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A study on the estimation of potential yield

for Korean west coast fisheries

Hyun A Kim

Department of Fisheries Physics, The Graduate School,

Pukyong National University

Abstract

The purpose of this study is to estimate the annual biomass, the carrying capacity,
and potential yield for Korean west coast fisheries using three methods. First, The
aggregate production analysis (APA) estimates carrying capacity and potential yield
using surpluse production model to apply standardized input data of catch and fishing
efforts from 1966 to 2013yrs. Standardization methods for input data is exclution of
fishing effort for aquaculture and inland fishery, and application for catching
efficiency to gross tonnage. It was compared the estimated parameters by the surplus
production from four different models, i.e., Fox model, CYP model, ASPIC model,
Maximum entropy model. Second, population production analysis (PPA) estimates
carrying capacity and potential yield for each species, and then aggregate parameters.
We selected major 35 species according to available data, and carrying capacity for
major 35 species is estimatied by the Maximum entropy model based on surplus

production model, and using population ecological characteriestics of previous

-1-



papers and reports. Potential yield for major 35 species is estimated by using paper
and report of stock assessment with each species, data of acceptable biological catch
(ABC), and population ecological characteristics of papers and reports. Carrying
capacity and potential yield of other species excluded major 35 species are estimated
by extrapolation method. Third, fishery production analysis (FPA) estimates carrying
capacity and potential yield for each fishery, and then aggregate parameters. We
selected major 6 fisheries according to available data and carrying capacity and
potential yield for major 6 fishereis are estimatied by the Maximum entropy model
based on surplus production model, and using data for stock assessment of target
species. Carrying capacity and potential yield of other fisheries excluded mojor 6
fisheries are estimated by extrapolation method.

Carrying capacity and potential yield for Korean west coast fisheries are calculated
as 1,045,769 mt and 218,304 mt by APA respectively, which reflects well population
dynamic mechanism because used relatively few assumptions and parameters and,
data form early stage of resourse development to current.

This study will be useful to develop an efficient precautionary approach to fishery

resource management under the data-deficient situation.
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Estimation carrying capacity (K) and potential yield (MSY) by analysis comparison of three methods

4

Comparison analysis for estimating result

Aggregate of estimation values of each species

Aggregate of estimation values of each fishery

A

A

4

Application of surplus production model
1)  Fox model
2)  CYP model
3)  ASPIC model
4)  Maximum entropy model

A

Standardization of input data
1) Exclusion of fishing effort for aquaculture and
inland fishery
2) Application of catching efficiency to gross

fonnage

Estimation of K and MSY for other species excluded
major 35 species by extrapolation method

Estimation of K and MSY for other fisheries excluded
major 6 fisheries by extrapolation method

Estimation of K and MSY for major 35 species

Estimation of K and MSY for major 6 fisheries

| # Estimation methods of K
1) Estimation by surplus production model
2) Estimation using populationecological characteristics
of papers and reports

» Estimation methods of MSY
1} Using papers and reports
2) Inverse estimation using data of acceptable biological
catch (ABC)
3) Estimation using populationecological characteristics

# Estimation methods of K and MSY

1) Estimation by surplus production model
2) Estimation by using data for stock assessment

Collecting input data
Catch and fishing effort (1966-2013yrs)

of papers and reports

A

Selection of major species
according to available data

Selection of major fisheries
according to available data

.

Aggregate production analysis (APA)

J

—

Population production analysis (PPA)

.

vy

\

Fishery production analysis (FPA)

Fig. 1. Flowchart for estimation of carrying capacity and potential yield by three method.
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Table 1. Annual total catch and total effort of horsepower and gross tonnage

of total target species in Korean west coast

Year Catch Gross tonnage Horsepower
(mt) (GT) (h.p)
1966 98,973 34,023 31,093
1967 124,571 60,976 97,965
1968 132,735 63,649 103,960
1969 123,761 40,110 50,536
1970 133,947 45,376 63,652
1971 137,302 47,531 68,223
1972 151,543 51,428 81,316
1973 173,940 49,886 81,138
1974 198,532 51,100 91,581
1975 229,902 52,624 96,974
1976 232,565 57,505 121,012
1977 231,472 63,671 154,629
1978 230,820 75,842 211,664
1979 229,570 107,522 315,938
1980 226,400 110,245 338,750
1981 236,981 112,289 364,411
1982 253,628 115,377 413,090
1983 257,686 115,323 460,721
1984 245,347 120,722 536,343
1985 252,582 115,888 566,464
1986 263,568 114,530 613,865
1987 254,085 115,713 755,465
1988 228,596 116,994 891,243
1989 236,939 109,430 943,807
1990 224,207 109,834 1,044,040
1991 224,623 111,224 1,165,774
1992 213,444 107,330 1,334,863
1993 213,719 104,621 1,384,246
1994 205,543 102,962 1,459,213
1995 178,086 98,577 1,503,685
1996 156,784 97,115 1,537,723
1997 148,601 95,653 1,571,760
1998 182,141 100,627 1,706,161
1999 166,720 100,009 1,988,775
2000 161,439 96,481 2,230,595
2001 135,560 94,922 2,910,045
2002 135,781 87,540 3,321,632
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Table 1. Continued

Year Catch Gross tonnage Horsepower
(mt) (GT) (h.p)
2003 158,484 85,352 3,176,334
2004 137,938 81,660 3,539,285
2005 117,239 82,259 2,630,035
2006 130,871 80,189 3,069,656
2007 142,492 78,119 3,412,676
2008 129,565 64,960 2,698,061
2009 158,601 59,030 3,192,699
2010 163,582 59,204 2,847,409
2011 154,230 58,773 2,708,494
2012 127,231 59,175 2,781,784
2013 117,010 59,291 2,841,329
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Table 2. Estimated technology coefficients of fishing vessels by vessel type

Technology coefficient

Type 1965 1980 1995
Super trawl 0.6 1 25
Freeze trawl 0.7 1 2.0
Stern trawl 0.6 1 19

Shrimp trawl 0.5 1 2.2

Trawl 0.5 1 1.8

Purse seiner 0.6 1 2.0
Long liner 0.4 1 2.8
Gillnetter 0.4 1 15
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M

Jmgolth. 4 2D W)L HAH GFAe PUE Agtol

127k vER A,
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n(U) = Z £ M)(U") L -T)™

Beo=0

< (@) + () ©-T)

= In(U) — 1+ U/Ty)

ol = Arshd 4 (22) 9 £
t+1 - 1 t+1
j nU)dt =in(U,) -1+ <:> f Udt (22)
t U:) Jt

2 (22)% Ty = [ude® gl meba ofgle) A3} o] vebd F
9k,

t+1
f In(U)dt = n(Uy) —1+1 = In(Uy)
t

webd, A @Del 19 Astel weh WA okl 4 (23)%
cs

u,, o
ln( U:) = rin(qBs) — rin(U;) — qf; (23)

A @) TIAHeR And T,

P ARE AgSel A A

o}
WAl 1, Bo,g B FAE 5 Ao add A (232 fig =

BEAR U= 52 5 Ade 7H= st sl AR v
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sk A (23)o] t+1de] T3k el ln(U

2) = rin(qB..) — rin(Ury) —

Ut+1

Aferrs TEIA 22 ed 24 (24) 9 2o,

I (Ut+1 “Utyo
n —————————————————

Ures U, ) = 2rin(qBo) — rin(U; - Upyq) — q(ﬁ + E) (24)

CPUES 7lstgwxlet #ohar ®i 4 (2008 ©A 29 U, 85t

Shet frn 2 5T 4 Y= Aol mEHT
21n(m) —2n(U,) = 2rin(qB.,) — rln(ﬁt) — rln(m) o q(ﬁ + E)
o] Ao HWE In(Toy)= Felskd g 4 (25)9 Bk,

(T = — M ) e Sy |

2+7) 2+ (ft ¥ ft+1) (25)

(2+)

o
ol

2 @25)% A i WIS 1, B, , g & FA3E T3 Aot

09l 497k HE=,

. dB
e PArEES Gompertz A WA 2 (15) o A -

22 = 0 = rB(InB,, — InB) — qf B4

B* = Byexp (—gf) (26)

A7|A U* =qB*e|2Z 2 (26)2 24 (27) ¥ 2.
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U* = qBooexp (—gf) (27)

