of the biological reference points and the economical reference points

& P57 15 Management reference point Fohr Catch i FFE T & %L Fishing mortality coefficient 4% Biomass
“ . . . K K
W25 7% 45 Biological reference point MSY = % Fisy :% Fy, = 0.45r Byoy = >
e L . . rKmn rm nk
2352422 5 Economic reference point MEY = Fypy = > By = >
. s . . o rem c
= ) 2 55 - 45 Bio-economic equilibrium  BE = o Fyp =rm By = "

e om=1-——, n:1+LKo roAWNELE AR, KON, ¢ AR, p MK, o u sl A

P9k P4

m=1-—5_ and n=1+
pakK pgk
price of fish, ¢ is the fishing cost per vessel

Note: ¢

. ris intrinsic rate of increase, K is carrying capacity, ¢ is catchability coefficient, p is
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ANTRMB R 7 38R B S B0 A e R R S 5
MR A DU 1, ERMETT R (210 10) T (B 1-a),
BIEH K. q M5SR4, (A5 0 i
FIE—kMh L, WSS BER o1 5 LS s e o i 4
ZARK, XRWBIEXS S K. q W5 SR 10
A TARKFE A o X T 1E 28 4345 75 58 (] 1-b) FIX £5E 2
AT E(E L), B K. q WERMES S Hgk
B 434 2% S AN R (8 1-b FE 1-c), BV B AL 343
i HEA R M IE 284346 (P < 0.05) . 7 3 FhorZirh, Z%k
r W S A3 A3 A 5 S SR A A 25 UK

ANTRIMBAE T 8 T B A 2 50 T {8 (B 24005 5
MRS B W3 5. 2%k r B9 0.86-1.01,
Hrb, XBOESM 7 5 T i/, BT % N RoK;
BH K T FI N 161.0-165.3(07 t), H, XHUES
SIARTT S N BN, IR AT S N RO T3 MO %
TBHq HR/NLF—5, 4 0.13x10™,

22 HEWMESERMEFFESERNBERELH
EfE

XT3 A T 5, A MSY Sy 40.52 J5 t,
X BRI Busy 4 81.90 JT t; NN MEY F
Yer 43y 23.54 J7 t Fl 35.97 J3 t, B ¥ IR &
Bumey . Bee 775120 132.36 J7 t #11100.92 J7 t(F 6). X
TFIESH L, A K MSY 2 35.47 Ji t, HXFR;
(BRI Busy 4 82.64 T3 t; AHRM) MEY F Yye 30
g 22,11 J7 t A1132.90 Ji t, HXFRAYEVEE Buey
Bge 73120 131.54 75 t F11 97.81 J7 t(F 7). *T X4
IERA TS, MM MSY  33.69 J7 t, HXFRfK
BEURAE Busy N 80.52 71 t; fEEHY MEY R Y 53 511H
21.60 J7 t F131.59 J3 t, HXFR MBI Buey . Bee
51k 126.67 J3 t F1192.30 J7 t(5% 8), W LLA I, 1E
Ao M EES S 7 B AV E N 2 EE S
RN EES T E TN Busy BRINEEAT/NT
BI5) A 7 R AR R TR . 3 R R AR SRLY
Foiv Fusy + Fupy fl Fpp Z5 R 7 (F 6, £ 7 HI
% 8), ¥ NN Foa Fusy Fuey F1 Fyg,
S5 AR K T HAD B A 7 RAG R, 5 51
HETAMAE WSR2 %4 0456, 0506, 0.184 I
0.368, Fo1. Fusyfie/IME HIAEXEOIES T E (5518
0.387. 0.430), 1M Fuey. Feie/MEEIEES TS
TG 0171, 0.342),
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Fig.1 Plot of Markov-chain Monte Carlo traces (up) and density (low) for r, K, ¢ under scenario of random effect
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(a) Uniform distribution; (b) Normal distribution; (c) Log-normal distribution
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Tab.5 Posterior means and coefficient of variations (CV ) for model parameters for the three prior
scenarios and the parameters of the fishery management

