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Simulation-based Yield-per-recruit Analysis of Sandfish Arctoscopus
Jjaponicus in the East Sea of Korea Subjected to Natural Mortality
Conditions
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To estimate the biological reference points, suitable for fisheries management of sandfish Arctoscopus japonicus
in the East Sea of Korea, we simulated the yield-per-recruit (Y/R) from age 0 to 6 (02,555 days). The stimulation
was based on two instantaneous natural mortality conditions: size-dependent (M,, d"') and constant M, & 1); Sub-
sequently, the biological reference points of the two mortality conditions was compared. M, decreased from 0.0075
d"'to 0.0018 d' depending on growth, and M_ remained constant at 0.0011 d"' for all ages. Our Y/R model showed
that the maximum yield of M_ was 14 times higher than that of the M. The length at first capture to maximize the
harvest at the F | points of the two natural mortality conditions was L =10.2 em (TL) and L =17 cm (TL). We
concluded that M was more suitable for estimating M than M___; this is because L, showed m1n1rna1 difference from
the current ﬁshmg regulations (11 cm, TL), and M, reﬂected more biological characterlstlcs than M_ . We suggest
that 10.2 cm and 0.8 as the suitable length at first capture and corresponding age, respectively for efﬁment fisheries

management of sandfish.
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Al gjAF £ 0 2 AJsled 20099 HEl = 2 tiA o] )9l &
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(Beverton and Holt, 1957; Deriso, 1987).

1) A A=l sl AHAAPGA =71 7ol W] | shof ZHass)
£ 2AM)T QT 2AM, )2 1), YRS 247 Bkl
AETHA 7|24 YRS Bl st

2) 7 AAAEA G 24 Z o) SR ) E Ol T
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Table 1. Estimated mean total length of sandfish Arctoscopus ja-
ponicus in the East sea of Korea, based on averaged body length
by age, considering both male and female
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HE
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A71A, W= td o] 7HAE Als< 9Jn|skal a} f= TL-W
A B7HA e wizf S ofujRit). w7 a2t B= Lee
and Kang (2006)0] 2113t A= 713} =71 BLE 4] (1)
of tfdste] TLO 2 ¥HEK Table 2) 3 Al F2o] WA S 2|44}
o] 7|9kt 1) 41§ 5] 7 -4 (nonlinear least squares, nls)2-
= FAskeich
KA Y A2t &2 FIAIY Al

AlEelold 24 19 AAAFgAS 210 wE YRS H]
wskz] ffsf Al vhaldlshs SFAAREAIS M, (d)=
Cho et al. (2020)7} E22 TLL: 7|20 2 /jukat dbg A2 A}
goto] A= A4 5-1).

M=q/(K X L_)In(exp(K(((t+1)/365)-t,)-1)/
exp(K((t/365)-)-1)(d") -oeereeeeees (5-1)

71A, ti= 0-2,555U(TA)7HA o] LAE oJw|stal M= tY
o] A SAFAANGAIS(d)E ugtct L, Kot t = Wal-
ford ¥ 0.2 S35t 1 v Sehu] WA Ao w7l #4 gho|w,
q= A& Cho et al. (2020)7} B7}3} 15.235 t ¢l ato] A4
skl

AA Aol sl AAAFAF7E M (d)e ME
B7Fst7] f1el 283t A4 Wizl bE FUsHA vkl
H7}817] 98l Zhang and Megrey (2006)0] A|A3H 14 4]
S ARgte] AHE AASFATHA] 5-2). Zhang and Megrey
(2006)- ojFH e A 54 EFAGB1E5)T AA143(60F)

Table 2. Age-specific total length of male and female sandfish in
the East Sea of Korea, estimated by body length

Body length (cm)

Total length (cm)

