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Simulation-based Yield-per-recruit Analysis of Chub Mackerel
Scomber japonicus in Korean Waters

Kyunghwan Lee, Seonggil Go and Sukgeun Jung*

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

Chub mackerel Scomber japonicus is an economically important pelagic species in the western North Pacific. In the
last 50 years, the annual total catch in Korean waters showed large fluctuations, ranging from 100 to 420x10° tons.
To provide a biological reference point for management of chub mackerel, we applied a simulation-based yield-per-
recruit (Y/R) model that considered both temperature-dependent growth and size-dependent mortality. We estimated
the fisheries yield with respect to varying biological reference points and environmental conditions, including 1)
the instantaneous rate of fishing mortality (F), 2) length of fish at first capture (L ), and 3) water temperature. The
result of our analysis showed that the Y/R could be greatest when the L ranges from 19-27 cm and F ranges from
1.48-2.00 yr'. Y/R increases with increased water temperature between 15 and 23 C. We suggest targeting an L_ of
17 cm (age=0.6 years) under the assumed current of F=0.48 yr! for maximizing the chub mackerel harvest. Further
analysis considering spawning and recruitment processes are required to provide biological reference points to ensure
the sustainability of chub mackerel fisheries in Korean waters.
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dtol| e Aol wehah, 14= 28 cm, 241 32.7 cm, 34|
+36.7 cm, 4417} 59 39.4 cm 742 AAElE Aoz g
QItH(Hwang et al., 2008b; Yoon et al., 2008).

a50], H7Yo|(Trachurus japonicus), 7o]2|(Sardinops
melanostictus)h 2+ 5154 01%2] o|8ee EHY B4
o|uf o2k of e whet 2 ¥H5-2 R Itk(Cha et al., 2002;
Watanabe et al., 2002). S|y} 2501 1999H F¢ o7t
o123t % Gl o2l AYsto] 4L Telshs Fol]
2 (total allowable catch, TAC) tAfo]E 0 2 tfj 5 At o]
Qo] ofstel AFEE FHOZ 2wl B, Fal

M B

11°5-91(Scomber japonicus)y= 5015 115010 431 of
T2 feUerE v 4, S E otaiel 2oishe] of
£32.0] 5241 10-100 m, -2 15T Ujojo] Hzah Rojsr}
(Yamada et al., 2007; NFRDI, 2010). 2-2|u2} £ a9
TMEolle TR QWi o] 23} B} ol 02 Lo, 72
AL o) FE s ol Al -2t oot sl BB ol
S o g oF Aoto]| KTt Watanabe et al., 2002). $-2]
Lgholl A o] E3H= o] e LRA|Q o] F O 2 2-4Y FE

ool A2 A sl Abetsh, Fat of Fofl S-efuket
e} sl = FAdekal 7R AEel sl 2 dotshs 2
S elE YepdT(Hiyama et al., 2002; Yamada et al., 2007;
NFRDI, 2010). 1250]= /37o] whg o] o= 73l 3 oF 1d

