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Simulation-based Yield-per-recruit Analysis of Pacific Anchovy Engrau-
lis japonicus in the Korea Strait with Varying Fisheries Regulations

Kyunghwan Lee, Seonggil Go and Sukgeun Jung*

Department of Marin Life Science, Jeju National University, Jeju 63243, Korea

To evaluate the consequences of possible fisheries regulations of anchovy Engraulis japonicus in the Korea Strait,
we developed and applied a simulation-based yield-per-recruit (Y/R) model that considered temperature-dependent
growth and size-dependent mortality, covering the egg to adult stages. We projected changes in commercial yield and
egg production of anchovy with respect to varying biological reference points of 1) the instantaneous fishing mortal-
ity, 2) the minimum fork length of anchovy allowed to catch for protecting smaller anchovy (L_ . ), and 3) the maxi-
mum fork length allowed to catch for protecting bigger anchovy (L__ ). Our Y/R model showed that the anchovy
yield will be maximized at ca. 1.4x10° tons when L_ . ranges between 42-60 mm or at ca. 0.8x10° tons when L.
ranges from 88-160 mm. At L__. =30 mm, the presént minimum length of catch, our simulations indicated that the
anchovy yield can reach a maximum of 1.2x10° tons in the long-term when the present fishing effort, which annu-
ally yields ca. 0.2x10° tons of anchovy, can be increased by a factor of 28. We expect that our simulation-based Y/R
model can be applied to other commercially-important small pelagic species in which the traditional Beverton-Holt
Y/R model is difficult to apply.
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1TEE o] % ojg]gfo] F71st7] Alzksto] 2015W7HA] 197HE
olAko] ojglgko] §7] ¥ gl oL} 2011 297HE o] % 17717
ko] 20161 147HEC 2 W2 o] g LhEth(MOF,
2017). B2 o FH1L FaL AFE A AT A5 FolA| grot
At te] tholFol A7 = A7t Aglo L oF 4]
7HAl B2 AL 7R R ] o At A o e A
ojtt. Z|Z7HA] EAofl gt = A5-= Cha (1990)2+ Hwang
etal. (2006)°] A= 7} 47 A2} Kim and Kang (1992)2] A

https://doi.org/10.5657/KFAS.2017.0437

@ @ This is an Open Access article distributed under the terms of
@ the Creative Commons Attribution Non-Commercial Licens
LAl (http://creativecommons.org/licenses/by-nc/3.0/) which permits

unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Copyright © 2017 The Korean Society of Fisheries and Aquatic Science

Korean J Fish Aquat Sci 50(4) 437-446, August 2017

Received 26 July 2017; Revised 8 August 2017; Accepted 14 August 2017
*Corresponding author: Tel: +82. 64. 7543424 Fax: +82. 64.756. 3493
E-mail address: sukgeun jung@gmail.com

pISSN:0374-8111, elSSN:2287-8815



438 ol7g - 114

2k} A, Kim (1983)3 Kim and Choi (1988), Lee and Go
(2002), Hwang et al. (2007)2] F-&}x]of 9] B3Lo|| tjjgt &I+,
Park and Cha (1995)€} Kim et al. (2013), Kim et al. (2017)
o] Hol ol thgh A7 X3 = $1.om, Kim et al. (2004)
3} Cho and Kim. (2006), Oh et al. (2009)2] -5-AA} £-A4] &1L,
Jung et al. (2008)] 421 8}o] w2 |0 AAku} mek, A}
WE 24 A7k AT WA A% Wk 9 34 A7
£ Choi etal. (2001)2] Aol 2 ESRALE o] g3 BEF
27 91, Choi and Kim (1988)2] waiet 24 A4t &1,
Kim etal. (2002)2] $hzae] 42 wsto} %) o] 2]af W 7
Al A, Jung (2008)2] 1 AS o] 89t A WE 7 A
9 Jung et al. (2016)0] 222 AFRLL o] 83 T 2}
22 oS 2, Kim and Lo (2001)9] A ok 44k
Sk Alho] 13k Aol 24 A7} Kim etal. (2015)¢]
of 2] Aot 4e] B o] §4F Albe] ubE W] of2] A
¥ 57 R A R E| et

Sejupe Fo] AASHE BAS PO R A2 T4 A
B A= A 2719 A2 FHEsto] 1)f-2{uket Sl
oF FF=afloll AAlsh= AL 2) U 3o FZoll AAleh=
MAE L& FrElo] A7t Zyw gick. f-ejuet ot &
Soflofl AAsh= EAlofl tiste] 2T MaHE A= Zheng
etal. (2015)9] AR} 24 AL, Zhou et al. (2015)2] € HF
1049 F=7](PDO)2} EX| 7H A2 =7] W5 A A7} X138
= ek Y2 ol AAshz B AHAIT-S tide = s
9151 Suhara et al. (2013)2] A A EA4 A1E, Hayashi et al.
(2016)9] Yt 5% 3|H 9] WA I E32 A, Takeshige et al.
(2015)%} Yasue et al. (2016)2] 7| & s}of wh2 sfjofshy H
Sp7 ] 271 ALl v 2= F7F H7F A7 3 E ik