=9, ¢ = qfBoll uwhehA

C* = qf Boexp (—gf) (28)

AR (MSY) & Tst7] Sl A (28)& foll diste] w&d £,
ac* _  ¢? af ary _

0= EFow, ?——Tmeexp(—7)+quexp(—7)—0, A= RN
MSY A9 SRR fo, = r/qOolFl, MSYE TEI) FAd frp, T A

(28)° tigdslH, MSY=B,r/e7} Btt. E3 MSY Aol A= (Bysy) =

= A
=

fmsy 21 (26) o tigishd, BMSY=B00/97]' =},
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1.3.3 ASPICE =
ASPICE YL o]k 4 Ad & (e g3 255 o]8&3d

ool ArEER Ao o3 MSY

<
95}
h<
>
1o
)
e
off
éCU
<
—/
N s
2
et
ol
b

(fnsy) o= FHst= Bdo|t}, X AE A BdS V|22 s 42

2 (29) ¢} 2o

dB; ro,
dt = (r—F)B; — EBt (29)

A7IM B, & AIZE ot oMY A, r & WAAAFTIHE, K =
AT Holtt. A (299X a=r—F, p=r/KZ T4 2 (30)F

711:]_'
B
—— = ;B — ﬁBE (30)

A (B0)2 ARl digt AhEe Ao, A|M F 7 dFsina

Hsta, 7ML t=1, AT AE c=c+1E FH o 4

5 acfre®
By = 31
o G BB — 1) Gb
@ Agrel sl da 48 4 (329 2
~ T+1 ~
4 =f E,B,dt (32)
t=1

2 (32)% A¥shd 2 (33) 0% el £ gtk
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?-,; _ E n [1 _ ,BBT(]- — ear):| (33)
aT
o) U meluE Fgel DLW A ARE B} o e

= CPUEAE ot} ASPICE HoA MSYE F4st7] Q1A 2 7149

Z71gko) AMgETh 7o RE g e B4 A2 A A9
Apdere) wl(), Al A (Msy), HEFER (K), 91HEE (9ol
Z713& AAFstE 7]+ ASPICE Y-S Schaefer Rdg 7]Eo=
St gyl Wi, 2 0.50% Fvh FALAF (MSY) O E71@

A A AE AFdde] TP 2 o FFo|dE 263,568mtoE
7Fgste] AAsAT. FHFEH (K) o %71#%2 Gulland (1971)
M ol g3ttt Gullandts FBFTEF (Bo = K) & HAFAANS Al S
(M) & AHgstol FAMAE MSY) & FAHsHE WS ofdlel ol

A A8 T

MSY = 0.5MB,, (34)
oy 7|M, = AAANEA S (M)E= Alagaraja WH (1984) o 2] A 3}o
Selve oA dide Hd AJAAGASGE 154042 0.31/yearo]th
mEbA G 5EE (K) o 271a A (MSY) o 6.254]<0

1,647,300mto. 2 AAsIAY. AFEHFY FAY ] HH =
AAE 27|17k 15812 AAs. 874 ZFol HAHM = ASPIC

w74 (Prager, 2013)¢] oJa] 7F& = o]&ako 2vz A A 3P o,

-30-



A garEEe]l H4MYE Gulland (1971) 714 wel AL
Aol 0.16WM 2 A3t g = H3 CPUES 5 wiet FHu

ol g svf we v #hoe=® A4S (Prager, 2013).
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1.3.4 HAYAEZD

Aaesnae Fgsud i setelHE Fold Aotz
deld stetulEst bl 4oqe BEREE Fgste] shebuest
ARE PF B AYT F 9 olgHe #e FPshs mdeln

WA HojdEzs e slRdel da dyetd 4 (359 v @
Ao distel BEE gow AAYF a5 o7t HEhd AE po] F

&= ZIdigke] dEE vekd ¢ i

Y =a1py + azpy + -+ appy (35)

, AUAERY] Vol B5H vyt ARl 7HEE o &85k

pi s Tk WHelst 2 ok pE eyl AR 53 Saeek Aok

2712 2 (36) ¢ 2tk (Shannon, 1948).
n
max  H@) =~ ) pilnp; (36)
i=1

n

s.t. y. = z a:ipi, t =123,--, T

i=1

Ser Adl olHYy & olfw W onP ARE o] &afd]
oo FgAel  Agasit. B AvdAz HudEzzndl

BRGFE FAAZ BT T4 A3t

ﬂllﬂl
bt
e
ol
32
=
iz
2
>,
rlo
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Cobb—Douglas AAFsH=3 g 9]
e el 4 (38)olth o Aol AdAS dEREE A
Vergust (1838)¢ =A2~" 3¢ 24 (399 JFHE wEYHL

714,

A @nelm, FHA AL wed

ofo
i)
rr

Cr = AEtaBtB exp (&) (37)
Ce = qE.B; exp(e;) (38)
B,
Bear = [Be+ 7B (1-2) - & exn(u) (39)

Aol 1% sold W Frlete @4AE dEdh A (399 r
WAAAS7HE, K v AT EFSE YElHd rB(1-BJ/K) ©
AASVES Au Tt g, p= 19 o] Ad e gk @ Aot
vhetelel s SEWst sy fd AKIERYRdS olgstH olF
TAHo2 Yehhwd Cobb—Douglas A= 2 4003 2,
e 2 (4D 3 2ok
a=pf-0+py-05+p5-1
B

B=pF-0+pf 05+pf-1

A=pl-0+p]-05+p]-1 (40)
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q=p{-0+p; -n/2+p]-h (41)
21 (37)¢] Cobb—Douglas At Hel o, g, A= (0,118 HLlel
ATt 7Rkt (3h 2005). 4 (38)9] AAtEFE UEhE Al
ANEFE () HAUWHAE q=¢c/B-HY AN A&, qmax = Cmax/
2 Chin " frain) &2 7HA310], A& npE 5o AL&e] Qlo] g+ n=

1.93E — 05, B2 AFg-] 9l gi= n=3.72E—- 052 243}l
r=p;-0+p5-05+p;-1
K=pX-0+pX-h/2+pK-h (42)

UARAS7HE () 9 ®He 4RHEOE /2 = Fuey(0.25 < Fygy <
05)% #A & HuHEAE 12 A0 SHFEF (K) 9 A9
Hol 2 ASPICRE DA 9l o] Gulland 7Hgel whel a1 o =]

6.25H1¢1 1,647,3000.2 AT
B,=p2-0+pf-h/4+pf-h/2, t=1966,1968,--,2013
g =pf-(=02)+ps-0+p5-(4+0.2), t=1966,1968,,2013
=pi - (=0.2) +py - 0+ p§ - (+0.2), t=1966,1968,,2012 (43)

Adge] WMol @48 Mol dAntgrew rpgegla, eapd
Hels £20%U 2 2] 9 e =022 AT
Cobb—Douglas AFgtrelA= 4 (37), (39), (40), (42), (43)=

AekzxAoz &, ool A (44), (46)S &Y zpo=w I}
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o kgt 2 (38), (39), (41), (42), (43)& Alfxzxlo=w

&

S, ol#le] 2 (45), 46) & FE9 o= Fth

3
Zp}?=1, g=apBArK (44)
j=1
3
Zp}.g =1 g=qr1K (45)
j=1

3
Zpg. =1, t=1966,1968,+,2013
Dp=1  t=1966,1968,,2013

3
Zpgj =1, t=1966,1968,,2012 (46)

5

10
FN
.

AS W=ekE o2 2 47), (48)2 Z+7Zt GAMS (General

Algebraic Modeling System) & ©] &3} wev|E S F7 33t}

3
Max —Z:pglnp] ZZpéjlnpéj , g=a,B,Ar, K l=B,su (47)

j=1
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3
Max —Zpglan ZZpéjlnpéj , g=q,1K 1=B,e&pu (48)

j=1

2 (39l AAFT7HES Hetlls A rB(1-B/K)°] Hui7h 2 o,

= A= (MSY) 2 MSY A2l AHDEF (Bysy) S 21 (37), (38)9
HAFo 2N MSYA S A8 (fysy)= T8 33Tt

olFat ol f-Euket Mell A odud FFFEFR FANEES
F43s71 98l AME® Fox®d®, CYPEH®, ASPICE® 4

