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A Bioeconomic Analysis of Yellow Croaker Fisheries: Focusing on the

Analysis of Size Limit Regulation using LBB model

Dong-Jin Kwak

Department of Marine & Fisheries Business and Economics,

The Graduate School, Pukyong National University

Abstract

The aim of this study is to evaluate the stock status of the Yellow Croaker
(Larimichthys polyactis) and to analyze changes in fishing profits based on
catch size limit regulation. The Yellow Croaker is one of commercially
significant species in Korea, with market prices closely tied to catch size. For
the stock assessment, a length—based bayesian model (LBB) is employed. The
LBB model indicates that the asymptotic length L, and the optimum fishing
length £, of the Small Yellow Croaker are 41.12 cm and 28 cm, respectively.
Moreover, the estimated ratio of the current exploited biomass relative to the
unexploited biomass (B/B,) is 0.49. In particular, the estimated biomass as of
2022, is 68% of the biomass that can produce maximum sustainable yield.
Based on these findings, a management analysis is conducted to evaluate the
potential impacts of increasing catch size limit regulations.

The bioeconomic analysis projects the net present value (NPV) of a total
allowable catch (TAC)-based Yellow Croaker fishery next 30 years. The
analysis revealed that, although short-term revenues initially decline due to
reduced catches associated with the implementation of prohibitive size limits,
long-term revenues exhibit a substantial increase. These results can be
attributed to enhanced catches driven by reproductive the Yellow Croaker
resource recovery and large market price variation by reference size.

Additionally, the NPV of the Yellow Croaker fishery improves as the catch



size limit regulation becomes more restrictive.

These findings suggest that increasing the catch size limit regulation is
essential for the effective management of the Yellow Croaker fishery.
Targeting larger fish sizes not only supports the recovery of fishery resources

but also enhances economic efficiency.
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Fishery Dynamics,
Status, and
Rebuilding Based
on Catch-Only Data
in Coastal Waters
of China.
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Contrasting stock
status trends
obtained from

survey and fishery
CPUE, taking
Larimichthys

polyactis in Yellow

Sea Large Marine

Ecosystem as an

example.
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e o 8 2ol

A4 | #x7 | wz A7 2z7) e
2019 39,961 293 0.7% 160,467,387 953,097 0.6%
2020 35,326 733 2.1% 142,234,427 3,014,346 2.1%
2021 37,669 207 0.5% 154,805,515 766,249 0.5%
2022 34,615 82 0.2% 150,863,731 351,236 0.2%
2023 39,925 309 0.8% 181,508,962 1,371,794 0.8%
it 37,499 325 0.9% 157,976,004 1,291,344 0.8%

A5 S A7 (2024a)

At 2 QB ol P A AT Fxv] ofF HFE g < II-11>9
A BE ukel 2ok Eo A ARJNE o gelA FxU)7F AAGE o F
HZ2 20199 59%S AlFog tvih 7 e wda, 20234
140% %5 7158ttt HEo N AN WA Aiba Ao F2717F 2A]
e HF2 olf HFTH fAE WE FAE KBS
7] &3t

Ak vl Al 20199 4.0% olF thh FUHe s woler,
20239 7]E 122%% 7]E3te] Addn
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x|

o|o}

k=]

<E -11> 2 Bolcfgxelat &=7| ofF H|E (2019-20234H)
(9 &, A )

. o 8% Ao

AA A7) H| & A 2 z7] H|

2019 15,941 946 5.9% 85,979,441 3,417,672 4.0%

2020 16,086 2,613 16.2% 83,251,728 14,788,647 17.8%

2021 9,109 1,338 14.7% 39,205,094 4,468,138 11.4%

2022 8,959 1,183 13.2% 42,116,774 4,048,861 9.6%

2023 8,694 1,216 14.0% 41,998,194 5,124,160 12.2%

it 11,758 1,459 12.4% 58,510,246 6,369,496 10.9%

A BAH (2024a)

A27] TAC Zo 4T 2 57/1d=(2019-202313) Hat o8 v]F2
o <3 II-12>0] yvepd vRef 2o 27| TAC 3o 45 5 LsliA
w2 7 30.3%, 365%=2 71 =2 ofH 9 AEd vFS AA st
AE Ao yveyn g, AEoldFEANT ofdelA FE7|7F ApA s}
= o]8 W AT HFS 09%, 08%%E FE7] TAC I 4% = 7}t
e Hes AA Sk = Ao e

=t

o1 =H{

k=

<E IM-12> &=7| TAC &0 A3 "o ol H|E (2019-20234)
(sl &, A )
an o] &) = A Aba R
A 7] H] 5 A Fx7] H| 5
<3 2k 55,700 | 16,851 | 30.3% | 401,791,187 | 146,849,135 36.5%
EEr Ry 53518 | 3855 7.2% | 182,820,602 | 14,009,753 7.7%
Aol gAY | 37,499 325 0.9% | 157,976,004 | 1,291,344 0.8%
Eo|F Y | 11,758 1,459 12.4% | 58,510,246 | 6,369,496 10.9%
A5 FAA (2024a)
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Spe A Lol gg AEHlE, 2 ogive T 718 7](steepness)E

e}, ogive StrE A 2 ¥ I E BAES R R dwdk 2
A2~ FMAE "o} o & E9], 7] € 7](steepness)7t F A5 54 A

A o} ol els) w27 of # ¥ th(Cadima, E.L., 2003).
oo Aw Ad T A9 T mgor veutn A4sA =

o olE A X FASE YeRE F o, v 4 (6)olA He vke
2t} (Holt, 1963; Sparre and Venema, 1998).