=W &] A FFolA = 4= ol AETH EAolu 7|+
wstel 2o s Mol HA] e SA nA= el
W A= Hollou A2 FAE Far dojube 1t A
A7t ol BAS sEskal A&57kset B3 ool Bt
AR AE] Aol Fagh HX] A Brhek e 7]
A Aol et A= A Y] A stk

whetA], o] Aol Al AEA 1 A A T E Pl A
A H7HE S skl 7l AR RS -2 el
Aol 2§52 L gk, 2| 27HA] 7hdd AT RS 0] 85k
2y AHdH 7 -2 Zhang et al. (1992)9] =7] A%
7} A, Park et al. (2000)2] 9113} 22| A1 W 7} AL,
Ko et al. (2008)2} Cha and Jung (2012)2] A|5= 2 E=}71¢} 2
gk o7 7hele AbALeE B4 A7) 21 SglA| ek ob 27|
A E BIREeE ero] L Ak 7o) 71 thefdt 7 Fojfi
of thgt AtolE0] 7hel| A= FETE Aol o]9
it A7t 2 et gl

7HAE AT BEle sfj ofh g HES sfjuitt A EEfAu
A 71421 oA B A7 stal(stationary) whebA] ¢

g 4 oA A, HA ALY A =E A AlSt] A &7Hs
g AR Tl E Qg AESH 71E1E Al sk o]
th A4 7He At dle. B v E2tn] A4S vl o 2
Beverton and Holt (1957)7} AAI$H o2 W7l o,
1Al ofef e} e

XZF eXp(-M(t —t)) Woo i ( M
R o 0 F+M+nK

d

[1-exp(-(FrM+nK)(t -t ))])

o7, Fiz ol GAREAlS, M2 SARAANSAl, (=
ANSAIATY, t2 AB7IIAY, W=
VS

o
Holt (195777 AAg Bele W) 749 Ak +4) A7

[e]
Alg M2 A ARI Lo 2 AAATEo] YAstth= 71 of
2 AlAbE]o] vt 2pA/Fe ol A APt Aol whE AFAARG
£ WS RhdakA] 2sh, 2)87F oAt A2 izl 141 o4
o] 7WA| o] £ ARty |7tol Akl A0 & 71 sto] H7t
SEAIRE AR S 7HA = A= SR A ] A oF 30 mm
| ojglo] o] FofA|w(Jung, 2008) T AHAAYE WMol 2
I (Jung et al., 2008) A5 Akt 3h= EA o &2 Aty & EX
- E

re

Beverton and Holt (1957)7} AAISF 7} AARE 24 WA
Alg & E2)of 28517 o= Al o] Atk E3E, Bever-
ton and Holt (1957)7} A|AJgt HH-S 2| A0S A4 E T} 2 7
A5 sl njAol s BEshe 248 AAR Frlsl= v
Holug, 3821 A A el E fl8f o] Ao T ok
WO & 5 Sl AolE BHoshe 202 FolgAlg 2
oF 242 WA 9] o] 2 5185t A AAESH 7l E A
sl=tl= & 7t /ich
wheba] o] dtoflAl= A&7t B A wEE sl §-
gutet e = H2| ojggfo] 7 w2 ol A 2 Al W
Stof| wheh EefAl= BA] A Aol we detAl= AEE
= HEFR 7" Ak s Al ol Wl i
AL Al o] AlEg ol s Foke] 1)Faxo] A% of
719] WAE ojelsls upyI & shte] of ] A w4
ol DT AR o] 5t 27]0) B Z ofelshe
o] & 7}x] 2L o] 5to] 44 of2] WIS 915t of Bt
7} of 2)4 ol it BB 712 L AA B e,

Jo 1

oL |0 ox Ok
1>
Lmlﬂ m
+

&

T

oX



EA| 7RI A 439

Xtz Y

1T That B

Selutet o) 5 W) ofelgpo] 1y e Ao ezl
&= )ALo Z(Fig. 1, b of Jung et al., 2008) 71w AJAFFES:
A ASISic), ol g A A g 2 e

St FdeY 9 deE o= At 754* Wk st
Al 2 Wkl A2 A, Aol ThE
Jung et al. (2008), 7] & F3IA|7H> Klm and Lo (2001), %
2] A4t 4% A= Choi and Kim (1988), 7HA| ek
Kim and Kang (1992)0] 718} HH4 A1-& A}g-5491c}.

A HFEH
Hi-od

whebA] B 99L= Jung et al. (2008)3} Cha and Jung (2012)
o] X gt A% Hstol| kg =4 SFAAT AL 7S
Ak wE A4S o] 8-5to] 7RI Ak E Btk

=1

]9 7he Ak g7E AlgE ol e oble] 2dE 7t

1% 9] 2|t 4152 36(0-24)|EF(Jung, 2008).

27HA1S] AT o] RIATEE 2o P et
(Jung et al., 2008).

3yFebe EBA9 A AA A Al whlERic
(Jung et al., 2008).

4HE =] 9] Akgte- o=

shet.

SyFete ol ozl A9 vl Li1o]th(Jung et al,
2008).

6)' x| 2] AJoje} nlAdoli= AF 80 mmE 7|E 0 & FEE
(Kim and Lo, 2001), /4 o}-7§] Abehof] Zoighe}.