Age Total length (cm) Age

Male Female Average Male Female
1 10.16 9.05 9.61 11.01 1 11.65 10.37
2 13.04 13.25 13.15 15.06 2 14.94 15.18
3 15.04 16.8 15.92 18.24 3 17.24 19.25
4 16.71 18.98 17.85 20.45 4 19.15 21.75
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714, M, & AT o ©9(d) SAAANGASE 9
u|sh, B= TL-W A ol A B7Fet ol 7<= BE AHE-5FGITH
A K Zol7F 0 em¥ w9 AlZE t = Walford HHH O
B2 34 2 vEy] AR A4 viziess 2 AR
t}. Zhang and Megrey (2006)+= 4] (5-3)0ll4] A= C& Z|tH
ARt ) AFHEFe] el ARt )2l vlE FoJsto] {4
A 012 0302 B1F Bt), A4 o1+ 0.4 (605 )
2 gGrlstyleh. & A-tollA Alg C= AX oFoE AEE
L c2mo) Aga S4S Hojale] 0.44S AREHECK Tian
et al., 2006; Watanabe et al., 2011). t = 7H(0-6A1)S §Hg
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ol oxt
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Lee and Kang (2006)2] A25 &-8-3}0] Walford S
AAT AL A gt vt S =R Y 2 H
2] A4S TRt Zek(Fig. ).

L=27.16(1-exp(-0.29(t+0.78))) -+ +veerereeee (11)

A A $AE A el 4 (F nls Frket
TL-W 37| 74> 0= 0.0037, Bi=3.292 7= Qlom(4]
12), TL®E W] ¥ish= Fig. 29} gt}

W1200037 X Lt/\3 D209t (12)

15 20 25

Total length (cm)
10

0 | > 3 s 5 6
Age (yr')
Fig. 1. The von Bertalanffy growth curve of sandfish Arctoscopus
Japonicus in the East Sea of Korea, combining both sexes, derived
from the mean total length by age. The coefficients of the growth
curve were estimated using the Walford method. o, Male; e, Fe-
male.
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Fig. 2. Relationship between total length and body weight estimat-
ed using the non-linear regression method for sandfish in the East
Sea of Korea. o, Male; @, Female.
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0.002
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Fig. 3. Changes in M, (solid line) and M (dotted line) of sand-
fish under two instantaneous natural mortality conditions from 0
to 2,555 day.

(d") 7} A3} Cho et al. (2020)2] ol W2 0-64] &
2 M= 0.0075-0.0017 d'2 H7}e]u] ko] w2 TLo| &
7Fetell wheh 54 8] sk A o= UERdTh(Fig. 3). A A
ol tial eHAFAARGAIG(d )7 AR M (Zhang and
Megrey, 2006)= 0.0011 d"' 2 H7}=] 9 ch(Fig. 3).

7t ANE A= 0|

L, 1-25 cm, O} AFGAI(F) 0-2 yr' e} 2210)l A 5 74A] 2
AAGAT 7 ol whet 242} g7k =R TRl At
o B7F AlEEe1A(7d) Ak M o] 2olA Zheld A
&L 7 88-12.7 cm, F7} 1.33-2 yr'dd wj 2F 853.6-930.65
go = w2 AEE Uerith(Fig. 4a). M o] 24004 7F

cons

Uk AFL L 7} 14.1-19.7 em, F7}0.81-2 yr'ed uf of

13 16 19 22 25
T T T T

Length at first capture (TL, cm)
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25

19 22
T

16

12000

.
10,000
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T
—

// //
//,_/ P /

0 0.5 1 L5 2
Fishing mortality (yr')

Length at first capture (TL, cm)
13

Fig. 4. Yield per recruit of sandfish in the East Sea of Korea with
the varying length at first capture (L, cm in TL) and fishing mor-
tality (F, yr') of two different conditions: (a) size-dependent in-
stantaneous natural mortality (M, d"'), and (b) constant instanta-
neous natural mortality (M__, d™). TL, Total length.

cons’

10,043.97-12,976.34 g© & =2 MAES LECH(Fig. 4b).
T ARG A S 24 B L 7F23.8 emBE T & 739 Foll %
Aol 7H AAteFo] 0.0 & ebitt.

HY o= 7|2 got

ARQRYAS 24 47 oj8) 712e B 9 L,
MEo] mE AAkF TAle) 718717F 10%7F He F, Ao
RAIH(Y, ) HEFE Bkt ATRS Fig. 59 20k M2 243
&) F, AR AR L 7h Z7hel whet 3 Z71sto]
102 omOll A 714 32 7191w AAteke el on, o]
2 she A%S et Fig. Sa). M, 2 A 8HS T F, |

ARl A2 L, Jt STl met A S75ke] 17 em

o) wh Foh AYAFEFS Lheb o) % A} 745t o.n, oF 21 om
ol BT AAHE 108 LEPTkFig, Sb).
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1,000

L.~10.2 cm, Y, ,=801.05 g
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T

Yield per recruit at F,, | (g)
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T

1 3 5 7 9 11 13 15 17 19 21 23
Length at first capture (TL, cm)

