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A study on bioeconomic analysis of the Common Squid(Todarodes pacificus)

fisheries management in Korean coastal and offshore waters

Sung-su Lim

Department of Marine & Fisheries Business and Economics,

The Graduate School, Pukyong National University

Abstract

Korea's total coastal fisheries production in 2022 totalled 887,239 tonnes, worth
KRW 4.04 trillion. Common Squid production, among others, was 36,549 tonnes
and worth KRW 305.9 billion, corresponding to 4.196 of the total output and to
7.6% of the total value. With the aim of continued reproduction and protection
of this commercially important species, Korea has introduced various
management tools, including total allowable catch (TAC), closed seasons, and
length regulations. The production of Common Squid reached a peak at
252,618tons in 1996 and maintained a stable level of about 200,000 tons until
the mid-2000s. The production, however, continues to decline thereafter.

The previous studies on the species had focus on evaluating the level of
technical efficiency in the fishery or documenting fluctuations in abundance
depending on water temperature, etc. While some of the recently published
studies assessed the Common Squid stock, they tend to depend solely on
domestic catch data and did not even consider the stock’s migratory nature
and behavior.

For this reason, this study incorporated catch and effort data by each
Common Squid fishery from the neighboring nations of China and Japan that
share the stock as well as from domestic sources, into the stock assessment.
And this study also conducted a bio—economic analysis of the stock based on
the results of the stock assessment and made policy recommendations to better

manage the Common Squid stock.
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First, the study looked into long-term catch and effort data statistics from
Korea, China, and Japan and employed CMSY as a stock assessment model.
Second, to identify the level of business performance by each fishery type
subject to the Common Squid TAC, this study also identified the financial
status of each fishery type and examined production costs, along with net
profits by each fishing vessel and fishery type. Third, based on the profits
equivalent to current TAC allocation levels, the study figured out changes in
profit under different scenarios where TAC allocations are expected to reduce.
This is because while TAC allocation reduction is required due to the stock’s
declining trends, business performances by each fishery type should be also
taken into consideration at the same time. Lastly, this study made
recommendations for sustainable management strategies for Common Squid in
Korea’s coastal waters, taking into account business performances by fishery
types as well.

It was confirmed through the assessment that the size of the stock is on the
decline and that the stock in 2020 was at a level lower than bMSY, which is
classified as ‘overfished (CMSY)'. It was also found that the TAC allocation
reduction percentage where net profit becomes zero by fishery type was 10 %
for large-scale pair trawl fishery, 35% for large-scale trawl fishery, 25% for
East area mid-scale trawl fishery, 80% for large-scale purse seine fishery,
309% for the offshore jigging fishery, and 45% for offshore gill net fishery.
These findings suggest that the TAC allocation system for those participating
in the Common Squid fishery be operated more effectively.

As a conclusion and for the better management of the Common Squid stock,
this study suggested the sharing of Common Squid catch and effort data
between Korea, China, and Japan, introduction of ITQ, improvement of the
existing TAC allocation system, and reduction of fishing efforts for the stock

and reinforcement of fisheries Monitoring, Control, and Surveillance (MCS).

Keywords: Fisheries, CMSY, stock assessment, management evaluation,

Bioeconomic Analysis, Common squid
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<IE NI-1> dTZoltf XY X & &2017Hd-20214)
(9] - <, %)

A9 | A9 [ o4 [dd 9] | AGA
F)8
+4 Mg | o9 | Ws 21g401¢]

K2
H
o
3
o

2017 | 5231,157 | 5,231,157 | 4,280,638 | 950,520 8,763 | 4,289,400 | 941,757

2018 | 5014,068 | 5,014,058 | 3947,262 | 1,066,796 3,947,262 | 1,066,796
(D (-4.3) (-4.3) (-84) (109) (-8.7) (117

2019 | 4378398 | 4378398 | 4019428 | 358,970 | 25833 | 4045262 | 333,136

cahameiEd | (-145) (-145) (1.8 (-197.2) 24 (-220.2)
2020 3,861,915 | 3,801,915 | 3,359,486 | 502,429 3,359,486 | 502,429
Caapeizd | (-134) (-134) (19.6) (28.6) (-20.4) (33.7)

2021 4074660 | 4,074,660 | 3548492 | 526,168 5134 3,553,626 | 521,034
CAAED (5.2) (5.2) (5.3) (45) (55) (36)

Fat | 4512038 | 4,512,038 | 3831,061 | 680,977 7946 | 3,839,007 | 673,030

A5 1 A% (2023)
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<IE lI-2> Y EZ X &2017H-20214)
(9] - <, %)
14 o4 od |94 ¢ 73 4A

F59 F48
29 TV e | g | us " age

a2
u

2017 | 4577107 | 4577107 | 3448494 | 1,128614 | 8998 | 3457,492 | 1,119,616

2018 4144653 | 4,144,653 | 2,887,045 | 1,257,609 2,887,045 | 1,257,609
cahammiz | (-104) (-10.4) (-19.4) (10.3) (-19.8) (11.0)

2019 | 34439590 | 3,439,590 | 2,812,630 | 626,910 | 189,800 | 3,002,430 | 437,110
ey | (-205) | (-20.5) (-2.6) (-100.6) (3.8) (-187.7)

2020 3,008,011 | 3,008,011 | 2,559,733 | 448,278 34,062 | 2593795 | 414,216
caammeiE | (-14.3) (-14.3) (-99) (-39.8) | (4572 | (-158) (-5.5)

2021 2,409,926 | 2,409,926 | 2,021,918 | 383,008 14,621 2,036,540 | 373,387
Cadpisrh | (—24.8) (=24.8) (-26.6) (-155) | (-133.0) (274) (-10.9)

Wt | 3515857 | 3515857 | 2,745,974 | 769,884 | 49496 | 2,795,470 | 720,388

25 0 B A7 (2023)

L AT FAASS AHRE <F M-3>oA ¢ o], giEe A%
o 53], 20199 ool M tiH|

2225% FrAaste 5 Be g4

=

[e)
2= = >~
HAT oJgd54dy F50

ot} olo wE 2021 Pl Al thu] 15% A 69wk o],
AAA ojgdold e A v 10.2% A% 659 nE 9 &0



<#Z -3> ol 27| =X &2017H9-20214)
(9] - <, %)
14 _ o4 od |94 ¢ 73 4A

= F48
29 T e | a9 | wse " s

a2
f

2017 407547 | 416307 | 39812 | 27735 3,420 383,232 | 33,075

2018 434462 | 434,811 | 379,137 | 55325 6,961 385699 | 49,112
(D (6.2) (4.3) (-0.2) (49.9) (47.9) (0.6) (32.7)