0|3t 7} vl o 2 Z7ko) BANGA|X(F) 0-0.05 day 2}
Aol AL, )2 HHEAAHL,, ) 0-160 mmS WS}
AZIHA F 3 Fet AW AlEg oS 8l BA 7HdE A
S =&Y

e Al=E2old

el Qlofuri, ok Aateke sjutch o

Algdol A AL 19 125 E 39zt Uue) Aastelo
o], Blo] Mg E AL obehel 2k, of7| 4 A GE L dt

AE(1-1,095 day), i= A 5L WYL FH(=1-365 th daily
cohort)S LFERAHTE.

L2143
2] oFo] Bale} ko ol AL hglon, RE AH Q]

Hojeh g2 U 2 Hstol| JERS whethal 7Skl
o] Aoto] AR 422 Jung et al. (2008)0] 1996 743t

2 2} 2(NFRDI) 204-207, 400 2}01] 10 m 4224} 25 o]
sfol U -2 WS M dk ofel o] WA O B AN

T =18.28-5.67sin[2n(d+31.4)/365]

714 Tz d2ate]l 2(C)& fnlatet. 2o w2 83|
o B3}A| 72 Kim and Lo (2001)7} 2313+ off o] 1 4]
ol -5

h=40.46exp(-0.1167* T)*9'14/24

71 ha= 1A Ao & FIAZES Qulsi, T= 7
A2 Tt ofn|7t Fdsitt. A9 of uhE 4>
Kimand Lo (2001)2} -5 A9 0.2 Gapd =2(T )l nh
E = g7t AleE 8% B wETy] A 4l (Jung et
al., 2008 o} §3te] B7As 0, 7 WA AAAS 2
A AL oflof e,

K(1:000044+OOOO 17* Td ............... ( 4)
K*(L_-L )if d=h

L  -L :{ d e Tid L 5

Ld+1 nd 0 lf d<h1. ( )

07|14 K= AJAA4(mm, day”), L &= B3] 0|27 |

oh Zﬂﬂ(mm) o daAol A AEte] AP onlstn,
TR @7F hith 2k o Kol H ThA| R Lol Alte] o2
AP RS- 002 ALtETh o] 7|4 £33} 21 5.0] o] [ =
Kim (2007)°] 2113+ 1.5 mm= A-8-5}3/c}.
Hokgh F ]9 A2 Aol 3 vhew, Choi and Kim
(1988)0] B7Iet Al-A5 WA HA A AlF ol-§ato] A7t
o W ] 33 Wak vk sk

W, =0.004*(L, /10
SA71M W= ddrol A QFE BA) 5% AF@e
Ehiet,

SR AMT AL = A A

H AL 3)H 7 of| whel B ] 9] e 7 AAPY A= A Aol
Bha|g) shn, 71 A2 Jung et al. (2008)0] R HFA 4] Al
£ ARS8

M, =1.24 mm day'/L,,

o714 M= ddol] A g 7o) 7AAg



= 2fulstH(day?), o171l ths-she SHAANAS Z, =
ok A3} 2k,
]\/Ii d+F lf Li d ZLC min
id:{M, o x R (8—1)
ind 1 Li,d <Lc,min

c,max

M. if L. >L

id id c,max

_ {M,.,deF if L,<L
id

oA7|A Z = dgAel A At A O] ARG A S
(day )5 et e, 4] 8-12 2o FAF L Wk 2 A
AE 0)2) FA3LIL, 4] 82 A ARAY L HrkE A
£ o8 4 & uf & vrepdict,

U HR| Hof Atet oS

S o] 83 71T IS 24 I8 27 & 4k
Jung et al. (2008)°] X113t Akgto]] Zrofsh= oAl gt ute] 7 gt
W AbehA] Abekshe et o AR (batch fecundity, N =4,449)
2 viojaigon], o] 3 0 g7l Alet 1%L Kim and
Kang (1992)0] 2|8} A A4 BA AGLE E5) H sk 2o
4F71(59)eH 34 A ANA 5 Abgke]l Hofste HIE(20%),
Jung et al. (2008)°] Fig. 4] 12 15t Hx] oF uj2| o] Y Hot
A Zto] Sl Al 5 59S 7o s AR S 086

of 187+ o Akt Zhof Bl&(P, 1714 i=1-365 day)= AAF
SFHFig. 1).

oI71A N&= A da<te] 271 7
BF oFA 3t ufe| 7} 3 K ARRA] &%8}% o A4 (Jung et
al., 2008), Pi= i #fol| Aket hol&(Fig.

A IS0 012l A
welo] NI E A 2 At ol |l Wake
cheol Wy Aoz AF ME A

N,,.=N.jS,,

Lnd+1
7 Cxp(-Z,)

4714 N, 8 N, = i) 59 DAL drignet d

ol AR, S, A AP ddrol rES ek
ek, 8 A of2] A Gulland (1969 of)
AA Z o8] A A B2 WA A 08 AASF tHKing,
2013).

CdtChld (F/ i,d-1 ]\]ldlexp( Zdl))

A7 N, 2, qu} ol320] 018 H 42 ve
et o] wf A 9] Al rgg 3ol 7P e 1L“ 5
hHlol Rt 3657 AitEol YAEt g H= A=
Sk g

365 1095

]Vlotal calch: Z z Z\]calch,i,d
=l d=i

ThRle A

ZF 2] At e A (gre tharel Ao AL
3}%tH(Cha and Jung, 2012).