SLj = €exXp

AN, s, AR Lol WE HEnE = ATEEY REAES o
A} o} AE ZAol gel p BER ofFo] o Yut MY [, TE

4 (D3 el vhEpd % gl

. aLC—log(l/P— 1) 7

z @

A7A L, B o7F FAXGA, A (DS &85t the 3714 AF, 7A
How prh 1%d ul, FAAYe) 1%7F of ol == L, P/t 50%Y
ul, AR 50%7F o] el ol FE = A L, vHAY e R prt 95% Y
o, FakAb el 95%7F o el o &= A L0l FEET the A
)% &8ete] L, L, o, M/K 183 F/KS FAE 5 gt}

L,—L ML
— © 4 K K™k
Ny =N, ( I *LH) (8)

C,, =N, 5. (8.1)



A7NM L2 AA ol ;
UElY = ofFtel ogd AL S vgd oz vERdT 4 (8.
Wof Z}7be] AR Yo

ST ()

LBB =2 24 g 2 2 (95 &83t9 M/K, F/K 2831 F/IMS
=58 Qg o) L, H M/K% gg3to] thS A (10)o]4 E= uf
o Zol, L, S FA4E 5 Arh(Holt, 1958)

W y» L N (10)
o T3+ M/K

A7IM L, ARZIEAG 5, o4 g HA @S AR A 2%
E(cohort) Aol o] & = & AFS vERATE 2 (10) 2 F/MeS 9
st o5 A ADlA B wpsy 2ol L& FAE 7 Ak

(11)

A7NA, L& ARAIAANAGE Fah AAAAANAE (1)
o @A A A o8 AR B FE7 AWK 54L @
; Wt 24 0] 874

_Q
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A (B/B)E 7FAFAAE(YPR, yield-per-recruit) =K F4ot

= 9tk ol wel, A FAE A5 (Y /R)E v 4 (12)9 #Zo] e}
=
Y F/M /
" v e e - 12
3(1—L,/L.,) 31—L/L.,)* (1-L/L,)
(1= 1 * 2 * 3 )
Yokt e YT wkrrE YT Mk IR

o] 8 & Z(CPUE, catch per unit
effort)ell Wldlsts Aoz 7hgstA @) olol wal, A (12)& F/Me=

Uerol FH PS4 (193 o] o Hw Y AS(CPUE/RE REY F

0]
s

¥
CPUE' R 1 B Vi
R Sy ) A e (13)
M
3(1—L,/L.,) 31— L/Ly)* (1—-L/L,)
(- 1 * 2 * 3 )
YWorkrmr YTwrrrE YT Mk F/E
TR e &8 H = g =g FHCPUE) Axve 9 T4k 9
Ad gy v BAZAN TPAEER 2 (12)9 98w d X 4(CPUE/R)
= AYE AFB/REE 23 Atk (Beverton and Holt, 1966). a2
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(1= o 2 + 3 )
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ZIWre 7 bt FARAEH I Bl R &89H, 37 v Z2x9 v
Z2A FEA7A 18 = Qo (Mantyniemi et al., 2015; Thorson et al.,
2017). EU Data Collection Framework2 %€ 42 A% 259 MZT 7]
(800-3,00005 7Iwto = E AFodd= A A5 ME 7w E
1,000 = 7} 3} th(Froese et al.,, 2018).

A NE 2A5E FE3= LBB 2 #o|xet & /HE A &5}
o A% BEXE FAHSA "ok Wo]X|F FELS Ho]= o] & (Bayes’
Theorem)ell 7I¥H& & EA14 &4 7IHolth o= o822 =17 &
S AAsSE FAo2 A A B (Prior Information) ¥ MZE SAE §

st AFSE A B (Posterior Information)E F4d3k= ol o]t (Bayes T,

s

4

=
=
rE
i
Lo

SEEEL MEYL JAGS 2ZEY S T2 MCMC
9 tH(Meyer & Millar, 1999). MCMC W& 34 A|de &
fol oh Al Ee §EREE AN 2 ukESe 5EX EXE
Holoh, +AH oz A4 AH (Stationary Distribution) 2 7+&
A 1 (Markov Chain)< %éﬂ = H 715 2 (Monte Carlo) Al &2 o]
tol 1 3o gu=s AMES AAFSHA @ th(Annis et al,
2017, H&7 <, 2018).
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ol

g9, ZHIER AEHolA HA HolA HEX Exo v AEL
AR A=, ool Gibbs Samplerg #-&3ste] 20F FEEE

25E AMEE Y A4 om FE5 A (Kery & Schaub, 20115 ™
Al 9, 2019). AA7IA, AEL AFAS v 2o F 6007 2ES 5

o] WA= Ar|dH FAE sAstr] fl8l lOmﬂHU}E} x2S FE
(Froese et al, 2018). #1¢ &4 WH& EW® sto] Fx7] AAH7}t
23E =53 5 APATol Wt By, ] mpA Y Ao 2w vl &
of wet <& IV-1>olA et o] SeAR i Ao vepd 4 9t



<I IV-1> By, HiE] OFX|2f Xp 2k v Z0f wE K2l 2HEy

Stock status B/ Bysy
Healthy > 1.0
Slightly overfished 08 - 1.0
Overfished 05 - 08
Grossly overfished 02 - 05
Collapsed < 0.2

A& Palomares et al., (2018); Liang et al., (2020)
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T, H 5/ =(2019-2023) ASE AGAT o1dHS Hafghak H

57H 5= (2019-2023) 5 F=x7] A7hR-&S woko]l =Eslt
TC; = C; xs; (19)
o71A, TCE AGHE, ¢ j HEE AIAT g & FiE A, 5=
TH 7] A7MINES ongth A (18) ¥ 4 (19027 H =4

=S
=]
oAl B o &S FEoto] HTHoR ool (Total Profit, TP)

2 Azagon, de 4 Q07 2ol e & 9

TP, = TR;~ TC; (20)
|, A dFol ol FolHS d, HEl H”ﬂé}% olgelelel
27k gt ol 0 7ke] ol &
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o 9,

AA7IA 2 3Hibksk= A A 7AW (Net precent value, NPV)S

30 TP
NPV =Y,

=0 (1+7) D

o 7|A, TPL FF 30/MA7FA Fx7] TAC 9Fd FAdAF ool
£, r2 AP A EARIES ou gttt ARSI A RIS WY 54 Al H
At vE B Fos dA AlA =
 AFo A= duletddzAat A FEA A upet 45%E A&t &

A TR A A, 2024c).
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<I IV-2> E=7] A4

0F!