2019 361,623 | 361,760 | 338555 | 23,069 71976 346531 | 15228
caapz | (-20.1) (-20.2) (C120)0—(=139:m M %7) (-11.3) | (-222.5)

2020 511,470 512535 | 431,372 80,098 10,932 442,303 70,232
CahameiEd | (29.3) (29.4) (21.5) (71.2) (27.0) (21.7) (78.3)

2021 467,008 467,008 397,335 69,673 4,038 401,373 65,635
chameEd | (-95) (-9.7) (-86) (-15.0) | (-170.7) | (-10.2) (-7.0)

3t 436422 | 438434 | 385,242 | 51,180 6,585 391,828 | 46,656

A5 1 A% (2023)

SR FAEFS AR, <E M-4>00A4 9 2ol oJd59)at F59)¢]
© oY

FdsiH 20201

olHl &, oJgole], FH &=
o2 202088 ALt AT AGA o 5
Atk 2 Fo] -47%lA 29%= 2 A olen, 2021dlE Hd Wiy
474% Fragh 49 o= e
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<I N-4> ol AL X &H2017H-20214H)
(9] - <, %)

e A9 | o4 |4 9 A3
+4 Mg | oy | W %1g401¢]

2017 139X | 13BNVl | IB:1 413000 8446 935,028 4353

2018 13893 | 13BXB3 | 7H30 133 48 10278 365
rapiszd | (-04) (-04) (-17.3) (41 (-17%3) | (-183) (256)

2019 1231611 | 1,231,611 716,014 455,596 3,802 7816 451,7%
CAAED (83 (83) (-1.8) (-194) (88.2) (-1.3 (-203)

2020 14856 | 154856 A6, 720 642,806 24K AR218 640,308
CAAIED Q5) (05) (143 (29.1) (522) 141 (294)

2021 133268 | 1,368 N0 437,869 3,356 8R1%H 434513
chamEd | (-162) (-162) (-1.2) (468 (256) (LD (-474)

o1t 135720 | 135720 | 839 | 498681 3,710 2290 | 494971

Atg 1 &A% (2022)
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o] H] &2 2017
1279 o2 veyt ofgeld e F3-E whEsitrh 2021d el = 2020
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<E -5 thgda =X &20174-20214)

(9] - <, %)
o1¢] A¢ | o4 |14 9 AIA
a% F54 Fu 4

#4 | ST me | g9 | me %Jgdel

2017 | 109473 | 11443813 | 12104196 | -1L90M3 | 363229 | 12667424 | -1,213611

2018 | 103484P | 11811 | 11406308 | -H/3H | 406193 | 11812501 | S8L312
(GE ) (32 (-19) (61 (-1867) (-362) (-72) (-1088)

2019 | 1186631 | 12521341 | 1088201 | 993340 | 1,051,730 | 11910021 | 611,819
(57D 85 (103 (-50) (1569 (61.4) 08 (195.0)

2020 12220 | 133379 | 11,349460 | 925,820 3640 | 1172430 | 1,610,909
CAAED (34) 61) 43) (-78) (-180.1) (16) (62.0)

2021 14271606 | 14MR718 | 127H501 | 1,496,104 | 383993 | 131644H | 1,784,224
CAAEIED 140 (109 11.2) (381) (35) (109 9.7

Hat | 1LBL3B | 1269620 | 11,6R7HBL | 252602 | 555,113 | 1223364 | 442,406

Atg 1 S A% (2022)
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3. 914 & d7 # o

Y

|-'.I

1) 424 TAC &g 8%

el el olfatt AFe v A BAY F

2270 &3 71ek7-28 offdollA o FHa vk 1F 2022 71% 23 A
7ol 9907 =S ol &ate] Al P 27.1% AAGE Ao e
WUtk 2o Aol TACY Fedsts alaAlyy], Lol Aoy, a2,

NIHEE, FHTTIEE, HIAT 74 670 dFolA ogst= Hs2
76.9%0°]H, o] FAAMZE LA 2711% = 7 Be H|FS 2R
ATF<EI-7>.

<E I-7> A7 0] MAZF 2 M ARH 5 5H20224)

. £ Ay Ak =F A kol

& e £ uzoe | 99 | wzen |
Al 36,549 | 100.0 | 3,059 | 100.0

1 | 3 A7) 9,907 271 | 1,088 35.6 | TACHA

2 | BTl Al 7,581 20.7 442 145 | TACH

3 | A 4,035 11.0 379 124 | TACH%

4 [ OPES 3,768 10.3 262 8.6 | TACU)

5 | A 3,700 10.1 353 115

6 | AT TIES 2,349 64| 1,719 56 | TACHA

7 | AEsREeE AR 1,364 3.7 76 25

8 | Aekxt 1,101 3.0 100 3.3

9 | AdaleEolTdAAY 870 2.4 30 1.0

10 | ¢doks-gt 589 16 63 21

11 | 71e}+32 292 0.8 30 1.0

12 | B3l EolsdAAY 216 0.6 17 0.6

13 | JEo| P AAY 211 0.6 10 0.4

14 | A 181 05 75 0.2 | TACHA

15 | Aok ety 131 0.4 3.3 0.3

16 | a7 104 0.3 5.7 0.2

17 | 239 9% 0.3 7.7 0.3

18 | 23 A% 40 0.1 1.7 0.1

A5 0 BAA (2023)
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Ao Aol TAC £23&S AR X&EHo2 v velya =d T
oMAa 7ZEow Ao A

©
o] TAC &£%7&S H¥ 2020-202101 719 37.6%,
T HIEZ, FAHTES, HIAB

3N GEe] 2382 50%°l weol mAA Feh=s Fh dFEeln, e
Awrlel 9% 2021 7ERE 20229 697149 o7& AQstae
50%0l mAA Rk UK A EAA, 2022, S Fababd g g
2023).