a2l AR ol el SEIsjolA olgE] ojelere
1970 F-5 1995 71A] AZE 2k 10-209HE, 1996 o] 2F 42
E7HA] 2718 o 2000 o= 157 202 7has)
& tH(Cha et al., 2002; Lee and Kim, 2011; Oh et al., 2016). %
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g} a5o] o Rz A Aol & UEhl=tl 5-69 Al
= 1 s qoflA] of o] FAE ] 8doll= s Fald, 12
Holli= Fafl ool AFE I Fo = o] Fdh= HES
EFHTH(Cha et al., 2002; Lee and Kim, 2011). ©]+= Jung et al.
(2014)0] B - 20] TE0] 22 A4 O W] u|2=
Q& Lee and Kim (2011)2] €H o4 375 A Ao
wa} 5 D50} ol BE WELS 249 5o 3
7} 2ol AaHE Wl Lheh b Aol sh4a 4 Sl
Z|27HA] 23 S-ejuhet s agofof et S o
T2 Choi et al. (2000)2} Hwang et al. (2008b)2] 43745 7} 4
-2} Cha et al. (2002)2] <2} Akt ¢1E, Yoon et al. (2008)
9] Ao]EA A, Lee et al. (2016)%} Jung et al. (2013)2] #|
o] Wb 2hAo] B W ko] ulET} 44 RE AT, Park
etal. (2008)°] v s o] u2 2jof Wefala 54 H7}
15+, Hwang et al. (2008a) 2] =231} 2 ¥-5-0] i} Apof 2t
ol u] 2| 4 W7 AP AW Sk 150 ALl HE
H7F A= Cho et al. (1984)2] a0 of &l HE} sl f-
%9}0] A L, Kim et al. (1999)9] ket 2.9 ¥Ea} 11
5019] o3 A7) W B4 A, Jung et al. (2014)9] 7|3
Hstof| whE a50] =8 A4 9= ¥ A, Lee and Kim
(2011)&] tF Aol AHm 5 o]-8-1t AL50 o Hs A7}
Y= ek ol Al Jaye f-ejubet s aso] A
H7E 3 WS QAR AESHA S A 4 ¢15-+= Shin (1981)
o] Azhe 3274 -9t Choi et al. (20042)2] o] S17)A] 17 B
AP AIS: 324 917E, Choi et al. (2004b)2] AL H 7} el
2 o] 83 Hof| <A A A maximum sustainable yield) 2
2|t A &2 ik FAsH] Rt ol E s 5= BIKSE
Q7} R} BT oIS thakoz Folo| 4 A3y
%l 93= Chen et al. (2009)2] 3|43+ H5 0]-8-5F 1150
T8 AAA ol & =g 7 1519} Hiyama et al. (2002)] 5>
L F} 350 219l HE A 91, Kamimura et al. (2015)
O] 2px] 0] &f A7t 7F =] ¥HA| A, Yukamii et al. (2009)
o) a5o] Akt 34 A7t ek = 9] sl A &
Qo] o] 27 EHA} Bl AESH B4 179} sloket

f

BT BAg AT A Tkl A HeAe 1
of 249l el SI3t A2 7124 B} AT Ao
RESE Aol

o] 72| Aol 522 7H 3 917 T o] o AH2 M4
7S A S QAR Z7BBAL 3t Aol SR
wistol Fokat A7]o]u, g 52lo] nlops}y] HRo] B
7HATH RS SRt 4, AT e Sl Wil we

43S W=t (Brochier et al., 2009; Gilbert et al., 2010; Kim
etal, 2011). wWebA], 2 A= o] d AFAlEo 98 271 4
Aol 74 2 L v 24 5 Sl 428 wegate] )
ofo] 4ol H7E AT I BRloR miE ofH AR
£ olgelo] 2jofe} ool o] Al7]0] S 77t B1elaL

R EE

2ol AT -2 F] THE ZHI AR BA o
A 8Fo A H ashs nEo] A9 A4 o8 9l

AEehd 71Ede AAsHaLA .

a0l 7HlY AAHERE B8] A8l Go et al. (2018)3}
Hwang et al. (2008b)o] AAL5}3L 2 113} A4 RS o]-&-5}o] A}o]
ef ol Agof Al719] A2 22t ksl 7ol Al (fork
length, cm)Z 7|20 231 | o) S A4} -2 ¥ 5o ThE 7t
A kS Btskeich

S0 71YE Wi s ot AlzefolM

2] Aol KL, first catch length) 15-30 cm, o] SJAFTA|4=
(F) 0-2 yr'of Al a5-0] 7HIe AAFE(Y/R)S HlaLst7] 9]sf
theo] 2710 & Brpstal AEsH Bt 7|2 AN
z7] FA9] 71&717F 10%5 = A4 Fy 2 7FI S 2{hHA
Al 7P @ =F & 7} 5t%ch(Beverton and Holt, 1957,
Deriso, 1987).