15,000

- (b)

Lecons=17 cm, Yy | cons=11,475.49 g

12,000
T

9,000

Yield per recruit at Fy, | (g)
6,000

3,000

0
T

1 3 5 7 9 11 13 15 17 19 21 23
Length at first capture (TL, cm)

Fig. 5. Changes in yield at F | points of sandfish with varying
length at first capture (L, cm in TL) of two different conditions:
(a) size-dependent instantaneous natural mortality (M,, d), and (b)
constant instantaneous natural mortality (M_, d"). F,  represents
a biological reference point of corresponding to 10% of the slope
of the yield per recruit curve at the origin (F=0), and Y, is the cor-
responding yield. TL, Total length.

MESIE 7|2 M
M% M _0,] ZA0A H7ksE A3 01@ 7].% x{z}rﬂ(L

LB e}

BAEY,,7HIE Aadekol 27t = =
Fmaxﬂ o] wjo] AKFY, = F1g 69 2t} M2 27401%1 A
g oy Hgew Jﬂ7}51 102em (L )& 715
0.71 yr', o] w2} 7l A Y, | & 801.05 g_O_E Upebgt
on, 7Y A F | 7F2 yrt & 92835 go =
LEFATHFig. 6a). M, 2104 274 o]8l7|E dgos 4
7F 17 em (L, )& 71EORF | =072 yr!, o] o] 7}
ot AM%YO’WO 11,475.49 g0 & elyton, 7191 2]
o AAEFY EF o b2yr'd of oF 12,971.11 g& o

Ef{Th(Fig. 6b).
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St : :
=L : i
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2

Fig. 6. Yield per recruit curves of sandfish with varying fishing
mortality of two different conditions: (a) L, =10.2 cm (TL) and
size-dependent instantaneous natural mortality (M,, d), and (b)
L, ..=17 em (TL) and constant instantaneous natural mortality
M, ., d"). F_ represents a reference point where the slope of the
yield per recruit curve equals zero, and Y__ is the corresponding

yield. TL, Total length.
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AlE# ol ZZ(L=1-25 cm, F=0-2 yr')ol| A 2o 7}eiw

O] Aol M Hr} oF 148 & 4| YepstT o]

23t 2o 7F T Ak Afol= U AESE= Al &

ofofl A Lreht Ak o ifeh 4= Itk 27| AL A 7] A Th A

O 7 FIRAAANEAG(d ) =& M M ok A7to] w)

E AE A7 FA8] FolE7] WiZel Aoz Sty o
|

vl sof EREE AL E el H ol S 11
cm (Lee and Lee, 2018)2 14314 o] &S 2]kl 9ltk. M
ok M, 4 o AlEE o] F & 70 R 71l AJAkgo]
2|7} Bz o] 8] AA-s Fe Bl ashH M= 0.8 cm &
AM, = 6cm B A YEREM 9] Aol M HTHE3) of

cons — cons

8 712 A4} A1 YeRdT w3 M (4] 5-2) 7hA)
A3} Sfof B % 2 2uhe uhogato] AL
B7FSFAITEM, (4] 5-1)= A &AL} o] Blo] T3t ek 27h 2
g Aoa M RohARlE MES AEsh] e of Be
H42 whda A0 2 42 QIT(Cho et al., 2020). TtA, 3
ofsabR1] ofd ALATelE 9IF 712S ] 9
M, HThMO| 28] o et AR B 4 o,

MZZA0IA Of8l7|Z= Fa F Tt F xiEol iz
H| @

M, 27| Al &g o] Aol d H o)Al 11 em ),
F, =075 yr!, oluf o] 7}Qiet Akl Y, ©798.08 g© & L}E}
o, 7kl HojgAES F | 7F2 yr'd o 930.11 go &
Ueldth(Table 3). M o] 27104 L=11emEL L &3
4% 102 cm®}F 17 em®] F I F_ 2172 AARKY, , Y, )
& vk, L O] F) ol =26}7] 918 F=0.04yr', L5 0.8
emE W= 0.38% B w2 AAhdS s 4 AT
Zpol7h 2] 2 Ao& Yepom, L O F) ol =3l

c,cons

SJaAl A ]3] 7] 22T FS 14v) ol 7] $J5 wmelo] 2

Table 3. Comparison of biological reference points (F, , F ) and

0.17 7 max

corresponding yield (Y, , Y ) with respect to varying L (10.2,
11,17 ecm)