=, Ao Aol TAC 23 Axl&o] 50% ooz vehvte 45 &l
NB7 AT AT 2
(Fol g el #el) 2osla F3 8 A4 5 Al w2
Al M ZAE Hgol g FedE deAo] TAC EFFelA A
F AEE FHo} lom olfd A4S AF HA A o] BN wo
LERLEL Q1T

2020-2021017] 710 & e o] TACO #Hdste Zalxde F 336

1

o

_

)
o,
H
o,
of\
=,
>
B
N

o 2,
2
rlo
—
—
(0/e)

)
o
fr
I
R
ofN
o,
12
W
o1

<I lI-8> £42F0{ TAC of7|H &ZE
o o718 A3 &

0o '187~'1969€ | '19.7~'2069 | '20.7~'21.6¥ | ‘21.7~'2269
fHES 40.1 33.8 15.9 40.8
23 2t 36.2 479 492 58.9
I TEE 495 159 479 49.6
o A 5.8 5.7 55 111
2 2ro| o A ol i} 60.3 96 69.3 96.4
3l 2 - 59.9 75.8
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<I N-9> AT, d5) A A 42T 0o iz &6 &(2018H-20224)

(9] &, %)

AFTE A 2018 2019 2020 2021 2022
Al 58,487 | 74,714 | 51,295| 48160| 65,350
ARl 13,857 17,447 8,652 11,048 21,254
2 A o]
A5 18,517 23,179 14,575 18,981 23,969

El A 5 26,113 34,088 28,068 18,131 20,127

Al 1,782 3,487 5,658 3,011 3,700
(M=) (3.0) (4.7 (10.8) (6.3) (5.7
gl 740 2,075 2,315 1,470 1,621
20 7ol
(M) (5.3) (11.9) (26.8) (13.3) (7.6)
(erE 45 1,022 1,394 3,232 1,532 2,073
o] 1)) o ! ! ! ! !
(v%) (55) 60 | (222 (8.1) (86)
B} A-%= 20 18 11 9 6
(v1%) (L.1) (0.5) (0.2) (0.3) (0.2)

A5 0 BAA (2023)
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A, TAC AEE S93HA ITQIFE=A/NESIA,  Individual
Transferable Quota)s A|33ta QA Ltk NTQ Z=Pol thdt =9+ &4
o2 AANaL, ¢F 3097 F7FAA ITQE =Yst] &9 Folt. +2 T4k

AASFES] ITQ &9 7+ W2 <3E M-10>3 2t}

<E H-10> F FMMTZol ITQ & 7| & - BH4
=7} ITQ &% %2
o (x7]) #A olF AH T4 TG
7ot o (&dA) ITQS &
o (A &% %7h € 3 &y §F3
o (x27]) HA oF HAH T} ¥
;1 o (A ITQS # &

o (B B ) F4E H)
o (7)) 7 o8 44

57 o (@A) ITQS A&

o (AA B PP 25, ARl g 15 AE A5

o (7)) Ak : B7 o1F AA, 25 : B g AH + FAAA
(&) 1TQS 44

o (AA) BT b AAFHE Hakd)
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A3 oMo it oS Aunm g Tl Faet
5o oz s f-Elvel ogdEe] F&jrt ace JR7E A
FxE B3 Ty EWH ogde digslor sttt T Aoh(F-Al
AW, 2020. 11. 2.). FFo] A 5L 2004 d el 1408 ol = Alzo =z 20134
1,326%, 2020l 2389% 0.2 FZFalrirt 2021 5547, 2022\ 333 o0&
& FAloln, o3 FAle] el F3 ojAE9 ojm o4 i<l
Ao B QuiGEstd R, 2022. 11. 10.).

A, 202395 H= S3edoz S45tE Faojie] Frbstal oler
20239 6¥ 7|Eo® FarolA 1323 0] v}t SEehs SHste] 5o =
olFd Aow B Jid ol 2023y 2€9FE T3 U mEUI19 Bt
A= 3 A7 ke el whel Al Frbshe Ao R woE

ol Aol #3t o]n %X (Optical imagery)S &-g3dlo] 3= %3
S-2ug EEZeF A4S dge Edste B4 Ay, 201734 F
AeEbgoldo]l Ha 79630l 2HS A, 2018 = F4 AEREIA
# 4~ 588 o] =13 Aow FAY(Park et al, 2020). [1¥ T-11]°lA
B Sgs|delA] &sste AEY o]dE9] fPovAE AT F glor
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O
Moz IAH o AIS(A¥AE 2 2 %] Automatic  Identification

ro o 1

2
oy

M

o

_

System)Z 2¥ ¥ = MMSI A RS X511 th(Park et al., 2020).

A& Park et al., 2020
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1. A-LH 7}

2
o
2

9(2021), #HA
A+ F2 o9
o}

|

R
o,
o,
N
L

B, 2 o5 ATEY B4 AR F oAwdgoz nHd
Qzel UmAT ool AN golA Ao oo Fo 549 5
F4 selshA v A7 Aok 2 ARl tgeR @
B4 7)zke] 19994 o F2 A@H ol Ut} Wk F717) ARE FEHA
23 HARE EAT

TAHeZ AHHA ey 9 (202DAA arEg A ol 37 dF9
olgmre AA Aol OBl tu] of 562 FEom Ak FrolTh AUS
d@oz2)A meld eI ofde WA ool olFF o o
267% FEelth 1w Fe ol FfA ojFom Fu Frel ofFe
Seebe] ol f o] APAA FFL VAT AR W FHe] UA e

Fisheries of the Ministry of
Agriculture, 2022). o]213k ZQAoje] 541 A= Lefsto] ALdHE
getetz] fleiM = felvete] Ao o] of g Rt ofyel dEI} T
Ang A 1 dart vk

A Aol AFF Am= FAFAA 19709 FH 20229 7HA] R}
7hestth #H Ao o] AR dyYAFolM FE3 o F7F Az 7S
By ShEd 9(202D)+= 2000678 Z-&stdvh Axe 21(2022)= 19994
8 ggste] oF 2070 ARE &Esit. 2y e Aol 20004

o] Hol &= A& o ofFe] o]Folx 1 9



53] 0ol of o] A sk SO WIE BAGtH=7HS A
e, 2023). Ao AdTE Wed AdFe] FE oS G Fotst]
e e A &8o] 7l AA MY Anw nd{E vt o

ol e, B ATYME fetel FRsgeld Ho ol s o Fahi

Y
HT A AETE B Aol A o
A grgstar, A7 e AR AR
(Froese et al., 2017; Ren and Liu, 2020; Liang et al., 2020)& ©]-&3