Y;',d:]\]catch,j,d* u/j,d.l ............... (1 4)

oA7|A Y, = A, i) dae] 7he AAERS vt

Hok 5% D |2 UEbd 5 7S AAAEF(Y: ton) thS2
2t
365 1095
Y=>% 3 Y /105 e (15)
=l d=i

7hle B 9 WA7E Aheb) Akeke B 4 9l A1 80
mm o35 4012 K24 Y W £ e BHE £
? ang (1992)0] 2281 15284 24

Z

W

_{2813W if L,280mm
Gl if L<80 mm

A7IA e = A Agte] dd#ol] BA] & npelof ek
£ ofuist e = 714 6)°l whek 7kl A% 80 mm o] 4 A
A7F 2kt ?%4 st Ao Aaksigict
A & AL T 71 52k 6y 8kl U
ol 7 A Aokl e, Aol v
= Hkgsto] ofgef WA o R Al dgatE & AL

(E, )& AT,



EA| 7RI A 441

E‘Id:ej’d*]\][’d*Pd ................ (17)
% 7Kl o AR obhel WAL 2 ARSI
365 1095
E=Y YE, e (18)
=l od=i
TholE AR of MM B
mlo A £EE % 7heIe AV Yob o AN B 9
A% ol §5to] A4 W] Aof A ok Akt T

2 WA} ¥4 A4 Kim and Lo (2001)7} 343 4]
Aof ek 7t A3t F H2T) 7P 77k 1990-19944
3fl o5 EA] Aol AHATH490 < 10° mt) 3% AKTable 10 of
Kim and Lo, 2001)E 5Fg3}o] AlAlalodct.

365

B=3 > ]Vadult,i,d* W, e (19)

. id
=l d={196, 561, 926}

_{N];dif Li,dESOmm

aid =g i L, <80 mm where d=196, 561, 926(0-2 age)

ShaEsks WA 7hge 024) 2 Ao
ofglo] ghe Al 78 152 7ho] A% 80
3

R=SSB/B

o]7]4 RE& BAAS, SSB= Kim and Lo (2001)7} 43t
o} F Aol AU ofm, T 7 AR o] WA o
2 A4kt

Y =R*Y

total

7MY, = BAAR) wE % 7k A4k ton) S

UFERUICE T3, 7RJ o AARS: ofeho] WA o 2 A4

sk,
E_=R*E

total

1N B, e BAAGTE R UhI o S 1t
ehick
=g W} £

W2 79I AN 7 B Foto] ool g Sz o

Hosh= oAl H o RAHL, ) oV A 18 =4
7 Aojg Ao R Bashs AL, ) oI5k A
5 o188h= A Dt AREAIS(F, 0-0.05 day™), 2)L,

C,max-
‘c,min

E= L, (0-160 mm)o]l whe} 7ol AR Wetel Aikek

o] HTh7} Bl x|/ L7bol BANYAL(F, Yo} 7L o] AAk
Y A 2A0] 27] 718717} 10%7F S AH 4
TY B AFIAS(E, )9} L To] AL Y, | o AARRS w7}

sholet.

o

2
Hir
flo
2
)
Y
2 1%
o
S
filo
i
o
o
P
i
&
e
4>
o
~
o
o
53

2 713k el W2)2] 71 A VIR Fig. 29} 2. v
Jolg M0 R BBk 2(H a0l A ol 2710
7 ofgl)e] Q) AL sk FOLL | 757188 71
AN Z7 e et et AR Lei o F7H0.03
day'ol AWl L 42-60 mmol|A] OF 150-159%H=2] 2|t A8
ARSI 120 mm o]l A= Foll T glo] Akl 091
202 YelTh(Fig 22). o1& 4102 B 5810] 023 3
HEAHAZ A o)} A7)9] WA o] B)) F WG} STt E
ZHIR AR Z71sic) gasts A4S e on, P/
0.02 day'o]a} A w L 88-160 mmo]|A] F 80-817H=2] 7}
B AATS, Fol| BAIGlo] L 7k stobds st A
Afo] Zo B E42 Uelit(Fig. 2b).
Fmaxgl- F0.1 2'5

A L= 3 30 mm (Jung, 2008)8 7|02 YA
A9 7] 71&717F 10%7} == F, ol T oS A g4t
B0 T o] 8 A0 B EsIH ofZshz A% F, 0] 0,016

g A

Daily spawning fraction rate (female)

Sum of spawning fraction
=36 yr'

Rate of spawning fraction (%)

0 30 80 90 120 150 180 210 240 270 300 330 360

Day

Fig. 1. Estimated daily spawning fraction rate of Pacific anchovy
Engraulis japonicus in the Korea Strait.
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Fig. 2. Yield per recruit of Pacific anchovy Engraulis japonicus
with varying instantaneous fishing mortality and varying (a) mini-
mum fork length of allowed catch (smaller fish are protected and
bigger fish are allowed for commercial catch); (b) maximum fork
length of allowed catch (bigger fish are protected and smaller fish
are allowed for commercial catch).
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Fig. 3. Yield per recruit curves of Pacific anchovy Engraulis ja-
ponicus with varying instantaneous fishing mortality when (a)
minimum fork length of allowed catch=30 mm; (b) maximum fork
length of allowed catch=30 mm. F_ | is a reference point of instan-
taneous fishing mortality where the slope of the yield per recruit
curve corresponds to 10% of the initial slope at the origin and Y, |
is the corresponding catch; F,  is a reference point of instanta-
neous fishing mortality where the slope of the yield per recruit
curve equals zero and Y, is the corresponding catch.
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Egg production per recruit (x10°, N)
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Fig. 4. Egg production per recruit of Pacific anchovy Engraulis
Japonicus with varying instantaneous fishing mortality and vary-
ing (a) minimum fork length of allowed catch (smaller fish are
protected and bigger fish are allowed for commercial catch), (b)
maximum fork length of allowed catch (bigger fish are protected
and smaller fish are allowed for commercial catch).