) BUMK R e HECES((TA0N
I o raeer P00 TR s e
Increase coefficient
9514345 (HE) Uniform distribution 1.01(0.27) 163.8(0.24) 0.13(0.28)  40.52(0.33) 23.54(0.19) 35.97(0.25)
145434 Normal distribution 0.87(0.24) 165.3(0.16) 0.13(0.28)  35.47(0.26) 22.11(0.15) 32.90(0.20)
XBIE 254340 Log-normal distribution  0.86(0.27) 161.0(0.18) 0.14(0.21)  33.69(0.26) 21.60(0.14) 31.59(0.20)

. FES N AR R & %L Note: Coefficient of variation are shown in brackets

#6 MANHAETHENBIEESESNRITE *8 MHBESHSHAETRENELEESE SHRITE
Tab.6 The statistics of estimated fishery management Tab.8 The statistics of estimated fishery management
reference points for the uniform distribution scenario reference points for the log-normal distribution scenario
SIS R ZHUZT5 1,

A E 5%sMVEL 95% VAL
Average Median 5% quantile 95% quantile

Parameters/ e Parameters/
. Average Median 5% quantile 95% quantile .
Reference points Reference points

r 1.012  1.051 0.519 1.369 r 0860 0847 0498 1.259
K 163.80 159.63  106.58 234.32 K 161.05 15872  116.11 214.69
q 0.131  0.127 0.076 0.202 q 0138 0136  0.095 0.189
Fo1 0.456  0.473 0.233 0.616 Fos 0387 0381  0.224 0.566
Fsy 0.506  0.525 0.259 0.684 Fsy 0430 0424  0.249 0.629
MSY(x10*t) 4052  36.87 25.38 69.04 MSY(x10 t) 3369 3116  24.60 50.43
Bysy(x10°t) 8190  79.81 53.29 117.16 Bsy(x10* 1) 8052 7936 5805 107.34
Fuey 0.184  0.178 0.131 0.255 Fusy 0175 0170  0.131 0.234
MEY(x10*t) 2354 2212 18.85 33.07 MEY(x10" t) 2160 2087 1847 27.34
Bupy(x10*t) 13236 129.91 83.36 194.09 Bus(x10%t) 12667 12570  91.68 163.85
Fyr 0.368  0.355 0.263 0.509 Fg 0349 0339 0262 0.468
Ype(x10*t) 3597 33.84 24.94 54.82 Ypp(x10% 1) 3159 3014  24.23 4341
Bpr(x10%t)  100.92  96.08 60.19 160.81 Bpr(x10* t) 9230 89.83  64.49 128.66

RT EESPHARTHENELEESE SHNFITE 2.3 RRS AR 53 A
Tab.7 The statistics of estimated fishery management i »
reference points for the normal distribution scenario 29, 7E3MurEr, Bl Z MEN

SRISER g i swiE 95%Hik %Iﬁ?‘éﬁﬁ"s'zjf, HUCHIES i, MRS %
Re?:rr:rzgztgglnts Average Median 5% quantile 95% quantile Ty IEE b, DIMGRRKE 0.3 m’ M
; 0870  o8e4 o053 1236 SHEAS AT 3 A ST BOZR | GG A0 ) B S ]
X 16527 16313 129528 210.77 EA{H Boost 539124 108.15 J7 t, 103.49 J7 t F198.11 J7 to
g 0130 0129  0.088 0178 BN EMERE, HWGRR I E R 0.3 i,
Fos 0392 0389 0242 0556 Xof XU H8 AR FEAT 43 BT T T, DU I 1) 7% 757 340 5 i
Fusy 0.435 0.432 0.269 0.618 Jiti S 1B ) B AR R i R, DA T 58 hy {1 (49.38
MSY(x10°t) 3547 3311 2513 54.76 Jit), IEZSH SR(60.50 1 t). 3 AR A
Busy(x10°t) 8264 8157  62.64 105.39 S A ORI S ST 2031 AR AR 1A BE R (Baosr) 5
Fugy 0171 0168  0.133 0.225 e KT RS 7=t i 1) B2 U8 AL (Bagsy) 9 HLAH Baost/Busy
MEY(x10*t) 2211 2123 1850 28.62 WIER(EAR R T 1, o e Z B i Kok 1.34,
Bupy(x10°t) 13154 12960  97.70 17151 TEA7 F MR 1.27, SHEE 2505 0030 2 (8 i
Fpg 0342 0335  0.265 0.449 R 124 8 BRI 5 1) 6 05 A B it S it
Ypr(x10*t) 3290 3141  24.90 45.72 VORI HIME R P(Baosr>Baors) » 3 Tl 7 254331 % 0.51.