HUYJdEZIRd FAH2E Qokst = ofgle} £ (Table 3).
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Table 3. Equations for estimation of potential yield for Korean west coast

fisheries
Model Estimation equation
Fox model U = U exp (_ g>
r
CYP model In(Ury) = (22+ )ln(q 4 g - )ln(Ut)
~Grny et Fer)
ASPIC model

Maximum entropy model
(Cobb-Douglas equation)

Maximum entropy model
(Simple yield equation)

Y,=—In|1-

G F‘[ BB‘[(]‘ _ear)]
B

C, = AEZBf exp(e,) ;
B;
Bty = [Bt + 1B (1 - f) Ct] exp(p4¢)

Ce = qEBcexp(er) ; B
Bri1= [Bt + 7B, (1 E ?t) = Ct] exp(pe)
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1.4.1 A& A5 (Coefficient of determination, R?)
25 AI¥EE Hristz] sl 2 nde] ot AAFAST (R?2)E

] (49) ¢} 2o

X
o>
ol
O
4%
o
)
>

n

R? = 1 _ 20— 9)* W lz

Y-y Y

A7NA, yi e AA CPUE, g+ Bdd o3& AAt® CPUE, i+ 9%,

ne AR FE UERiT

1.4.2 @29 Al H+t AlF (Root Mean Square Error, RMSE)
2] AF HE AFE (RMSE)S AAste] zF mddlSo] 2%t

FAA G AA AR JHEE FrreioH, 4 (50) 3 Euh

1 n
RMSE = ;;[y(xi)—ﬂxi)]z (50)

oA71A, y(x) v xo18 AA CPUE, 9(x)+ x o148 o5 CPUEE
e T
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1.4.3 Theil®] U EA% (Theil’s U—statistic, U)
Theils®] U SAIF (U)S Aitste]l 7 Zd o s F8x9 A

20 s Yrpslgow, A (51) 3 Zr)

n-1 Fiy1 =Y 2
J_ Zl=1( . Yi_y 2 (51)
2?2—11( i+1YL- i)

A7NA, Fi mae o9& AdR ojfe, Y
ghupoicy,

rlr
1>
2
9
ot
ot
ftlo
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2.1 AaFHel 9

el

rheE

ATt (Table 4). oFE A4

O
A

el

2 4

o

B
g

=
"o

7h8 A (MSY)

=

& A} 74A]
H 4=

]

SGE

Qs

i

o1& (ABC)

ofo

=]
H

H A, Tier b=

jad)
=

= =1
F4 =i

o

Gl dol g (CPUE)As, A

A e

= Ak

ol s A

=
=

&< 70.67%9)t}.

3]
2l

# o

1)

o

A 3501%9 570 (2010-2014)
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Table 4. Reference of stock assessment for commercial 35 species in Korean west coast

Species Average Reference for potential yield Reference for carring capacity
. t_a rget Estimated Population Population
Scientific Korean  ratio from MSY ABC by ecological Catch and CPUE ecological
name name 201010 Tier 5 characteristics characteristics
2014 (%)
Portunus trituberculatus 22 A 18.36 NFRDI - - - - Yeon (1998)
(2014)
Engraulis japonicas X 18.05 NFRDI - - KOSIS  NFRDI -
(2014) website  (2014)
Tapes philippinarum v} A] & 5.29 Koh - - - - Choi et al
(2001) (2011)
Atrina pectinata 7| 27 3.82 NFRDI - - - - Son (2004)
(2014)
Gadus macrocephalus o]+ 3.18 - NFRDI - - - Sinclair
(2015) (2001)
Acetes japonicus A A S 3.14 NFRDI - - - - Gotshall
(2014) (1972)
Paralichthys olivaceus g x 2.28 - - Yoon et al - - Yoon et al
(2014) (2014)
Larimichthys polyactis ~ Z+=x7] 2.21 NFRDI - - - - Leeetal
(2014) (2013)
Lophiomus setigerus o} 2.13 NFRDI - - KOSIS  NFRDI -
(2014) website  (2014)
Charybdis japonica T2 A 1.75 - - Yeon et al - - ! Yeon (1998)
(1997)
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Table 4. Continued

Species Average Reference for potential yield Reference for carring capacity
. t_arget Estimated Population Population
Scientific Korean  ratio from MSY ABC by ecological Catch and CPUE ecological
name name 2020.12 Tier 5 characteristics characteristics
2014 (%)
Pleuronectidae 7FAHE] 1.52 NFRDI - - - - Part et al
(2014) (1991)
Todarodes pacificus A2 %) of 1.35 NFRDI - - KOSIS  NFRDI -
(2014) website  (2014)
Sepia officinalis 712 % of 1.01 NFRDI - - KOSIS  NFRDI -
(2014) website  (2014)
Mactra veneriformis = 0.96 - - Yoo (1994) - - Yoo (1994)
Trichiurus lepturus %] 0.93 Park et al - - KOSIS NFRDI -
(2000) website  (2014)
Agrammus agrammus ~ :=@j 7] 0/ - - Oh et al - - Oh et al
(1999) (1999)
Mugil cephalus %] 0.67 - - Sarr et al - - Sarr et al
(2013) (2013)
Pampus argenteus H o] 0.45 NFRDI - - - - Kim (1991)
(2014)
Sebastes schlegeli Z3 == 0.43 - - Park (2008) - - Park (2008)
Konosirus punctatus o] 0.38 - - Guetal - - Guetal
(2013) (2013)
Conger myriaster 7o 0.38 NFRDI - KOSIS  NFRDI -
(2014) website  (2014)
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Table 4. Continued

Species Average Reference for potential yield Reference for carring capacity
target Estimate  Population Population
Scientific Korean ratio from d ABC  ecological ecological
name name 2010 to MSY by Tier  characteristi Catch and CPUE characterist
2014 (%) 5 cs ics
Cynoglossus joyneri A 0.31 NFRDI - - - Seo et al
(2014) (2007)
Scomber japonicus 3159 0.29 Choi et al - - - - Choi et al
(2004) (2004)
Raja pulchra =15 0] 0.23 - NFRDI - - - 2 Fish base
(2015) Website
collichthys niveatus 7o) 0.23 - NFRDI - KOSIS NFRDI -
(2015) website  (2014)
Takifugu chinensis 2 o] 0.16 NFRDI - - KOSIS  NFRDI -
(2014) website  (2014)
Scomberomorus niphonius AF=] 0.16 NFRDI - - KOSIS  NFRDI -
(2014) website  (2014)
Batoidea 7 0.07 NFRDI - - KOSIS  NFRDI -
(2014) website  (2014)
Argyrosomus argentatus H =] 0.07 NFRDI - - - - Zhang et al
(2014) (1999)
Saxidomus purpuratus TN 2 0.06 - - Kimet al KOSIS  NFRDI -
(2007) website  (2014)
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Table 4. Continued

Species Average Reference for potential yield Reference for carring capacity
target Estimate  Population Population
Scientific Korean  ratio from MSY d AB_C ecologlcgl_ Catch and CPUE ecological
name name 2010 to by Tier  characteristi characteristics
2014 (%) 5 cs
Miichthys miiuy 1] o] 0.03 NFRDI - - KOSIS  NFRDI -
(2014) website  (2014)
Stephanolepis cirrhifer Z =] 0.02 - NFRDI - - ¥ Kim (1991)
(2015)
Pleurogrammus azonus 9] ¢14=0] 0.01 NFRDI - - KOSIS NFRDI -
(2014) website  (2014)
Batillus cornutus A2 0.01 NFRDI - - - - Kwon et al
(2014) (2010)
Muraenesox cinereus 7R Ao 0.00 Zhang et - - - - Zhang et al
al (1998) (1998)
Total (35 species) 70.67 %
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b
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o

AAAARAZE (M)

gttt web
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ol
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Fit - By
Cymax,i = ﬁ (1 - exp(—(Ml- + Fi,t)) (56)

A71A, Cyax; © 1966~2013delA iolFo] AMal HuoldZF (me),

[‘I

BOOlL lo-/] ﬂ' ’g‘ao]: (mt) Fltl“ lo-/] td % %ZJ’OiQA]'%Lﬁ]# (/
year), M2 iFe wMARAANGATF (Jyear)olth. o] WY F JHe]
M SAR Stk stdbe MSY A9 S EAYAST (Fygy ) E

