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Stock Assessment and Optimal Catch of Blackfin Flounder
Glyptocephalus stelleri in the East Sea, Korea

Myoung Ho Sohn, Jaec Hyeong Yang', Jeong-Ho Park, Haewon Lee!,
Young Min Choi and Jae Bong Lee'*

Fisheries Resources and Environment Division, East Sea Fisheries Research Institute,
National Fisheries Research & Development Institude, Gangnung 210-861, Korea
'Dokdo Fisheries Research Institute, National Fisheries Research & Development Institude, Pohang 791-110, Korea

The blackfin flounder Glyptocephalus stelleri is a commercially important species in the East Sea of Korea, but its
catches and biomass have decreased gradually in recent years. This study estimated the optimal catch (acceptable
biological catch, ABC) for the effective management of this species by estimating population ecology parameters and
the stock biomass of blackfin flounder in the East Sea of Korea. The estimated instantaneous coefficient of total mor-
tality (2) of blackfin flounder was 1.0542/year, the survival rate (S) was 0.3485, and the instantaneous coefficient of
natural mortality (M) was 0.3637/year. From the values of S and M, the instantaneous coefficient of fishing mortality
(F) was calculated to be 0.6905/year. The age at first capture was 1.304 years, and the total length was 11.5 cm at that
time. On the basis of these parameters, the annual biomass was estimated by a biomass-based cohort analysis using
annual catch data in weight by year for 1991-2012 in the East Sea of Korea. The annual biomass peaked in 1997 at
about 12,800 mt and then subsequently declined continuously to a level of 10,500 mt in 2004 and to 9,800 mt in 2011
and 2012. The maximum sustainable yield and F,, were estimated as 3,547 mt and 0.3595/year, respectively. Using
these estimations, the ABC was estimated to be 3,571 mt in tier 5, 3,397 mt in tier 4, and 2,622 mt in tier 3.

Key words: Blackfin flounder, Ecological parameters, Mortality, Biomass-based cohort analysis, Acceptable biological catch

N = ojglollA] ofSlE I 91, Akl o] ofBlee A F7heke
7S Holal qlrh. wryaAbeke SaflapAtd Aol A 4
7157 u)(Glyptocephalus stelleriy= 7FAH1|E(Pleuronec- 33t o] YA AL Aol A = Faf Qo] 7|5 FAm] o] a2
tiformes) 7}A0|Z(Pleuronectidae)?] 43k o]Fo 2 -2 L7 =8 Ao g Vel et A] o) E= riAtu] R =
Ueh e, W, 2, Al Bl o, GRaE, WY 7127ba) 9] ofelu o] 54.9%o] ol 2rka g u 9)
affof| -3£3tth(Choi et al., 2002). 7| 57FAHa]= Bleto] Ho| (NFRDI, 2010).
o me el B4 81600 me] sjelel AT AASE  JlEsnl 22 Fa BolvelBolE At Ao

BI(NFRDI, 2004), =& 300 m}.t} 21 kol AA]8l= #]A ojgel ofaiA F=2 ol glom, Sejuet Fafiete] A
4 ojF o R AR7lol= 77k AFSRE o] FETHINFRDI, T o]&2ke 1990W ] X 1,600 mte] 4ol A Az} Z7}a}
2004; Choi et al., 2002). 7] A1ZFsEe] 19999 4,050 mtO 2 71 =2 o] FFRS Hol &

7R Sl A A, As, AU E EE 5 oY 2009744 2,800 mte] 4==of| A M55 Holtk} 2010-2012
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Fig. 1. Annual changes in total catch (mt) and CPUE of black-
fin flounder Glyptocephalus stelleri in the East Sea, Korea, 1991-
2012. CPUE means catch per unit effort of the eastern sea Danish
seine fishery.

doll= 3,500-3,700 mto] ofBlefg Hof 2T HAf SIeke
A3 Ut et Fol Lol E ol @ A1 01919 CPUE=
200749 o] HAF F7sto] 2ol 2 80-90 mto] S
Ureh 3 Ik (Fig 1).