1) 315-0] Hat AREEE 20°C (NFRDIL, 2010)0f| 4] 2|40
APHL )2 A DAMGAI(F) Hgol T 7l HakdS 3
7Ht

2) Dt FAz oA GA 24 vt A%+ Ao
ol¢] ofg 2 F A o AN AIG(F) 0.48 yr' (NFRDI,
2005) o L #-5ofl mhE 7kl Ak WE2 Bk

3) 2 HEo e 7S Btk ] 18l sl &
4ol3 iﬂ’é}(LC) 15 cm¥ W NFRDI (2010)7} E118F Abgk2
(15-23°C) HFof uh& 7FIe Ak fs2 H71eh

OO0 v“o=&a o
7K
50| 7hg AR S 913 the o] 274-E hA sk,

=
63 ©|CHNFRDI, 2010).
2ol P W=rhKim et al,,

a:

2011).

3) Apoje} ujAdo]-Aojo] JLE AL 1.5 cm (standard
length)& 7|2 2 JLE-$IcH(Hunter and Kimbrell, 1980).

4) F3}7k 315-019] Aol w2 X AAAFG A = Aol
Hha] g gch(Jung et al., 2009).

5) 2412 913t 271 3] 4= 10,000912] &= it
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Go et al. (2018)7} Hwang et al. (2008b)o] 2113t A2 E 0] L=L_*(1-exp(-K*(tt,))) +-oeeeeeeeeee (5)
't oo
&30l d150] Apofe} uidol- Aoy Al719] e 22k w7t
st 714, Lot L, to] 2julz zpof 444 H7tol 283t £
Apofe] 23782 w5 =(Gompertz) 44 (Nancy, 1983)& 01 = gz} molsin), K AAH4t) Zo]7} 0 me] o] &

3t en 71 2)0f] whet =28 Ao o] g7l 2 ekt 9l 2 A7kt ol Ao g =&3le] 22513 th(Jung et al.
+ Hunter and Kimbrell (1980)2] A= (Table 1 in Hunter and 2009).
Kimbrell, 1980)& ©]-8-5}4] Go et al. (2018)0] 713+ A&

() E AHE-sto] B7stiot. EEKHN(1LYL ) oo (6)
Lt:Lw/(LO/Lw)exp(-a*t) .................... (1) 0117]/‘{, Lot ’5}(1)3—’} 5017‘5].1;].

g0l mAdolel Aol = A sk S Wt 554 o ® o]

0=0.0028%e00THT 2) T oong 2 Wl w2 S TSR] = AAAE

Ag Hgsigon, D A WSS 715 913 A2

o714 L = A9 o] 24 HehAHem), L t o] &) = R HE Rk RS A
“H(fork length, cm), ti= E#Ht=0-2,190 day), o= &A1, L,
= H3LA] oo}, E o TLof A Lw% u] o] - Aol A7) 2] A dL/dFK*(Lm—Ll) ........................ 7
B ke 2 vl Aol Bk ASE Hges
o, L= Hunter and Kimbrell (1980)°] X313} g5 115 HE
Oijii} STA el 031 em HE t@j‘ ﬁO] S—Oii@ A 15 0f F5-2 Choi et al. (2000)0] 2113+ 11-50] A7}
&2 B7Eo7] SA9 Go etal. QOI8)Z WA 02 F2A ) g w) w418 o) g:5ho] AT,

e 42 Aolstgl o, o714 T $-2(C)& oujgiet,

Aot el i A wshs Ho = gadae AR o= e CO.00445L 332 eveereeererreneens
cheo] WAL kel o, e el AL, = Tk WEO00HL ®
O] °}A] A] ©
S s o714 W t249] A Aol

dL/dt=a*L *In(L/L_)*In(L /L )/In(L /L) - ¢) UM ALt AL AL
AT 7 4ol ufet L SRR Tung et al.
L, mLHALAdE) oo ) (2009)0| H113}t HIH-S: ufe} oS-} -2 4] 0 & A5t
ol71A o= /Rl(z)g]. ZAsh, t+1 o] AAL t E#ke] A M1:0'1009/L1 dl e )
gt A7l whE AlPge] ske(dL/dyel whek =&k
njAdo] - Aol A17]9] %2 Hwang et al. (2008b)°] 2315t o714 M= t 9] A L7 AR A S(d!)E 2m]gh
AN