SUAANEAS (M) BT Ao, TWAL HuolHw

(Cyax) < HEAFE% (K)O AH9F (B)S MSY Ao =3t ALGAS
(Fysy) oA o5 dvdeE 718 SAZE s,

w2, WA, ], sof, I EE, Aol =AAAEAS (M) %}

=~

Flr
r_(?{_[{

T EAYAS (F)E Table 49 AEsta 54 FuFdofA
Q1 g3 Y. FFLS Zhang and Megrey (2006)WHS  AFE31o]
TUHRAAAG AT (M) E FAReH, 2 (55) 9 2t

_ p-K
T eK(0.44 tg, —ty) — 1

AZIM, K = AZAT, thae AUAD, to= Aol 04 o o] &4

AP, p = AZ-AT @A Foln, Table 39 Aests 54



Fazdels e gE d&siinh. &3, w59 AN
(2)E F3s8td s A AsE Tl = Al = Table

39] & (1994)¢] 9ol&] =AY uHixE A=y oF AAS A

95}
1]
]
|
N
=
o
N
1]
L
S
=X
975}
p—

T AN AG (F )& Table 39 A (1997 el o8 F4+€

4
o~
rN
>~
=
ol
X
N
S
=2
>
M
e
_>|~l_‘
[-‘0
>
=
2
X
3
=
filo
N
%
|o
fu
%
4
ol
ol
38
=

weba, A (56)ef thele] dAe] FFr] J]eE o]fdte] 8olF
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SRR AN AgY ST Aste] AV wHoR Ad R
2 35%9 FAPAFS FARAG AF SHHA WP ol
GAAEZE (MSY) 4o g =8 @ unAe #4485 440w
Agete wgelth T WA e Aze) FoolFel o 49w

29k (NFRDI, 2015) A5E ARgste] FAQAAE (MSY) S
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2.3.1 =% 2 BRuAxo FAX AL
@O = AA Al dst FAPAF FX] o] (2291F)
sh=r QA el sk 2201F <] ofFEH FAEAFE (MSY) FEAE

ARH o R ARG (Table 4). webA, =0 AA &9 ofFd

ARl i Aa o1FH oHF e olgstol As dAee
olFH FAMAE (MSY, ) 2 (47) 7 FAHeA
2
MSYWS = MSYS . : (47)
' Cks

AZIM, MSY, = F= AA el wid solFe FARAAHE (me),
Cwsi= Aallel tE soFe] oA (mt), Cxee T AA Aol et
solFe] odF (mt), s =, BA, 7124, A5, Fx7], oHl,
7habn], Ao o], #eAe], #A, Wi, &, Adl, s, Fo,
A, 7ked], B, o], o], Al A% ololH
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@ A9 "Ml gk FAYEFE FHA AR (b=

A2 11 (2001 oA RuE AJukE nlgo]d] mpx|eke] A AyAakek
FAA 9 ARk whEo]q] whAEte] o] WA S o] &35tk 20019 %
ol Al vk ojgere vlgolgle] g 99% T (FAFAAL,
1986—-2000) =171 wizel, A&l whAEe mpgof]le]  osARt
olgdtty shgatoich. WA, Alvkg oAFEA] g upx e
LA vE (yp)s A (48) o2 FA5

MSY;
Ar

Yr = (48)

A7IA, MSYr & AMuts viREe] AL, A= ATHE vER ERe

ol griolty, Adl Al wHete] ojgwAe] &

O_u

g8 AwE v
oA A gt FAYaF HES FEs Ad AEE upx
FARNES 2 49z FFsT. As AR ux gl
AFHA L AT IAFZA (NRFDI, 2010)°4 1433t} (Table

5).
MSYrc =yr - Arg (49)

71 M, MSYyo e AG G ek whAte] FAYAF (me) At A
GOl ol whAee ol AWA (km?), G AV)E, ARBA, FHE
depmolth, webd, Asl A GAYAF (MSKy ) A

(50) 0.2 F3selu.
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MSYWT = ZMSYT,G (50)

b, =it B B FAAE ARGkl 2301F] dis) =4

QYA (MSYR)S 2 (51) 3 2t}

MSY, = Z(MSYW,S) + MSY,yp 1)
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Table 5. Fishery area by province of village fishery in Korean west coast

Province Fishery area of village fishery (km?)
Gyeonggi-do 44,51
Incheon Metropolitan city 26.32
Chungcheongnam-do 60.41
Jeollabuk-do 20.71
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2.3.2 A=5t4 818197 (ABC) A&E AHEE 4574
= AA adel digk A=A sgolgdw (ABOH} HZ 5704
(2008~2012) o thst ALdsFs ARESto] FAYAZ  (MSY) =

, o], AAR F 40jFoln

J
&Y
oX,
i
4
o
2,
an}
2
ofN
lo
=
o
Y
ol
2

AAEF] BE 0 FAE us oFe] dads 4B
%

5- CZOlZ,p
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sztel WS Ea AW REE F2 3501F (70.62%)0199 olF
(29.38%) 9] g BAFEDY FAANRE FAGUT. FeolEe

AG ofFel dhste] AR JFRFTL FolF (States), ¥AA

2

%94olHF (Predator pelagic), 2% 394°F (Small pelagic),
%715 (Croaker), 7Z|et AAol7F (Other demersal), T
(Cephalopds), XXE% (Epifauna), WA%E (nfauna), 7]E}
Ete)® & 9/ aFew AAEAT (Table 6). oFEFTI

7ZFO)EL FAHE FQ 359F F AYIHNARY AFHEE 1# 5

et P 4 (G8)=

2
of\
M
i
M
g
N
to
o4
o
o
o
1o
s
f
2

K¢ sta
1Q5=be(EiL> (58)
G,std

A7VAM, Ksoi= G1ES solFo] ddk Al $AFEF, ¢, = G1Fe
so]Fel e A3l 2000~2014d BHt o FF

71%°91% (Standard species, std)el ®iet Mal SFFEH, C; 0
oFiF 1% (Group NO. 1~9), sv= GI1w9Y o]F°lt}. Group num.
9¢] 7]g} (Etc.)E Group num. 1~8 7|&Fo]EH o3 ko] 3t

aA5 g HEge ol .
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e, AMa A A AF Y S5 (K= 24 (59) 3 2k

K—(KS+KG1971)+ZKGS (59)
oA71A, Kei= doAAAEERdef o3 FAH ofFH dAFLEH F
Ko = AUAAZ melol] oo 395 o548 245532 Foln}

MSY,
MSY; s = Cg s <ﬂ> (60)

AZIM, MSYsi= G2 solFol thdh Mall AR, MSY; g
G129 7]%°]% (Standard species, std) o] tidt A&l =) gakako) ),
Group num. 92 7]} (Etc.)+ Group num. 1~8 7]Fo]FH o] &
et FHA B e Batgte o] &gt

uebA, As dds AA oo FAAAE (MSY)S 4 (61D F

Fag=y

MSY = (MSYg + MSYp + MSY,) + Z MSY; (61)

-59-



Table 6. Species excepting mojor 35 species and standard species for classification by group

Group Classification Species of excepting major 35 species Stand_ard SPECIEs
num. to major 35 species
1 States Okamejei kenojei (-©1), Mustelus manazo Bleeker (%1) Raja pulchra (35-91)
2 Predator pelagic ~ Scomber australasicus (*& =] I-5©1), Seriola quinqueradiata (*}-©])  Scomber japonicus
(AL5°)
3 Small pelagic Cololabis saira (-5-*]),  Hyporhampus sajori (2} %), Setipinna  Engraulis japonicas
H X
tenuifilis (F4]), Sardinella zunasi (¥ ¥ ©]), Salangichthys microdon (27))
(" 1), Sardinops melanostictus (4 ©12]), Ilisha elongate (= *]),
Ammodytes personatus Girard (7}12])
4 Croaker Larimichthys crocea (+-41]), Other rat-finned fishes (1€} %7]5)  Larimichthys polyactis
(F=71)
5 Other demersal  Lateolabrax japonicas (-5 1), Acanthopagrus schlegelii (733 =), Pampus argenteus