o], 27O SARIAR(F)7} 2 Aol 8wk 4
g SHoR nEste ojelg B9 71T A4

88-160 mmo]| A oF 80-817H=2] 7H4 52 A akaf& LiEhth
ERAREL L SHPFE7IE Tl AAke] 2
7Vote hashs L e glA T o] ol &

abuf ojglohs 2708 7kIe AAlepo] Fol Wit mek L o
upe} 27 epgon, Holg SHOoR HEshy ojzg 45
Lo skt Fo| wigo] 7}ie Aakepo] v 2 delx)
£ 20|15 e = 2700) the Hchgate 2ol )4l
& FAoR Hoskn of2ld 9 JojE Ao R HEst
ook 2 B} of 1.9v) oj8Fo] & 2o R tepyr). uf
2h4] 0] ol E S M 0 R B BHe Theete] Jolg pAo R
W Estel Yehnr) 7] % 0 2 Wi o Y18 SrjA 7T
Selsteha 712 ek

OfZIAIRH HIZO] W2 Jjole Al WS bl

o
AT E G 4 7] F SRR Bl ALY 3

-

Aol il 712717k 27] 718712] 10% E= A8 F, & o]
3ol L oF L of w2 AARS vlasH(Fig. 2), V14
ol 940 B BEsk 2719 A% A L, 71791 30 mm
£ 10 mm 2 A] 7}l AbAkeFo] oF 8% Z7kat 71 0 & e}
om, 10 mm SH=0] 0]3] A] oF 12% AAlepo] 7hadt Ao
2 UePdThFig. 2a). A0S 2402 B 550 of2lat 4o
FA) L 30 mmS 10 mm S2]7 AJo] AArero] oF 45% %
bk A 02 vl on], 10 mm W Al oF 37% AJo] Abikek
o] 74 & R 0.2 Lpektth(Fig. 2b). 01844 30 mmS 7] 2%
0% E o8z g ulas| iy 1o B I 20| A
o] 9H 02 BHsI o Bss AR AALFo] oF 80%
w7 RO m, o RS Z7E A7 AU A AR B4
o2 Il 279 ko] T £ AoR Uttt &
3 5o o] kAl Yol A T o] Q4] B o] 3|3 A-S 1l
of wfet ABAREE obAll= A0 & LReRARE 7Flgh A AL
o A AFeat Kol 7} LEER T o]z 7hI e AbALE E2 4]
(13)2h o] A FAZ vkedsto] A4t =)7] wjio] of2j
7] % Ao12] u]go] HL u]HolE LMo BEsH o]}
= o8] Ao A AT R 0.2 20 AAko] LlERY A0 of

A 4 9l
08 7 U MM Bl

o

o

= welo] A A5 4<% A% Kim and Lo (2001)3h A58
7Kgk 2 Sk WA A Jung et al. (2008)2 o] §3ko] 4k
ol Folohs ARG o5 shd WAL Ko} 24 74Y
(2129)0] Jofof Aol Fol FH= Ao Uehkon], o]
NFRDI (2010)] 12311 AF2kzto] olej(67]9)a} u]3517] o
bt 7hle o AARRES. W71 Fig, 40 nha of 3o ¢l
& 7S Wx]9] 11 et | O ARS8 x 10745 Lheyt
o} o] upA] 8 oF RAIEES. u] Ao} 2 94 0 2 1 E 5k o]
o A9 [ 7} Z7} SR Fie 20| 542 o AJAkeFo] Lo}
Hom, Jolg SMor wEsiH ojajst 4 L I} e
S Fiz Z0| 542 oF AlAkFo] o} A= A0 Ueht
o}, 5 o] g)ubAlo] np2 o kRS ulasly] s AA L
2 2317 30 mm (Jung, 2008)S 7] 0.8 oF YALEES. v o}
W Aol2 S o8 Bt ofalabs A0 A Fol ¥
glo]| ukek 8 x 108 x 10972 Lhelekon], Aoj2 ooz 1
5] o} E3F A9 o YAFEES 2 x 1048 X 107]2 1] 4ol 2
SHOT BEs of3]at A9 HolS LMo HES of
3} uj K} o AR -8 A O & LpERT. o] afdt ol
7} 271 9 Aketo] olshis A4 9] vl & Xjolo] o) Lhehyt A
T2 oA} 8 42 9l o], n] 4ol S SA0 R B EEH= of 3)uhy
M= L7} 58S Abeto] Zrodshis A7 WOl L &
o2 SO T BESH= oY oM [} FesE A
2ol Fojabs A7} BokA| 7] ujo| Lhekd Ao Hzt
4 9lek wrebA] A7) H o Hoke uf Hojs SH o ¥Ed

fl

u

o
NI

ek 2 oX,



Wlmche ulgolE SHloR B WA ojg s S
Bk o} oful 7} e o % Sold Hojeka Hohc
Jbelet MAIRE B0 2 | AR 2al

