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A Study on Stock Assessment of Japanese Flying Squid
(Todarodes pacificus) in Korea - China - Japan Waters

Sungsu Lim*, Do-Hoon Kim** and Jae-Beum Hong***

ABSTRACT : The Japanese Flying Squid (7odarodes pacificus) is a commercially important species in
South Korea and the most popular species among consumers. However commercial catches of Japanese
Flying Squid have been declining since 2000. In this study, we conducted a stock assessment to identify
stock status. This study differed from previous studies in two aspects: a greater amount of available
fishing effort data was used, and data from China, Japan, and Korea were included. A CMSY
(catch-maximum sustainable yield) model was used to estimate MSY, biomass and exploitation with
Bayesian state-space implementation of the Schaefer (BSS) model for the method of stock assessment,
and evaluated the species by dividing into two groups, ‘Korea’ and ¢ Korea - China - Japan’. In all cases,
Japanese flying squid biomass showed a general decreasing trend . Additionally, the biomass estimated
for 2020 was lower than the biomass necessary to achieve the maximum sustainable yield. To manage
Japanese Flying Squid effectively, it is necessary to strengthen the resource management strategies of

individual countries and prepare a cooperative plan among countries.
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AFQ A o)(Todarodes pacificus)+= FZ74(Cephalopoda) A2 A o] E(Teuthoidea) W
742 A o] 3{Ommastrephidae) o] &dH= O & =13 235l FF=9l, 5, Y&,
T die Fo FE5tH FF 025 E 4 100m7ER] o] H o] A Al5H= 314 oF
ojth(= g a4tatshd, 2022). L HRIIA Lo tiek AL A3, SalE0] 71 Fotst
= TARE R A A o 7F AR = A ek(Fh s A, 2022).

Ao oo Ax o) Ygf M-S At EH, 1970\ ) o] % A|&3 02 F718H% A,
1996 fl+= 252,618 =2 & Y| & 7| 533 ek sFAIE 2| 37]d(2018'd-20201)
7re] 2E AR F7HAIE AL skal= 20001 o] F A 7HA] HANEE 0 & o] glgFo] 74
St A1 S KoL QItHE7FE A S Ha, 2022). 20209 7132 3H0] A Lafjo] ] & o]
3)2k2 933,880E0]T}. o] Z AFQ A o] o] S 56,989E(6.1%) L & ALa] o] ¢ o] A]
He EE T B4, 250, AR thyo = W2 o g7} BlF-& AbA|skaL et vhd
A

o] o] AP alFol o o afo] o] A 43,7189 ¥ F 11.6%9¢1 55,0629 Yo & 714

> ol

B SY 31U, Tl of Aok 2 g A ol g4
2 450 vt oA A | F4 15em |3t 315,
040} o 2] % S AR 20% vk B 7= A el Itk %
HATEb, 2022). 18] of &3 A3k 74 .5 516012 %K Total Allowable Cateh,
TAC)AHE 712007 P E] A 88s] 31 9loul, s 20211 79-2022 64 €] 7|7} S0t
67 % ol TAC!} 49 5lof UEKE/HEH Y R AR, 2022). ShAIRE 2 AL
#o] TAC 2:71&0] v ekt Qick. 53] 2ahal7] 2 470 9ol Bfe TAC £
2182 2 3709(201813-20201) 9145 30% ) S 71 B8} 31 QIT(=H71A] 4] A, 2022),

1) 65384E(Z A7), hFAY, HFES, FHLFFED), 13,653E(HTo|FAAD), 4,797E(Z
aAHE).
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FT antAl e o] Al wel S floliM = Hoh Ad A S A slok

st o] & flsf A= Tl e A of ARl Adeof] iRt H7E7F AlsE H vt Qi
2| ol A A of AU 7S A3 thefRt A =7} o] Fof A AL Q. okE
9](2021)+= 2000\ F-E] 2018 A 71| 2] A2 A of 5 of&l7f A=} 37 AF(NBES,
LA, A o @)= o] & K (Catch Per Unit Effort, CPUE) A= & 7|4t
5 & Bayesian state-space HLE-2- 0|83 AFLH 7S A AT B4 A}, Ao Ao
/1\_]_—