Pagrus major (%), Oplegnathus fasciatus (= ), Gobiidae
("&=-01), Saurida undosquamis (-& ©1), Sillago sihama (}.2]'g),
Chelidonichthys spinosus (“d t]), Sebastiscus marmoratus (31 ©1),
Hemitripterus villosus (4F4 71), Platycephalus indicus (% E)),

Liparis tanakai (% ), Others (71 E}5- 5, 7| E}22+7)

(*g1)

-60 -



Table 6. Continued

Group Classification  Species of excepting major 35 species Stand_ard species_
num. to major 35 species
6 Cephalopds Loliolus beka (2571, Octopus variabilis (5} *]), Enteroctopus Todarodes pacificus
dofleini (3=-¢1), Octopus ochellatus (=7 1), Others (7] E} 1 A 5 &) (2£40)
7 Epifauna Neverita didyma (&1 ©]), Neptunea arthritica Bernardi (4~2}31%),  Portunus trituberculatus
Gastropods (31-5), Haliotis giganta Gmeil (1 %), Mytilus coruscus (71)
(¥ %), Cipangopaludina chinensis malleata (-$-% ©]), Echinoidea
(3 A), Holothuroidea (3l 4}), Trachysalambria curvirostris (2] %),
Panulirus japonicas (¥}41-%-), Fenneropenaeus chinensis (tH 3}),
Marsupenaeus japonicas (X.2] A --), Metapenaeus joyneri (Z3}),
Others (71 €} Al, 71 EFA]-F)
8 Infauna Patinopeten yessoensis (7} 2] H]), Cyclina sinensis (7} &), Mactra Atrina pectinata
chinensis (7} =% 71), Tegillarca granosa (Z24}), Solen strictus (%), (7127H)
Meretrix meretrix (2} &), Fulvia mutica (2] Z=71), Scapharca
broughtonii (3] Z71)), Crassostrea gigas (&)
9 R Others (7] €01, 71EFZH2HR, 1€, 71 ek &) *
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Table 7. Colloction of available data for 6 commercial fisheries in Korean west coast

Fisheries Average target Reference for potential yield and carrying capacity

ratio from 2010 Catch Vessel MSY

English name Korean name to 2014 (%)

Offshore Stow net L3 o7t 21.01 KOSIS website  NFRDI (2004; 2010) -
Coastal gillnet o] ok x| 1} 10.31 KOSIS website  NFRDI (2004; 2010) -

Coastal improved stow net

2
N
==
o
r2
o
ol

9.94 KOSIS website NFRDI (2004; 2010) -
9.44 KOSIS website NFRDI (2004; 2010) -

R R
o
o
off
&

Coastal fish pot

Offshore gill net 23 Ay 8.51 KOSIS website  NFRDI (2004; 2010) -
Community fisheries n}-8-0] 9] 8.32 - - Koh (2001)
Total (6 fisheries) 67.53 %
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3.2.2 o3} tiidF e A LB IME AHES 4
AREE mEEolq] didol el tiEt A7t

2ol oA e A 9 dE:ALAY HEes FUIE,

Agskla, A%, dHFIAN, THEE, AHEE el

Aal wheolql #ASEFE FAS] Slstel AuE wholg)

oA o et A=A

o,

F S () oelel A3 o] FFerh

2 Bao09,i

Loy YAy,

A71H, 3 Broei = 191% 8 PHEOlY WEAAF, DAy E iFol e
A vheolglel ojgmAolnh. Msl AEM ojgmae] Au
whgolql olgude] U AT e AAA Amd

hgol sl AERLR (Brnee) & A (64 F FA30

Byoooc = Ve " Ave (64)
AZIM, Ape v G AF9 "o odHA (km?), ¢ & A%,
AAFAA, FHGE, AgHTolth Ad whedd AzAAL
(Baoos) & ol#e] Aoz 7459
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Tl A, Zalbd e AEALY (Byggor) ol I ST

Bt W} 2rka spgste] obee Ao FAsgh

K, 1
Ky = Bypo9° L. (66)
BZOO9,F 2

AZIM, Ky, © Al vh2oldde] @F3FRYE (mt), F+ ZelA,

ek, e heole] FAYAFE FAS] fskel AwE wholg)

ofgE el g FAPAFE HE  (yysy )= oFAY A Zo)

>, MSYy ;
= = — (67)
Ymsy ZAv,i

A7IAM, MSY,; = iojFol g ARts mhaolde] FAYNZE, i=
AA o], vpAg, E=5, WF, ot M AEE oA
el

At vheol] o

MSYy ¢ = Yusy " Ave (68)
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171X, MSYyq = G A w04 FARAEoIG. Ml rhEold]

HFAYALE (MSYy) = obeie) Ao = S48l

MSY, = Z MSYy (69)

ks, A o 670 o9 B#AFEFE (K> A (7003
KF = KS + KV (70)

o714, MSYs &  JogAalErde] o] FAHE S5/ o]

ot
o,
>
oo
ol
1o

°of groltt. w&, Aall T2 670 o194 FABAE (MSYp) &

21 (71) 2.2 e QLT

MSY; = MSYs + MSY, (71)

AZIAM, MSYs & oA Ed o8 FHE 57 o9

A YA ES] Fholth,

-67-



3.3 A ol Hdel e BAFEFN FAILF 77
4 : 9

(67.53%) 01212 o1 (32.47%) °l

=
_(|){_|‘
riot
o
s
ofo
o
&

N
2L
0%
2
o
o
o
o
ol
38
=
N
ko
2
r?
o
L
1o
o
2
ofN
K-

gigte] AR AYEFITS FHIEF (Trap nets), ATFAHF
(Hiding places for traps), AF1EF (Bag nets), W< (Fishing
without gear), 71} (Etc)® F 5719 1w o= A3t (Table 8).
ESE oo SA we FAE 72 o T odERLE VIeolds
EREE e

AT EH Foold ol el Wi SFFEHFS A (T2 =

Fo et

4

ol

=
T

K¢ sta
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A71M, Kz M8l 2 671 ojdel sl 74

oI F Feolgl ol99 ofglel YE FAALT & A (THE
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oI71M, MSYsrt GZES Foldel tiet A& A, MSY; gt
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2,

MSY = MSYy + 2 MSYg g (75)
oA7IA, MSY, & Al F& 671 ool disl FHE IAAAE
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Table 8. Fishereis excepting mojor 6 fishereis and standard fishereis for classification by group

Group Classification Fisheries of excepting major 6 fisheries StanQard flgher|e§
num. to major 6 fishereis
1 Trapnets Large Purse Seiner, Small Purse Seiner, Coastal Purse seiner, Coastal Coastal gillnet
Lift Net, Coastal Beam Trawl Fisheries
2 Hiding places for traps Offshore Eel Pots, Offshore Fishtrap Coastal fish pot
3  Bag nets Bottom Trawl, Dredge, Large Trawl, Boat Seine, Coastal Dredge, Set Coastal improved
Net, Stow Nets, Fyke net, Gape Net, Shrimp Beam Trawl, Glass eels stow net
Stow Net
4 Fishing without gear Diving Apparatus Community
fisheries
5 Etc. Coastal Angling, Offshore Angling, Coastal Longlines, Offshore -

Longlines, Coastal complex, Other designated area
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Fig. 2. (a) Comparison between nominal total horsepower and exclution of
aquaculture and inland fisheiry for total horsepower, and (b) Comparison
between nominal total gross tonnage and exclution of aquaculture and inland
fisheiry for total gross tonnage from 1966 to 2013 of total target species in

Korean west coast.
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Table 9. Standardized data of horsepower (h.p) from 1966 to 2013 of total

target species in Korean west coast

Exclution of h.p for

Year Nominal h.p aquaculture and inland Standardized h.p
fishery
1966 31,093 38,259 69,028
1967 97,965 48,349 77,881
1968 103,960 56,252 85,677
1969 50,536 62,355 90,249
1970 63,652 79,944 108,305
1971 68,223 94,179 120,777
1972 81,316 119,206 143,604
1973 81,138 130,631 153,784
1974 91,581 163,615 181,442
1975 96,974 179,817 196,132
1976 121,012 205,666 221,451
1977 154,629 242,135 254,228
1978 211,664 290,741 300,830
1979 315,938 303,477 315,161
1980 338,750 325,553 337,333
1981 364,411 350,707 361,644
1982 413,090 392,567 403,855
1983 460,721 443,946 455,041
1984 536,343 521,390 532,001
1985 566,464 553,388 563,300
1986 613,865 591,454 600,502
1987 755,465 722,338 731,007
1988 891,243 833,312 839,055
1989 943,807 859,208 863,405
1990 1,044,040 963,074 967,134
1991 1,165,774 1,050,715 1,054,091
1992 1,334,863 1,221,100 1,225,087
1993 1,384,246 1,310,058 1,314,927
1994 1,459,213 1,370,783 1,374,747
1995 1,503,685 1,429,561 1,432,967
1996 1,537,723 1,459,594 1,461,966
1997 1,571,760 1,497,292 1,498,805
1998 1,706,161 1,587,838 1,589,557
1999 1,988,775 1,854,289 1,855,885
2000 2,230,595 2,031,215 2,032,589
2001 2,910,045 2,688,142 2,689,208
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Table 9. Continued