Bys(x10°t)  97.81 9464 6849 137.90 0.33 1 0.39. XS F B K 52 24 B K 1 1 A 5
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P(Baoa1 > Busy) WAL TS5, 3 Fh oA o 288,
A AR T ST 2031 AEGEIR KT Busy MR P
9 0.91, IIESS AR FIXEOER A0 E N P 43518
0.89 1 0.85; Sutb[mIi, LGSR 5t I HE AR P(Baoa:
< Bysyld = WGBS RAR B SR, 3 v 22480 0,
FNGETHMEARE, FEBRFRRE N 0.3 B,
3 PO T L B RS 5 b A T HELEE Ry 7 0
PSR IS fT 2031 ARG €0 P IR (Boos ) KT H 4
Br A2 1 (Buey) FIBER P(Bogs1 > Buey)#4 0,
UL AR SE AR T, A B it S IS BB A 48 B AR
e KALPIHER R 05 SUblEAT, ERhEE B SR m St
J&i 2031 AREG AT IR I (Boosy) /N T H LB 2E IR S %
FU(Bpe) LA P(Baosy < Byp = HIRAFAE, HAE B4
STt i 28 5 oA AR RRER P 4351 0.21.0.25 F10.26.,
MSIRGRR R 0.1 B, 3 Fhr g2 T H &5 2= A 845
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Tab.9 The probability of projected stock biomass from 2007 to 2011 lower or higher than defined reference points for
alternative harvest rates for Chub mackerel stock in the East China Sea and the Yellow Sea
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Bayesian Bio-economic Model and Management Strategy of Chub Mackerel
(Scomber japonicus) in the East China Sea and the Yellow Sea
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Abstract According to the fishery data of light purse seine fisheries of China, Japan and South Korea
and the associated economic data during 2000 to 2011, the Bayesian method was used to construct the
bio-economic models of Chub mackerel (Scomber japonicus) in the East China Sea and the Yellow Sea
under three assumptions (uniform distribution, normal distribution and log-normal distribution). The
resource status and economic benefits under three different management strategies (short-term,
medium-term and long-term) were compared and the suitable management strategies were evaluated. The
results showed that the most estimated expectation (except for B,y under the normal distribution scenario)
of management reference points under the normal distribution and log-normal distribution was less than
that under the uniform distribution. It suggested that from the biological perspective, if the harvest rate is
settled to more than 0.4, the biomass after 2031 may collapse, and the more conservative management
strategy should be settled the harvest rate at 0.3. The probability of Byg31>Bysy is greater than 0.85, and
MSY is about 350 thousand tons. Likewise, if only from the economics perspective, the harvest rate is
controlled at 0.1, the probability of Bygs1>Buzy is 1, and the probability of Byg31<Bpz is 0, it is able to
maximize the economic benefits of fisheries and minimize the probability of economic inefficiency. This
bio-economic model based on Bayesian method will be a useful tool for management strategy analysis for
Chub mackerel.

Key words Scomber japonicus; Bayesian approach; Bio-economic model; Management strategy;
East China Sea and Yellow Sea
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