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Management Reference Points for Korea Chub Mackerel Scomber japonicus
Stock
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Achieving optimal sustainable yields (i.e., avoiding overfishing and maximizing fishery harvest at the same time) is
one of the main objectives in fisheries management. Generally, management reference points (MRPs) such as fishing
mortalities (Fmsy, F0.1, Fx%) have been suggested for the purpose. In this study, we intended to suggest MRPs for
Korea chub mackerel Scomber japonicus stock, using a stochastic catch-at-age model (SCAA) and evaluate whether
the current fishing intensity on the stock is appropriate. We used length frequency and catch-per-unit-effort data on
the Korea chub mackerel stock collected from the large purse-seine fishery, and yields landed by all fisheries from
years 2000 - 2019. We calculated yield per recruit and spawning potential ratio, and projected spawning stock bio-
mass (SSB) under different fishing mortality, assuming annual recruitments were solely controlled by environmental
effects (i.e., steepness of 1.0). Some of our major findings and suggestions were that the overfishing threshold would
be F46%; i.e., the fishing mortality in the terminal year, 2019 was 0.257/year, which corresponded to F46%.

Keywords: Management reference points, Scomber japonicus, A stochastic catch-at-age model, AD model builder,
Spawning potential ratio

AN 2 Ake] 2pol & 118{51A] ok 7| ol v, AA| 2 Fmsy= wfuf 2
S DA A AR =2 7 YEeEPHTHCook et al, 1997).

AT O] BA-2 0] FS B3l o] 2] 9] Friet A< A o] & 25}l 1995 9] UN fish stocks agreement®]| A= Fmsy &
ojgAlggol Agtoz 7hash A& PAeF%Ith(United Na-

5715 Ajole] FHL ol Al o F 98 A= 4
AP, o8], 71 5o AEE
oFa1, ofoll A-Sake el Mel ofsle] 7|2 WG AAlsko] 7
2 Ake] AR -E =& 4= St} o] 2Rt 7|2 Yt o2
olZAPYE F (Fmsy, FO.1, F30% 5)& F3 ) o|F 7
2 A7 7)1EHL FmsyZ A MSY (maximum sustainable
yield) g @43 o] oJIdidE FE 8=t MSY=
1950 off o] o A Ak L dl(surplus production models)®f| 7]
2 57 91| upol AHSE] A, A A, A, A

tions, 1995).

FO.13} Fmax+= yield-per-recruit (YPR) #4714 S 2 FLE| 1}
A A2 2| o th. WA Fmax:= YPRS 2|t & 3= FO
Zrolch. ey Foll thigk YPRO 3h2 YRt o2 Frh Z71st
of we} 715t wiiZell Fmax®] ¢4 W 2 Fmsy & Z3}s}
of tche] 2 Lo = e A1 0) HES QR A2 A= 7
A A3s)t}. o] Fmax®] tfote &4 F0.10] 129F=]%iTt. FO.1
< Fol gt YPR Aol 4] 959 71719 10%¢] sigdh=
Fo] 3k ofm|gtch. FO.1-& & Fmax ot 22 gEo =2 e}
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7] wfizol| A HE0] S oA Bl oS e 2 H
o] 1980 el T2 Ql AT 7|EF] o= HrolzoiFint.
2y YPRO| ZATH AL 724 FE ATl QlofA
At dwRS AL ahA] gh=ths SHAIE 7HIT g 1980
off 28k, 71 & AbebAb e = Alekek(spawning-stock bio-
mass per recruit, SSBR) 7HAL] A A4S H7tst
= Ax2ZA FERQI(Quinn and Deriso, 1999). F-3 X}
SSBR /34, AFd, A48 1) 50 Ak chet ms-0) 4wk
& 71413 A¥EE 4 Sk 47o] 9lek. SSBRE 3% 71ele
& W7 A7) 2 olele] F2 A4s}] $1g SPR
(spawning potential ratio)S AAFsl7] 3l AREET). 7RA
o] SPRE 7017l 29| ofalkd|A]2] SSBRE o] 20] ¢
S 7499 SSBRE L+ 410 2 A o] E1(Goodyear, 1993), ©]
= oA A ERA o A= 0] At B2 5 A7 sk=T|
2] ARE-E| o] th(Restrepo and Powers, 1999; Clark, 2002).