UhE o] Fo]x a1 Ut} Liang et al.(2020) @=r9] a150]E Bl E3te]
T, dEA oF = 157 TS ez CMSY ¥ BSS 2285

Z
AdgrtE AAlskla, 2dE 24 A3t fARSA FA EH A

A

&t 3
Al sl = g aigo] AdIEE 9l 197095 20029 74 €
dF 25 2 1995 FH 002@77}%14 CPUE #57} &85tk &4
Ay, o] 5o AL F¥H (overfished)?l Aoz H7pE Q) 18] it
AT AgelA CMSY B BSS 2dg §9 #4& dsiMe 4=8 F
Q= A7Iztel of g3 A2rt dadE A

olelg Aol nrh A= £ gl AdHIbE A V1 ALdBL

9 FAE 5L T TR WS dE AAdA e Aol

me e b
fo fo
_O|L

2
Edn= EX]Z:‘:% S FHE 7}X]—‘E Aow 7HA 3}5’— %“jr. ekt A S
71%23 t+l Ao A A (DF sdsH vetd o vk o714 B&=

LA AAE, v $ATEE, 28 et
o] g e ougtt. olu] Aol kol B 1/4 olste FEor nAEH=
AFole A (2)2 2ol e 4 Adth(Froese et al, 2017 ; Liao et al,
2022).
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B,,,=B,+r(1-B/k)B,— C, (1)

B,., = B,+(4B/k)r(1—B,/k) B, — cl < 025 (2)

BE WMo R ofFo gt ALAIIE AAS= CMSY Ed
Agd ARE 7IRbo R AAFy o AN S, MSY, r
I kol tisir = Monte Carlo e 2-83sto] FAHE Aol
oiF Amot AP A wke] W elek wlaste] Y 4 e A5
- K FASH Ak ol tig AP AR
AA-4E & dom o Wl wt Resiliencew 47HA&2 FEE
(Froese et al., 2017).

ol
=

oL

¢+ Resilience ¥ r

<E IV-1> =/H Hd&E0 otk A HE 3 He[(FishBase)
Resilience Prior r-range

High 06 - 15

Medium 02 - 08

Low 0.05 - 05

Very low 0.015 - 0.1

A& : Froese et al. (2017), Froese and Pauly (2022)

ol Tk Abd AR 2 W9l A )3 2ol EAol &&stke o
Atzo]l 717 W el Al Hdl A (max(0)E 7o Z 2U4 g H
ol wel AAgdn. weof AM S Al E FEo] w8 Aedde 4T
| AbdA RlI9 A A (4)o] A&
ki = max(C) /1y, kyiy, = 4max (C) /1, (3)
ki = 2max(O) /005 ki = 12max(C) /7y, (4)
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aejar A kel gk AR AR B Hes A e Bkl whet
High(05 ~ 0.9), Medium(02 - 06), L& Low(0.01 - 04) 374 @7 =
Tiste] A4 4 Ah(Froese et al, 2017). A o2 F4 252 Al
At &, 2gar F3F Aol el A Abd RS A (Froese et
al, 2017), ¥ Ao A& Default rule’d] we} 2470l &8st o= A=
D 259 7|7F ALl mel Abd 1S AASEAtH(Froese et al., 2019).

<E IV-2> S48 o] AN sFo wWE ke AN H e

Prior biomass B/ k
Low 001 - 04
Medium 0.284 40.6
High 05 - 09

A& Froese et al. (2017)

YooK S FASE B W mA AR Eel elA dele -k
ol Mujsm A Aol Wel=YE 3 WA Ao Aol Hedn
aem g () e 4 @2 B the AR Aol At olelw
ANAAL Bal ASHE FAF R WS AT F A AT
WIS Holht Agot d@ - ko] AAHY

FAH e 6=y AQe] 00K wry AAY, ALFo] FUHAE F&
sAe dwel SlgHE A A9 WAE Yotk A9 4 - e
AARG, wef z0] AgHA B A8 - K F P FsAol

al., 2020 ; Nisar et al., 2021).

MSY — %ﬂog(m — Jog(4MSY) + (=1)log(r) ()
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ol F B3 Ao AdWIt ARE =k, A
wEk vhgoll AL\ A3E VRt w Ao o] A gejstr] $lsl
<EIV-3>0ll A AAE BEel ol By, WHH] PR Ao Aped g H] &
wet SEAE o] Ay B 9kth(Palomares et al, 2018 ; Liang et al.,
2020 ; A -HEFE, 2021).

A5 Akt
oe

<FT IV-3> atfiHel XA s&Eo wE AHaEaEl o

Stock status B/ Bygy
Healthy >1
Slightly overfished 08 - 1.0
Overfished 05 - 08
Grossly overfished 02 - 05
Collapsed < 0.2

Z}5: Palomares et al. (2018); Liang et al. (2020); &4 -1 %=3F (2021)

o] 3l &3} Resilience® F 7}A A5E &85}
tﬂ TT 3 Y& Aol CPUE A5 &rR7 E7Fs 7] Wl o
=3 el CMSY EdS AH&3H4
Fo Ao o8 F AE= FAOE €3 57t R oFHE 722 =33
A, 195095 2020 7H4] F R 7hsste] AAErtE fe g 2 4
ol Ao Ao oI ARuE F TUIE ARE EEATE U T A
Ao g AFE FAOAA &r7t B7H5s37] W T ogddatt
g Z&sto] 2003958 2020704 & 187k T e o] o

deAole FeEd WHANE AL 591 20°00 4 60°7bA o] B e
Ao FHSeA Exsh, fEvhetel dEo] Fad kb F b,
vt TG E RSt FEwsle HERedy A2 A s oA
o g ETHHFZ £, 2011)
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ool A MEI FFE B oyt A SHAAME W
(Sakurai et al., 2013), ¥+ FHajHol o] Fo Aol FAo 43 - AZAZE
73k A (Bower et al., 1999 ; Shimura et al, 2005 ; Yamamoto et al.,
2002a, 2007b)7F v AP H = T e ATE AR HeAols dE
groll A AAeR Fa% oAodS & T 3l