044] 1150 o] 4 2 ol ool L wiSekn] Aozl o 0 A7) EAARL ofefe] Ao = AL
(year)oll uh2 AG(FL)2] W3S Alsl %)

Table 1. Variation of F |, Fand L with respect to varying water temperature condition (15, 17, 18, 23°C) during the early life stages

0.1
of chub mackerel Scomber japonicus

Water temperature (°C) Fy,(yr',atL =15 cm) F oo (yr', atL =15 cm) L, .. (@t F=0.48 yr') L, . (@ F=0.87 yr)
15 0.83 1.65 17 cm 20 cm
17 0.83 1.65 17 cm 20 cm
18 0.84 1.65 17 cm 20 cm
23 0.83 1.65 17 cm 20 cm

F, » instantaneous rate of fishing mortality (F) at which the corresponding slope of yield-per-recruit curve equals to the 10% of the initial

slope at the origin (F=0); F__,
of L, at which the yield-per-recruit is maximized when F=0.48 yr' (NFRDI, 2005) and 0.87 yr' (Choi et al., 2004b).

the value of F at which the yield-per-recruit is maximized; L , the fork length at first capture; L, the value

> c,max’
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_gF365 it L=l
- if L<L, (10)
A71A Fiz t G| S PAM AT E L = F a0l g4l
olm, A7t AYAFF A (yr)yE & %%(d")i Atste] Al
dlol o]l 48 HLk. A8 SLAAALLE ofele] Aoz
Alitsteict.
_SMH(B365) if L=zl
z{ it Le<l, b
o714 7, 1 ] S7HRAR A o e
st TR THE M
A Belol ol whegat o Al ek kg el Ao
Al itsk it
Nt:Nt_l *exp(_z) .................. ( 1 2)
I N o] 2 A 2 el e
Gulland (1965)9] o =1g Al of] A 7|A| ¢f Al W sto]
oo WA A o & Al ItH(King, 2013).
_(F/Z)*N *(l_exp( Z))*W .............. (13)
A71M Y= t @] 710 Ak (g)olTh 695 AlEd
4%t a5o] 7HiE & A vol Al e = ALtst
et
2,190
Y Zd:() Yt ........................... (14)

2 o

202X ol TE 71U Y

bl

also] Hat Ak 20T oA AlEglolde R H7Iet 2
2201 AZHL) 15-30 cm, S ZAPYAI4(F) 0-2 yr'of| 4] A5
o] 7FJd AYAkES L 19-27 em, F 1.48-2 yr'oflA] <F 1,830-
1925g0 2 AEHWF LPEP“ o, L2} A glo] F=0.04

yr! 0|50l A= 200 golsle] ut guat_ LR}, 2 40]
-@iﬂ%}% 7t Ak L, 15 17 cm¥d wff FO| F7}of| w}
2} 7kl ikl 77}&47} sk S UERATE
L =18-30 cmol| A= F&] Z7to] whet 2|&2 0 &2 7hoje A4k
ol S7FetAth(Fig. 1). H2xo) 24 F & L =15, 20, 25,
30 cm¥ uj 0.83, 1.02, 1.27, 1.56 (yr')=2 L 7} 27}@01] whe}
F, = 3 $716t= 2 o® Uesith F | = L =15-17 cm®]|
A 1.76, 1.8, 1.97 (yrH)& R on], L =18-30 cmo A= 2
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Fig. 1. Yield per recruit of chub mackerel Scomber japonicus with
the varying length at first capture (L) and fishing mortality (F)
when water temperature is assumed to be 20C for the growth dur-
ing the larval stage (<1.5 cm in standard length).
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Fig. 2. Yield per recruit curve of chub mackerel Scomber japonicus
varying with the length at first capture (L =15, 20, 25, 30 cm) and
o> the value of F at which the
corresponding slope of yield-per-recruit curve equals to the 10% of

the corresponding values of F . F

the initial slope at the origin (F=0).

yr! o]4ko & Vel thFig. 2).