7t 24 A2 o)

(22 em)
T Al () 70 2 4 Ha A | Ad A | BE (= 2FHAD
2001 4-8,11-12 2,263 115 32.5 20.91 (£ 3.82)
20023 6,3-9 936 13.0 28.8 19.33 (= 2.50)
2003 1-3,8-12 6,249 104 27.9 20.38 (£ 2.22)
20044 8-12 2,052 13.2 32.3 21.66 (£ 1.81)
2005 1,39,11,12 4,188 10.2 29.9 21.43 (= 2.02)
20063 1,3,7-12 6,385 11.8 29.9 20.67 (£ 2.17)
20074 1,2,10-12 3,895 11.5 30.8 21.29 (+ 2.89)
2008w 1-35,8-11 6,565 7.8 31.3 19.34 (= 2.85)
2009 1-4,7,8,10-12 9,533 10 29.7 1897 (= 2.76)
20104 1-3,8-12 6,572 10.8 32.9 19.94 (£ 2.24)
2011 1-3,8-12 7,001 11.2 27.3 19.74 (= 2.32)
2012 1-4,6,8-12 21,317 7.2 34.9 19.29 (= 2.77)
2013 1,2,4,7-12 20,651 3.6 38.3 18.33 (= 3.55)
2014 1-48-11 14,110 10 34.0 1879 (= 2.83)
2015 | 1-2,6-8,10-12 11,775 7.6 36.3 18.89 (= 2.81)
20164 1-4,8-12 9,433 3 35.8 17.85 (= 3.01)
2017 1,3-5,8-12 8,027 3.1 36.9 18.15 (= 2.94)
2018 1-12 7,214 8.6 39.2 1790 (= 2.38)
20194 1,3,49-12 8,613 3.8 38.7 1860 (= 2.54)
20203 1-3,6,9,11-12 4,375 115 32.9 19.42 (£ 2.49)
2021 1,3,49-11 4,417 11.6 389 21.05 (£ 2.89)
20223 1-4,8-12 4,803 11 41.3 20.88 (£ 3.69)
A : 170,873 3.6 41.3 19.24 (= 3.00)

AR FHeAT kel A

Ax7) ZaAE AR NE AF85E 97d E(2012-2022, D2017,20184
A Q) 2699445 & gom e <3 IV-3>d vERd wpel o)
Ha AFE 10.1cm (20194, 2784, H) A &S 41.3cm (20223, 170A)

ofo
ol
20

D 2eAwe vES F27] TAC Fol %9 4% PEHo2 AR(HF)7h rad



Al Aoz FAHY, H=x7] &
2071 (£ 267)ecm=z, Fx7] AA oY A AT FASHY, Fx27] TAC
el A3 Ht A FT M 2

H o &2 ~o

<E IV-3> AE7| AAHIL 2A A2 (DoAY

(F91: cm)

T AR () 7N A Ha A | Ad A | B (= ZFEAD

20124 2,3,49,11,12 5,639 11.6 33.6 21.15 (£ 2.77)
2013 2,3,4,8,9 5,175 11.8 345 20.13 (£ 3.25)
20144 10-12 2,031 13.6 27.6 20.37 (£ 2.64)
2015 10-12 3,203 12.7 29.1 20.45 (£ 2.15)
20164 9 1,384 12.6 29.1 19.69 (= 2.30)
20194 48,10 2,832 10.1 325 19.42 (= 2.78)
2020 11 825 154 32.9 2152 (£ 2.57)
2021 1,349-11 2,177 11.6 32.6 21.43 (£ 2.79)
2022 1-4,8-12 3,128 134 41.3 22.19 (£ 3.55)
A : 26,994 10.1 41.3 20.71 (£ 2.67)

A FPFAHe AR

ggow FHxrl Lsietdd A Wk g 1370d =(2008-2022,
2010,2011 3 A 2]) 5375745 E&N o, o <FE IV-4>o] el
vRo} vl FHx7) ZejerA A vx A8 = HA AFS 88cm

(2019, 17HAD, Hwh A2 389cm (2022, 1MADZ ZAEAG. =
7] et Wit (= FEUA) A2 ¢ 1850 (= 267)cmzE FHE7

TAC Ze 439 32 A% F 7P @2 2oz ves



(22 em)
T Al () N A 5 Ha A | Ad A | BE (= 2FHAD
20081 38-10 3,132 7.8 31.3 19.2 (+ 2.01)
2009 10 1,139 14.7 28.2 20.7 (£ 1.48)
2012 2-4,6,89-12 9,671 11.0 34.9 186 (£ 2.28)
2013 2-4,7,10-12 7,469 8.2 38.3 175 (£ 3.66)
20144 3-4,8-12 8,617 10.5 34.0 188 (+ 2.33)
2015 2,6,7,10,11 5,310 11.7 36.3 186 (+ 2.42)
20164 49,11 2,370 11.9 29.1 179 (= 2.49)
2017 1,4,8-10,12 3,441 95 36.9 184 (£ 2.80)
20181 1,4,6,8-10,12 4,112 99 31.8 18.0 (£ 2.22)
20194 1,3,4,89,10,12 4,631 3.8 38.7 184 (+ 2.35)
20204 9,12 550 13.0 30.0 194 (+ 2.82)
2021 1,39-12 1,640 15.0 38.9 204 (£ 2.94)
2022 3,8-11 1,675 11.0 34.0 184 (£ 2.54)
Z A . 53,757 3.8 38.9 185 (£ 2.67)

Am: FYattete Uy AR

Fx7] Aol @ AJNT A = As= 19719 =(2001-2020, 2019
W A9]) 64,320 A& &85kl ok < IV-5>olA K= niel
F 4 A2 36em (20134, 170AD, ol A2 39.2cm (2018, 17] A1) 0]
thoolel mE Fx7] AEolFEALdY A (¢ Z=HAH) A2 of

19.24 (+ 3.06)cm= YEFLT



<I IV-5> E=7| A

0F!