27 4 B7EE 918 UREA O & ALG-E|<= Bever-
ton and Holt (1957)7} A| A3 74 o AR -2 n] Aol & -
Aow Hosl o]glshz 28| ARt AR M-S 3
7FsFA|qE & 9 L= Beverton and Holt (1957)7F AAJgF 71
T AR S v o R n]idolE fAC R HEsh o]gs)
= 24 Bk ofle} HolE fAeR Hosh ofgsths =
e 7Hdste] 270 W AR AL o} oF AkFe] W
35 oS Fol Btk & o] AR E g e s
2| Aol GA-E g sto] nlAolE A 08 B st ofgst
= @ 2§ ol FAI7E olF] A E vhE WRleE A8
H 5= e Al Folsl= ol E AR Bt o]gls)
= ARG 7 ALk o Aol & Ao = et
E3, 2 Aol A BIRSE 2 Ao B A 30 mmE 7= = 7t
UG ik HSH(Fig. 3a)5 2| G| o] 272l 201020101
= Ht o] Z=H(MOF, 2017) 224 =3} H|wLsHH ) o] 2l
of W& Fi= 0.001 o2 7Hye e AARKY, )& HE
We 1319HE(F=0.028)] T=Est7] fleliAl= dAH Tt oF 28
uj o] =714 Q1 g gFo] F o g A o & WrhEch whehA, Al
Hrp H3] o] LgvfE 5o BA AHYe HEohA] il H
2 oS 95 ¢ s Ao HIPE AL o] = -2t
of| A FA] o] g2 thgtali F HA oA Z LT Fs8l= Ao] ok

T4 10m o4 o] 59 Aetoll HFalA o1& &= 7ol A
=t of2fgt Ak "AF o] ojdEo] A=mH|e} & A
AA 22lof whef o Ju] thr] 4=ol& |th 3} 517] Sl B A
7b EEsh= oY T L5 HAL A 7R EA7F U
ok & QoA 2 24 ob7] flim o2 HeIthFig. 5, b
of Jung et al., 2016). wHehA] W) 7} 0] T561x] ok 7
A o}8) e 28u) Selrks RS AAH o R By
o7 Holrh
Aol ot A E Y 2XE

2 A7 o) APAE0] 7K WA BS54

b [e]
2k 42 W%} B2k AL AT S vheo = A8 0|4 Sl
74l ARES B71 Shgict. 2 AolA] Bohe w7

%
=]

s
Y

_,d
W o

& AAIEE Holo] 728 olw A Fmvpo] met 7h
A B TS 71K k. webal, 22 e ws
o} A2 7} AT AE Higro 2 27149 jelg
4 A7k Bastel, S2luet B3] 74l A
Rzow the o Ave} vl B 4 G FARL 7
)3 9le}. WA 7hol AAkRRE 2Ael] Sle) A8 71t
4

X

rE

ol

ol
A

¢

A
&

ML o
ol
GRS
N

- -

-+
s

o] A% - 1A - AAL

= [ 2 IR

ARkelo]) 3jo] S LER Bt o] 81t S 4% So] 20304 40]
ool ZAATIE B2 H7HE 97 to] Aol apE)
Akete o] digt Aol Mol EAETH(Lee et al., 1995;
Takasuka et al., 2005; Jung, 2008). w}ehA| 372} H| W 5}o] Af
A 7ol v -2t A s ool A A E HA] dARA] o
oF AJojof] that A2 71401 A4 e, Al E EA A}
U7} AT Bl AL E, AU, A RIS A7
oz} B0 2 o Hulel S ste] BEILS Hakaie
I 97} Qlth(Takasuka et al., 2005).

F7tAT

i Aol A BrHE Ail= o] Yo B ARHIE HIRS of
2712 A 1 H]-8-2 7hetebA] oFar dAsHA| Stk of
g gkl w2 AARFS H71eE Alo|t). uhebal, AA| oY
ol A Yefubs 7ol ARG Al 9] =4 Aot 2 A A
IS O & Xt Ak EA] Ao a8 IS ¢
A RS H A YA 1A AL7F et T HA =
AR 27)7F 22 7§ A (30-45 mm)7F AAA 7127} B 2
°1%-2 Z(Jung et al., 2008) 7}1 T AT B 7 ALt A ©f
g A7, ol == dA] 27] | AAA 7HA)7F R E oY)
AL 712 W7t A7) E Q st oheFst oAk o] F0] mEAR)
| flal Ao o], argo], A 7ol ef o] H2| o A&
EAo] vt o} TS thAF o2 B AollA AAgE AlEE 0]
A g8t 7HdE AAE Hdllo] A|&7Hs3t oS 7HATHE
T e AETHE 7124 Brhekar W ks skt

o] 1R AAFHFAL WA BAER UL, o] Eme
20165} = A eh o 314703 ¢tk A 2LAkgie] elated ol
FE I,

References

Bacha M and Amara R. 2009. Spatial, temporal and ontogenetic
variation in diet of anchovy (Engraulis encrasicolus) on the
Algerian coast (SW Mediterranean). Estuar Coast Shelf Sci
85, 257-264. https://doi.org/10.1016/j.ecss.2009.08.009.

Beverton RJH and Holt SJ. 1957. Fisheries investigation series
II. In: On the dynamics of exploited fish populations. Chap-
man and Hall, London, UK, 533.