Le2|Lt2t 150 oY LN EAHEHE HS
of e 7Y Marg

NFRDI (2005)7} 2.31gk 9-2ute} At i1%50] 012 of
SAPGAIF)Ol A A FAKL) Mol o 7t A
AFF W52 905-1,244.7 g0 2 Uehgon, L 7} 17 em¥
1,244.7 go. 2 g AERS el thFig. 3).
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Fig. 3. Yield-per-recruits of chub mackerel Scomber japonicus at
the reported fishing mortality of 0.48 yr'and 0.87 yr! with the
varying length at first capture ranging from 15 to 30 cm in fork
length. Y __ is the maximum yield.
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Fig. 4. Yield of chub mackerel Scomber japonicus with varying
water temperature and instantaneous rate of fishing mortality (F).
when the length at first capture=15 cm and the maximum length
of the larva, whose growth is assumed temperature-dependent, is
assumed to be 1.5 cm.

A= 3 S7teke A0R Ueten, 2 15-18CojlA
2F 200-800 g, 19-20°C oA F 1,110-1,650 g, 21-22°C ol A 2F
2,200-2,300 g, 23°Co A 3,702 go 2 o AAEKF, ) U
ERtth(Fig. 4). 52 8 F B F || O AAFES 24 Akl
15CollA F, & F=0.83 yr'd wj 208 g, F, = F=1.65 yr'd
w227 g & 2 Lt Akt 2 A2 17CoF IBTM F 2
F=0.83,0.84 yr'd wj 7}9) g AAkE-2- 519, 765 g 0 & 7hzh 1t
ERfon F  =F=1.65yr'd uj 567,833 g2 L}elyir). 3

2304 F, 2 F=0.83 yr'd ujf 7}

R
AYAFEL- 3390 g0 2 YERFOn] F = F=1.65 yr'd uj 7}
A]

O 01
A AL 3,702 g O 2 42 0] Z7Fgo| Wl Fy 7} F
o] AALEFo] Z7)sl= A1 0 2 LR ThFig. 5).
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Fig. 5. Yield (Y, and Y ) of chub mackerel Scomber japonicus
with varying water temperature. Y, and Y are the yields cor-
responding to the instantaneous rates of fishing mortality (F) are
F, and F_ .F |, the value of F at which the corresponding slope
of yield-per-recruit curve equals to the 10% of the initial slope at
the origin (F=0); F _, the value of F at which the yield-per-recruit
is maximized.

max’

ok 54 A}
o] ZAHHL)
o] -2jubet arso] &
A 7H AARKY/R) AAE 419 718717t 27171
719] 10%%]= A9 =1 ol GARIAIR(E, ), ABAFFo] X
7F El= A9 Aol ARG AlF | )= B7FskaL Bl aske]
o} 2 A-tollA BrERE AlE o] ol whEH 2o A4 ¥
SOl w2 7R YAt L =19-28 cm, F=1.36-2 yr'y uf
1,800 g o]/d9] =2 AARES e o, F=0.36 yr'o] ]l
Al Lo dol7} 45 7HdT BAkge] Eolv= 2oz
Epsteh AlEd|old 4} Fig. 1 o4 NFRDI (2005)7F 574 3F
Sevet At also] oY oA AIG(F=0.48 yr')oll A
ol g A1 HEol W 7 AR o) AakdE
ERH L =17 emE 7|02 Fao| A2 ol 7y W& 4
7MY AR o150, Aol Hel e 7P =
= L =30 cm@} 714 Ak Afol= 1.37 vl vz o8
Urerget.
EEN 0 E=bc I PSy
oA L) Al HEF I F &
3 L=15,20,25,30 cm® o o] RAPGAI4~(F) Bzt W2 F |
W F & B7Fskl L Hsol o At Blasyick L