2| o X <:0] &l (Maximum Sustainable Yield, A/8Y)2 293 421 & 18|31 MSYS

3 G AU By ) STS629E0R 2AEITE Ao Ho] AL I
201 7 FAIS Bo] 3 901, 53] 2017 o] ol AU 520 By 5
e R02 BhE9IE. o3 G AS 212022 1999158 20204 7H4] 2]

L
o

N P e B
B
1

o

Jol & o8z Aae) 7019 CPUE A =E 7|WESZ Bayesian
state-space WL H S B-8-3F AU 7S ST A A, A o] MSY= °F 13
9k =, 274 4-8-2(Carrying capacity, k)-> °F 2105} =, 12]31 2021 7]& A&

°F803F EO 2 39l

oo} Zro] Z|Lof o] Fof ] Ao o] AUHF AT R o] B o] rF 2}
&5 7|9hO 2 Bayesian state-space W23 -85tk SHARE AYAFZ2] F9- &
%

H A2 F oSO Wed 4o thEATH 0 o] AAH L GlotA
o B4 % 8164 125 tths S QLT 123 A el A TARe.2 3
34 7]7k0] 1999 0] 532 Alsk]o] Kk 7|7e) A S B4 5HA) Rt AA Y

TFAH L2 2T 5N et ol F S 7S 2 AR, QHe 9 ©](2021)071 A4 a1
A el 370 F2 of B A e of o2 din] oF 56.2% o= A
HF ol Steitt. o A7 £§(2022) | A AL LA 2] of 2lefe A A
Q7o of 2l o B °F 26.7% ol AUA] =t

EIRL FTOR AT =71 o2 2 Fh=ro] of2lgfol| 25
= d of #2 8l glpAe Este =Rl d e S
=9 Ae o] o7 Mee AuEE, S FAVE FARHA UEhal 3l 53
2000l o] & A2 Ao o H7f T A= LRI TH oA = F LA Ui 9
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5t =- Y sldo| MREIO|(Todarodes pacificus) XFEE7F A7

THFAO, 2022; Bureau of Fisheries of the Ministry of Agriculture, 2003~2020). ©] 2}t
e 7019 B/ AEste] AASEE Tetslr] flsiAle Tho] A o] oY
A A= A A= Y2 T2 A RS A LT B avt ik

AR Aol ol Ahm= FAE L 7S AZE A 19709 FE 2T AR 7}
A) 8 715l 2o ol soj7l ALe o] AL AT A TET ol TL 1}
29| 7|7k AT EH QHE g 21(2021)2] 73-9-2000, 719 2](2022)+= 1999 F-
ghg3to] oF 2070 AR S Z-88FIT) SHAREAES 4 0112000 0] Al ol = |4
0.5 ofg]o] o] Folx| 1 91900, 5] 0¥ thel] o] FzFo] =7 Z1ek= S0 wat
£ Ho|il QIeH=71 A £Ha, 2022). the o] Ao M Y AdFg e 52 5
th QeS| wetshr| flsiA e B8 7t A Moo AmE e dart Q.

2 AollM = AF AT TAHS F53517] Yol A olE ogste AF
2|3t szotsto] Ao oo AUALEHE B7le Halx} ghr A Aol A 2
Bayesian state-space @2 285131, ke Ao} o] 3542 st 1=
A7 5 Zgsto] e o] A-AB 7S AASHLA} St AR e o AHH 7S
P AET} S0 of Sl Apms BHE 7Rs St S| 7P R AL A o] 5 0] 2
%5 0] o] 8w 2jef AR 2hu k7] ol2 e AFo]r}. o]o] u}e} Monte Carlo
o251 o) Bl 7w A 71 I El o] CMSY (catch-maximum sustainable yield) X
2-&-51aL4} Bk CMSY W H2 A5 7 T4 01 %9 CPUE AF& 280 AlgH4 ¢