Size-dependent instantaneous natural mortality (M,, d”)

10.2cm 11 cm 17 cm
Fou 0.71 yr' 0.75 yr' 1.08 yr
You 801.05g 798.08 g 579.72 g
F ax 2yr! 2yr! 2yr!
Y 928.35 g 930.11 g 662.29 g

Q5P T o] AL 27.36% THaBks A0 2 Lyehgt
(Table 3). E 0] 7|2 Ao F, 7} 2 yr' & el FE
Z7hA7 1 7helT AR B8 S71E A0 o33 4 9)
TH(Table 3). Table 35 $3) =25 o] 1] 2 9187|127 3
HA HaolB MY N ES L B HET A9 A HholE]
A4, L ok ulaste] F, A del £2517] 98] 27142l el
(F)o] Zasialer ojuho] AAlere: o352 Zhasto] v A LA
2 ofQ] TS 2t 4= 9l A0 A 4= ek upetA,
Seibe} o) B2 olF] WIS 5k 4 HaolHae
102 cmolw, 4] (112 ¥kt ofufo] of2] AA] AL 0.8
Al Bk 4= e

LE 7hole Akt Hlm

TR5E A og HeE gt HaogHdH Bt A=
Lee (2007)= 16.8 cm (TL), 42AHH 8] 2 A1) 2 &3} a1 9)
= NIFS (2023)= 3 E259 #ASARLS 7|40 2 13
cm (TL)Z @3kl glok o]7]1A], Lee (2007)2] ¢17o] wh=
16.8 cm= AR 7 Babgo] 7 =7 et 254
(Fig. 11 in Lee, 2007)E Lee (2007)7} A| A8 A4 2} H o
9] TL-BL A A(A] 1)y& &-8-ato] Atetqdct 2 A4 2
e} vlwstr] fis) M o] Alggo]d 211941 Lee (2007)2F
NIFS (2023)0] A A5k o] 2] 7] A F A1H o] BARFY |
< F7kskd, L7k 13 em? o F, =085 yr!, Y, &= 761.61
go = yepgtom, L7F16.8 cm¥d W F = 1.07 yr', Y, =
592.08 gO& LreRgth(Fig. 7). L o] #2:0121442 13 em
& 7 A5 F ARl =Est7] 9l FE 0.14 yr' 57}
Al717] 91%F 37141 o] I @ skx|ut AAkE-E- oF 4.92%
AT A UEith LE 168 e 27117 49 FE
0.36 yr' S7kA1717] 917F 71411 l=2lo] L ashA|ut o] uf
of AAIFE oF 26.00% AHASH ACR et £ L 2
A W F, o B287] 918 L et & ojsmeee] e
SPARE 1w of Ak L Ho W2 Ale 2l d 4= lth(Fig.
7). B 548 7lvke 23 Al BHlol 4 B AT =7
H4AAS 71202 3 ol2) 71zt wol AfHom o ¢
St oY Al 7= E & = 7] "ol Abgtr]of] Agte
2 230t NAE YAoR ololxlt kel 4
41100200 m UjejollAf 2% 2o o] Fol A o774l
Aol d(Yang et al., 2012)9] o8] 414 7|2 -E5ko]
ejgt et olet.

Aol otA| ™t 2HIH

QAo A] 283 SAAMASE) MM,
204 Aol o] 2ol AT AT A 5S Erz B B S
5] 444 WAL, K )2 2, F, S 71R0R 3
of8] whe) A4 L Wl oS nlAch webd, A Wae
SR8 A4 wen] e QA7 ATHE Bholstel SRS
(@2} 24 L 2 345 3 Aol 4 BIHL 2o vl mste]

BEO

1O 1
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1,000

F,=0.71,Y,,=801.05 g

800
T

F5,=0.85, Y,,=761.61 g

For=1.07,Y,,=592.08 g

Yield per recruit (g)

I 1 1 1 1 | I 1 1 1 L
0 02 04 06 08 1 12 14 16 18 2

Fishing mortality (yr!)