ERE Fe el o g s WA o] &= oA
Qo AolE xFate] F 8FolAWH(Zheng et al, 1999), T ¥
o AA G AAolrh. A A
5] sl el FeoA] Fr of2
‘?"thq To 2 A At (Song et al,
1999 ; Li and Yan, 2004 ; Du, 2016). °]el w&} FAOoIA shety AR
Ao AR T oddAHAM FALE A ARE de A ojFHF
AR 2 EA 2839

r_{

=

N ot
ol
rlo
-

0,
o
=
:(!){_‘_14
ofl
19
lo
-
I
=i
)
(o
ofN  im

<IE IV-4> 852 42270 A_EHIt 2H K=

AL He ¥4
A, AR Ao Aol
RER 195013202043
SEk
T3 Ao Ao} oY 20033-2020
Pri
Resilience High rior r

= 1.12(0.74 - 1.68)
A5 FAO (12); Bureau of Fsheries of the Mnistry of Agriculture (202); Froese and Padly (202)
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FAA AAF 24 g
& s 14 2 2%
AR et 2

13} Z40lA Aaklrts 248 s
A WAE <E V-5l de FRF ke
ofFd @t T oA @fldrtE aWE L8l 7
V-6>cll 9= alg g 202135 AA] oF odulg & <E V-7>0]
oA BGEARIA Fe] 20219 = Aedo] ArpiReS ddshe W
Abgete]l <E V-8>3} o] Atk F45sl

22b EAA e ATt 71EE 14 4 Aol M Aol
0% vpobdl FHFYS AABFZAE LA o] AFH - 0T b
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<E IV-5> 420 TAC HAE A2Xo| BH2I2I7H2017H-202114)
() : A 2, %)

T 2017 | 2018 | 2019 | 2020 | 2021 |’17~"21%¥
ALolthg A | 29322 | 41921 | 52548 | 6731.6| 4,987.0 4,819.5
NEES 3,7945 | 45544 | 65694 | 69065 4.232.1 5,211.4
THTEHES | 52836 45795 55261 | 63354 | 47109 5,287.1
o) & A g4 2,067.1 | 20078 | 1,8586| 1524.0| 15889 1,809.2
=3 A 77 7073.0 | 9,7255| 83051 | 8640.3| 8285.0 8405.8
3| 2 6,9985 | 4,434.6 | 48383 | 4826.1| 65366 5,526.8

A5 FEFYS FEAAATYL AP H A ZAFR A (2018 ~2022)




<E NV-6> x| ofZof tfst ol #HE (2017 -2021)
(@9 : % 9

SEk 2017 | 2018 | 2019 | 2020 | 2021 | 1522
(o]

Aarol o] A Q1 | 4,280,638 | 3947,262 | 4,019,428 | 3,359,486 | 3548492 | 3,642,469

HEEE 3,448494 | 2,837,045 | 2,812,680 | 2,559,733 | 2,021,918 | 2,464,777

SANTSHES | 1472739 | 961,780 | 777,177 | 1,487,859 | 1,044,324 | 1,103,120

o] & 12,104,196 | 11,406308 | 10858201 | 11,349460 | 127/m501 | 11,661,084
e B e 379812 | 379137 | 338555 | 431,372 | 397,335 | 389,087
3 A 0926581 | 789830 | 776,014 | 905720 | 894799 | 858344

A5 58F3 SR AAT

e

o] 4 7 o ZAFE 314 (2018 ~2022)

<E IV-7> HEH T o 42

0A

of 7t 8 F2(2021H)
(49l kg, A 8, %)

2% GBRE | [ %% ["e] =4 [we
) A 1,102,596 100 4,074,660 100
#220] o] 8 2 31 o] 3
A9 A o] 359,759 32.6 2,074,626 50.9
) A 654,460 100 2,409,926 100
NHEZY
29 Ao 254,850 389 1,282,047 53.2
) A 251,290 100 1,282,859 100
Fa7FAES
29 Ao 219,972 87.2 1,221,229 95.2
A A 50,552 100 467,008 100
A7 ol )
2 Q Ao 35,592 70.4 343,274 73.5
A 172,564 100 1,332,668 100
el Aol <
29 Ao 15,167 8.8 147,874 11.1
EEREE
A% F ne A | P 01 ) 04
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<I IV-8> TAC &0{ S5H A42F0] &I FHAL2EN oS HE) (20219)

(9] - <, %)

20214 LS 20 7o)
o] ™ s Ao Aoy 97t e
S EICELE o B 97
Hlj &
Ao v 8 Al v 3,548,492 50.9 1,806,182
H 8 E 20 2,021,918 532 1,075,660
=g TEYES 1,044.324 %.2 994.196
o) & Aol ¢ 12775501 06 76,653
e Rt 397.335 735 292,041
e A 894,799 111 99,323

FE FFFAALAGEE TAC EUEHE ZIAgrRuMS 28350
<E NV-9>3 <F IV-10>3} #o] TAC 2020-2021017] E& A< 2021
79 715 TAC FodtiA 24, 2020-20210171 2 2021-2022017] A=z 25
AluEle a2 FiEste] A8tk TAC oldld A+E 2021d 7€ 7]
To2 ARES olfrE 2020-2021017] Axq] Hgeh d@Adel i,
2020-2021017] F7 AlFolwA 2021-2022017] A& Al dolr] wj&Eo] F
o} 71} BT AFHAATE dlar F3kgkel 7] wiE ol v

Az HAge TACO7] T A9 2 B AAA HdE To2 A - &=
ko] Aolzb AR wbAyst o9l ARt WP FEIF A Azl

al = A

]_
B AR AZo
=

¢

N
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<E IV-9> "rto &t

HIZw A4 u|mM(2020-2021 0f7])