7t 24 Aoty

(22 em)
T Al () 70 2 4 Ha A | Ad A | BE (= 2FHAD
2001 4-8 1,069 115 30.5 20.11 (£ 3.70)
20023 6,8 936 13.0 28.8 19.33 (= 2.50)
2003 1-3810-12 6,249 104 27.9 20.38 (£ 2.22)
20044 8-12 2,052 13.2 32.3 21.66 (£ 1.81)
2005 1,39,11 3,325 15.3 29.9 21.36 (£ 1.95)
20063 1,3,8-12 5,967 11.8 29.9 20.91 (£ 2.01)
20074 1-2,10,12 2,987 11.5 30.3 20.71 (£ 2.82)
20081 1-35 2,483 10.8 27.8 19.01 (= 3.69)
2009 2-4.8 2,387 13.9 24.2 1941 (= 1.53)
20104 1-3,8-11 4,437 10.8 27.8 20.16 (£ 2.13)
2011 1-3,8-10 4,981 11.2 27.3 19.35 (= 2.41)
2012 3,10-12 3,957 7.2 26.3 18.15 (= 2.90)
2013 1-2,08-12 8,007 3.6 26.8 1797 (= 3.23)
2014 1,2 2,023 10.0 29.1 17.12 (= 4.17)
2015 8,11-12 2,501 7.6 25.7 17.38 (= 3.18)
20164 1-3,8-9,12 3,064 3.0 35.8 16.75 (= 3.36)
2017 1,3,9,12 2,159 3.1 22.7 16.56 (= 2.78)
20181 2-3,9,11-12 2,136 8.6 39.2 18.11 (= 2.81)
2020 1-3,6,11 2,600 115 29.4 18779 (= 1.86)
A : 64,320 3.6 39.2 19.24 (£ 3.06)

T R E E DR

npA e 2 Fx7] EOIdFEARIY A HE Ase 16/idE
(2001-2020', 2002-20043, 20133 #1<]) 258037045 &3t oL
<E IV-6>°l deld vke} 2oh A4 A4S 10.0cm (20099, 178A), Z
o AFE 34.6cm (20154, 17/MA) o2 ZALE AT}, olo] wrE Fx7] 9
ol FAAY AY WE Ht(x AR AFL 19.29(+ 298)cm= LHE}
=g

dlo

il



<E IV-6> E=7| XEIt 2M XR(QEoItHE X elY)

(22 em)
T Al () 70 2 4 Ha A | Ad A | BE (= 2FHAD
2001 06,11,12 1,194 115 32.5 21.63 (£ 3.80)
20053 12 363 10.2 29.0 21.70 (£ 2.27)
20063 07 418 14.3 21.6 17.15 (= 1.07)
2007 11 908 189 30.8 23.20 (£ 2.22)
20081 11 950 10.5 29.5 20.86 (£ 2.20)
2009 01,07,11,12 5,507 10.0 29.7 18.38 (= 3.23)
20104 10,11 2,135 11.0 32.9 19.49 (£ 2.41)
2011 11,12 2,020 11.9 25.6 20.70 (£ 1.75)
20124 01,02,06 2,050 11.2 315 1958 (= 1.97)
20144 11 1,439 13.1 25.5 19.16 (= 2.03)
2015 01 761 13.3 34.6 19.53 (= 3.22)
2016 10,11,12 2,615 10.7 29.8 1811 (= 2.81)
20173 | 05,09,10,11,12 2,427 12.7 28.1 19.17 (= 2.69)
2018 05,07,08,10 966 10.7 22.3 16.99 (= 1.75)
20194 10,11 1,150 10.6 22.6 17.45 (= 2.03)
20204 12 400 12.2 24.0 19.20 (= 2.99)
A 25,803 10.0 34.6 19.29 (= 2.98)

T I ST CE]
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5711(2019-20231)

HAFE 74.9%,

9]

2wl
T

bad g o

S

A1 65%= FAME A

3

S

W 14% 12 o] Eold

3 A<l

o th

CHEAIA, 2024).

A
=

u

8

17.1%.

o

tgeoz TAC %4

IV-7>0l }E}

E
HTHow FH H7Id=E(2019-20234) =

& <

tslem, o

ATl A=

2ok 2

s}

u

has

uol—

AR I A

u

At Ao ®

S

ety

A4/

gl

A1 3,643%

¢}

/&, dEolug

2]

gl
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=
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5,076
"5,107
3,264
2,938
3,637
4,004

3,062
3,760
"3,329
4,762
*3,300
3,643

7| Eof ekl 7124(2019-2023H)

5,997
4,644
"3,625
"3,402
2,498
3,953

9,238
9,159
8,293
13,438
14,308
10,887
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o Fx7] TACH Felsta olv 43 F9AT F27] ol
& EEs] fldds TAC ol A A9AT AdvE A=s #

%
TAC #el 94%W F=7] Abiig 427k Ass WA

C
JE AGAY ofdu g AnE FAYY FUHAPERFTYI o
al

2 o
o,

FxzAL AEE Fustgd o, g <E IV-9>o] YEld vlep 2ok B <
TollME HEH oz HE 5/EE(2019-20239) AAAT olgn &
was F8stion, AR A 8999 €, TEfibd 9.02

o
k12

0%

N
>
[
9 M
o

ol E A 38649 H, 18] LEo|F A Y 7.26% Ho

<IZ IV-9> TAC &0 HEE 3G ol gu[=E(2019-2023H)

0

(o) A A/ GA)

A= o A Tt | Aol AJAG | A= )HIAAE
2019 776,014 777,896 4,019,428 646,544
2020 905,720 875,058 3,359,486 691,658
2021 894,799 872,193 3,948,492 676,526
2022 927,454 948,995 4,326,253 801,920
2023 994,603 1,038,329 4,096,015 817,234
B 899,718 902,494 3,869,935 726,776

A= BAA (2024b)

ol
Bl

o3 <3 IV-10>°] yEeEld TAC #o 458 F=x7] 473
s TAC 3ol g5 AGAT ofdn & Hdghel 1estdon,
e AR o <F IV-11>0l4 B utel o] TACH] #Holali
AN AFe 24 AT Fx7] AGHES EEEUn B A= 2