P¥Rule) ol S7He 718 kAo o3RS o
st 7157k
P S A H 9 7S A AL Jlew, 2 AT

1= 7492 wol 3 9ok uehd 71 B7kAju] 2}
2 5.9} )8 18] S4B B A B0 2 A el
i, AR 2 FO| AL ES Qg et A+ T S At
7h el 9lct.

71871 hmo] 23t Q17 ool 4] 22} 4% Hashimoto,
1953; Ishida and Kotakata, 1953), #}x]©]2] He}(Okiyama,
1963), AFetAEll(Ivankova, 1974), 444154 (Hayase and Ha-
mai, 1974; Pushchina, 2000), -3 E4J(Shvydkii and Vdovin,
2001; Tokranov, 2008) 52| E117} Q1a, stHjof| A= A<y
AHH(Cha et al., 2008), 193} A% (Lee et al., 2008; Yang et
al, 2012), APk} AFEApTre] el A (Park et al,, 2011)
5 A7k 22 S o] R0l 3L ek FelA S 7}
Ao Bl 4ot F50] Bt A= iRwle] A 4
(Choi et al., 1986; Lee et al., 2006), =7}A10] 2] A=5H4 o
“(Hwnag et al., 1979), H7}x}0] 2] AH 7} A& (Jeon et al.,
1996), T2 7}&bu] o] A& 3} A AH(Park, 1997), &7FAk] 9] A
A} A<x(Choi et al., 1999), 5710 o] A& 3} A& Jun and
Im, 2004) 5o] 1o, thF-Zo] A+7F A4 7HA7F &2
FTEOIAY THAAS 913t APt e =35l Qlok wet
A Elgte] =8 SHFRA 7157 AL A|EA Q1 YA
= 913t 7157 Ak o] Aeaha] 4] 9 A ek =4 5 Ak
B7FE st A7 e gt Aot

2 A= 7P 2ol 785 A48 AIG(Yang et al., 2012)

Table 1. The von Bertalanffy growth parameters of the blackfin
flounder Glyptocephalus stelleri in the East Sea, Korea (from Yang
etal., 2012)

Parameters Estimated value
L.. (cm) 39.92
k (/yr) 0.154
t, (years) -0.905

£ 27|4R2 g3t 24E AR, S, oA
o SO AU eta St ofgl el Ay U ofsl
A2E ol gate] AARIE ANST Aol F45
o, $elutet Balehol MASHE 8 Aol Eel 18 7]
of & Tt £UL §I5 TePH TAZ ATk
#o] giek.

=

!

AEfspS

£

7157 o] AGARE I Al 32782 2007 A
T oA FalitelEelsB ARGl o AR HES
oz skl om, A7 el o] 24 HHAHL,), <
HIEATK), Aol 0dujo] o] &2 A (f)> Yang et al.
(2012)9] AFAIE ]85 th(Table 1).

=AML AR () H EEE(S)

SPAAPGAS S 22 31 (2010-20124) B9t ool
|5 AAgolA ol 7|57 9] AFRA(TL, A%
A2} Yang et al. (2012)0] 2J3t von Bertalanfty AJAf} 7=
(Table 1)E #-8-5}0] oj& =411 (Pauly, 1984) 2.2 4
sholct. &, 22 397 AAREE - 7Rl SJs)
PR E WSkl 7AYol gl dF
ZAAARE th Aol i dsto] A1 A S A A X PAAFE Al

]

>

S el A7) A0l (L, (L)), o S 27 e
ek, S7EARRASE 24 Aol Ha el Sichs 7h
He AR S 914 BRI BEY) 913

Azke) A A RS A BEstel 443kt o3 A
AFE(S=e )& SAPHAA 2 st}

XA A M) R =22 Al (F)