(9] - A, &,
2020~202191 7] (2020.7 ~ 2021.6)
T TAC &4 7|& 29 Ao TACARA
2020.7.1 2021630 | A=z 1= 71&
3HA 581 1,016 740 763
2 A 52 52 52 52
) HE = (52 35 35 35 35
e E=(dy) 15 15 15 15
NHE=Z(H) 2 2 2 2
2 A 440 444 394 419
3l A 71 (4D 43 41 41 41
L3 A 71 (4D 33 29 23 27
L3 AT 71 (F ) &5 56 56 56
LA H(FH) 1 7 2 2
LA F 7 () 12 21 14 14
L3 AN 71 (&) 210 197 202 202
L3 AT 7 () 35 36 21 25
L3 A 7 (A ) 51 57 35 52
2 A 28 19 19 19
o) & A g (52 22 18 18 18
A () 3 1 1 1
27 31 31 29 29
TSI EZ(HY) 5 5 5 5
FATTHEE(ER) 26 26 24 24
2 A 36 36 36 36
Aol g A A (A 14 15 15 15
Lot A (A1) 1 1 1 1
Aol g A A 10 11 11 11
gl FA AT 11 9 9 9
2 A - 434 208 208
L A (4 - 2 - -
L3 A (91 ) - 5 3 3
3 Ak (24t - 19 2 2
S A (T H) - 47 11 11
3 A (A ) - 5 1 1
L3 A (A ) - 178 73 71
L3 A (7 ) - 21 1 1
L3 A () - 41 21 21
<3l AL (A ) - 116 98 98

A gk B e (2021)




<E IV-10> "7to &

HIZw A4 u|mM(2021-2022 0f7])

(Ctel - &, &

LRl ’

=)

2021 ~2022 71(2021.7 ~2022.6)

T& TAC &4 7% A+ Q A o TACAR
2021.7.1 2022630 | A=z 1= 71&
3HA 1,016 980 735 750
2 A 52 44 44 44
) HE = (52 35 27 28 28
PHEE(HY) 15 15 14 14
N E=(H) 2 2 2 2
2 A 444 415 349 363
3l A 71 (4D 41 39 40 40
3 A w71 (&4 29 29 18 24
L3 AT 71 (F ) 56 51 53 53
LA H(FH) 7 8 3 4
L A7) 21 5 g 3
LA H7I(A ) 197 187 186 188
L AFH () 36 31 20 21
L3 AN T 71 (A F) 57 65 27 30
2 A 19 19 19 19
o] 3 (-4 18 18 18 18
) F A (A ) 1 1 1 1
2 A 31 31 30 30
FANTTHEE(HY) 5 5 5 5
TS HES(HEE) 26 26 25 25
2 A 36 36 36 36
AEol g A AG(FAD 15 15 15 15
Lot A (A1) 1 1 1 1
Aol F A AF(AE) 11 12 11 11
Bl FA NG 9 8 9 9
27 434 435 257 257
L) A (F4h) 2 3 1 1
S A (1) 5 17 4 4
3 A (24 19 19 9 9
S A (T H) 47 37 23 23
LA (A 5 5 4 3 3
L A (A ) 178 192 88 88
LA A (7 &) 21 15 5 5
A A (7 ) 41 30 22 22
3 A (A ) 116 118 102 102

A g

Sk Ak x)9] #HE] 3 e (2022)
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193,535
65,635

Ak 71.9%, A
Aol ¢4 old(20194-2021H)

2020

188,364
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Al A2, LA

)
=

2019

0117 o AFH. 3141 (2022)
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ol
=

2020-20211 7]
7o %8

1

2

I

1

=
k9

=

R4

Aol TAC ©]7]
g3t en 202239

=

V|Z=ow &

AE

2021-20220] 7]

2021

)
=

W o m L F R RRT TP ET
laral — ¥ 5 =
N_ T o WM ok = We MO . N W/ﬁ iy K
S I o B - L
N < O# X % N
™ oy H: 3 = X /\ ,DrL ‘Nﬁ
T o e o m PR BT g
e AATO#%M&:%ﬂNﬂﬂ%
0 —_ T g
= go o+ T g - A., MW o mm My mw 7o
n o B e O o i
A TR TR L~ P
3 A= % & = g WM o s 31 N Ho
3 T oA g o X of T @ _
W N Ho | g
o = R T N TR B
5 W _mew oy M &
ol K = X o 3 2 23 S "
e T oo By e MWW
D wome o gt W T
= ™ e oR KX =y o:n
< Mo E oy IS
¥ T R P
] X oo T o - o om
g < & X o foh, . W nD T
pik hi % Lo o Wigpw Mg _
p oj
e W i z % Mo B R
T o moqr KO g oo XN oy W
T T S VAR
A I AU R
) ) ~ 3
CRE S TN T )
B B0 Go T TN -
K oy GO T TR
do np o © 2N U o
- o= = ° x 1k il &
T X o+ oo . T T -
FEEZET DT T AT N
T o =% oM we w8 x W

)

[e]

L 2
57,857,229
84,834,230
53,034,038
2,704,123
2,704,123
1585%6,763

(4

775713056
61,394,308
37527592
1,000,050

1665,608546

46,917,801

53,718527
1,822,912
186,837,244

61,238,507
39,102,738

1,378,988

16,838,599

2019

58,820,238 | 45,252,830
13053980

80,643,299
32,583,811
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2018
4,689,507
141,63018%6

3,956,200

51,884,871

4,629,160
1,619,940

2017

136867367 | 84,027,167
90,427,422 | 50,852,836

56,755,148
163222987

(2023)
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1
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2 ol FEolA ofgolefe] d(0)e]

L

F T

g
L oS A o] TAC

bl et

°

47t +¥9 TAC &

o

3.

oy

)

PN
T

X

EXs

7F,

[~

V-14>0 M9} Zo] EF ¥

Ay A
It

V-13>¢} <

Ay A
it

Atk <

Tl 202220230 7]

{ TAC

A

°

a5
B

-

R

= g

]

Aol A

H

T

Aui
Y

2]

o}

o
ol
o]

,mﬂ
)

1,529,279

2,036,900

1,847,715
263,638
519,593
137,537

A A

2

317
391
349
146
62
25

A H# | TACESH A%
2%

CEX
349
36
52
29
19
394
208

_60_

0117 o AL H. 3141 (2022)

A
20,326
24,354
5,176

€

22-23917]

G

I

*

A7}
5,211
8,406
5,527
K
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<E IV-14> TACEZZF XMk AZTIA| MAH FXH(TACEON &HF 7|F)
(@9 - &, 4 ¢
gz 189 [22-23917] | TAC | 33 H¢ | TACEITH AF
° 47 | B9F | s | ¥R | 23N 489 33
ALo)
Al 4,820 11,422 36 317 1,529,279
HHES 5211 20,326 52 391 2,036,900
=
° I 5,287 10,135 31 327 1,728,508
THEE
o & A 1,809 2,769 19 146 263,638
=3l A7) 8,406 24,354 444 55 461,080
af &p 5,527 5,176 434 12 65,916
AR FEETYE FRAAAATY o A7 AR 314 (2022)
5 2 A3V "= A A= 2022-20230] 71 7F W& Folr7] wjie] Axg