Foll tj3t SPR 7412 F7t 571etol| whet 244x6)7] wizof of
= A=9] SPRo| A¥He] O] Ak 2A AHTAE Aok
gtk SPR=100%7} 2Jw|gh= A2 ofglo] LojubA] o2 2
2] Aef] (unexploited stock)o|™, SPR=0%+ == A< /WA 7}
AA = o v & AFelE Dgtet. 123 Fx%q= SPRO| x% Y 735-
of ol g A2 olulit. 1990w e] 24, 7<) wrele] 72
E A SPRO| 7|&& A7) 913t A== 5E F20%-F40%
7} A = )12 H(Clark, 1991; Mace, 1994), Clark (2002)+= &
312 95| figt ARkl 7= o 2 A F40%2 AASHAT
u]=9] 79 F35%%}F FA0%= A& 6]-8-0] 2l ef(accept-
able biological catch, ABC) 1/%3}%1.2™, The North Pa-
cific Fishery Management Council:= F40%E A A 0]57-2] o]
735 0] AFgL o g A HFolE 9 tH(Quinn and Deriso, 1999). ©]
23t 7|52 A 9] 3lEAdo] A The S e sto] Ak
274 g 4= 9lon, 53] Az {(Ael, 7k &) A2 A
Ye] 7|F o2 A= Tl 2 SPRO| 2 HTh

YPR¥} SPRE Atsl7] fleiA= =1HAAANGE M2 2
AafjoFattt. M2 AIALEE, MSY, S-R (stock-recruitment)
A4 T ALB7E Akl G A= 2arol7] wiiZell
% 8.8}H(Clark, 1999). T2|U} A 7pm o] A MS: 2
$ESEA 2H5H: UL ofele 402 oheiA YekVeter
1988; Quinn et al., 1998; Quinn and Dersiso 1999; Aanes et
al. 2007). 53| 7HA|tol 4717t o] & Folgke A5, Fot M
= Aol =575 of 7] wiizoll, o2t 73--oll= ¥t
o7 defxl MO gk AEYstAL A7 O] o] FlofA
M et A o 2 S sto] melof i), Ee Mo o

o AAERA S Sagho A Mo| glo] mHle] At )
gL nlmalet.

31-5-%|(Scomber japonicus)+= 3H=r2] 8 AAolF O =2 A,
20199E 71202 B3] of82K(171,6772)0] olo] 2919 of
FEH10L,121E)S 7158 A== 542l ojFoltt. o|#gt

gt o= 943

F 87 wiZel aFol= Bt ool vlsf ofe] A-dH7F H 2
Azte] A27b el 0|2}, Choi et al. (2000)& 199615
B 19999-5¢F = gk al5o] &S AR APgsto] A9
A% von Bertalanffy (LVB) AA=4& 245+
. Cha et al. (2002)2 19999 1¥€5€ 20014 12Y7HA] 4=
H MES o]85to] A Ao Halel A AEE Lt
= zA}ak.0.m, Kim et al. (2020)2 20134 195 € 2017
129714 4 E M EZ o]-8sto] 50l s H 4ket &
A& 2AFSHAL A Ao} vlastict. AHAH7F 3 A
G152 4] Choi (2003)2} Choi et al. (2004)2- SJolAALRF 1
o, A 7|9k 23 E 2495 (Zhang and Sullivan, 1988)0]|
Al A= A skl AL 7IEF el FO.1,
Fmsy, F30% S5-2 A A5F9ich. it Choi (2003)2} Choi et
al. (2004)= AHE7F 2 He|7]EH Adtel B et &R
AE MF LVB 447410 Bax(K, ¢, W )oll d=ighs 1A
ShlaL o A e ehR] grgrom, AR EA HdE A
|17 diizell =89 2] EAE AN 4= glot
= TAI7E e
H Lo A2 3524 o gL 1Y (stochastic catch-at-
age, SCAA)< o|&-5}o] gh= 115019 AUH 7S =3stL
Ao AN =E AR, w2 o] AtAt S oS5t
oA YA =9 HAE Btk Aot