2
e
o
QL
2
T

QAL o] 0] AP AGIATYE of Al 0 2 TR
o, 017141 AT of B2 ASITH k2 Rl SJg ATE
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ofmatm, o]t o] &S LA ekt 7157 A 9] =1t
AAAASE 274517] $15}0] Zhang and Megrey (2006)
WS Agshelon, I AL ofeol Tt
___pK
M= &ttt ) -1

A7IA =G X t®l 3L, Caz A=A 0.440, F-olF
0.302), ¢ += #31%1%, K+= von Bertalanffy ddi 7=, ¢
© Aol 04w 9] o] 24 A, f= A-AF BAA Y =
S 717 ehdint. 2 Aol ARE AT K, 1,2 A
A FHA A Q] A4 fi= Yang et al. (2012)2] AFATRE ©]
45191, 2|7 AH-E Yang et al. (2012)°] 23t 94|} o] 4=
A 248 iR 33,1 cmS A0 2 Bk gto] 10.64]
A& arefsto] HAGS LA = 7hste] 2453l =1t
NG A= AR Aol A AT A TS W g

AN

ANFH O 2 ofwl XA of A AFS FEHAFL Fto]
bglonz ojzge) A%

FASL gLt ool TE Ay
=

2012W7F AR AR RE o833

Ao ofzyd

H AdE X

71 E7 A o] AdekE Fgsketle A ES AR
AMAFE 7122 3 IS ERH(Zhang, 1987; Zhang and
Sullivan, 1988)°] 7|&2] th& L dlof H|sto] FEsd E45
] 2 Rhdeiths e 7HA AL Qle B g o] mEls A
ke skt WA, mpAuf A= of AP AR o
=9 melg 2748l

Fit M+G;
Fi {1-exp [-(F+M+G))]}

B= G

Am Ao A
- CH(F+M+G;)
B - ’

whA|t Aot e A3 Aol AU,

By= Bisij1exp (M-G;) + Cjexp %

S 2 Z17F vehd 4 Qlek. o714, B i 2 jA ol A4
T, Gz 19 j7010) o5, Fiz id Aol o] <3k
HALA T, ME SAAANEAIR, G AR 01 <3
E2 Uepdch. B3t A, AR et PAgAgs ol
o] 2o o]7] i3t

ojslel - Gl - o] AE
F=In—2i—
= in -M\"Gj
Bi+]j+l

o] Hfoll A= tidAEe] AxE AR o] St A
ARE, SAAANGAISE, ubA|E o G ARG A|<=(terminal F)
E ARSI of7| A, 7157 9] ddeE AR o]gFRke
1991-2012'A7F F3ltd e, BAAEE)S SA ol J AL
BAARL} Fl A 0B == 7iAn R 5 7| 57 HAR0] 9] 0] E]
H]&0] 54.9%¢21 A1 2-8-5](NFRDI, 2010) =745} 31ct.

o #d AAE(G)S Yang et al. (2012)0] 3431 7] 271210
O AAF-AF LA A S o]-&oto] AE AlF-E 13 F, tho
F=Ao]| o5l =g st

Gy‘: In (_u/ul};;)

EAAAG AT E AT AIARSE dEAERR A
Bkl o, mpA|et of e Al = A E F S v o
E=o A(2)HE H A(2)HE=S vhA Aol tiste] ARg-
S

opA| et o] AP AlS=2] 7 gty omE |
A2 FE Al A9 o DARASE ARgste] AA|Y
AR5 W ot AL oA AISE 617 st
oh-3} o] B AL ] o]8) HA st AA], o ARG Al
© AR oo AdEu]7H o A [Ra) = (a)F| .2 715}
of mhAe} A o] H(2) AP () A= vhA e AHE Al
ot A Hot FREE A-5E AE|[s(a)]5 oA A
oF O] FEks 7 A= HASHITh A4, oAb Ale
EdAxEa oI wr s AR = gf (9] 22 7H4 5k up
Aah A= o] (4 AR A(4) A= wpA|ut A S A <fgt
A= ot F2RE 3 A= oG =H|[F(9]E oA
A Ao mpA|at F kg BASHI 0|9 o] HAE ghE
= A YRR R ARgSto] lElX o] ofsto] Hrd e
e R = I e