Ly
FAoR AT 5/dE(2019-2023) AGAG Hx27) ofdu Lol HE

°

=

rr

s
v

B



ol F AU 0309 o, 183 EoNFAJY 0839 oz FALE
Att.
<E IV-10> TAC #0{ AZYH &=7| |7 FEE (2019-20234)
(91 %)
A= =3l = et | AEOIHFARJAE | HEHIFAANT
2019 42.35 8.87 0.59 5.93
2020 43.79 13.68 2.12 17.76
2021 37.26 7.9 0.49 11.40
2022 29.02 4.46 0.23 9.61
2023 29.02 5.08 0.76 12.20
Bt 36.3 8.0 0.8 11.4
Ag: dAFGZA I (FF])

<E IV-11> TAC #of

H o=

Az A &EI| 0f | (2019-20231)

(o) A A/ GA)

Rl

A= <ol A SR | BTl AN | SJEeldHIAAT
2019 328,656 68,996 23,874 38,368

2020 396,641 119,719 71,291 122,865

2021 333,358 69,319 17,564 77,102

2022 269,185 42,286 10,072 77,091

2023 288,677 52,735 30,957 99,710

3t 323,303 70,611 30,752 83,027

A= BAA (2024b)




(9 kg, 9o, 9/kg, cm)

o] F T =l o of &7} A7 T3k
Fx271(49) 30 1,040,000 34,667 '
F271(5%) 75 1,687,143 22,625 '
Fx271(69) 72 1,706,700 23,704 26-30
FZ271(7) 66 1,243,250 18,945 21-25
Hx71(8%) 495 5,607,375 11,328 18-20
Z271(99) 1,862 11,580,000 6,219 17
F271(109) 5,716 20,665,626 3,615 16

Ag: FAbEEI A (2024)

<3 IV-12>0f vERd vhef o] dAl FAakgsol Al el s e
Fx7)= kg T HA 36159004 Hd 34,6679l AYE L A= AoRE
ZAFE AT #E7]) 49 2 5ee 9 Edo] Fawro g oo whgl A A
TRkol FJAHA 22 AR YRS THFARE E A, 2024).

TFAHeR AHEY, FAFFoAA G HHI Jde FRV] F
A 16cm Fx7] #o) @9 7hAS kg F 3,6159¢1 WA, 17cm 6,219
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24 J_"l'

<¥ V-1> |BB &S &8st &=x7| MA ofgd &M Z
T (x}ufi;i@ <E§1§i@>
L., (cm) 41.12 (40.3741.8) 4156 (41.3742.7)
L, (cm) 28 27
L., (cm) 2% %
2L, (cm) 16.77 (16.7716.9)
Lo/ Lo 0.54 0.77
F/K 4.36 (3.8874.48) 6.66 (5.9577.22)
Z/K 5.42 (5.0175.98) 8.31 (7.878.74)
F/M 2.94 (2.2773.68) 4.3 (3.4475.55)
M/ K 1.34 (1.0871.64) 15 (1.2771.83)
oA 2AE A8 Fxr] A
41.12cm, 95% A1E|F3F W= 40.3914]
A

<E V-1>o| Yepd wpe} o] A
A L,
A1.8 Atol= uEtwkvh. AARZZFAAGE L, 28cm, L al H Ao FIIAIA

19l Ay A
g L, 26cmE FAE A

2) SIGANAY 1,& LBB Bl B4 4



5O & L/ Ly 271 A 208 B3 FHE Uehdl= &=
A oF A% 7teAHS HUEEE A FoltHFroese et al, 2018). o &
T 9 891 Tl et FH A A F7HE FAEH] A=

Loean/ Loy ©1 0.9 ©]7Fo]ojof st vt 0547 tha WA =<5 3
9

ON_‘Q

oo whel, AA Fx7] FAARLL g JFS vhh wof FEAHO
2 gdd, S BorAs A FEXEE "a Qe o= %%EJU}(MSFD,
2008; COM, 2017; Froese et al., 2018). A& A4 thH]

436, 95% A1E|F7F M= 388004 448 Alol = LbEL:
H & AME Z/KS 542, 95% 21 #F7F W= 5019 A]

A GE Te w AP Ao Sod B SAARAY ALY 2
A FARAAES 9% o] BaF AR nalt

045} e e zird s Fa =
o g AM S o= H FAE AL

TAA R HT olF T oF agle
(Pleuronectes platessa), =A% t+-(Pollachius virens) ~Le]il =W A
71 (Solea solea)$t 0] Fygy’b AAAGE(MEY 2 AT W, F/M
& F/FysyBt =7 49 5 vt Bad b JI9ICES, 2017). 1
NE AR FFTo] W& A8 HoA /M A& Thse kA V)

T A Ee Ay Aoz AMEE 4 At (Froese et al., 2018).

A&HoR Fad , Frhx)

webA @A Tl TheiAlE o8 At i e FEoew WUt
gk FF A2 AdHeE AT Fodel dojA 53] o IAARES
2 F RS AT 2E oY BFw AFe] BaF Aoz uwolv



)% EE Mu ZAS Bed A7) AA o BA A oA A4
Hel AL Bge Fxr] QA ol B Anst fASHl =EHAG

>

10ecm 7H =& A& ndslS o, A Fxre A% 99 A5
et e Ble® AdEth(Froese et al, 2018). L,,./L,, > 0.77%
BAHA oW F/K, 7Z/K 183 F/MS 7} 666, 831, T18]al 433 A
A A e e A83 Fxr] AA o9 F/K4.36), Z/K(5.42)
aa F/MQDET B A e