Exclution of h.p for

Year Nominal h.p aquaculture and inland Standardized h.p
fishery
2002 3,321,632 3,062,676 3,063,596
2003 3,176,334 2,897,073 2,897,952
2004 3,539,285 3,331,382 3,332,239
2005 2,630,035 2,415,017 2,415,908
2006 3,069,656 2,879,948 2,880,816
2007 3,412,676 3,223,965 3,224,620
2008 2,698,061 2,468,744 2,469,378
2009 3,192,699 2,946,800 2,947,388
2010 2,847,409 2,627,333 2,627,975
2011 2,708,494 2,524,243 2,524,896
2012 2,781,784 2,598,386 2,598,993
2013 2,841,329 2,619,610 2,620,003
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Table 10. Standardized data of gross tonnage (GT) from 1966 to 2013 of total

target species in Korean west coast

Exclution of GT for

Year Nominal GT aquaculture and Standardized

; : GT
inland fishery
1966 34,023 35,776 225,063
1967 60,976 39,423 212,233
1968 63,649 41,636 220,355
1969 40,110 43,177 226,960
1970 45,376 50,279 225,104
1971 47,531 55,528 229,546
1972 51,428 64,161 232,431
1973 49,886 68,874 228,219
1974 51,100 78,057 230,240
1975 52,624 80,510 232,553
1976 57,505 89,306 246,457
1977 63,671 95,387 250,913
1978 75,842 107,084 245,488
1979 107,522 103,349 239,001
1980 110,245 106,150 222,976
1981 112,289 108,760 229,492
1982 115,377 110,804 224,689
1983 115,323 111,705 225,063
1984 120,722 117,568 212,233
1985 115,888 113,109 220,355
1986 114,530 110,108 226,960
1987 115,713 110,018 225,104
1988 116,994 110,230 229,546
1989 109,430 101,210 232,431
1990 109,834 102,722 228,219
1991 111,224 103,241 230,240
1992 107,330 101,648 232,553
1993 104,621 101,357 246,457
1994 102,962 99,995 250,913
1995 98,577 96,177 245,488
1996 97,115 95,066 239,001
1997 95,653 93,980 222,976
1998 100,627 98,029 229,492
1999 100,009 97,254 224,689
2000 96,481 93,054 225,063
2001 94,922 90,996 212,233
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Table 10. Continued

Exclution of GT for

Standardized

Year Nominal GT aquaculture and

; : GT

inland fishery
2002 87,540 83,638 220,355
2003 85,352 81,230 226,960
2004 81,660 78,079 225,104
2005 82,259 78,604 229,415
2006 80,189 76,923 229,347
2007 78,119 75,138 225,632
2008 64,960 61,332 184,696
2009 59,030 55,212 167,285
2010 59,204 55,837 172,153
2011 58,773 56,096 176,020
2012 59,175 56,497 180,145
2013 59,291 56,066 181,720
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25 = ===Exclution of h.p for aquaculture
and inland fishery

Horsepower (h.p*105)
Horsepower (h.p*10%)

|-l-=""-/

o N o & o o N o ~ B
5 a A % & R ) N S
S99 9 OB I N

Fig. 3. (a) Conparison between nominal total horsepower and standardized total horsepower considering about non-

powered vessel from 1966 to 2013, and (b) from 1966 to 1980 of total target species in Korean west coast.
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Figure 4. Conparison between nominal total gross tonnage and standardized
total gross tonnage considering catching efficiency from 1966 to 2013 of

total target species in Korean west coast.
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1.2 AR A8

1.2.1 Fox® &

x2FEstE s AREE o]&ste] FoxEEE Y AR
(MSY)> 330,373mt ©°]lew, 7|4 ZAAAST (Coefficient of
determination, R+ 0.916, 929 Al H# AFZ (Root Mean

Square Error, RMSE)< 0.199, Theil®] U A% (Theil’s U—statistic,

=5

U+ 3.272% AAE Y (Fig. 58 Table 11). EF3ld =S
Ags o]gdte] FoxEE=z F4d¥ MSY:E 201,943mt ©]lor
o714 R%= 0.795, RMSE& 0.218, Ux 2.323°9% AAME ATt (Fig.

62} Table 11).
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Fig. 5. The estimated CPUE (a) and catch (b) of total target species of Korean

west coast fisheries by Fox model using horsepower for effort.
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Fig. 6. The estimated CPUE (a) and catch (b) of total target species of Korean

west coast fisheries by Fox model using gross tonnage for effort.
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Table 11. Summary of the estimated results for total target species of Korean

west coast fisheries by each model using horsepower for effort

ME model ME model

Parameter mFoOdXeI rr?c;(jzl f\nSoFc)jle(I: (Cobb-DpugIas (Simplg yield
equation) equation)

MSY (mt) 330,373 2,680,692 436,700 116,954 336,228
Bysy (mt) - 71,127,858 263,600 896,197 672,457
fusy (h.p) 869,759 697,446 1,510,000 0.1 471,288
K (mt) - -193,345,565 527,100 1,792,394 1,344,914
q - -5.40E-08 1.10E-06 5.05E-01 1.06.E-06

r - -0.038 3.314 0.261 1.000

R? 0.916 0.945 0.670 0.987 0.985
RMSE 0.199 4.416 0.393 0.059 0.104
U 3.272 70.004 6.974 0.951 10.754
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Table 12. Summary of the estimated results for total target species of Korean

west coast fisheries by each model using gross tonnage for effort

ME model ME model

Parameter Fox Cvp ASPIC (Cobb-Douglas (Simple yield
model model model . .

equation) equation)
MSY (mt) 201,943 163,656 199,100 149,696 218,304
Bysy (mt) - 995,188 1,057,000 865,294 522,885
fusy (GT) 149,106 168,923 150,900 519 151,590
K (mt) - 2,705202 2,115,000 1,730,587 1,045,769
q - 9.74E-07  1.25E-06 5.05E-01 2.75E-06
r - 0.164 0.377 0.346 0.835
R2 0.795 0.898 0.938 0.995 0.945
RMSE 0.217 0.382 0.168 0.179 0.156
U 2.323 2.526 RZ3% 0.796 1.040

-85-



1.2.2 CYpPR=
CYP RAoM= MSY & fusy T3¢ tlEo] AHFgHo=m Fast
st gl AL (K), MSYAIY A% Bys) @ AA85E (q),

HAZHE () = FAARAel s FYHAL. e BEsE

—

e 4 A5 5 ol gste] CYPREE 4% e E2 K, Busy g, ro]
nfol 2 glto® FARAPEOoEMN AL Ad AyE HoFtt (Table
113 Fig. 7). 2538 T ARE ol&st CYPREE F4H¥
MSY+ 163,656mt ©]9len, K 2,115000mte® FA Aok
o]7]4 R*= 0.898, RMSE: 0.382, U 2.526°.% AALE At} (Table

12¢} Fig. 8).
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Fig. 7. The estimated CPUE (a) and catch (b) of total target species of

Korean west coast fisheries by CYP model using horsepower for effort.
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Fig. 8. The estimated CPUE (a) and catch (b) of total target species of Korean

west coast fisheries by CYP model using gross tonnage for effort.
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1.2.3 ASPICE €

EwskE vhEa ARE olgste] ASPICEHEE  F4+d  MSY

rir

436,700mt °]°on, K¥ 1,510,000mtez FHFHUth o714 R*:=
0.670, RMSE+ 0.393, U 6.974% A4}t (Table 113 Fig. 9).
E7stE TET A5E o835t 49 MSY+E 199,100mt o] 3loH,
K& 2,115,000mto 2 F45dth o714 R*= 0.938, RMSEE 0.168,

U= 1,235% AbE Y (Table 129} Fig. 10).
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(a)
——ASPIC model

2

e Obs.