2 ol F e A2} A o]l AR S /]Hhe 2 4B b} A
o7 < da] &85 a1 ¢JtiFroese et al., 2017; Liang et al., 2020; Wang e
2020).

o]} Zho] & Aol A= &8 71Hset AH= o] i $]ofl w2} Bayesian state-space 214
T CMSY WS 1 kg 510] 49 Hol AHUB/HE A5, 1 AT u] ) B3
2} 3t ol Bl AFo Holo] S Hrt FH KO R Heks, FF el
Aie 2 9157|242 S A2t g,
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oM e wle fr do et o
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P0] Aol = e Ao o2 19704 72,142

Kol 19774 18,119 E 2] H A X E 7|25} T} 1980
718l om, 1996 0] =252,618 E0. 2 X & 7| &
S 7R = o) Bleko] ZhAadl= FZ=A1E Kol Qit) 2018
| o] T 370 72 oo &% FrIshe] 20204 V|E o] ofFwk
56,989 S=Z2o |t =7 NEA| L Ela, 2022).

(ad 1) &tz AZEHHE S AR 0{&2H(1970H-20201H)

g g
g g

200,000

ool ofLEE)
g
g

100,000
50,000
o
ERErRREREzs=s88a33afs 28803288
2 33333833333l mmRRRERRRERERRER
HE

ZX): 27VEALHa(2022).

S 2| 571d(20169-2020'9) A2 o] O] ot o] S-S A EH, <3E 1> 4]
o} Zro], Aol A 72,759 = JF ES0] 20,243 E(27.8%) 0.2 71AF @ A
o= yehgton, E}—Qi A7) 19,3945(26.7%), 181 EIIZIEE
11,1795(15.4%) 590 4= 0 & UEPGtH=7HEA L a, 2022).
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b= U e ARXIO|(Todarodes pacificus) XFETIt S

(H 1) =2 5713 " A6y HB3E 4220 0{&2E(2016H-2020H)
TB 2016¢ | 20179 | 2018d | 20194 | 20209 B
gES 45,642 26,596 10,813 11,496 6,669 20,243
SR 26,788 22,617 14,007 14,996 18,562 19,394

ST 25,641 14,561 5,744 3,755 6,194 11,179
SHEE ’ ’ ’ ’ ’ ’
8ol 11,578 16,997 8,122 9,688 5,290 10,335
A A ’ ’ ’ ’ ’ ’
2 2] 2,416 2,347 1,782 3,487 5,558 3,118
2R 261 340 484 2,496 5,136 1,743
o] 1,764 373 120 1,540 2,662 1,292
A A ’ ’ ) ,
BRIk 3,434 988 1,313 2,51 274 1,252
=t 4,167 2,205 3,889 4,108 6,644 4,203
a1 121,691 87,024 46,274 51,817 56,989 72,759

23): F71EAZHa(2022).

A2 o] TAC=2010d Z8bofl= oF 194 & 0| Lo, 2018 A 5B A 7HA] =
107 & 016} FEOR FASIGITE EIF <3 2>0fA] Kz vk} Zho], TAC 2%1&-2
2010L41‘41 0% 7k ZA|E Hol 1 9t} E35] 2020 7| 47] QFol 3k TAC A%

2 33% ol ERShH(= 7 Y A Ea, 2022; =714 A4, 2022).

N 401'
P

f
L
2
Ob
nE

AQEI TAC AZIE

T TAC 2:%1& TAC 24 7|7t

? — (° o _, (° 0
R ES (’07) 105% (’10) 88% C15) 71%

MR
g (’18) 37% — (’19) 33%, — (720) 33% 20073_ _QﬂiXH

AL

. é;ﬂm (19) 96% — (°20) 66% 20194 - &)
[e] 1O

oAb (°20) 60% 20204 - &)

YPEE, TN, FATFTIES, HIAY.
22 Z7FR EAA(2022).