2| HRIARAMAZHMSY) Q) £3

717 A ] A& RYARHMSY) T MSYAJ9] o]2]
=T (f 6> 200520127 Amd ojelgf Aot Ay
0]2]2K(CPUE) A& AMg-30] Fox (1974) 227} Schaefer
(1954) BLlof| Z}7t A G-A1A S48}t

Fox 29L& Y%=, exp (-—q—)fi AT 4= glom, of7
A, Y= AP A4, U = B9 o= o 2lgk,
NGLSEAT, r& AU WA F7HE, fiz ofg =TS U
ek,

$1 A5 fol] sl w]slH
—d‘%: -—(rLUw exp (__Cri) tUs exp(- —qrf) 7} =, _Z-fL*:O
), £ o] w3, Y=-Lelo] ), oo} Y*7} 4
A &2 BATRHMSY)o) AL, £7F MSY A 9] = H(f, g ) ol Th
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Schaefer 2ale Y*= UL, f- [Uw(—;]—)]fz 2 Uehd 2 9

ouf, fo] el vjRebE —9Y =y o[ ()]t i,
dy* df U.r r

df _OO ]IH f_Z_O] ﬂj Y*_ 400 O] Q—EE‘L FOX Et‘j:']_
3} oA 2 o)) o] Y7} 2o 45 H ARKMSY el i, 71
MSYA] 9] =22k, )o] Hr}.

MEOHAYAL(F, )| 57

F, & o1go] gla wf o] A4k =340l thgh 71271] 10%7}
= 7170 s = °1§”\P”P74] = ou|gtth F, ghol 3
A2 Beverton and Holt (1957) W2} Deriso (1987) HFH o]
=t 2 Aol A= Derisooll &JsiiAl AIQHE W o =, =4k
AU phe| o AREE| T QI F, gholl ohs ka3t 22 7hg 2 ot
FOR s Qlth &, F, [‘ﬂo”ﬁ 2 Beverton and Holt (1957) ¢]
2ol 2183 1, ZRIPBALE: HeshAl7IE 142 ofs)
AAgo] ZAFRER oj2} Bl = A o H(e]s
AARTE F, 2= ANe] AR 183 S50l MK
7R AAPGA 529} von Bertalanffy 4144|422 B))o] whz}
A7go) ﬁu}h ﬂolc} w2, o) 2 AH83tel 3 Aelel 2
g & 9] oA AME5t
oq 7Ham om = Zﬂ PE}(Zhang, 2010). HANEE(E, ) A
4 offe} ek,

E, =exp[-0.400-0.263 (

=

M M2 M3
) 10079 () -0.009(5) ]

T4, Mwiﬂm >~$~ 43171 $fsto] A 1711

C,,=exp[-0.072-0. 392( ]‘Ig )+0.063 % )2_0.00 o %)3]

919) 42 AH83tel B, L, & $4317] Slotel el
AFE A MG ETHAAGRK) FABS A 8staon, F,
2 F=E, x < o] galo] =Asc.

7|57 1A u] o] AYESHA| 5]-g-o] B &S Zhang and Lee (2001)
o] A5t 0] 87t AH O] A 4Zo) wWE A ABC 3=
AR olgsto] 2Aalglon], B oA o875
3 712712 2] A B4z what 3.5 9] Pl o] &

SHATY.

3] A AT E AAH(B), of=lo] gl w4
A¥ A 9] 712717} 10%7F B 719710 sl o2l
YAGF, ), TR ETAAIRARM)2] A 2E ol glo]
ofefe} 2ol Fsisict.