Cha HK and Jung S. 2012. Simulation-based yield-per-recruit
analysis of Pacific cod Gadus macrocephalus in Southeast-
ern Korean coastal waters. Korean J Fish Aquat Sci 45, 493-
498. http://dx.doi.org/10.5657/KFAS.2012.0493.

Cha SS. 1990. Age and growth of anchovy (Engraulis japonica)
juvenile in the coastal waters of Chonnam, Korea. Korean J
Fish Aquat Sci 23, 385-393.



EA| 7RI A 445

Cho ES and Kim JI. 2006. Mitochondrial DNA polymorphism
of the Japanese anchovy (Engraulis japonicus Temminck &
Schlegel) collected from the Korean offshore and inshore
waters. J Life Sci 16, 812-827.

Choi SG, Kim JY, Kim SS, Choi YM and Choi KH. 2001. Bio-
mass estimation of anchovy (Engraulis japonicus) by acous-
tic and trawl surveys during spring season in the Southern
Korean waters. J Kor Soc Fish Res 4, 20-29.

Choi YM and Kim JY. 1988. Reproduction of anchovy, Engrau-
lis japonicus (Houttuyn) in the Southern coastal waters of
Korea. Bull Natl Fish Res Dev Agency 41, 27-34.

Gulland J. 1965. Survival of the youngest stages of fish and its
relation to year-class strength. ICNAF 6, 363-371.

Hayashi A, Zhang K, Saruwatari T, Kawamura T and Watanabe
Y. 2016. Distribution of eggs and larvae of Japanese anchovy
Engraulis japonicus in the Pacific waters off Northern Japan
in summer. Fish Sci 82, 311-319. http://dx.doi.org/10.1007/
$12562-015-0966-4.

Hwang SD, Song MH, Lee TW, McFarlane GA and King JR.
2006. Growth of larval Pacific anchovy Engraulis japonicus
in the Yellow sea as indicated by otolith microstructure anal-
ysis. J Fish Biol 69, 1756-1769. http://dx.doi.org/10.1111/
3-1095-8649.2006.01244 x.

Hwang SD, McFarlane GA, Choi OI, Kim JS and Hwang HJ.
2007. Spatiotemporal distribution of Pacific anchovy (En-
graulis japonicus) eggs in the West sea of Korea. J Fish
Technol 10, 74-85.

JungS.2008. Simulation-based daily cohortanalysis of Pacifican-
chovy (Engraulis japonicus) in Southern Korean coastal wa-
ters. Fish Res 93, 280-288. https://doi.org/10.1016/j fishres.
2008.05.005.

Jung S, Hwang SD and Kim J. 2008. Fecundity and growth-
dependent mortality of Pacific anchovy (Engraulis japoni-
cus) in Korean coastal waters. Fish Res 93, 39-46. https://
doi.org/10.1016/j.fishres.2008.02.004.

Jung S, Pang IC, Lee JH and Lee K. 2016. Climate-change
driven range shifts of anchovy biomass projected by bio-
physical coupling individual based model in the marginal
seas of East Asia. Ocean Sci J 51, 563-580. https://dx.doi.
org/10.1007/s12601-016-0055-3.

Kim HJ, Jeong JM, Park JH and Baeck GW. 2017. Feeding hab-
its of larval Japanese anchovy Engraulis japonicus in East-
ern Jinhae bay, Korea. Korean J Fish Aquat Sci 50, 92-97.
http://dx.doi.org/10.5657/KFAS.2017.0092.

Kim JY. 1983. Distribution of anchovy eggs and larvae off the
Western and Southern coasts of Korea. Bull Korean Fish
Soc 16, 401-409.

Kim JY, Cho ES and Kim WJ. 2004. Population genetic struc-
ture of Japanese anchovy (Engraulis japonicus) in Korean
waters based on mitochondrial 12S ribosomal RNA gene se-
quences. J Life Sci 14, 938-950. http://dx.doi.org/10.5352/
JLS.2004.14.6.938.

Kim JY, Jeong HC, Kim H and Kang S. 2015. Forecasting the
monthly abundance of anchovies in the South sea of Korea
using a univariate approach. Fish Res 161, 293-302. https://
doi.org/10.1016/j.fishres.2014.08.017.

Kim JY and Choi YM. 1988. Vertical distribution of anchovy,
Engraulis japonica eggs and larvae. Bull Korean Fish Soc
21, 139-144.

Kim JY and Kang YJ. 1992. Spawning ecology of anchovy,
Engraulis japonica, in the Southern waters of Korea. Bull
Korean Fish Soc 25, 331-340.

Kim JK, Choi OI, Chang DS and Kim JI. 2002. Fluctuation of
bag-net catches off Wando, Korea and the effect of sea wa-
ter temperature. J Korean Fish Soc 35, 497-503. http://doi.
org/10.5657/kfas.2002.35.5.497.

Kim J and Lo NCH. 2001. Temporal variation of seasonality
of egg production and the spawning biomass of Pacific an-
chovy, Engraulis japonicus, in the Southern waters of Ko-
rea in 1983-1994. Fish Oceanogr 10, 297-310. http://doi.
org/10.1046/j.1365-2419.2001.00175 .

Kim MJ, Youn SH, Kim JY and Oh CW. 2013. Feeding char-
acteristics of the Japanese anchovy, Engraulis japonicus
according to the distribution of zooplankton in the coastal
waters of Southern Korea. Korean J Environ Biol 31, 275-
287. http://dx.doi.org/10.11626/KJEB.2013.31.4.275.