Q1% 27H50] AbeAo] At AL AT Ry <17 250} 2 $A 19504 5]
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2020 7HA] L E O] Ak@ Ao o] BTk HES A EH, 1950 2F 410 E& AJALo 2
S7Fhs FAIE Hol 1968 W of= oF 671 E 0.2 H 2| & 7| F5F 3. SHA|WE2000
A} o] $- @A7HA] e of o BTFE A &52| Y s T4 S Kol Al 9lem, 2020 7]
£ 46,700 =520 tHFAO, 2022). 18|31l A A&7} &8 7H5-8F 2003 HH-E 2020
G7hx) 9] 22 AFQ A o] o] &gk M5 AlE HH, 20044 ¢F 637 EO] RS 7]|=
Tk o] 2 A &2 Q1 Zax A4S Holal 9lom, 2020 7] 295,666-= <= | tHBureau
of Fisheries of the Ministry of Agriculture, 2003~2020).

(ad 2) ot - & - g 40 o2 H3K(1950H-2020H)

800,000
700,000
600,000
500,000
400,000

300,000 /\
200,000 S =A
100,000 \

g (E)

-
~ w0 o ~ w0 m ™ [T -] ~ [T -] o~ 0 m o~ 0 o ~ [T -]
NS B BNISBRN RIS TaRE S ESNTSER
L B I I T O T - T T T I T 000000
o A H A W W NN NN
s

—uE 3 EF

Z4]: FAO(2022), Bureau of Fisheries of the Ministry of Agriculture(2003~2020).

re

& Ao A= Aol A= Aaghukel o), e o) Al F 7S B8 7T AR
O W9l whet I 7 7R 2 wro] RA SRR ek AAlE = e o] of 8 &}
£ 7N R 9 gk Ao o] A7t 2| Al HiAlE =it 5 AR e Ao
£ 0] 8l5}k1 QI ¢l E7HE L] o] 8] AR S {32 U AL Ao AUF IS A

N

B
y
e
i3
=
1%
o
rE
=
=
e
=
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- Froese et al.(2017)3} T21H- 7] £8(2021)& 2F1151 ok
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(1980) 2] UnkAlE E%(General Linear Model, GLM)2- &85} %t Hazin et al., 2007;
A, 2015; 2|4 E 9], 2019). GLM H@% 3 CPUE®] oo 3-8 ] 2= =l
S-50) EEEHE CPUES 4HE51L, 912 9 915 5 Aoldt o] 315 9 123 42 9k
Ao 2 vehid o 4 (1)3} gk 047]*1 U= CPUEE &fn &
890H4=9] 7]Fo] == CPUEE oJu|3tth. I22]alme &

o

o,
mlm 1_

I

o)

: 2l ,
n& 7 AQMA O] 5 12 P, = 8IS m o nd ol hE AT A ol
AP ol OIAGE 712 529 P, A&7 bn ] el ok A% 12
M T 1A 92 A 002 HHYE. Gavaris7h 44T CPUE A¥HHE 23 &
2OAFERE w2 ks Firo] 00] 1 BTl 0*0l FREFENR 1R, ol
A0S 2T B 4G IHAAT 2019 ol AIE 5 2 ¢

U= Upll,, ,P." (D

m n mn

InU=InUp+ Y,X,,InP, +e¢ )

mn
mn

AFQ Ao LA 7S 9k i o 2 = CMSY 2@} Schaefer 35 7|4k 2 St
Bayesian state-space(BSS) 222 &-2-5}%th CMSY 2 El7} BSS 2 &2 Schaefer(1954,
) A S LAY 4 Z7le 2A A B BB e AR
7L ek wEbA t A2 71 o2 th] AL O] AR RS A (3) 35 L5kl ek
5= St} o71A B=t Al A, r & 24 AAE, ke B89, 183 G =
A1 of s ol ol Aol ef A 14 ool 45022 nl

Qo= 2] (4)2} o] LrERd 4= Q) tFroese et al., 2017; Liao et al., 2022).