BxF
ABCM—F‘“x {1- exp [-(M+Fo)}

49 N E A= ol Y ARE o] §5t0] A

Table 2. Estimation of instantaneous coefficient of natural mortal-
ity (M) of Glyptocephalus stelleri in the East Sea, Korea

Method Estimation of M Input data
K=0.154
Zhang and Megrey t..= 11 years
(2006) 0.3637/year =~0.905 years
ﬁ =3.359

e 4 golalgel 1o R A8 astt
Se e g ek ey 2 ) ool el
B Ao Aol Aol
AAFe] WEL oS U SR A YL Aol o
g $5)7 9ck. 53] of- Y]
ool A2l S s
wpA| ekt

715711 9] ZFRAARE A= 20109 7E 2012W714] 3
7idel tHﬁPEOH?LS’JﬂOleﬂX% I o820 A=A Bt
xl = AR&-5}o] o] 8541 % (Pauly, 1984)0] 23] 1. 0542/year

2 FAEIAL, o] ghe AE(9)E DAkt 2034852 F
= e

=UXAANYA (M) R =22 A A I(F)

7|57 ] 9 A AAE A== von Bertalanfly /7 7H
4= K} t, A=Al 0A A o) A pE 2 ¢ & A8
5}o Zhang and Megrey (2006) W 0.2 =43t A3} 0.3637/
yearo| ¢l 2 H(Table 2), =7to]@AFTAIG== =7to] AP

oA £TRANRASE AT 2l 0.6905/years A ¥
otck
AT

CERINETS

Job

Table 3. Estimated instantaneous growth rate (G) of Glyptocephalus
stelleri in the East Sea, Korea

Age (t) L,(cm) W.(9) G, (lyr)
1 10.15 4.81 1.1746
2 14.40 15.55 0.7575
3 18.04 33.18 0.5362
4 21.16 56.72 0.4001
5 23.84 84.62 0.3087
6 26.14 115.22 0.2438
7 28.10 147.03 0.1958
8 29.79 178.83 0.1592
9 31.24 209.69 0.1307
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Table 4. Tuned instantaneous rate of fishing mortality by age of
Glyptocephalus stelleri in the East Sea, Korea, 1991-2012

Age G, Mean F, S(a) F'
1 1.1746 0.015 0.030 0.021
2 0.7575 0.075 0.154 0.107
3 0.5362 0.269 0.556 0.384
4 0.4001 0.514 1.063 0.734
5 0.3087 0.522 1.078 0.744
6 0.2438 0.451 0.932 0.644
7 0.1958 1.176 2.429 1.677
8 0.1592 0.850 1.757 1.213
9 0.1307 0.484 1.000 0.691

FolteEolF AR/ o1F 9] 2010-20121d(3HZH 9] A|
A2/ 2722} von Bertalanffy A4l 7] ¥ <=(Table 1)E %]-&
sto] Pauly®] ofelg4 02 245 Faict 7|8 1Au]o]
50% olq7Hd s =2 oA AE 1.304 yearo| L

(Fig. 2), o] 9] A& Ao 2haket A3 11.5 cmo] it

ot ofaye xiele

= o= —Oo

% S7H RS TAHAL, Yang etal. (2012)°] o3t A%
Az A Bol A-AZ DAL olgsto] AR Ao
2 A3 T 1M 8-S TIHTH Table 3).

1991-20124 A 7ol FAN A4S A5

b2 ojgAlg SRR ot

o] (4L Aolg A B Fof ol e Z4E o
2 e, Qe DA E vpx|et £ T519eH Table 4)

ahx]uf ¢le) o] Al(4) Aol STl b Alelet dlmd F
o o] mRE) 2 ol oj8lzEn] W ulx|u} o] 8 A
% 2k 731%ITH Table 5).

WAL 722§ TEERAYo] o5 245 19912012

N
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. In (C/dt) = -1.0542t+19.515
R? =0.965
o
15+ O
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Fig. 2. Estimation of the selection ogive of Glyptocephalus stelleri
in the East Sea, Korea from a length converted catch curve using
the Pauly (1984) method.

% es1 1994 1997 2000
Year
Fig. 3. Annual changes in biomass (mt) by year of Glyptocephalus

stelleri in the East Sea, Korea, 1991-2012.