D

=
T

fis
L
R

& ATelA Z47 2021 7€ 7]
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<# V-1> CMSY 2E & &€& o5& H42F 0o AHEETt 2
r k MSY
0.92 3,346,995 763,920

(067 - 1.25) (2,517,450 - 4,449,891) (652,626 - 907,374)

ool A 4 AT A0 Ve AFPERe oF Bk Eog FAE ] o
Hl 56% Two2 AYAEl= ‘Overfished 2 WEFSETE o] 2] 3t
B Ao Aol AL AFATF(EER 9, 2021)¢ #o] A A F

-
rlr
ks
:
=

<# V-2> CMSY ZE S &&ct ot 40| ALEf "It

0

0

By A\ B,
B 2020 B MSY (2;?_%1 )E]_ EHAL;Y
932,342 1,673,498 0.56
(81,765 - 1,327,303) (1,258,725 - 2,224,945) (Overfished)

durwd [2d V-2]e [2" V-39

o
i

Hogolo) ALY WE

ol
1990t 7kA = At o Frtels A4S Blow 1990d o §

XY

2ol s
AAGNA = A Bass FAE Hola Ju) Tela o A& Wl
4 1990 o] 7 A HHom FrEERRlAL, H A% AT Zlow yE
sttt

CMSY EHl& F3 Kobe plot 4 A3, [71H V-AJeAet Fo], 2020
NNE Tod Aol A =@ gl A FEo] 59.8%°]L
A oo x3d FEL 395%2 BAEHAY. F, @A Ao Aol A
Fe A FAag dEelng Ao Aol g Hrh gkl Addrt
Jashs e + Ao
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<¥E V-3> TACO{7| &0 %

| I~

7| &(20214-2022'H)

N
(el : =, ® 2)
z] T}
21 = ik
TAC ool A
9% TAC T aox9 ga 9 g
° 2ol B BE AT oqgey
Z1E19 | ANE2D | J1EL | 71F2
e T A9 36 1,668290 | 1,806,182 | 486,517 | 348,625
I EE 52 790,670 | 1,075,660 | 389,990 | 105,000
FATETHES 31 1,074,237 994,196 | 136,330 | 216,371
=R 19 19,987 76,653 32,648 | —24,019
=3 A 7] 444 308,654 292,041 64,541 31,154
) h 434 82506 | 99322| 25600 8784
<E V-4> TACOI7IE Mol AXY 4 7| F(2020H-20211)
(el : =, ® 2)
z] o}
219 = ik
7
9% VAV | goqgel gn an | LR
AZY H Sah:bdha
71%1 71 %2 Z1£1 | 71E2
e T A9 36 1,668290 | 1,806,182 | 486,517 | 348,625
I EE 52 790,670 | 1,075,660 | 389,990 | 105,000
FITFHESE 29 1,148 322 994,196 | 145,732 | 299,859
=R 19 19,987 76,653 32,648 | —24,019
3 2 7] 394 347,823 292,041 72,132 128,514
3 A} 208 172,151 99,322 53,415 126,244
6) FRAAATY AAAITANIA G ABH, AT WU F 2ol
a9t 18
D) FRAALTY AQAGEARTA 4 AN oIF olluEe] e F
ool wael wF A8
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<IE V-5 TACOZ|& #4230 A= M= 7[&E(2021H-20224)

(Shel = &, ® 2l
oty 214 5 e ®
71&1 7] =2 71 &1 7|22

e T A9 36 1,668290 | 1,806,182 | 486517 | 348,625
HHEES 44 934,428 | 1,075,660 | 460,897 | 319,665
FATTIHES 30 1,110,045 994,196 | 140,875 | 256,724
o3 A 19 19,987 76,653 | 32,648 | -24,019
3l A 7 349 392,671 292,041 82,110 | 182,740
3l AR 257 139,329 99,322 | 43231 83,238

2) A7 deAol Audrt & ool &4 A(23)

22k AL 1A 24 Ao 2017~202197+] 53 HE A Ao A
AA<E V-6 S9d7<E V-T>8 7|eA = Agsidtt. 1 A%
<E V-8>3 o] £4& HAlste] e o TAC Fol dsd HAT 4

(9] : wgt 2l)
4% 2017 | 2018 | 2019 | 2020 | 2021 | @ w

Aol A | 55755 | 51,885 | 58,820 | 45253 | 77,573 | 57,857
JIEE 136,868 | 84,027 | 80,643 | 61,238 | 61,394 | 84,834
FHTFTIEE 90,427 | 50,853 | 32,584 | 53,778 | 37,528 | 53,034
o A 4,629 4,689 1,379 1,823 1,000 2,704
=3l A 7] 168,223 | 141,630 | 130,540 | 186,837 | 165,698 | 158586
La) 2 1,620 3,956 | 16,839 | 39,103 | 46918 | 21,687
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<E V-7> TAC &0f A5 AFof et
(Ehel + A 2
T 2017 2018 2019 2020 2021 H
AEold P A0 2,932 4,192 5,255 6,732 4,987 4,820
I E= 3,795 4,554 6,569 6,907 4,232 5211
FITEIES 5,284 4,580 5,526 6,335 4711 5,287
SRR 2,067 2,008 1,859 1,524 1,589 1,809
=3l A 7] 7073| 9726| 8305| 8640| 8285| 8406
3l A 6,999 4,435 4,838 4 826 6,537 5,527
<¥E V-8> TAC &0 & MY M2 Ma 27 2 ofHol<
(Ehel : A 2
AF Hg AL 97 A ojgolY
AEolddAA 1,396,049 211,097
JIE=E 1,308,663 322,765
FATFHESE 1,360,972 467,787
oA 58,371 83,952
<3) A w7 370,047 32,455
3 A 74,054 30,211
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A7beEe] TAC 9% 4 23

TAC @9 %= A= u o= AFelA ofgio]eje]
A8k Aol TAC e
A7F 4 Aapet (T TAC &% A5 S0 wE o4 Airds} v
sto] <3 V-9>9F <3 V-10>ol A9} o] £ 53]