2 AFoA &89 ILBB 222 M, K, 183 F 5 7 w/iESTY W
s @ststyl Sl M/k R F/M o5 HEs Z&ste] At
(Froese et al, 2018). M/K2 T2HA1e]l AEALE UER T dbbx oz
AE sE, A 2 AlFe] HdivE HE 158 VIES
(Jensen et al., 1996; Froese et al., 2016). A% A& A4S 483 =z
71 AA o M/KS 1.34 95% AlFFF WMol 1.0800A4 1.64%, Ak
4 x2FE ASAADHEY A e

webA Fx7e AR AGEe] Hla) Ad AR Ee] won, g%t
L7 MEX] gfol iAo RE =2 dFd FHo FZ3Z E(cohort) A

o °l& F U=
}
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<i# V-2> BB 222 &3%t X7 TAC &0 AHSE =4 &2zt
T A | AT | ATOIIAAT | TolgPAAY
41.07 38.67 38.6 34.49
L, (cm)
(40.2742) (37.8739.3) (38739.5) (33.9735.3)
L, (cm) 28 27 27 23
L., (cm) 24 25 26 20
L (em) 18.46 12.73
(18.4718.6) (12.6712.9)
Lsean/ Lops 0.58 0.51 0.74 0.43
2.77 5.04 8.13 3.06
F/K - A ~ ~
(1.8874.49) (4.9475.07) (7.1978.85) (2.773.97)
4.13 6.03 9.73 457
Z/K o N - ~
(3.2176.06) (5.7876.36) (8.92710.4) (4.2375.38)
2.00 3.85 7.71 2.03
F/M N | < ~
(1.372.87) (3.2174.78) (6.1679.81) (1.672.84)

FAAoR Avnw, A=A A A L, FAAY 41.07cm, 95%
AF L 402emAA 42em® 7 Al vheRkom, E eb R (38.67em,
95% 2127 37.8-393cm) B ATo| Ul E Al H(386cm, 95% =TI
38-39.5cm)o] HE o=t} o Zolygely AAH
34.49cm, 95% A2 F-7F 339cmoll A 35.3cmE thA SHA FAH
ADAA L, A, e, e a Ao YAy

b @] Bol g A el ] 23cm®E thA B

A L,

27cmz A =&9

=50



HAAAYNAANE L= SHAE 24em, LB, 25cm, E ol
FAAE 26cm=E UERSom, o Fo| P A A 20cmE ThA BHAl XA
H Ak AGMNAAG Lo AF, ATl FAAES 1846cm=E, EE
B 3He A Fx7] AA A9 AFMAAG L,(6.7cm 95% A FH T
b 16.7-169em) BT} =7 =ZEom, 95% AT W9E 18400 A
1860 % vebwtth g, o Eol A IS 12.73cm, 95% Al 73T H 9
= 126004 1292, i @A =EH A

A AFolFAAY H Fo|NFAJNY 2EF 4 A ZF

o}

54mm % 33mm ©°]3E A EH] U

-

o

32

ot

2
H
53| EEoe] A5, FEldd WE Av|E HE&eH Fx7] v
“ = 3 B3l ¥ BE 9tk (Chen et al., 2018). o]
B3 AAo| asloz Axy] TAC FHo Az BT

o]
ot AN B B IALNY 2 FAS FHAS A= A

Fx71e A 0 FE PJEle 7 JFEE vda dold AdE u

Pry gl Lﬂm/Lap, ZF 058 % 0512 A A=
AL e #F=x7) AA AU L,,../L, (0549 FAEHA 2EH A
ok AAEoNEARJNG] L,.,./L, & 0742 =¥ ¥ oF ot A<l
B0 L/ Loy 0432 Tha WA =& QAT

F/KE FEoldld A 813 (95% A1¥ -7k 7.19-885)= 71 =4
EEHEon, ek 504 (95% A2 3F 4.94-5.07), ¢ Eoldld A <l

b 3.06 (95% Al=+zF 2.7-397), 1glar FalAbd 277 (95% AlE -3
1.88—4.49)01 HE dlen el A /K2 413, 95% Al -3 3.21-6.06
2 Fx7] TAC Fod 45 5 7 A vetwon, ZEolfEdAqd2
9.73, 95% AlE]F7F 892-104% ta =4 EA AT AEFsA L8k
g 6.03, 95% AFFZF 5.78-6.36, EOIHPFAANT 457, 95% A3

flo

¢

o
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2.03, 95% A= 3F 1.6-2.84%
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4.23-538% =Z5 Aot
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npxeto 2 BB RdS F3 #A" 2}
A ALEF(B/B,), LI By tH] whA| A F(B/ Bysy) <3
V-3>o et viel 2ok /B, 7F 048 T 28w ol Yol xaPE
NS ona=d(Ye, 2011; Froese et al, 2018), AA o]de] B/B,& &
A A Fo]l A dEle] 7lx ATt 49% FEoE ke A

A4, Fzr) FaAde dH F4E bk B2 P 7K 291
5 2

FHe 71x AL diH A
L

o

1

N

<i# V-3> LBB 222 &83t &x7| dA ol =4 2t

e, B/ B, B/Bysy
A oY 0.49 0.68
(A} A8 IA) (0.29170.742) (Overfished)

B ATddA 249 AT Ad"F ke dA Fxr] AdZde] Ad
Ao 712 Ad o] wlE ke Ho| A Wang et al. (2021) 2 Han et
al. (2023)7} fF-AFSHAl YElS T FAIH S 2 Wang et al. (2021) B/B,°l
0132 YEer=d, 4 AzdA] zols: Holil ATk dE E9,
Wang et al. (2021)9] +4 #A=z& #Fx7] 171d(20184W) ®+ A)7(SL,
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AL 124em=, & A9 2022d 27 B A (21.32cm) 3} v At
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t}S-© 2 Han et al. (2023) B/B,2 Schaefer 2 9& =3 A=A o
2020 71<F 0.324= YEREY 2 AFolA LBB EEE &85t =549
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WA, olF Faol A% B AT BA AR F H2 504(2018-20224)
A7 e st FAA SR, HE 571 (2018-2022
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oz SAAG A3k wet d s v Hast
g ez AAsgY. g2 5o, FAALS
16cm= A4S o, < 571 (2018-20221 ) 7NA4(22,490) & & =
A A A15cm) 2 16cm Abolol dYEst= MAS HE&S o gars=z

A 43tk o2 YEUE TS <E V-4>o]A BE upe} 2}
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(& )
T NA A g o
16cm (15-16em) 1,349 6%
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FANG 16em HA A T 19 @ o] FH(224908) 6% HaH
21,1410 7 AAH oW oF 10do AAA 7S AH 2 119
23,044=7HA F7keE Ao ® JHA ST oA 7A, 7] A @9 7HA S
<¥E V-6>°f we} 19581902 A=