B,.,=B+r(1-B/k)B, — C, 3)
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B,y =B, +(UB/k)r(l=B,/k)B,— G |- < 0.25 4)

o121e A5 2 7]Hho 2 o)) tfg A€/ HE Ak CMSY BEe AlgE A}
=8OR AUTH oATE, MY, 58 STY kS
]=Monte Carlo HH-& 3F8-5l0] 24 5 A4 Yefo] =5 o) F2f A2 o} APH 1Y
o i ieh vlaste] e o= e B v - KRS T8 "otk ol gt /\Vd %

4

‘r
H 2 HO=Resilience W r ZFO =2 AT 4= Q) 01 2] HH Qo] w2} Resilience= <3

3>0f| A Hi=ule} Tro] 471X 2 LB E thFroese et al., 2017)
(# 3) 2EX TS0 oigh Ak "HE 2 He|(FishBase)
Resilience Prior r-range
High 0.6- 1.5
Medium 02-0.8
Low 0.05- 0.5
Very low 0.015-0.1

4] Froese et al.(2017), Froese and Pauly(2022).

kol SFEh AV 5 9 WP 4 (5)7F 2] 0] 8 ek of 2l Al 7171 el
ol A 2 2(max (O) & 7IEL2 & Tk A
Q) Aj e 220] -8 Aol B4-8210] AL w9] o] 4] (6)0] H-gHc,
k/ow = maX(C)/Th’igh; khigh, = 4maX(C)/’I"]0w (5)
klow = Qmax(c)/rhiyh; khigh = 12maX(O)/Tlmu (6)
18] 30 A1l gt AP R B WISl <3 4>ol A B v} o] Al el 45
ol Blko| W} High(0.5 - 0.9), Medium(0.2 - 0.6), 2] 3 Low(0.01 - 0.4) 3714 T

2 FE3to] AT 4= QItiFroese et al., 2017). LA A o2 EA 2}7 9] A2t &, 11
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10{( Todarodes pacificus) XtE7t S

'3 Y siolo] Mol
Aol A

o

il 7+ Aol ool Ao AR #91E A 51 (Froese et al., 2017), &
S Abm B A= 717 H 9ol whEh AR

i =
+ ‘Default rule’ o) wha} E-4 of] &-8-5]+= o]

H 5 A5} th(Froese et al., 2019)
(H 4) 2Z3+8% fH| XS sF0| IE XHEQ A H2
Prior biomass Bk
Low 0.01-04
Medium 0.2-0.6
High 0.5- 0.9
Z4]: Froese et al.(2017)
Wuw%%ééa%q 9.2 w1 AP 9] el A 9121o) oy - o] AlelE 3 A1
S B A A1) A lao] AEEIT D23 4] (1) 3L 4 ()8 F
|23t AR & F8l oS sl A o] v
ko] Al AE L -
|

o b A ) Aol Ak, o
9 WAL B2 AR A lere] WSS ol ik Aol sy
A 0.2 o2 A go] 0.01k Kk A, A o] F7HAE 52 nhxar ool
SO ARl 4B AR Hep £20f o9
k gholl Tl ofel 4] (7)3} 2ol

EEERE R EE
713 71540 =
7l¥ro & 5t Qﬂ* 2 %3 2 =A EthFroese et al

57 G A9 -k F
0] MSY 54
)

Schaefer 3}
2017; Liang et al., 2020; Nisar et al., 2021)
Dlog (r)

(

MSY = Z—k—ﬂog(kz) = log(4MSY)
o, p<0-05°ﬂ 5‘H"”“F-—]

SEERE R

iﬂﬂd

r, k] APA
550 5 2RA L R ATEES
= 2k 274517 919 FARLTH95% 4
McAllister et al., 2001; Owen, 2013

= SAA F44ES 7HA
AFto] B 915 A A5 tHGelman et al., 1995;