Fig. 7. Yield per recruit curve of sandfish varying with the length at
first capture (L =10.2, 13, 16.8 cm) under condition of size-depen-
dent instantaneous natural mortality (M,, d), and the correspond-
ing yield of F ..

o8] el 78] AEAL vlasky] 93t 74 A7 2
Qalth. Ea, el Ba) ol Uat 4% Wt ATt
Lee and Kang (2006)1} Lee (2007)+= BL& 7|52 &, Yang et
al. (2008)-&- 7}eFo] 4 4 (fork length, FL) & 7] 20,2 B 71519
oL A ERE AU S 93t o7 /| ZL TLE 7| F0R
THg3taL 9)7] Wil 2HA ApRE TLE HEkste] AR Bt
TL¥} W2 g71et Aib= S84/ o] EAgtct wehA, Ak
Hgho] w2 BeAS E0)7] Y8l TLS 71222 S 7)
A AkzE Hhgste] AEsH 54& B7iekal of g #e 7]
TS AAISH] 917t A5E7E E a st

R o7 ATE B MM 2 WL = Eeia Aol
UERR o, A3 o] A A F A5 2] ARl A vl
o A e M 2] A o] o] TS 915 71% A% B
7toll Aot W o = grpet 4= QlTh A5 A 7Hle ik 1
Ao MM, E 7H4 sFATH(Zhang et al., 1992; Lee, 2007;
Kwon etal, 2010), 4|3 e 71%2] vlop2 w3 3
Aol tieh AAATES TABHA| §FaL 27| A
2t AG7HA LE M= H7Fe = QA = e (Cha and Jung,
2012). f-2luet =8 oY ofF 5 BAIX R Faj AR
£ tharom Aol ThE RS 24 77t e
-2 (Jung et al., 2008, 2009; Cho et al., 2020), o] s+ 23}
S 7H9I5 AAIRE 2 ALB o) 4ol uHgste] Tl o3 2
Ael2 Siet ARt 712 B A7 AAETHLee
etal,, 2017, 2018). w}ebA, 217+ of gk dAalo] ofe S T
el5Hs TAC o158 thA0.2 o w9l A AgAS Bkl
e mat gk

2 Aol BF7IgE L & B8l EF5 AFe] o] e E 9
o T4 AL 11 em)e A5 o] e Ao
Tt e 28 5 2 sl o 7Y o 3ot
7] 237l daFe m A s o] AL O] 7He Bs )
A7} = Ao & QLE 9 thSakuramoto et al., 1997; Hwang
et al., 2008; Chung et al., 2013; Kamimura et al., 2015; Yoo
et al., 2015; Choi et al., 2020; Go et al., 2020). |+ 47d7F
(1968-2014) -2jutet QI 3| 5 =F-Fo] AP O & o]
Boh= Fofl A9t T 2 A5 ES 0.047°Clyears 7H
A U 233} ko] 244 0 g2 vl th(Yoon et al.,
2017; Park et al., 2019). Whe}A], Z 748l ERE o)3)ek
o] ARl Hs]7] ol ol Agte] sl Fehd Hs vt A ¥
$o| Bl Bl 913t 27k ATk waskt

E3, e WES Teje AReH 7120 E el 919
A 4AH7 o] BEG (Russell, 1931)% 7F ' A4AHEA A-E7}
o] 2ol It E2 Agle] 2147 ol &g gigk TAHI A
2ol 7S AN T 5 UL A0 e,

Al AL

o] =E-g AARIEAL AU BARE R o] i
2023 SfpARR A0 2 SopAel | 4715 U] A9
& ol Sl A7-91(20180384, AR 2).

References

Alverson DL and Carney MJ. 1975. A graphic review of the
growth and decay of population cohorts. ICES J Mar Sci 36,
133-143. https://doi.org/10.1093/icesjms/36.2.133.

An HC, Lee KH, Lee SI, Park HH, Bae BS, Yang JH and Kim
JB. 2011. Behaviour habitats of sailfin sandfish, Arctoscopus
Japonicus approaching toward the Eastern coastal waters of
Korea in the spawning season. J Fish Mar Sci Edu 23, 35-42.

Beverton RJH and Holt SJ. 1957. Fisheries investigation se-
ries II. In: On the Dynamics of Exploited Fish Populations.
Chapman and Hall, London, U.K., 533.

Blaxter JHS. 1992. The effect of temperature on lar-
val fishes. Neth J Zool 42, 336-357. https://doi.
org/10.1163/156854291X00379.

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. https://doi.org/10.5657/KFAS.2012.0493.

Cho G, Kim D, Jung S, Jung IH and Kim S. 2020. Estimat-
ing age-specific natural mortality for sandfish in the Eastern
coastal waters of Korea. Mathematics 8, 1612. https://doi.
org/10.3390/math8091612.