2003 2006 2009 2012

W7t gt et 715 kA o] Al AR Adw e
el H (Fig. 3, Fig. 4), 199139]] 6,570 mtol| A HA} %715}
7] AAFsted 199749 12,800 mt2 231 452 HSl &, Rk
Aasl7] Alkske] 20049 10,500 mt7hA] Akl 2t
2011-2012'd <t 9,800 mto] =72 e I QlhFig. 3).
o] - 2ol 8] 2K CPUE) #%-2 2005 45.7 mt/boato]| A 7
2} Z7¥sko] 2011 87.6 mt/boat2 7HE =9k 2012 o)l =
78.4 mt/boat= 7t 7FAgt =S YERH AL Qlrk(Fig. 1).

Table 5. Tuned instantaneous rate of fishing mortality by year of
Glyptocephalus stelleri in the East Sea, Korea, 1991-2012

Year Mean F, f(9 F',

1991 0.420 0.778 0.600
1992 0.424 0.784 0.604
1993 0.372 0.689 0.531
1994 0.431 0.798 0.615
1995 0.443 0.820 0.632
1996 0.444 0.822 0.634
1997 0.504 0.933 0.719
1998 0.513 0.950 0.732
1999 0.572 1.059 0.816
2000 0.456 0.843 0.650
2001 0.530 0.982 0.757
2002 0.570 1.056 0.814
2003 0.524 0.969 0.747
2004 0.497 0.919 0.708
2005 0.486 0.900 0.693
2006 0.428 0.793 0.611
2007 0.621 1.150 0.886
2008 0.467 0.865 0.667
2009 0.413 0.765 0.589
2010 0.513 0.950 0.732
2011 0.540 1.115 0.771
2012 0.484 1.000 0.691

Mean F, : mean F by year excluding F's for the last age (age 9)
f (t) : fishing intensity ratio by year.
F',: terminal F tuned by year.
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Fig. 4. Annual changes in biomass (mt) by age of Glyptocephalus
stelleri in the East Sea, Korea, 1991-2012.

1% AL 3419 A zpol AR <] 25%2 7H4
=9kl 4AI7F 22%, 24171 18%, SAI7F 13%2] <o = YEht
2-5419] Aol AA ] 78%S A3k S)gict. 64 o]
of Algre F23] P4stel s-9x] Aol HAle] 13%
2 Tgole] Yol vhe v A0 R ek n(Fig. 4), 1
8 A oA F R SAAFLE FUSH ket

Z| XIS MAZHMSY) S =

2005-20121d0] A= ojg]gf 2hg e} A o|&7HCPUE)
A=E Scheafer RE¥} Fox Hdlof 2835t F4H 53l
Qb 71 E7FAm 9] F[ A& A APAEHMSY ) 2 3,686 mt
(R=0.54, P<0.05), 3,547 mt (R*=0.63, P<0.05)°|%1<
MSYA| 9] ofS]i B gi(f, )= 73 boatse} 81 boats = =7 =| 3
S 1H(Fig. 5), A% A5(R)2] Zkol & H 2 Fox L99| gk
MSY = o]-g-5}3itt.

HHON MY AR(F, )0

Deriso (1987)7} Alokek ol S A A F, ke 2 B2l
o] I3k EAXI Q) MK wet 24o] HEE M-0.363Thr,
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4,000 | (]
3500~~~ ~-----=% ---= .
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Fig. 5. Relationship between catch and fishing effort of Glyptocephalus
stelleri in the East Sea, Korea by Fox model during 2005-2012.

K=0.154/yr 315 A-8-8to] 7] 57 kA o A W8 E, )2} A
7KL, )& 783 o714, AHNEE E, = 0497,
AAZFIAARIC, ) 0.484%, AA7FIAIALS 193 emZ
7¥7t AatE]glom o]w o] d#-S von Bertalanffy J73HA1S
ol-g3to] 349412 FH UL, WA F, = E, | X 1_]\g
0.3595/year® 27 =] 9Jch. o

WSS SO ZABC)2| 57

715711 0] 4584 51-8-0] €=k Zhang and Lee (2001)
o] AIXgF TAE ABC F=HAIAFE o]-8-5to] F=A45k4l o,
2 Aol A= 3-59A1 9] TS o8-8kt

3A A A% AUH(B), AGATEAG(E,),
283l RAAFGAS (M) ARE o8kl e, o]
w2 Y5014 6180 Pk 2,622 mtiE 4 = {lrk.