Froese et al., 2017)
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BSS mdl2- w0 ¢t 22L& vl o= AAF7HE 35}
kel Ao} A HE ATolo] AT RES AL ol
Stk utebA] o] xigh 2 2L Slah A BT <z} gl AR
2 Rsjch o Fo AT B 9 B3 Ao WAlshE 0AE Telet
7} 7Fs-3lthMeyer and Millar 1999; &%, 2013; ZWA|- A =Z, 2019). A}
ol A= <3E 5>of| 4] Hz upeh o] YHA AP EER r& R, k
RTRES P08 BuE R E

= 8
3f| Froese et al.(2017)2] BSS @ 2 BA5F Ay} kS e85t} 12| 3l @ A @ %)

H

o
[~
fto

4
of

=)
o ox i
o

N
12 A Fjg o

)
\[
=

l
=

rr

(0) @ 2 2AH)ol oA PR A AR LR oZrhE LS 744 sk cHPunt

and Hilborn, 1997; Millar and Meyer, 2000; 2714, 2020).

2

Exe By Bt F2=0A

r ROYFEE -0.25 051

k AR IR -13.70 0.75

q Atk ! !
o2 o7hal R 3.79 0.01
2 oA7hutEE 1.71 0.01

Z24]: Millar and Meyer(2000).

BSS Huls 28t e o] AAFr)E dpollA AReEizo] Higt Alits S8l
Markov Chain Monte CarloMCMC) HHH-8- 22519 0w, J14| & 0 2 thx}l o] AgH
SEEE| tigt YRR AFS S8l A MET(Gibbs sampling)= 285} T
(Lunn et al., 2000; Kery and Schaub, 2011; Z|9IA|- 7 =3, 2019).

2} mES Bgstol Ao o] 4UB/} A EHokw, A 2E HBATES)
Ao} w]Lel itk vhAIere 2 A U7} A S ko2 Ao Aol AL elike S gele)
7] 918} <3 60l M A A E Bfek 2oL, By s, o9 01 415 0] 2912} v o] e Stk
A2 Uteo] A H QFtHPalomares et al., 2018; Liang et al., 2020; S-AH- 71 =3, 2021).
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‘& U sHHO| MARRIO|(Todarodes pacificus) RFHEIF A

g

(B 6) JtiHel XHEE +20 TE XEHYE] g2

Stock status B | Bysy
Healthy > 1
Slightly overfished 0.8- 1.0
Overfished 0.5-0.8
Grossly overfished 02-05
Collapsed < 0.2

Z4]: Palomares et al.(2018); Liang et al.(2020); S-AjH- 7 =35(2021).

3. 24 AR

CMSY WEg THgafo] @ Aorolo] 4 Brlsk] AsiHE o8,
Resilience 52 4427} D QstH 2 B A Lof| A= <2 7>2] A =25 Z-8-513 T 41414
o= ojg)i Aai 75 Ataol Qo] of2)Eh A Are o] o2l AR E BE
shAtE 2k= o] 9= A =7 AIZE 9 o AT FRARE Sl . 7s Tt &
o eIl 19705 g 2020714 & 5170 25 &-83}9ch Resilience Al@=
CMSY Wi} BSS mel2 S8 v glo] A UH 7} oyt ol 5o) Rl A AR EE
i) gig A W9l AHel] 18l Was Ans ouig 4egolo da
SeaLifeBase(https://www.sealifebase.se)S =3l 2215t A1} Prior 2] £94ZHS 1.12
(95% A1=Z|F7F 2] :0.74 - 1.68) % 0]9] & Resilience+= High= A A& o] 3lof o]

£ &85} ti(Froese et al., 2017; Froese and Pauly, 2022).

(E 7) CMSY 2Es &%t o= &2F0f AHHEI 2N Xtz

T ik H] 3l
5 Aol A _
o|3)gk 416 Ao] of ]2k 1970 - 20204
Resilience High Prior » = 1.12(0.74 - 1.68)

EA: 75 A 3£ Ha(2022); Froese and Pauly(2022); Palomares and Pauly(2022).
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