King M. 2007. Stock assessment. In: Fisheries Biology, As-
sessment and Management II. John Wiley and Sons, Lowa,
U.S.A., 254-255.

Ko JC, Yoo JT, Choi YM, Kim JW and Im YJ. 2008. Fisher-
ies management of an abalone Haliotis diversicolor in the
Eastern coastal waters of Jeju island using yield-per-recruit
model. Korean J Malacol 24, 143-151.

Lee MA, Lee KT and Shiah GY. 1995. Environmental factors
associated with the formation of larval anchovy fishing
grounds in the coastal waters of southwest Taiwan. Mar Biol
4, 621-625.

Lee SJ and Go YB. 2002. Distribution of the eggs and larvae
of anchovy, Engraulis japonica, and its relationships with
environmental factors around Jeju strait in summer. Korean
JIchthyol 14, 222-233.

MOF (Ministry of Oceans and Fisheries). 2017. Fisheries infor-
mation service. Retrieved from http://www.fips.go.kr/ on 16
Aug 2017.

NFRDI (National Fisheries Research and Development Insti-
tute). 2010. Engraulis japonicus. In: Ecology and fishing
ground of fisheries resources in Korean waters. NFRDI,
Busan, Korea, 110.

Oh TY, Kim JI, Seo YI and Cho ES. 2009. The population ge-
netic structure of the Japanese anchovy (Engraulis japoni-
cus Temminck & Schlegel) in the West, South and East seas
of Korea based on microsatellite DNA analysis. J Life Sci
19, 174-178.

Park CS, Lee DW, Kim ZG and Kang YJ. 2000. Stock assess-



446 oj7gg - g4 -

ment and management of the Hairtail, Trichiurus lepturus
Linnaeus, in Korean waters. J Kor Soc Fish Res 3, 29-38.

Park KJ and Cha SS. 1995. Food organisms of postlarvae of
Japanese anchovy (Engraulis japonica) in Kwangyang bay.
J Korean Fish Soc 28, 247-252.

Pauly D, Trites AW, Capuli E and Christensen V. 1998. Diet com-
position and trophic levels of marine mammals. ICES J Mar
Sci 55, 467-481. https://doi.org/10.1006/jmsc.1997.0280.

Suhara M, Mori Y, Mihara Y, Yamamoto M, Kawabata A, Taka-
hashi M, Katsukawa Y, Katayama S, Yamashita Y, Kawamu-
ra T and Watanabe Y. 2013. Comparison of reproductive
traits of Japanese anchovy Engraulis japonicus among sea
areas around Japan. Nippon Suisan Gakkaishi 70, 813-822.

Takeshige A, Miyake Y, Nakata H, Kitagawa T and Kimura S.
2015. Simulation of the impact of climate change on the
egg and larval transport of Japanese anchovy (Engraulis ja-
ponicus) off Kyushu island, the Western coast of Japan. Fish
Oceanogr 24, 445-462. http://doi.org/10.1111/fog.12121.

Takasuka A, Oozeki Y, Kubota H, Tsuruta Y and Funamoto
T. 2005. Temperature impacts on reproductive param-
eters for Japanese anchovy: comparison between inshore
and offshore waters. Fish Res 76, 475-482. https://doi.
org/10.1016/j fishres.2005.07.003.

Yamada U, Tokimura M, Horikawa H and Nakabo T. 2007. En-
graulis japonicus. In: Fishes and fisheries of the East China
and Yellow seas. Tokai University press, Tokyo, Japan, 223-
225.

Yasue N, Doiuchi R, Yoshimoto Y and Takeuchi T. 2010. Diet
of late larval Japanese anchovy Engraulis japonicus in the
Kii Channel, Japan. Fish Sci 76, 63. https://doi.org/10.1007/
s12562-009-0181-2.

Yasue N, Harada S and Takasuka A. 2016. Seasonal variability
in the development of Japanese anchovy during the transi-
tion from larval to juvenile dtages. Mar Ecol Prog Ser 562,
135-146. https://doi.org/10.3354/meps11942.

Zhang CI, Kim S and Yoon SB. 1992. Stock assessment and
management implications of small Yellow croker in Korean
waters. Bull Korean Fish Soc 25, 282-290.

Zhao X, Hamre J, Li F, Jin X and Tang Q. 2003. Recruitment,
sustainable yield and possible ecological consequences of
the sharp decline of the anchovy (Engraulis japonicus) stock
in the Yellow sea in the 1990s. Fish Oceanogr 12, 495-501.
http://doi.org/10.1046/j.1365-2419.2003.00262 x.

Zheng W, Zou L and Han Z. 2015. Genetic analysis of the
populations of Japanese anchovy Engraulis japonicus from
the Yellow sea and East China sea based on mitochondrial
cytochrome B sequence. Biochem Syst Ecol 58, 169-177.
https://doi.org/10.1016/j.bse.2014.12.007.

Zhou X, Sun Y, Huang W, Smol JP, Tang Q and Sun L. 2015.
The pacific decadal oscillation and changes in anchovy pop-
ulations in the Northwest Pacific. J Asian Earth Sci 114, 504-
511. https://doi.org/10.1016/j.jseaes.2015.06.027.

4

A
A

1
T