Lo o O

L

Iz H A

2 Aol ARSSE AR FARCREEH S S
S0]9] Z0|3]EH(KOSTAT, 2000-2019), 344tk (o]
oF atel) o 2 EE iy Aol ol 4=1E Fol9] A
¥ = 212(2000-2019)2 Ay w92y o 3k (catch-
per-unit-effort, CPUE)A}£(2000-2019) 12|11 11502 A
Z}£(2005-2017)0]ch. S-gluete] 1150] o] 312H2006-2019)
% I F 90%+= A8 53l o]l = ] L R] = 7| e o]
S B3l ol gHct. nEkA 2 Ao AT ge R
HE 4% ugolo ARIEA R Ry o250 A%
W R S vtk 7Pgsh et AR =t R = ko
A AlERE 3= 250 9] age-length key (ALK)E ©]-8-5F ¢
T AR E WEkE & 2l =it 71 dH
2 IA(1EA)E A efstlal, ARt 1A1FE 6+A17H2] 674
O] A7 o & AAslrt. kA uE AR (6+A) 64 o= 3
5= plus group®|t. b= 31501 9] = AFekA]7]= 59(Kim
et al.,, 2020)0] =, Choi (2003)+= gh=f 115-019] 4|1 ZE 0|8
aff AGAPIsto] Ste] /434171714, 5Yoletar B rskgict.
wheba] B Aol A= fdE 5ol AR lEols #1d 5¢Y
of 1AI7}F o] o] ATkl 7Y skgich & A-tollAl AL
83 SCAA HHlo] 1412 v Wl 7] 5o gt A2 §5
(Appendix)oll A<=stgl o, BH o] =9 7} Table 1] 7
2]sk3ict.



944 RO

HAH-#|Z 7|(Age—length key)

nole] AYARARI FATER dwd AP
£ S0 2R AFUE ALK (oI5 ALK-NIFS)E o]
shol ARRAARE WAL o] ARE AREA A
o}, AKL-NIFSe] 0] ALl Qe abgol eelsl 4 e (4
o] 4=, AGA B A, AEo] - E A7) -2 &eld 4= §lal
o}, 515k ALK-NIFSS] AP3AE AR zAu e o
ot A di=FAQl g2 AR 4= 98tk LVBE| =4
A= K=0303/d, L_=4191 em, t=-1.67°]u], 1-649] B
A 2327 ¢m, 28.14 ¢cm, 31.74 ¢cm, 34.40 cm, 36.37 c¢m,
37.82 cmo|t}. ALK-NIFSE o]-g-5}o] Hghe o242 14
5B 6A171A] 6719 AR 2o ® U iek A Bt AlF
-2 Gim and Hyun (2019)°] 373t 11501 9] 4445 A 4]
(W=0.003- FL*** y&- o]-g-sto] mellof] )l sgiet. o714 W
+= gram T Q] F7, FL-& cm @9 9] 7o) Aolct. A5
e AYATY APGATE 44955 AL (Fig. 8; Kimet
al., 2020)0] 2x| 2~ FA|A], Mat=1/[1+exp(b -b, FL)}& A
goto] mas 249 F(h=20.11, b=0.70/cm), A= H7F
A diSlsto] Atsldith a501 9] Adul= Folxl At
E2RE Aitsto] 479 HIE, Sex, =0.6= Y5t
SPR & YPR

SPRE: site] SLEET} ol2E AL we] Fhl 4 4
A AH(SSBR) S o1 8lo] §1512 1) 71lg 1A A
SH(SSBR, )02 e g elngtet. shke] 35E7t oy
oF o lokel Woke 4.9:0) 4] kb sk SSB, 2 o)
H, 2 oA SSB = oW AT E O] IARE 6+A7FA] A
ehele] glolnl, o714 Tz mele] vhet W (019%)
£ 9Ju|gitt

i

off

5 a-1
SSBT:;IRT_ 5[6Xp(-k§0ZT I, -Mat, -Sex, exp(-ps, Z,.)