;
N o) TAC ol 94U RAAT oldelge Ug 1da #A9 7
e F, MEd FEOR ool fAHL i Ao vehdd 5
8, olg@e Zad W, olgloldde FAA FhH AL Fxve 2
8 2 Ee) gl vl HAolA w2 o dudn

¢35 3070dzte olglele e @Al AN BAA HwW g <u

<
V-7>el A mi vhsp gk pAH o= aiAY 55535323043 €, 3
HE T 1,241,284471% 4, Wﬂomm;m 101,096,174 %1, 9| Zo]t) &
o1t 470936,882% Yo' FA T

<I V-7> SAIAZE 16ecm AE Al HEZ| TAC &0 HSH NPV

(91 3 )
24T | 2sad [ Aol AAY | ZelthP A

¢

Me
EI

.?_
NPV | 5,553,532,304 | 1,241,284,471 101,096,174 470,936,882

AT 17ecm A7 Al o 29704 A o] 7 (22490=) e 17% 74
® 18667 =0 x AAHAeH o]F 10d3F FHE7e] AjAYste] o] Folx
5, o 129 23098E A ke A o2 JPREith o7, FxT] B
uf &9 7FA S <3 V-6>of upg} 22254902 A H AT

o8 AR Q& FAA 16cm A4 ¥ 2d 01%1 ofe

o FAARoRE LA 6,175,353,712*& d, ek 1,383,249,038%



A, Aol A el 112,719,004 A, €] Lot d A 524,900,021 ¥

<I V-8> FAIAZ 17cm A& Al H=x7| d5H NPV

(sl A 9)

T | A AT | BEINIAJT | JEIHIAUY
NPV | 6,175,353,712 | 1,383,249,038 112,719,004 524,900,021

975% A%, S Ut Zx2717F AHel o2& A Gl 17ecmd A
(Z3]% 9], 2020) +AAF 17cm AR A, Bl o] o

o)
Qo] Tolysl BA ek AAEF ofn] 1Y) FAAE A% AU
= o

& 7t
Fol TUlg Ao Wt} oo wWE AR FE7] FAAY IEE of
Yzt #x7] TAC #o dF8 FASAdA b4 & 244 ol9E& 7HA
tE ZAow dAddr

T o] & 13] kg o] F oJFdErd v w2 oY AgEdE
FAzrde] FEE sheAe]l A pastH, oA¥Ey] A A 2 atsd
N85 AFss Aol FF AgdAEddA ° Z 4 AAGE 5 9

(Graham, 1935; Beverton and Holt, 1957; Garcia and Demetropoulos

1986; Vasilakopoulos et al., 2015).
ofel whe}, - FA A ofvEf- 9 (2000), A8l €](2006), Le]a A
Sk 9] (2024) AFAA FHE Fx7] AF @AMl wWE A (20cm,
19.8cm, 20.7cm)S ¥ 3te] 20ecm= A A 33T
wAAE 20ecm 24 Al FF 3d ARH7A Z
5]

F(22,490F )0 26% FAE 16643 = A



GAG ojglolole 1 o|F U7X rastt Ao JEuT TAHL
S L3 AFE 311,130,250 9, b 71,035,607
A g, Bl A 57908107 ¢, 2 Fo|th e A} 269456527 91O

Fzx71e] A 71 o] F 307t 9] ofYgoelele HxlHor Frhet
T A%s Bt FAHoR FER7] A 73 o]F 1319 oY o]
& A 456,236,953F ¢, Ll A 104,164,107F ¢, ATo|uE A
I 850308571 €, ejFoltlF A0 39,538,357% Ao A H AT
g5 3070k ofdelde Al sHAE kst A HW g <&
V*9>9} ol YERE £ glow, FAHow 23zt 6,881,911,737H ¢
1,544,559,3497 4, %}%omw;ﬂ AW 125,925,696 €, <El
th& A ¢l 586,216,806% o2 F4 5t}

(9] <)

T2 | 2R e A | BEINIALTY | JEolHIAUY
NPV | 6,881,911,737 | 1,544,559,349 125,925,696 586,216,806

ek #Zol, XA 20em A Al A FAAF(A5ecm) WiH] FHx7
TAC #o 3 AAAT oAAdolde] &% 30Md7tA S7FE = A+

= FAAE 20em 2GS AbE AdF 9 (2024) AE SRS

Rl o 2 S A A L, (28cm) A7 Al &S 597HA HAadhe o I
< d AFF224908)0 55% FAaE 10,121 o2 AAEAoH 1049
A 713E ol %, MSY FEoll UHE 7 AT Hysy(29687F) FE7HA
s7tsks Aom 7Pt o7, =27 a9l 742 <& V-6>
of wel 26998¢ 0] #-8% At



ofo] W& FFF 30z
Fol kst Ak FAHoz 53 of
204,341,941 9, 3k 46,655,366 €, Eo|
2 A, Bl AT 17678,3097 Do = 74 A vhebukTh

g, AAYARA0) o § 1599] offde]oe el 6000024655 €, <3l
Fd 136936407 &, AAEoldFAIY 11,190201 ¢, Lol A A%
520146694 €02 Y A% v 7P =4 vEbd s o4 5 v

FF 307MEzEe] ool S dAl JHAE FASHAl HW vt <&
-10>9} o] yEld £ vk pAHor AT 7416665820 9,

A 1,666,646,062% €, AAF oIt @ A 135921,1008 €, £1E¢]
A 632,624,036 o2 B4 H A
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<#E V-10> =AM E L,,@8m) d&d Al &=x7] 4EE NPV

(sl: 2 Q)

I E Tt | ATolgiH A | o)A A Y
NPV | 7,416,665,820 | 1,666,646,062 135,921,100 632,624,036
e <& V-11> 2 [29 V-6]o et nle} o] FA A F ol ube}
sl Fx7] ofYd NPVE AASAY. A4 d S4A4(15ecm) Y
o] o]F ;S Hit 57 dE(2019-20231) Hx7] it o] &l 22 490E =

AR oH, &5 30Md3t FAHE Aow M AT oo wit, FF
T 3070zt wAEE v ool dA AR kst Fx7] TAC
Zol A A NPVE 2872,859,046% o2 ¥4 5t}.