4etA| 7 nol| A 7] 57k o] A E5HA 5] g0l g
AIGR?) Fho] -2 Fox o] el =4 | th 2|42 44
ZHMSY)2] 95% A1 277k 31atgkel 3,397 mtE ABCE
gsk3ict.

STHA W 7P 7hest W 0 2 7] 5 71pn] o] AE5HA
3G ggke F4517] Yste] 2010-201287k2] 37HE o3
At o] AT I (Y,,) 3,636 mte] EEHAL 3ot 2]
83}0] 3,571 mt2 7Hzk 24319 cH(Table 6).
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Table 6. ABC estimates of Glyptocephalus stelleri by tiers in the
East Sea, Korea

Stock Status ABC (mt)
) F...<F . =0.3595/yr
Tier3 "M ="0.3637/yr 2622
) MSY = 3,457mt (Fox model)
Tier 4 Optimal catch = low 95% C.IxMSY 3,397
Tier 5 Using average catch 3571

(low STD value)
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A 9 Bk 7 B7kAn o] Al ehela] S A4,

A% 9 4ol SHABCYE 243k} A Twolgo] §
93 Gl 7187bule] R weper o] /2R

E
=2 Z-83517] Yol == it

AEE 237 flote] ARSElE dRRAAREE Y214
O 2 AT E(FYIATT)O el YRS Foto] =gt
ARG AHgBtofof SEAITL i RE-2 gt IS Eof gt AR E
A717F FE7] W2 Aol BIEAFEE 7MY st Fallte]
Lolag A A ool eJgh 2 371 (2010-2012) 2] A%
2 RS Hatsto] Pauly (1984)9] o@lEaAd o <3¢
RAAPGAIG(Z=1.0542/year) X AH7Hg- (5-0.3485)= 745151
o} ey o]t 7P AP vl A e 7 ek |l
A FABEAL Q7] W&ol AFUAE 7 o] Qlo] dAZFQl 2A)
7} Sict.

SAFAAFG ARG (M) AFE B4 o] o] 21l 7}
2 Hejndof A P20 2 o] §&l = A AEA A Yol = B
sl A F7HA] A A1 A o] AR A] ool T QL
FAHo| o)&sta ek SR AATG AR AL Bt
AAEo] Ao hAshs FANRIAA R 118, Z=M)
I 71 7RAIEell &38f Sli= ZF ZHAI S von Bertalanffy 7
S stk 7P 510l 32731= Alverson and Carney (1975) B+
H, <A AR Al =T 7S AV itke 7 sl
57 3}= Alagaraja (1984) HH-S tho] ARg-SaL Qlrk. 2 ¢
TollAl= tidelEel digt AF-AFBAE sl +3 4= 9l
= [ ARgste] o] EAS Bt A HEYg3l Zhang and
Megrey (2006)3 5 2-8-51%13L, 7L A3} SIAFAANG A4
= 0.3637/d 02 A= QT

Sl EolZE A UY ool oJgt 7157 2] 50%
T7HI A2 jAfol Lo gt Al WEAE A 2k5 T gl
7450l A2 = E AHSBEe] 324 7Hs3t Pauly (1984) W
HE ARG 130442 = AL ojnf o] A2 11.5 cm
2 AR Sl

7157 ] oERFe Fal el EolFE ARG 47%, A<t
A7k 36%E AA| o] EleFo] 83%E H-3-8laL Q)T (NFRDI,
2012), sallte] BolFF A IY o o] A oo Hls
u] <70 A 2] o] Fu]go] o o BT} 22 A0 2 AT
7] W2l WEAEA 5 ZF o] 7] EAJo] 7|57 1Ab] Ao
H x| = P 5 HEEofof 3 Zlo|rt.