Choi J, Han GS, Lee KW, Byung SG, Lim HJ and Kim HS.
2020. Effect of water temperature on the egg hatch and early
growth of walleye pollock (Gadus chalcogrammus). Korean



=25 7R A A 339

J Ichthyol 32, 78-83. https://doi.org/10.35399/ISK.32.2.6.

Choi JY and Kim DH. 2012. An exploratory study on deter-
mining optimal fishing effort and production levels of
danish seine fishery under the sandfish stock rebuilding
plan. J Fish Bus Adm 43, 1-9. https://doi.org/10.12939/
FBA.2012.43.1.001.

Chung S, Kim S and Kang S. 2013. Ecological relationship be-
tween environmental factors and Pacific cod (Gadus macro-
cephalus) catch in the Southern East/Japan Sea. Anim Cells
Syst 17, 374-382. https://doi.org/10.1080/19768354.2013.8
53693.

Deriso RB. 1987. Optimal F | criteria and their relationship to
maximum sustainable yield. Can J Fish Aquat Sci 44, 339-
348. https://doi.org/10.1139/£87-335.

Go S, Lee K and Jung S. 2020. A temperature-dependent growth
equation for larval chub mackerel (Scomber japonicus).
Ocean Sci J 55, 157-164. https://doi.org/10.1007/s12601-
020-0004-z.

Gulland JA. 1965. Survival of the youngest stages of fish and
its relation to year-class strength. Int Comm N'W Atlant Fish
6,363-371.

Hwang HK, Kim DH, Park MW, Yoon SJ and Lee YH. 2008.
Effects of water temperature and salinity on the egg and lar-
val of chub mackerel Scomber japonicus. J Aquaculture 21,
234-238.

Jin S, Kim DG, Seong GC, Kang DY, Lee JE, Park H, Yang
H, Soh HY and Baeck GW. 2022. Feeding habits of the
sandfish, Arctoscopus japonicus in the coastal waters of
East Sea, Korea. Korean J Ichthyol 34, 113-118. https://doi.
org/10.35399/ISK.34.2.5.

Jung S, Choi L, Jin H, Lee D, Cha H, Kim Y and Lee J. 2009.
Size-dependent mortality formulation for isochronal fish
species based on their fecundity: An example of Pacific
cod (Gadus macrocephalus) in the Eastern coastal areas
of Korea. Fish Res 97, 77-85. https://doi.org/10.1016/].
fishres.2009.01.004.

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.

Kamimura Y, Takahashi M, Yamashita N, Watanabe C and
Kawabata A. 2015. Larval and juvenile growth of chub
mackerel Scomber japonicus in relation to recruitment in
the Western North Pacific. Fish Sci 81, 505-513. https://doi.
org/10.1007/s12562-015-0869-4.

Kang DY, Ko AR, Jeong JM and Baeck GW. 2019. Diet
composition of the sandfish, Arctoscopus japonicus in
the coastal waters of East Sea, Korea. J] Korean Soc Fish
Ocean Technol 55, 320-326. https://doi.org/10.3796/KS-
FOT.2019.55.4.320.

Kim DH. 2015. Evaluating the TAC policy in the sandfish
stock rebuilding plan. J Fish Bus Adm 46, 29-39. http://doi.

org/10.12939/FBA.2015.46.1.029.

Kim EM, Kang HS, Kang JH, Kim DG, An CM, Lee HW
and Park JY. 2015. Genetic relationships of sandfish (4rc-
toscopus japonicas) from five different areas of Korea and
Japan based on mitochondrial DNA and microsatellite
analyses. J Life Sci 25, 1204-1213. https://doi.org/10.5352/
JLS.2015.25.11.1204.

King M. 2013. Stock assessment. In: Fisheries Biology Fish-
eries Biology, Assessment and Management II. John Wiley
and Sons, Ames, IA, U.S.A., 254-255.

Komoto R, Kudou H and Takatsu T. 2011. Vertical distribu-
tion and feeding habits of Japanese sandfish (4Arctoscopus
Jjaponicus) larvae and juveniles off Akita Prefecture in the
Sea of Japan. Aquaculture Sci 59, 615-630. https:/doi.
org/10.11233/aquaculturesci.59.615.