Jor 2

HEO| T2 F, ot FHl2
a5z} Sl of
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F, = L=25cm, F=1.27 yr'd uj 1,730 g& & Z|t}jo] Y1tk
= UEhdles, L =15-25 cm Aol A= L o 7t wetF |
2|7 9] AYAtero] Z715F At L =25 cm o4} ol &= F2] 5
7ol wheh F 213 9] 7kd AAkerol st kol & e
ot BFE LEFE 2L =15cm, F=1.65yr'd o 1,659 go=
2{oj o] AAFFS: UeiAle L=20, 25, 30 cm ol A] F, = 2
yriolo 2 Fol 7ol ket 71l Al A4 2 08 5
7Fsted, & AlEg o] Hofl A 283t Fol ke v 5= 2{tiAY
A2 Eolg Ao R o SHr)

VRS e T L EEES:

NFRDI (2005)7F =783t S-2fuhe} A+t a50] og 2] of
SAPASE=048 yreld FHl Aol 7 ord
L =17 cm®] A& 373}7] 913l Choi et al. (2000)2+ Hwang
et al. (2008b)o] -2t} Aol E e r s B7Ivt
B Sk QAL olgslel A7 Boleha vl malsc,
Choi et al. (2000)2} Hwang et al. (2008b)o] 38 7}et AAFA]-S
o]-g5to] AT L =17 cm2] A2 0442} 14| = H7}EH,
& Aol A Zpoje} nl o] - JojA| 7] & FHESto] 285 A
21& o]-g5to] A -S H7FsHH 0.64| 2 Choi et al. (2000)2] &
A3} B} A7fo] 2] 7|, Hwang et al. (2008b)2] -2 7}
Huhs Aol WA vehut 34 Aol Zfol & vrepnh w
2hA], S-Eutet aigo] F{ o ik fiRt A 2o EAlY
3} 24018918 1 704 B71EH 17 om, 0,641 of2)
o off Zoh o] BAkFE & 43l
O 7polet AHARES

O OL o
A A olglde 7} AL Choi et al. (2004b)e] A=

YAPGAIS(F) sl o 7 Ak B7F Atell wha
W, F=0.87 yr', o]&7jA|A5%=2.67A] & wf Z{ch2] 719l Ay
Abgo] Uepston, 2 A4} v wste] Xof o] 71l A4k
< 9% 4 A2 2074 o A4 vERT ol gt A=
Choi et al. (2004b)7} T150] ]3] 7} = 2 %251 F=0.87 yr'2}
2 Aol A aLso] ofd o' 283t F=0.48 yr'9] 2t
ool A Uehd ATz oS H . T Ao 7pd ARF 24
of glo] oJEAIY AL Fi= 158 5 A7/ A2 WA ES %
Ao g olglsly] wjzo] o]g7ks Adol9] o iA4Tt &
ol 5L AlFo| WG 7HYd Al E3F Fol 5| Hk. whet
A, 7} =2 Choi et al. (2004b)2] Aol A Ztfe] 7Fie A
AbES Q7] SI5k ol E7iAI AR o] 2 ARt E=A] et A
O & of| S th(Fig. 3).
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T

#

olgiy

171

o

- A

g4

=

O Al aoll ofsl Uehd Aute 0] oS 271 4
o] kA, 2](9)°] of sl AHAAFGE-2 APgol| HhlF st
F20] Al Aol whEsS AAAEEC] 1A drtk
2hA], 2ol il Ao WE S AAANTES Eo1E H

1 012 3 42 Gl AR ol EA AR E F71ee

HE AR
ol aL5of th3E Abeb =& ®I91(15, 17,
8,23C)0llA 2o AL ) Hgol e F, I F Sl

77} 0.83-0.84 yr', 1.65 yr' @ WFo] 9] ¢lx|qt YAk

o] Z7tet oA 7k Ao = S5 tK(Table 1,
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A 5 Gl FAO 2R, )0] ol uket ofFA et
A=A H7k5t7] $18) NERDI (2005)7} 2318 3150] of¢]
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(15,17, 18,23 )] 2 L o WES vlmst, % ofgah
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