B Ao A 1991 o] 9] 7] 571Af] o BRH(71Abu] 7 of
F 5 71872 o]gu]g) A&7t glo] 71571k 9] &}
Ui s g3k utobst 4= QIgIANL 7157 fu| o] A= A
F2 19914 6,570 mtE UERH 0|5 M2} S7kel] Al2lsto]
1997 12,800 mt= 2|17} B ol & =7 HhHEsH A H &}
Zrasho] 22 2011201249 F+t 10,300 mto] 52 Ho|il
Utk 2L 7] 5 7HAR] 9] o] 5k 1990 off Z1H(1991-1993
Hat) 9F 1,640 mt =20 A 20124 ] 3,560 mt o= <F 2.2uf
A= S7HE A0 2 Yehged], ol o8 iggo] S7tof 9

o |

< el & Aol Fadhal vk SR AT
A Ho|x] oka1 gt}

Sl EolF AT o] =gl A ojgskt
ol ARE olgsteo] 7|57 9] XA L&A ARk
(MSY)= 3t A3}, Schaefer L @lof 4] MSY+= 3,686 mt, £, .,
L 73 boats (R=0.54, P<0.05), Fox = &lo] A MSY%: 3,547
mt, £, . =81 boats (R*=0.63, P<0.05)% 574 =| }{t}. Schaefer
o] o]t F=47ko] Fox P H Tt} MSY 2] 7-9- 139 mt HSk
i, £, i= 8 boats 22> A 0 & eI ShA|NE &= mElo] A
AR E Hlws) & o ZAA S gho] T] 2 Fox K9
At & Y 588 Flo = Frtof, 2F MSY g A
shoict.

Deriso (1987)2] 27 ol GAMIAI(F, )0 F=7dme] oJgt
71871Akn] ] AHNEE(E, )& 0497, HA7FIAAHI(C, )
£ 0484, HA7IAAAE 19.3 emZ 22 AlAbElon, F
2 0.3595/year= =4 =| Itk SRR RF o] BF-2 T2 =7kAkA
AFFA M)} Al (K) gheke o] 83k e o2
gt 7H AT S S5k il & o) {8 s st
@Ho] ol Ao & delA Slth(Zhang, 2010).

7157 o] 45814 5]-8-0] S RHABC) 2|t = A
(B), Aol A4 9 = AAPG A2 AR E o] 85}
= 30HA o) A 2,622 mt, Fox @] 2]3F MSY 3,547 mt,
31(2010-2012d)7k2] o] &gkt 4heH 2|, ) 3,636 mt
o] FE A} slekghe A-8-5to] 3,571 mt= ZHt =459t

vk o & MSY 49| AhgdeFo] @A 2] Apdskat vl st
o] 71 zto|7} ulugtAY B 2 7ol = T lke] 287} 9l
onz ZRES 95t 227} D stHGulland, 1983). 71
g AR ESH]-8-o| ZF-S Fox Il 25t MSY
9] 95% 412|717k Bkl 3,397 mtE ABCE 433tk
w}ebA, ABC A A8 3-50H|of] 2|35 ABCE= 2,622-3,571
mt= X AA =St

o|e} o] 2 AE 53t vzl gt Falet 7SR
o A} A e shA] EAJ |9 o] glefF W Ah ke BiE A, AE
12 5] g0l g5f 59 AR E o] &-sto] AA o] AU /dEE &l
3l & = = AYEIE st ALY AE HiE e R
7187 A RS gk e A o)al &4 Aete] 9
ojgate] o] =P =] 1L AP =|ojof & Aot

Al Ab
B9 IReAkah(2013 Faiactold] A
¢}

Z A}, RP-2013-FR-063)2] Ao & 4=afE|glon, ¢l12]
ol =& T4 EEA A=Y
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