2 exp(-Psgs Zrs)
+RT_5-exp(—g)ZT’k)~Wﬂé'Matm'SexF'—'_]_eXp(_ z) )]

& - ol

A7 a= A%, R, = TAE 6+A41] LS ET} AR 7Y
FEAIR QI 5014 9] 7kdutsisroln, Z, =02 2 A o] Hct. ¢
A TAAY A9 Bt A5 w,, AFE =8 Mat, o
FE ST E Z,, A7 (SY)7HA AR AFTES ALY

7] 913 H]& p,,(=0.33)& SSB. = A4t A5 ET} U
Qholg)rel s WA ARt 799 FAAkIAL e SSB, 2

01—
thah o] Akt et

oft ok
=~

5 al
SSBO,T=;RT_ s [eXp(—IZ;)Mz Dl w,-Mat, -Sex,exp(-pgg, M, )

3 exp(-Pssp M, )
+RT_5-exp(-ngm)~WZ6~MatI6-SexF- Texp(-M,.,)

01714 M,~0©.2 golect. webA SSBR,, SSBR,,, SPR,
& th3t o] Akt

SSBR=-SDL | GSBR, ~SPUL | GpR — oD L e )
RT_ RT-5 ’ 0T 15 ’ RT_ SSBRo,T

YPRE SlLke] 257 YAVEST ofl5] 9l 49-0]
2 25E ZHInEI4E U glo]
3 AEET} APF o]k WS H 99 of
A3, Yield = b3t o] E99 4= 9L,

]
=
1
2
(@)}
X

Yield = Z: R, {exp(-me ) Wy (Fp/ Zy N 1L.0-exp-Z,,) )]}
+ RT.5' exp(_go ZT,k ) WTﬁ.]_-:e;iD(_'-ZT_) ............ (4)

T d% 7|29 7k & olgl¥, YPR=Yield/R °|t}. &
Lo A= TAAE] Foll tigk SPRI} YPRE] 3He %ALSHo
F30%, F40%, F0.1, Fmax 5-2] AHd#2| R %E ALbslal, o]
= oA =A% FA1[ (20199041 2] Fo} vl watgit).
MEXHEZ oS

ZE2el VPA (virtual population analysis) @y} ]

Table 1. Main assumptions in the stochastic catch at age model used in this study

Assumptions

Age (a)

Mean length at age (L_; cm)

Mean weight at age (W,; gram)

Maturation rate at age (Mat))

Gear selectivity at age (Sel)

Sex ratio (female)

Spawning season

Steepness in Beverton-Holt stock recruitment relationship

1 to 6 (age 6 is the plus group)

L .=41.91-[1-exp(-0.303-(a+1.67))]

W.=0.003- L *4% (from Gim and Hyun, 2019)

Mat =1/[1+exp(20.11-0.7-L )] (from Kim et al, 2020)
Sel =1/[1+exp(-(a-a,)/B,)]

0.6

May

1.0
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Fig. 1. Sensitivity analysis for finding the natural mortality, M. The
vertical line denotes M of 0.38 per year.

SCAAREL AlbA ek w52 71744 o 23] vjh 4]
.02 3K 0.2 A7) uhio] njlo] A kS ol &
3 4 9lchz Abgo] Stk APoAE HEFEE()2 2019
9 olF 57014(2020-2024)0) AlbA ke AR A A
2 oZ3teth. ol $I8 o15717K2020-2024)5k0] o}
Kbt Thelntaiel g Alue] o8 sk o5
2 Bro] olFAREE AmdE FUsitkn 7hgstgon,
ABIAPLE Q] 472 U] 7}A|[F30%, F40%, F50% 181l F,
(201911] o] 18] 2 =5tk Yatsu (2019)°] ut=wl
shke sofe] o] ApRIEe] 7HalnkS4(2000-2016)
e 7120 oF 60%lA 150%7H4] WEstgon, 2 2
WA 2 7H) AHR(2000-2019) HFGS 71E0 =
oF 67%014] 165%7}4) W55t Fig. 4b). whebA] 9] Aol
Al o15717H2020-2024) §ke] Helotsints el
A 745 7helnbelso] W2l R S 71502 3hol, 20204
3] 20249714 (1) R & 24T 42, Q)R 1A R 9] 165%
ST AR A 08 Z715H: 49, (3) R oA R, O] 60%4%
A A A 0.2 asHe 790 AZHA 74 Alutel g 4
39T Fig. 6a). o124 T2 AlLhe] 9.0] 4 % 127H(e]
SRR A7) X HeImk SIS 37)o .

