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In this study, the Bayesian state-space model was used for the stock assessment of the Blackfin flounder. In addition, effective
measures for the resource management were presentedwith the analysis on the effectiveness of fisheries management plans.
According to the result of the analysis using the Bayesian state-space model, the main biometric value of Blackfin flounder
was analyzed as 1,985 tons for maximum sustainable yield (MSY), 23,930 tons for carrying capacity (K), 0.000007765
for catchability coefficient (q) and 0.31 for intrinsic growth (r). Also the evaluation on the biological effect of TAC was
done. The result showed that the Blackfin flounder biomass will be kept at 14,637 tons 20 years later given the present
TAC volume of 1,761 tons. If the Blackfin flounder TAC volume is set to 1,600 tons, the amount of biomass will increase
to 16,252 tons in the future. Lastly, the biological effectiveness of the policy to reduce fishing effort was assessed. The
result showed that the Blackfin flounder biomass will be maintained at 13,776 tons if the current fishing efforts (currently
hp) level is set and maintained. If the fishing effort is reduced by 20%, it will increase to 17,091 tons in the future. The
analysis on the economic effect of TAC showed that NPV will be the lowest at 1,486,410 won in 2038, 20 years after
the establishment of 2,500 tons of TAC volume. If the TAC volume is set at 2,000 tons, NPV was estimated to be the
highest at 2,206,522,000 won. In addition, the analysis on the economic effect of the policy to reduce the amount of fishing
effort found that NPV will be 2,235,592,000 won in 2038, 20 years after maintaining the current level of fishing effort.
If the fishing effort is increased by 10%, NPV will be the highest at 2,257,575 won even thoughthe amount of biomass

will be reduced.

Keywords: Bayesian state-space model, Bioeconomic model, Maximum sustainable yield, Glyptocephalus stelleri, Fisheries

management

*Corresponding author: delaware310@pknu.ac.kr, Tel: +82-51-720-5954

Journal of the Korean Society of Fisheries and Ocean Technology | 347



b
Rl
o
oy
ot
Of
0o
0
ol
o
H
Fon

A A A 0w SAR910]) aw Qlel] 44k
9 helo] ofst BA7L ohEE ek St
o]ZlgFe 1996 ©oF 8,7407FE 0 2 X fojslaF
) 22 o7 7HAslo] 20161 oF 7,9807H=
O] 91 EHFAO, 2018). FU©] Z9-of = ¢

SR glo] & 0w ghasly] A%tste] 2016

o b

I
b=}
ol

(o]
=

AN T
o
i

55
fﬁ

rh 4 o r2

)

olelgt Aol A -Eubehs SR Bl vl s
fIoll At 2006\ e A A 5 A 2L =75t
A ek Qlok AR S| EA g2 o5
2 Akl7HE Fol 1 A = B o] ¥ 3l
olFEol tisto] LA7IZE §9F 3 AdF Y] o
2 3JEA|7])= whotolth 20060] 47] o Fel K], =
F5, e8], g ZAE AMOR AZsl
(MOF, 2014) @Aoll= F 1671 o]l ot 5412121%]

so] 4] A9 Fo] gtk
FapEel A slEAelS Sla) AR g o
ohafolel ® AeakE] U ofgieler 4ol dhat A
AP7EE skl ARl High S} et
= x]o}] Hof FHH(Kim et al., 2008).
A 715 7}4U](Glypt0cephalus stelleriy= ‘532
olFTFAY LJXP 01]*1 TE o] 2]=|aL %8
5309 101]/\1 &

<
ofs
-

© HE 7SRl sl AR E
5%0}717} *Jﬂ%@i F1H 20157 7|57 5=
(110007)7} A1d=o] 2] HYABIAL et 21 Av} ekt
7157 olglele uhefd 4= RtK(Choi et al., 2016).

7157 A= 2007 AL eSO 4SO gk of
FAN7RA] Atz=s] =L vk AR 7] HAE W8
o g oorrphgold]e] 7B An] EIEAAA AlA
(20 cm) 5L F3fgelEol S @ ARl oA =
So] Z8)E]3r JUKNIFS, 2019). 7|27 1xju]of it Al

348 | The Korean Society of Fisheries and Ocean Technology

il

B & L 9] /:l o ﬂ%%ix]. e O]Q_o}oq x]_% SEES
B 7}5Fal ¢Jti(Sohn et al., 2013).

Hop @y}l 7|57 o] Ade]5A g 4|
A= A=A Sl AR 7E RS Eh A E
B7PF Basieh E=RE AlRA Sl A7 B
ARS8t o dkeere] datof| o
aff 229] o] keehE AlAlEofoF it

ot vl sloll & Aol A= ARSI HSE 5
O] shiel 7157 A o] AHdS)E 9l elE ffsl TA =
Q] Bl = A=A 7oA de] EEEAL Qlom, Sleto]
HIEEAS, thA9F g7, HHiAd g7iivkdol Akesg 7t
Z-grjo] BAE] T Q= Bayesian State-space WLH-2 EHE-
slol /187kaule] Al B7h SaAt SekMillar
and Meyer, 2000b; McAllister et al., 2001; Chaloupka and
Balazs, 2007; McAllister, 2014; Winker et al., 2018; ICCAT,
2018).