Kwon DH, Chang DS, Lee SJ, Koo JH and Kim BY. 2010.
Stock assessment and management of turban shell, 7urbo
(Batillus) cornutus lightfoot, 1786 in Jeju coastal waters,
Korea. Korean J Malacol 26, 291-296.

Lee CS and Lee SG. 2018. Cases of fishery co-management
in Korea: 'Fishery closures' of fisheries cooperatives. J
Fish Bus Adm 49, 29-47. http://dx.doi.org/10.12939/
FBA.2018.49.3.029.

Lee HW, Kang YJ, Huh SH and Baeck GW. 2007. Feeding hab-
its of the sandfish, Arctoscopus japonicus in the East Sea,
Korea. Korean J Ichthyol 19, 44-50.

Lee HW and Kang YJ. 2006. Age determination and growth
using the transverse section method of otoliths sand-
fish, Arctoscopus japonicus, in the Eastern Sea of Korea.
Ocean Polar Res 28, 237-243. https://doi.org/10.4217/
OPR.2006.28.3.237.

Lee HW. 2007. Fishery biology of the sandfish, Arctoscopus
Jjaponicus in the East Sea of Korea. Ph.D. Dissertation, Pu-
kyong National University, Buasn, Korea.

Lee HW, Kim JH and Kang YJ. 2006. Sexual maturation and
spawning in the sandfish Arctoscopus japonicus in the East
Sea of Korea. Korean J Fish Sic 39, 349-356. https://doi.
org/10.5657/ktas.2006.39.4.349.

Lee K, Go S and Jung S. 2017. Simulation-based yield-per-
recruit analysis of Pacific anchovy Engraulis japonicus
in the Korea strait with varying fisheries regulations. Ko-
rean J Fish Aquat Sci 50, 437-446. https://doi.org/10.5657/
KFAS.2017.0437.

Lee K, Go S and Jung S. 2018. Simulation-based yield-per-re-
cruit analysis of chub mackerel Scomber japonicus in Ko-
rean waters. Korean J Fish Aquat Sci 51, 313-320. https://
doi.org/10.5657/KFAS.2018.0313.

Lee SI, Yang JH, Yoon SC, Chun Y'Y, Kim JB, Cha HK and Choi
YM. 2009. Biomass estimation of sailfin sandfish, Arctosco-
pus japonicus, in Korean waters. Korean J Fish Aquat Sci
42, 487-493. https://doi.org/10.5657/kfas.2009.42.5.487.

McGurk MD. 1986. Natural mortality of marine pelagic fish



340 ojget - HeY -

eggs and larvae: Role of spatial patchiness. Mar Ecol Prog
Ser 34, 227-242.

Meekan MG, Vigliola L, Hansen A, Doherty PJ, Halford A and
Carleton JH. 2006. Bigger is better: Size-selective mortality
throughout the life history of a fast-growing clupeid, spratel-
loides gracilis. Mar Ecol Prog Ser 317, 237-244. https://doi.
org/10.3354/meps317237.

MOF (Ministry of Oceans and Fisheries). 2022. Fisheries In-
formation Service. Retrieved from https://www.mof.go.kr/
statPortal/cate/partStat.do on Nov 22, 2022.

Myoung JG, Kim JM and Kim YU. 1989. Egg development
and morphology of sand fish, Arctoscopus japonicus (Stein-
dachner) larvae and juveniles reared in the larboratory. Bull
Korean Fish Soc 22, 129-137.

NIFS (National Institute of Fisheries Science). 2023. Fisheries
Regulation of Sandfish. Retrieved from https://www.nifs.
go.kr/main.do on Jan 16, 2023.

Park MH, Song JY, Han IS and Lee JS. 2019. A study of long-
term trends of SST in the Korean seas by reconstructing his-
torical oceanic data. Korean Soc Mar Environ Saf 25, 881-
897. https://doi.org/10.7837/kosomes.2019.25.7.881.

Pauly D. 1980. On the interrelationships between natural mor-
tality, growth parameters, and mean environmental tempera-
ture in 175 fish stocks. ICES J Mar Sci 39, 175-192. https://
doi.org/10.1093/icesjms/39.2.175.

Perry AL, Low PJ, Ellis JR and Reynolds JD. 2005. Climate
change and distribution shifts in marine fishes. Science 308,
1912-1915. https://doi.org/10.1126/science.1111322.

Peterson I and Wroblewski JS. 1984. Mortality rate of fishes in
the pelagic ecosystem. Can J Fish Aquat Sci 41, 1117-1120.
https://doi.org/10.1139/f84-131.