M

i,

2

i

¥

=UXAAYEM)

R = (sensitivity) 4 ol 2] sl £/2] 2] =7 AHAAY &S

!
ox,

gt o= 945

Sk SUAAAYE ME ofe] GO Yshan AASH
e P9 RUFSE)E RABe] W] WE A fums

HABH R FAE A F B ghol 7P AL A

£ Zioktk. 1 Ax M gho] 0.38/do)l M 71 e Bk 7k
S B em(Fig. 1), o] gk ARg-sto] mEo] Ynjz] maE
& FA48k5it
2 Ml 3 FHER|

AL o] 2552000-2019), 9] =2 ©]2]55(2000-2019),

A AIRIEARE AKL-NIFSE 53 HEkeh A5z
874#2(2000-2019)0] thgt AZGHES Ao FAIE 2 vt
Fotalch(Fig. 2, Fig. 3). ARkt 242]9] 5+4(2000-
2019) k2 °F 0.135% 10°E 0 & Upehkon, 2000d0]
2450.076 X 10%), 20199l Z[thgk(0.190 X 10°E)E 1}
EFchFig. 4a). o]7]4 ARAIRS A4 oA THAE
O] e ofuigith. A= ZINAIS (14]) =429 <13
1H2000-2019) ZES ©F 1.04 x 10°0}2]o]m, 2005H o] 24
2 (0.70x10%k2]), 20180l Hthgk(1.73 x 10°m}2])S Ut
Ehffo] dda & W5/dS BthFig. 4b). 4 &1t
SAFGE(F) 20013 0] 2|t gh(1.000/d), 2019 0] Z 25k
(0.257/9) 2.2 2000 5-E] 2019 7] At FA1E B
©om(Fig. 4c), 5ol HFAY o] 79| A o] A2 1
AI5E 6+41714], 0.201, 0.745, 0.972, 0.998, 1.000, 1.000=
T2 = A ch(Fig. 4d).

150 XpHe| X2 X4

ojgo] gli= AJefioll vlsl, o]2lHof wet SPRO| 40%, 30%
2 e 9ol ook o FAEE-2 0328/, 0.471/4 9]
2ch(Fig. 5). FO.13H 0426/ © 2 AlAL=| 9 thFig. 5). 2019
W o] 7o FAMYE FL2 0.257/d 0 2 919] A Al eke) 7] &
Rt Wokom, o] gre oF F46%o sfjggtct. Clark (1991)
= F35% ¥} FO.10] YRHA 0 & H|S=3t FhS yepdithar 519l
=4, 2 Ao A AXbE FO.1 382 0.426/d 2 24 o] g2 oF
F32%¢] s35+9131 F35%9] 2H-2 0.38/d © &2 ey, 1
I R Ao o3 A E M=0.38/dS F2 HFHe 3¢
O] Fx%< ok F35% Urebyth.

B oM o] Ao Fx%7} gt a150io] AHewt
2] A x2A GRS Ajtst] sl vl o] Akl
(2020-2024)5- Al Z33it. ol5717E F1H] oA P AP-E|
7P 1M o8 A7} 7He e A Y EE oulgit) w)
gha mdol A 2AE AA(20199)2] o A7 E(F,=F46%),
APate] 7|2 o2 A gukd o7 AA == F30%(=0.471/4),
F40%(=0.328/\d) “12]3L F50%(=0.232/9)¢] Y|7}x] A&
oJPAPLES] Alvte] @& A8t BHA o] F9o] 7H <l
Ao g2 FAT 4= gl T el E AR Yol Jaks w
£ agloft}. whebA Aol = ol 5717HEeE Dold 4= 3l
£ 7Fgutsi=e] Wsks mdo A 244 71e) JhAI4=2] Hat
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Fig. 2. Observed and predicted fishery yields (a) and catch-per-unit-effort values (b) from 2000 - 2019 for the Korea chub mackerel Scomber
Japonicus stock. Points and solid line in each panel denote those data and predicted values, respectively.