< V9> HY Adky 3 o
2020-2021017] e Ao Az HE 7F

o, <& V-10>+& 2020-2021
o]7] A9 Aol TAC FHoH 4 7]FEolth. <F V-9>, <3 V-10> 247 3+<
Az vas) B LalAgS A9 570 JFEC e ojdolede] J(0)2
T AE FEL AR dEbda glvh iR el A Zbolrt A Al yE

U
Ui ol gt 2alAge] TAC Helshs 5t 3364 ol AW 4xE o]
,?4

< V-9> TAC ezt Z5u|20l we ofdh daio-214 07| A=Y M= 7|1F)
(Sl : wok @)
= (H %) A TAC Z9%F #ASved AAY
°cT A7) | 10% | 20% | 25% | 30% | 35% | 45% | 80%
AEO|F AN
(362) 1,396 1,376 | 1,223 | 1,147 | 1,070 | 994 | 841 | 305
HEEE
. 1,308 1,833 | 1,629 | 1,527 | 1,425 | 1,324 | 1,120 | 407
(52%)
ZTL=HEE
1,361 1,663 | 1,478 | 1,385 | 1,293 | 1,201 | 1,016 | 369
(29%)
Rkl
N 58 237 211 197 184| 171 | 145 52
(19%)
= A7) 370 467 | 415 389 | 363 | 337 | 285 | 104
(3944)
g 74 123 | 110 | 103 96 39 75 27
(208%)

_70_



<I V-10> TAC 22 =3[0l TE ofdt MLh@0-21d of7| TACEI] &= 71H)

(Brel : st 21)
o2 (22) Ao TAC 9% v &£ A4dY
T 2171 [10% | 20% | 259 | 30% | 35% | 45% | 80%
AEoltg A1
P 1396 | 1376 | 1223 | 1147 | 1070 | 994 | 41| 305
HNHPEE
o) 1308 | 1833 | 1629 | 1527 | 1425 | 1324 | 1.120 | 407
> = = &) =
°3H?L3123EE 1273 | 1555 | 1,382 | 1296 | 1210 | 1,123 | 950 | 345
Kk
: 58 37| 211 | 197| 184| 171| 145| =2
(19%)
3l 2 w7
o 38 | 415| 368| 35| 32| 209| 253 92
ol 2
) 35 50| 52| 49| 46| 42| 36| 13

<E V-9> <F V-10>2 TAC = H & Ayl =z Ho Al
A7ke} FARSE 1S JERA Aolmz Ak Alal 77 A(0)o] HiE 39
Ao W FFFS <E V11>, <E V-12>9 2o] AN
<E V-11> MMAT} $Zo Mo gasttzlAxe Mg 7|F)
(cre - ® 9, =)
Y =9 = AXLT F= | 22-2397] AT
e A7 | AL | A PEEIYF | FFIYF
Aol A1
_ 4,820 1,396,049 2 1
(362) %0 S17
NIES
_ 5211 1,308,663 251 1
(52) 0 3
T rsgES
5,287 1,360,972 257 349
(29%)
Ry 9 3 3
1,80 58,371 2 146
(19%)
=8l Al 8,406 370,047 44 62
(3944) ' '
= 5,527 74,054 13 25
(208%) ’ ’
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Q= (%) BEg 3 AAL 7 5 | 22-23917] FH
e 471 | ARYI | 2 FREIYF | PredP
M-LLo] & x] o1k
2HBANE | ooy | 1,396,049 200 317
(363)
W= 5211 | 1308663 251 391
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(313)
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FAA QH), f7H 5 9Radlel €% A F7

o
A AGel olelgel WAFE AL AT + 9

CEREE)
- 47 F7He
(<)
13% 16% 25% 35% 41% 250%
ol
o 8 4 o 1y 29,610 -12271| -137915 | -277,520 | -361,283 | 1,882,976

HNHPEE 152,639 113,379 4,401 | -135267 | -213,787 | -1,640,229

==
o ﬂj; 272096 | 233901 | 119316 | -8001 | -84391 | -1,472,144
S e —==

o d 76,364 74612 69,359 63,522 60,020 -3,604

<3 2] 7] -13,889 -23,740 -53,294 -86,131 | -105,834 | -463,763

< el A 9,865 8,300 5,606 2,057 =72 -38,758
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TAC 3% A=Fdlecl we Hg kst Ave] e nud o
G rtel ke FAgE vsi e, vkt S7F Avel e
A oldole] FAlske= W Hds vt

olH e AFE FHA aHE Toz Aol A% u s WA A

goll olelgol WATE PES oty

als

0]
s

<E V-15> Y58 A 24 AL 2E S ofolof(Mxg & )

12
N
5

B Fag

0% | 5% | 10% | 15% | 20% | 25% | 30% | 60%

unﬁizjﬂ]m 1,607 | 1,527 | 1,446 | 1,366 | 1,286 | 1,205 | 1,125 | 643 | 1,396

HEEE | 1,631 1,550 | 1,468 | 1,387 | 1,305 | 1,223 | 1,142 | 652 | 1,309

%53‘5% 1,711 | 1,625 | 1,640 | 1,454 | 1,369 | 1,283 | 1,197 | 684 | 1,273

@ | 142 135 128 | 121 114 107 100 o7 o8

<efAiw7] | 357 339| 321 303 | 286 | 268 | 250 | 143 | 328

= Ry o0 47 45 42 40 37 35 20 35
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<E V-16> 239 Mokl 242 AL/ AT 0”0 (TACE] &% 7| %)
AMALA 7 A8 z] T}
0% | 5% | 10% | 15% | 20% | 25% | 30% | 60% | |7}
). 22
EH}%;;]U} 1607 | 1,527 | 1,446 | 1,366 | 1,286 | 1,205 | 1,125 | 643 | 1,396
YHPEE | 1631 | 1,500 | 1,468 | 1,387 | 1,305 | 1,223 | 1,142 | 652 | 1,309
toin

e | 1829 1737 1646 | 1,554 | 1,463 | 1,371 | 1,280 | 731 | 1,361

e —==
o d 142 135 128 | 121 114 | 107 | 100 o7 58
LA | 402 382 | 362 | 342 | 322 302| 282 161 370
ol 2 104 99 94 39 83 78 i 42 74
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