Russell ES. 1931. Some theoretical considerations on the
“overfishing” problem. ICES J Mar Sci 6, 3-20. https://doi.
org/10.1093/icesjms/6.1.3.

Sakuramoto K, Kitahara T and Sugiyama H. 1997. Relation-
ship between temperature and fluctuations in sandfish catch
(Arctoscopus japonicus) in the coastal waters off Akita Pre-
fecture. ICES J Mar Sci 54, 1-12. https://doi.org/10.1006/
jmsc.1996.0164.

Shirai SM, Kuranaga R, Sugiyama H and Higuchi M. 2006.
Population structure of the sailfin sandfish, Arctoscopus ja-
ponicus (Trichodontidae), in the Sea of Japan. Ichthyol Res
53, 357-368. https://doi.org/10.1007/510228-006-0356-0.

Tian Y, Kidokoro H and Watanabe T. 2006. Long-term changes
in the fish community structure from the Tsushima warm
current region of the Japan/East Sea with an emphasis on
the impacts of fishing and climate regime shift over the
last four decades. Prog Oceanogr 68, 217-237. https://doi.
org/10.1016/j.pocean.2006.02.009.

Tsukamoto K and Shima Y. 1990. Otolith daily increment in
sandfish. Nippon Suisan Gakk 56, 1083-1087. https://doi.
org/10.2331/suisan.56.1083.

Watanabe K, Sakuramoto K, Minami T and Suzuki N. 2006.
Population dynamics and catch forecasts of sandfish Arc-
toscopus japonicus in the Western Sea of Japan. Bull Jpn
Soc Fish Oceanogr 70, 221-228.

Watanabe K, Sakuramoto K, Sugiyama H and Suzuki N. 2011.
Dynamics of two sailfin sandfish (Arctoscopus japonicus)
stocks in the Sea of Japan, and their management. Can J Fish
Aquat Sci 68, 458-468. https://doi.org/10.1139/F10-161.

Watanabe K, Sugiyama H, Sugishita S, Suzuki N and Sakura-
moto K. 2005. Estimating and monitoring the stock size
of sandfish Arctoscopus japonicus in the Northern Sea of
Japan. Fish Sci 71, 776-783. https://doi.org/10.1111/j.1444-
2906.2005.01027.x.

Yang JH, Yoon SC, Park JH, Choi YM, Lee JB and Yoon BS.
2013. Distribution and migration of larval and juvenile sand-
fish Arctoscopus japonicus in the coastal waters off Gang-
wondo, Korea. Korean J Fish Aquat Sci 46, 649-652. https://
doi.org/10.5657/KFAS.2013.0649.

Yang JH, Lee SI, Cha HK, Yoon SC, Chang DS and Chun YY.
2008. Age and growth of the sandfish, Arctoscopus japoni-
cus in the East Sea of Korea. J Korean Soc Fish Ocean Tech
44, 312-322. https://doi.org/10.3796/KSFT.2008.44.4.312.

Yang JH, Lee SI, Park KY, Yoon SC, Kim JB, Chun YY, Kim
SW and Lee JB. 2012. Migration and distribution changes of
the sandfish, Arctoscopus japonicus in the East Sea. J Kore-
an Soc Fish Ocean Tech 48, 401-414. http://doi.org/10.3796/
KSFT.2012.48.4.401.

Yoo HK, Byun SG, Yamamoto J and Sakurai Y. 2015. The ef-
fect of warmer water temperature of walleye pollock (Gadus
chalcogrammus) larvae. Korean Soc Mar Environ Saf 21,
339-346. https://doi.org/10.7837/kosomes.2015.21.4.339.

Yoon SC, Youn SH, Shim MJ and Yoon YY. 2017. Character-
istics and variation trend of water mass in offshore of the
East Coast of Korea during last 10 years. ] Korean Soc Mar
Environ Energy 20, 193-199. https://doi.org/10.7846/JKOS-
MEE.2017.20.4.193.

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.

Zhang CI. 2010. Age and growth of fisheries resource. In: Ma-
rine Fisheries Resource Ecology. Pukyoung National Uni-
versity Press, Busan, Korea, 224-227.

Zhang CI and Megrey BA. 2006. A revised alverson and car-
ney model for estimating the instantaneous rate of natural
mortality. Trans Am Fish Soc 135, 620-633. https://doi.
org/10.1577/T04-173.1.