TR)E 712 571 A4, QAT Ao A7 = degt
sto] 7Pt oL, A5 7I7HEet Ao = e 7HnEls
o] WEHZL AP (Yatsu, 2019) W 2 Ao A 24 A
=9 7RRInEESls AakE aefste] AAsHla2 Btk
5717k &kl ZHlvksiart R, (51,02 x 1070k = 4%
g AlUHE] 2ol A AFAb ke ol 5 7]7E E310] o] AbgEo]
F50% (=0.232/'9)9} F, (=0.257/4)2 A0l A A7kl ufe}
Z7¥81%aL, F40% (=0.328/13)2}F F30% (=0.471/d)31 7-9-0]
+ Ha3l3lk(Fig. 6b). tha o2 7hJupslert A7kl et
S7kohe A%, ARPEIERS F50%, F oAl A48 02 Z7}
St o™, FA0%2t F30%2] 7-9-oll= 2710l =2 o182 9
Fo 2 Aol Attty A& 4 o = F71sh= 7kt
Slaee] JROR Q&) Arttdol sluE s Bgd Byt
(Fig 6¢). PHA[F2.2 7}jupslprt AlZbol| wheh Zhash= Al
L] 2ol 4] Al ek BLE Z-9(F30%, F40%, F50%, F,)
ol A Zash= FAIE EHch(Fig. 6d). 919] 12714 9] Alukg]
L F AS7IT T v W =(2024) 9] AkkAbA o] Al
H(20199)9] AR R wropx] = 9= ZHluksiart
AT} 79-0] F30% (Fig. 6b)2t 7Fntlr} Zhashe 249
©] F30%2t F40%01| 4] Lretth(Fig. 6¢). 53] R= 7FY Alnt
2| 2ol A Frofl &3t ddetAtd el T 201999 4ekat
ke 2939 HFig. 6). 5, FAIH(20199)9] o A= F,
& T 5% A A, TR0l AISA S 2 sk A%
S Lesteete AAH ) AR TS HEY 4= e Al
2 Uyl Ao g & Aol 3k a0 2] o187]
9| RO BA, AA O] A} YT F(=0.257/ )& ARt

At AAH SRR 9o & SAUTIA] AR R
SF= Al S5kolTt. 1oy LY =B AL Qe A3t
7|5 5o] AT A B 7hdEke] v A= ke L
She U2 Hoh A7 Q1 #HS aAgteh e 91 5
Foot Tl WENL} Soff theo® AF2dstE gt
35 o9 Adsol whEA dofuhal 3l s <fo|th(Belkin,
2009). o] 28 43 -2.9] Z7He o] 50) Ak 7|9} 24
oj=0| Aolst= Holg=o SHA7] 11 BYAE T
4 9lov(Asch et al., 2019), 85 o] AkE}EFA O] 271 43
olfio) m Aol AF o] FaHS vl omM 1S A
g 4= Itk (Brochier et al., 2013). g+, o] 2{st - e}= Tz
A © & Hilborn et al. (2020)+= AA| A A 0 2 L] 9 1A
7} 2 A E o] & s oA o] YA|E L AUFFo] ST
thal B arsGie), o] = AT & ol AR SRS HESH
0.2 71elate] 5718 7]eet 4 Qe IS Qi 1
Bt 710l AlekA iz, 9702l 1213 o] o) B3
© &2 28517] wfjoll 719 e] e AstAY dlSshs o
2 447 giek. 58 A2le] 2719} shelak 7o) Bl A
ol o]{ro]ti(Gilbert, 1997; Vert-pre et al., 2013). 1980 tf ol
7iukcte] oK Gadus morhua) A2 /gt 2] © & =2 AF e
A= -2 AAFY S H ¢ S (Hilborn and Litzinger, 2009),
2000 ol 8l % oI(Clupea harengus) A+ AFetAledwo]
& AR dol= kAL 7l ] a7} vebyith(Payne et
al., 2009). SAEH ol A= A5ol 5 T 47 34 ©f
F(small pelagic fishes, SPF)=2] 7}d&Fo] =AId &9l 9] +