CPUE (mt/h.p)

Catch (mt*10%)

0 100 200 300
Fishing effort (h.p*10%)

Fig. 9. The estimated CPUE (a) and catch (b) of total target species of Korean

west coast fisheries by ASPIC model using horsepower for effort.
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—— ASPIC model
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Fig. 10. The estimated CPUE (a) and catch (b) of total target species of

Korean west coast fisheries by ASPIC model using gross tonnage for effort.
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1.24 HYJEZg 2
D Cobb—Douglas A=

xEste viEs ARE o]8s8kel  Cobb—Douglas  AJikgh

d o T

i&

HAYdEzygrdz  FAHEH  MSY= 116,954mt  o]gen, K

AN

rlr

¢

1,792,394mt o2 FH =tk 91714 R*= 0.987, RMSE& 0.059, Us
0.951% AArETh (Table 113 Fig. 11). ¥#38 FE+ A8

o] &ato] FHW MSYE 149,696mt ©]%l o™, K& 1,730,587mtO =
F49%k. o37]A R*:=0.995, RMSEE 0.179, Ux 0.796°%

A QI Th (Table 129} Fig. 12).
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(a)

——ME model (Cobb-douglas equation)

887

e QObs.

CPUE (mt/h.p)

Catch (mt*05)
2

0 100 200 300
Fishing effort (h.p*10%)

Fig. 11. The estimated CPUE (a) and catch (b) of total target species of

Korean west coast fisheries by ME model (Cobb-Douglas equation) using

horsepower for effort.
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——ME mode (Cobb-douglas equation)

4 (a) e Obs
G 3
-
£

oy
= 1980 can
E' 1750
Q 5 2000
2010 ¥¥2013

0
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0 5 10 15 20 25

Fishing effort (GT*10%)

Fig. 12. The estimated CPUE (a) and catch (b) of total target species of

Korean west coast fisheries by ME model (Cobb-Douglas equation) using

Gross tonnage for effort.
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xEstE w8 E o] 83t IRt A 2kgh 9]
AgJdEZv Az  FAH  MSYE  336,228mt  olglen, K
1,344,914mto2 FHH 3} 91714 R*= 0.985, RMSE: 0.104, U
10.7542 AArE A (Table 113 Fig. 13). %5388 FESF ARE
o] g3ate] FHH MSYE 218,304mt ©|lem, K& 1,045,769mtO =
F49k. o37]A R*:= 0.945, RMSE+E 0.156, Uv 1.0400%

AALE 9l (Table 129 Fig. 14).
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@) ——ME model (Simple yield equation)
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Fig. 13. The estimated CPUE (a) and catch (b) of total target species of
Korean west coast fisheries by ME model (Simple yield equation) using

horsepower for effort.
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4 (a) ——ME model (Simple yield equation)
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(3]

0

3
o
[—]
-
E 2
=
2
o

0

0 5 10 15 20 25
Fishing effort (GT*10%)

Fig. 14. The estimated CPUE (a) and catch (b) of total target species of
Korean west coast fisheries by ME model (Simple yield equation) using

gross tonnage for effort.
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Table 13. Estimated carrying capacity with such species by maximum

entropy model based on surplus production model

Species Carrying capacity R2
Scientific name Korean name (K, mt)
Engraulis japonicas H 115,685 0.562
Lophiomus setigerus o} 22,290 0.935

Todarodes pacificus AFQ A o] 53,265 0.833
Sepia officinalis 72 Ao 8,202 0.951
Trichiurus lepturus =] 70,576 0.950
Conger myriaster H-7lo] 3,979 0.923
collichthys niveatus 7o) 23,310 0.674
Takifugu chinensis =1 10,943 0.476
Scomberomorus niphonius ~ 4}%] 4,678 0.932
Batoidea 712 28,026 0.897
Saxidomus purpuratus = 11,264 0.681
Miichthys miiuy qlof 1,615 0.514
Pleurogrammus azonus ol el 4= o] 6,155 0.649
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Table 14. Estimated carrying capacity with such species by gulland model

Species
Natural mortality ~ Carrying capacity
Scientific Korean (M,/year) (K, mt)
name name

Portunus trituberculatus % 7] 1.4 25,526
Tapes philippinarum v}A] 2+ 0.545 114,290
Atrina pectinata 7 Z 7N 0.39 25,785
Gadus macrocephalus o] 7 0.4 12,380
Acetes japonicus A A S 0.893 22,015
Larimichthys polyactis 227 0.46 11,032
Pleuronectidae 7}A}m] 0.313 14,311
Pampus argenteus H o] 0.45 4,189
Cynoglossus joyneri kel 0.484 2,228
Scomber japonicus A 0.41 4,731
Raja pulchra Zhg o 0.31 3,181
Argyrosomus argentatus & %] 0.458 1,893
Stephanolepis cirrhifer 3] =] 0.45 156
Batillus cornutus A}t 0.874 19
Muraenesox cinereus Pigeides 0.312 1,415
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Table 15. Estimated carrying capacity with such species by relation equation between biomass and catch

Species £ Highest catch Natural mortality ~ Fishing mortality =~ Carrying capacity
rom 1966 to 2013
Scientific name Korean name (mt) (M,/year) (F,/year) (K, mt)

Paralichthys olivaceus { %] 4,472 0.685 1.121 8,621
Charybdis japonica T2 A 4,080 14 0.92 11,410
Mactra veneriformis 5= 27,234 0.745 1.337 48,451
Agrammus agrammus = 2jj 1] 1,760 0.532 0.24 10,525
Mugil cephalus = 3,819 1.205 0.865 10,459
Sebastes schlegeli Z v &g 1,588 0.572 0.64 4,281
Konosirus punctatus %1 o] 1,357 0.468 0.672 3,387
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2.2 792 oY 3501Fel thg B =4
2.2.1 =% 9 HuA] FAHX ALS
@ b= A slde] et LA FHA o] (220]1F)

2201F2 AA sl g FA YA Qg3te] S A
del digt Aslel ojFul&E o] gste]l AMael ek AR
F4AE UYedtt (Table 16). ZA7F 17,868mtoz 7k &

A e o, ke 8mte® VHE A fto® FAH T
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Table 16. Estimated potential yield with such species by using papers and

reports
Species MSY forall Catch ratio of MSY for west
Scientific name Korean (Ecrﬁts)t Wesgo%(;?s&g/t,()) 2l C((r)r?ts)t
name
Portunus trituberculatu Z- 7| 19,801 0.90 17,868
Engraulis japonicas =5l 213,287 0.09 22,644
Atrina pectinata A 6,737 0.75 5,028
Acetes japonicus A A5 35,083 0.28 9,830
Larimichthys polyactis %% 7] 29,147 0.09 2,537
Lophiomus setigerus o} 11,693 0.21 2,496
Pleuronectidae 7}A}m] 17,146 0.12 2,018
Todarodes pacificus AFQ A o] 225,497 0.02 4,937
Sepia officinalis 9.7 o] 3,729 0.33 1,233
Trichiurus lepturus =] 113,272 0.02 2,722
Pampus argenteus H o] 9,226 0.10 943
Conger myriaster 570 16,414 0.03 569
Cynoglossus joyneri She 1,694 0.32 539
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Table 16. Continued

Species MSY for all Catch ratio of MSY for west
Scientific name Korean C((r):ts)t zfsgo(;;?%/fg (E?St
name

Scomber japonicus 159 171,266 0.01 970
Takifugu chinensis o] 5,357 0.04 230
Scomberomorus niphonius A} %] 31,922 0.01 375
Batoidea 719 2 3,393 0.31 1,038
Argyrosomus argentatus  H - %] 5,059 0.09 433
Miichthys miiuy 1] o] 2,698 0.02 43
Pleurogrammus azonus <] <=9 3,453 0.06 214
Batillus cornutus Eat=td 1,799 0.00 8
Muraenesox cinereus 7R} 6,620 0.03 221
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@ A94 Helel gk FAYFE FHA ARG (A )

AetE oW A 1.15km*] diste] wpxehe] A AYatee 236mee] T
(Koh, 2001). A& A=® ojgwA<el 151.95 km?dl dis Ajwt=
oW A  w&S AMwE ke FAPAFe] A gstel Al

AN A S =48 A 31,144mt O 2 FA ¥}t (Table 17).
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Table 17. Estimated potential yield with such species by using papers and reports

Species ichi
—— F'Sh'gg ground area for MSY for Saemanguem MSY for west coast
Scientific K aemanguem (mt) (mt)
orean name (km?)
name
Tapes philippinarum 5] =ty 1.15 236 31,144
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2.2.2 AESA 380N (ABC) ARE AFE 3%
Tier 5% 48 AZSA Hgolde (ABC) ARZ AHEsH]

AFAT AT T, FEol, Lol HAAR 40]Folvt (Table 18).