TAAG 16cmz AAsIAS v £4°1 FE7] TAC el 1A NPVE
7,366,849,8327 o2 @ FAAG v oF 259 FrhE Ao E UEE
th tg&o® 17cm A4 Al 8196221775 €, 20em A4 Al 9,138,613588%
d, e 2 28em(L,,) A Al 98518570174 oz yephgth &% &

opt



=

=
2HeE NPVE AR - oz F71ehes Zox FAHEHJOH, 53] FAALS
=

<E V-11> X[ &of w2 &=7| o NPV
(29l A )
T8 | 15cm(¥) 16cm 17cm 20cm 28cm(L,,;)

NPV | 2,872,859,046 | 7,366,849,832 | 8,196,221,775 | 9,138,613,588 | 9,851,857,017

12,000,000,000
10,000,000,000
. 8,000,000,000
ol
& 6,000,000,000
=
=
4,000,000,000
2,000,000,000 I
15cm 16cm 17cm 20cm 28cm
aXHE
[O8 V-6] XA Zo g &ET| ofd NPV
HEol, L, T ool Ol*arﬂfdﬂr“d, x7] FAAde]l HA 1
3] o] AP g AHIE AET A - 7FS) 38 Aol w48 3
293, A2 FEAA gxrle 27) *3:? YA Azsd § 9l

(Conover and Munch, 2002; Ernande et al., 2003; Brikeland and Dayton,
2005; Froese et al., 2008).



oS Eo], %Y s (Morone saxatilis) 2 el ~7} HE|(Theragra
chalcogramma: Gadidae)= L, oA o8 o] o]Folxli, o]
e AR A& s Fabare #ge] addo]l dFE vk ATk A
Ao v AAIA 7 FFYH Fo] gL 1980d ] 7HY) Fgo=m <
af A A% A 35 Ao dgtow L, I EFH F
gal7] A&t oo wE ARz EFY Fole oY
NA BAE F7Fstar, 19959 =54 so] FAkAe hdd 35 2 o
o7k MSC (Marine Stewardship Council) 1% #H71E %2 b} 9l
(Richards et al., 1994).

R v G gk vk WEH o FHA 13] ol AbEkgt

(Froese et al., 2008).

e A 2 2 BEAATA A Ao yERG viel o] A A%
L, (28cm) A4 A ZFzZ7] wAdo] HER Qe =& AAsE 2 ojgy)
A el FItE A EE g e s gE Al H x| AR 3| &o] o

Fold Folt. ofxe] Fx7|E HAoR st offdJESdA Bu w2



2 ogoAe FAREY 227 S99 % YRAAGH BYL
sopstginh aem B ATel Jmast % AR ta s,

1. gk & 2&

2 dTe Fx7] saRdEorE e Zxrlol digh AL A v
NAFE F4 3 A% A FYSAE o oyt AAA 23 &
z27] Frkard e o] AAARI 7EdS AAsHaLA sk
2022744 TAC #o] 4%
S AFEE, AA o (ZH AT
A, B NI AN, e EolF A1) 2270 (2000-2022), &
sl Aol 9 970 (2012-2022, 2017,2018% A1 €)), alotdgolgl 1371
(2008-2022, 20102011 Aj&]), AEolh @A I"eld 1970 (2001-2020
|, 20199 A9, Elar EoiE AWy 16714 (2001-2020,
2002-2004d = 2013 A< G},
oj¢} o AF Hx AEES uwgow BB RES &8&sto] Fx7|o
1;]]8} /\A]—x}.ﬂﬁiﬂ% N/\]é}oﬂx:}_ _I‘i}/d 7ﬂjq. ;‘<L57]g 2 1A gJ;H
L, 41.12cm, AZ7F4ANE L, 28cm, HAXAGMNAAY L., 26cm
CE 5 AT
471 A 719 A GEe] 712 AdE dibl dA ALH(B/B) FE
2 049019, Bysy WYl 68% T2 2 PE(Overfished) eI & 375 o,
U] daAdTe FASHA YERE AS & 5 AT (Kwon et al., 2020;

A

2



AW A 9 2020; Han et al, 2023; Zou et al., 2024). 33 A= 7<)
7] ka9l #E g YA E duder & AR K FR0E

1t

E5 o] AAAEE =ola A IES f% Vvks Ao & A

TAC #eol 9154 AIAT olgdele) wshe= o9 % v Ans &
&3ato] spofetgint. ofole] wsh AlAjel kM, LBB 2 S TE A
A wg F40 AR Qe AT B o T I nHAAE Ve
2 Hyy T WE o183S F48500

TS5 FAAG el met o] HAaR Qe @3 of ko] A
_ o=

7Pt oldl wit o3 ave BA AR5 MASF HagS VEl
2 AAstgen, o8 a 7zke 19, 29, 34, 532, aEla A
71k Fx7) £ue mEste] 10de2 Ak wxwoew [
(28cm) ©1 & Al MSY <=l

B 5 e ol BB BAE B8
)

B A% FAAZ Al B 13 A 27 ojgloloe o
daw Qe A, FE7l AW JI3E ol F Fbshe odY L 2
M2 Eo gl vl A Som grHem ojgelde] A Frhshe
Aoz YEykt old we Rx7] TAC el % A NPVE FAA
4 16ecm 7,366,849,8327 ¢, 17cm 8,196,221,775 €1, 20cm 9,138,613,588
9 29 (28cm) 9,851,857,017% Yo = ERYETH
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AT 7l E
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32 deofsidity. LBB EES S8 £4d FAAdEsE dvs 2
FAALEE dd Aol 2% Vx ARE AT Aoy, FAkAdH
o =L 7SS AAE Aoz gy

A kel 7l Aoy AW A (L)L 33.88cm= WAIE ] 3l
GH(ErHaatakeb e, 2010). ol o HEo] ol Ao = 7] A4
By v S Ay E Fer] Ao Hd A (L) 40cm
nRko 2 FASHA Tl ¢, 1992; o] vk~ 9], 2000; H D3 2, 2006).

xﬂz]— =il XJ:LXJ JJEH
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