i e R
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Fig. 3. Observed and predicted age compositions in annual samples of the Korea chub mackerel Scomber japonicus stock caught by the large
purse-seine fishery during 2000-2019. Histogram and solid line in each panel denote those data and predicted values.
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Fig. 4. Estimates of annual spawning biomass of the Korea chub mackerel Scomber japonicus stock (a), those of recruitments (b), those of
fishing mortality (c) from 2000-2019, and estimates of age-specific fishery selectivity (d).
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Stochastic catch—at—age analysis (SCAA)

gkt arEo o A7 HE AXtsh ] Ylell A A
H -tz 2 (stochastic catch-at-age, SCAA)S A8} 0,
ARE-SE o] i 2 0 [ eoault and Restrepo (1998)2] 1 &
ojth. A =7t S APd-E, A= 74 JiAl, A Ak
AT 52 574319 2™, spawning potential ratio (SPR) 2
yield pre recruit (YPR) 7Hd o] A% o] Y =& A A5,
Uol7} & A1(20194)°] oflo] 214 4-%-e) ulefe] Atk
AL dlS&ste] @A o] o] HAYS wdsiin o
= ARk 2lakS ohe 3} 2ol ZHgalse).

SSB= Ea: N, w, Mat, -Sex exp(-psyZ,,) (A1)

o714 a'= 1%, £ AIh, SSB= QI AlRkA9I N =
A= G WA, w = WA A= AP Bt Al
Mat = A= AFE ASE, Z & A= 9L A}
WE, pye Ako] Aol |71 AR AES A
©]3t H]&-2 A, Kim et al. (2020)0] A A3 71501 9] F Akt
£ Sgolehz AHo 275t py,=0.33& AR

A O] AFAARH(SSB) 2 tH1A1F 9] 7HdutEla(R,, )=
Beverton-Holt S-R (stock-recruitment) A4S o]-8-3}0] &
AEH,

k

a-SSB
R~ prssB; (42
t
9 WA Y] K oo} f= v o] A St th(Mace
and Doonan, 1988; Restrepo and Legault, 1998).

_ 4h(SSB,/SSBR,)) _ SSB,(1-h)
B 5h-1 ’ 5h-1

a (A3)

SSBR=SSB,/R, (A4)

o174 of8lo] gl 752 ARALARR(SSB = A sloF &
Aol o, Ry SSB, 2 E A ZHRlakela(1A])ol
t}. steepness (h)= 1.08 173kt SSBR = o] 20] ¢l& 7
$-2] 719 Akt 9l =k (unexploited spawning stock biomass
per recruit) © 24 o] HFE % T(=20191)o] A 2] ZFAA
TE, A9 Fat A, 8ol sl AARETH(Eq. 2). 3HH h
£ 102 AT 4%, a=R,, f=0°] H 22 Eq. (A.2)Z5E A
At e A= ZRIAlS RE 34 R o] Htk o] 7 o
= 7] 7] AR ARl 3710 A4
Bt 3H 9219] Wl FFS vh=the A ov|sich Zut
4oz e 142 uEAN, e RE FH O A
HAE argfsto] ALk,

N, =R exp(log_Rdev,),2.log_Rdev,=0 (A.5)
B t

o1714] log_Rdevi= A ms=olch, A=l S0l S AR E-L
che 3t ol A4k,

F,,=exp(log_F_yearl) (A.6)
F=F, -exp(log_Fdev,), 2001t (A7)
F, =FSel, (A.8)
Sel = 1 (A9)

@ l+exp{-(a-a, )/B, }
Z=M+F, (A.10)

o7|A A drEe] EtoldAtE 2 AR
log F_yearl:& 73t =M Alite]n, A A= o] $-9] &
THARAGE(F) Ax log Fdevs g0 2 AXte
o A= AYd o|ALE F 5 Altst7] 918 ARE A
F of FATEY Sel & ti@Addol o] 542 arefsto] 24|
2 g 7Pgetgl e, a3t B2 A EeEA g
STARAGE M o= dx, dgEe FU9% e oY
Sl
A E = (20001) 9] 1TAIFE 6+A4]9] mhSl= o 2
o] Ak},
N,

2000,1

=R -exp(log_Rdev,) (A.11)