FAEJD, A= 6,410mte 2 FAEOH, HEAHoT F HA
Ao st Al oF H&S uHEst A3, AEe] FAYAFS
77 2,476mt, FEoJ7F 493mt, ZAEol7b 247mt, A X7} 35mto®E

F45 9,
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Table 18. Estimated potential yield with such species by Inverse estimation using data of acceptable biological catch

Species ;
ABC Trend of Catch of Average catch MSY for Catch ratioof  MSY for
o Korean 2012 (mp) [rom 2008 to  all coast west coast to all - west coast
Scientific name (mt)  resouces (mt) 9
name 2012 (mt) (mt) coast (%) (mt)
Gadus macrocephalus  tj - 5,523 Increase - - 5,623 0.45 2,476
Raja pulchra Z+3 0] 467  Decrease 320 467 682 0.72 493
collichthys niveatus pAS=ge) 7,481 Equilibriun - - 7,481 0.03 247
Stephanolepis cirrhifer | X] 2,612  Decrease 1,419 3,482 6,410 0.01 35
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Table 19. Estimated potential yield with such species by using population

ecological characteristics of papers and reports

Species

Natural mortality MSY
Scientific Korean (M,/year) (mt)
name name

Paralichthys olivaceus ] 0.685 2,953
Charybdis japonica T ZEA 1.400 7,987
Mactra veneriformis = 0.745 18,048
Agrammus agrammus Reapeli el 0.532 2,800
Mugil cephalus %0 1.205 6,302
Sebastes schlegeli Zy| &2 0.572 1,224
Konosirus punctatus 7 o] 0.468 793
Saxidomus purpuratus 7 270 0.201 1,132
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A S 43T (Table 20). &5 (States) o 4443}
FARNFEL A7 11,217mt, 1,740mte 2 FEEAG. 244
#1979l (Predator pelagic)©= ZH7Zb 79mt, 16mte= F4 ¥ ¢l
28 ®YAdolH (Small pelagic)= 22t 26,855mt, 5,230mtl. =
F4E A 2715% (Croaker)¥&= 717} 1,174mt, 269mt, 7]EF AAM o5
(Other demersal) &= 72} 16,334mt, 3,684mt, +% 5 (Cephalopds) &
Zkzy 70,483mt, 6,534mt, ®EATE (Epifauna)> ZH2b 19,202mt,
13,417mt, WA% = (Infauna)< 27+ 120,219mt, 23,513mt, 18|31
718t (Etc) ¥ 43,911mt, 9,585mt o & F74 = 3l
webd FQ 350F9 AAFTEHFHR olF AT ofF=9 EF
#ETrEEFS g AR A AAH oY FATFEZFS
Holom, FQo 359F FABAFI olF

ALt oFSe EFTdE FARLHS F A3 21651Tmto®
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Table 20. Estimation of K and MSY for other species excluded major 35 species by extrapolation method

Catch of species  Ratio of K to K of species Ratio of MSY to MSY of species

Group A excepting 35 Catch of orsp . Catch of . P .
Classification - . excepting 35 species . excepting 35 species

num. species standard species (mt) standard species (mt)
(mt) (KIC, %) (MSYI/C, %)

1  States 1,192 9.41 11,217 1.46 1,740
2  Predator pelagic 13 6.05 79 1.24 16
3 Small pelagic 5029 5.34 26,855 1.04 5,230
4 Croaker 242 4.85 1,174 1.11 269
5  Other demersal 3,212 5.32 16,334 1.20 3,684
6  Cephalopds 5,585 12.62 70,483 1.17 6,534
7  Epifauna 12,309 1.56 19,202 1.09 13,417
8 Infauna 18,962 6.34 120,219 1.24 23,513
9 Etc 7,430 591 43,911 1.29 9,585
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Table 21. Estimated carrying capacity and potential yield with such fishery

by maximum entropy model based on surplus production model

fisheries
: K (mt) MSY (mt)  R?
English name Korean name
Offshore Stow net Zaf ek 159,313 33,257 0.681
Coastal gillnet A okx}+} 78,061 19,515 0.817
Coastal improved stow & o}yl =Fol-7 ik 126,296 26,364 0.755
net
Coastal fish pot o] ol =4} 61,682 12,876 0.746
Offshore gill net =3l A 33,565 3,524 0.655
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3.1.2 o oo ALdF7HE ARESE A
Ak wupgoly] o} AWA  (6.42kmH) oA AT wlgoldde dE

A S 3,794mt, FAGAFS 1,834mtolth (Koh, 2001). Al

A= o) AHAQl 151.95km?e] tf gt AjwkF wpSo]ly] oA WA n &S
Mg vhEoid el AAAAdGge] A gt AME dE=xYHS FG3
A3y 1,834mteltt (Talbe 22). oj7]o] <JoqAgas md=z F4¥

212,058mte 2 FAEHAG. FAYAEFLS ofFHA HES AN
uSolq] A AR HEste] AE] FAAAANEFS 43,410mtlE

%45 9o,
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Table 22. Estimated carrying capacity and potential yield with such fishery by usinf data for stock assessment

fisheries Fishing ground area Current biomass for ~ MSY for MSY for west
K for west coast
English forSamn%pguen1 Saemanguem  Saemanguem (m) coast
o Korean name (km?) (mt) (mt) (mt)
Community g0 6.42 3,794 1,834 212,058 43,410

fisheries
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AAQAPArEFS F4sc (Table 23). ¥ I1EF (Trap nets) 2
SAFEF AP 247 33,544mt, 5,222mtO® FAHEHA L,
5 (Hiding places for traps)+ 217} 12,441mt, 1,452mtO. =
FAHPY. AF1EF (Bag nets)t ZH7ZF 72,170mt, 12,357mto 2
Hgom, wiEF  (Fishing without gear)® 27 39,446mt,
=z FAHJa, 7l (Ete)wE 2P 299,026mt,
54,802mtl. = F7 = 3t}
webA Fo 699 FAFEFH olE AT odE *

=
T
Al AA U BRreEe

o
>
™o
©
>
3
|o
fr
o
o
ool
2
|o
ey

F2 6olFe] FAYNFH ol

ALt oF=e E2RTE FAYNZFES @I A3 208,060mto =
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Table 23. Estimation of K and MSY for other fishereis excluded major 6 fishereis by extrapolation method

ﬁ?rgz?ig: Ratio of MSY to MSY of fisheries Ratio of K to K of species
Group e - Catch of standard excepting 6 Catch of standard excepting 6
Classification excepting L S L L
num. 6 fisheries fisheries fisheries fisheries fisheries
(mt) (MSY/C, %) (mt) (KIC, %) (mt)
1 Trap nets 5,222 1.61 5,222 6.42 33,544
2 Hiding places for traps 1,452 1.93 1,452 9.26 12,441
3 Bag nets 18357 1.22 123%7 5.84 72,170
4 Fishing without gear 3,761 2.15 8,075 10.49 39,446
5 Etc. 32,180 1.70 54,802 9.29 299,026
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oy zEvE HMFE st dAZA " oy 71X 9
FARNERAR AAF Y FARAZFS FAHGAT. B A

=

A FARA AAE

1966~2013d9] 4871 d &% A8 5 o] &sk3ith o7]oll= IUU o<,
H 7%, AA, "FA, AEAR Tl g3t o™ A5Tt v EF
FARF] HAa FHEYS 7ol Utk A, o F g oA
FESY mES  wger &9 AT =EN  Agd
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