Nygo=N1 ini -exp(log_Nldev, ),2<a<é6+ (A.12)

o171 4] Nlini = 3 =2] 2458 6+419] n}giso] o
3 27\gho2A FAAE Hastel hefsteick 2 W
9] 14]9] nhgidee] 2713k Gim (2019)0] 2718t 59
nlel2 AL o] 2 7|5 0% due AFSE mhest
50%*) 7Agchs BRAEE 7t o174 log Nide-
v Ahfmdzolch, AMA] W o] 3:0) e e nhsis
N, = theat ol Ak,

N=N,

t-1,a-1

exp (_Zt-l,a-l ), 2<a<A (A.13)

N=N,

t1,A-1

‘exp(-Z,

-1,A-1

)+]Vt-1,A. exp (_Zt-I,A )

(A.14)

7|4 A= plus group QI 6+4] 152 &Ju|gich.

A= A o] Fulslax(Lpred, )= Hiehiet o] 2]g 4]
ol gsto] Altelr A= AFE Bt AT w0l s &
= o) 257K (Ypred)o] ALHEIL.
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Lpred =N, 37""— [l-exp(-Z,,)] (A.15)
ta
Ypred=>. Lpred,'w,, (A. 16)
Lpred
LAH_ ( Al 7)

P~ 2. Lpred,

o714 p & AEH of8] mhale] AmzAr|o] 2ol
o} = CPUEA R A Ahgieke] Altfalel gho )
F¥iglon], A CPUES] o2 (predyt= cheat o] 4
Absict.

ind month )7 ] (A.18)

B =N, w,, exp[-( e s

Ipred=q'}.'B,, (A.19)

o714 A= A A B = U 9] F7H1E 64
ko] 2}9Jeke 7|20 2 A tHind month=6). 97|14 g
L ojEl7bs s Agoltt.

2 myo] Bashit th0] 7140 of) 4749} s sk
EEFEE

L,: Yobs~ lognormal( Ypred, ;)

L, Iobs~lognormal(Ipred, o7)

[ |

L1, ~ Multinomial(50, P,)
L,: Rdev,~lognormal(0, o, ,_?)

o714 Yobs= A='d o]gle A, Jobs= A%="d CPUEAL
=olH, Ypred= A= oj27f A=9] o5, Ipred= A=
& olgF 2179 o|&X|o|th. n =ESS C oM, 974 ESS
(=50)+ effective sample size, CM—E A Az A RA
A=, pe A= AP AP | d5A01H, Rdev=R /
N, olth. 919 HARS(0))2 2H2he] #329] HEAR(CV)=
o=in(CV2+1)9] A& 2t

919] 7Pl A sHe 29 EIMSE B4k Tt 2k,
-In(L,)=0.5In(27)+ Y. Yobs +In(o, )
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+a52{ (A.20)

A3l o2 7= 953

-In(L, y=0.5In(27y+ X IobsHn(a,)
[In(Iobs, )-In(Ipred, )’

+0.5§ > (A21)

-IH(LC )=- Zt: ln(50')+zt: Za:lﬂ([l(’a .’)- Zt: Ealnt,a.ln(gr) (A22)
-In(L,, )=0.5"In(2n)y+ 2. R HIn(o,,, )+0.5 Zt',

+0.5% []”(N';)'IIE(R" s (A.23)

Rdev
o714 —In(L )< penalized 7Fs %= o= A N ©] gto] R gk
= AR Houes A s 2Esk= 75S et A
Ao g BARee thE ) o,

obj=-1.0- {7, In(L, Y+ 2, In(L, A In(L, Y42, (L, )} (A.24)

A7|A L= 7Fs A=A 242 =105, 1,=2.0, 1,=1.0,A,=1.0
e, wEAsdls 47 OV, VAL,
OV, =0.60] AZHGITE. 2 APl AE ME A e
ShLES] A4l Me) gk 23] $18) WrtEi AL ayst
i 121712 Me] QJeigte] tlet 2 2gpe] Ghob)S 24}
sol WE W4T} AFAE 2AE 290 Fete] o7} 71
A8 490 M2 A0 Az A4stoch w4
FE452 ADMB (automatic differentiation model builder)
A I E 9Jo(Fournier et al., 2012)5 §3f 2452 HFHA
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