 Lo}7} Bayesian State-space R Q] x}IH 7} A1}
£ egote] 7|57 of YA RHTAC, o2 ed
& AghEol tiet aE skl gtk of jeke )
obd gutE BA5)7] Ya) A=A M el(Bioeconomic
model)= ARE-5F, 7|57 ARI] of dkebEo] tigt
sl e Al At ke BAlslaA)
(Davis, 2010; Holland, 2010; Kim, 2015; Choi, 2019).
ot Wit BAS Bt ofgueluioly H4e] 49l
7| E=4L AA A o)

R BT E AR RS R ERE R
ahes ol relBelEE ARl ojglelo] Q0] =

= Ak ol8jeF 478 BAsle], B FolrelEelE
el 7] 2714 o] TAC A
aAtRE AAetA St

o

&t
N
e
=

(i
ol
o

o 1o 1o 4o

=]
4]

oo
o

Mz H S

7IE71xt0] o g &g

Fig. 1-& 2016~2018 34 ote] 7| &7xu] of¢]
o8] vl HEhd Zlojth AR, FelaelEe]
FARIL] - oF 53% 71 2 o]F] vl8-S 2|5}
05 UOE|QIt). T tREOR AP oF 27%,
ol el E o] F @AY OF 9%, “Lelal FefAby
O_1 6% /\OE J}o]—g]ohq.

olgal WS npgto g B Lo 7|27}y

o > rr O{N e



71E7Xt0] ojgaz|get EIE flet

Offshoregillnet___
6% -

Eastern sea trawl
fisheries _
4%

Southern/Weste %
rn danish seine
fisheries
9%

ofn
2
4
o
TS
=)
oy
o
)
ro
[0
=)
i)
1o
o
0x
|0
fu
|

Besides

1%

Eastern sea
danish seine
_fisheries
53%

Fig. 1. Catch proportion of blackfin flounder by fishing type caught in the East sea of Korea in 2016~2018.

Table 1. Proportion of Blackfin flounder in Righteye flounders by region and fishery from 2015 to 2018

Eastern Sea Danish fisheries

Eastern Sea Danish fisheries

Coastal gillnet Coastal gillnet

(Gangwon) (Gyeongbuk) (Gangwon) (Gyeongbuk)
Righteye 498 1,090 629 81
flounders
Blackfin 608 1,388 1,507 1,113
flounder
Ratio 82% 79% 42% 7%
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Table 2. Catch amount and fishing effort (hp) of the Eastern
Sea Danish Seine fishery on blackfin flounder

Year Catch (m/t) hp

2004 1,176 16,914
2005 1,531 17,142
2006 1,410 18,544
2007 1,226 18,656
2008 1,569 25,776
2009 1,694 16,557
2010 2,442 19,441
2011 2,800 16,659
2012 2,445 16,963
2013 2,515 16,588
2014 2,331 17,822
2015 1,621 17,011
2016 1,580 16,784
2017 1,388 17,360
2018 1,761 17,518
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Table 3. Trip cost of Eastern Sea Danish fisheries from 2015~2017

(unit: thousand won)

Year hfl);(i)rtlitueflggrcle Labor Selling Depreciation Mlscilgzl:leous Total
2015 140,488 207,520 17,409 28,458 44,061 437,936
2016 108,768 214,045 30,038 19,984 45,647 418,482
2017 113,849 221,664 27,952 23,687 40,438 427,590
Average 121,035 214,410 25,133 24,043 43,382 428,003
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Fig. 2. Estimated catch amount of blackfin flounder in the East Sea of Korea from 2004 ~ 2014.
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Fig. 3. Trace plots of biomass, r, q, K and MSY.

Table 4. Standard error and MC error of r, q, K, MSY and Biomass

Parameter ]5;120(;1(‘)12? lezo(;?gis Intrinsic growth (é?)tgfl:ggggty S:gll?}% MSY
Standard Error 2,662 3,429 0.1333 0.0000002 13,080 1072
MC Error 94.65 123.4 0.002113 0.00000008 568.6 29.05
MC / SE 3.56% 3.60% 1.59% 3.79% 4.35% 2.71%
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Fig. 5. CPUE with 95% confidence interval from the posterior predictive distribution in the Bayesian State-space model.

Table 5. Model estimates of blackfin flounder by the Bayesian State-space model

Bayesian State-space model

Parameter -
2.5% Median 97.5%
MSY (mt) 775 1,985 4,882
BMSY (mt) 7,015 11,965 32,965
B (mt) 7,313 12,770 20,590
K 14,030 23,930 65,930
q 0.000004889 0.000007765 0.00001339
r 0.12 0.31 0.63
of elgat Wl AR wolA ok, wialgge] Hel  Agher Ao BAHUTFie 3).
S Jlxe wde] Agsickn BoIch A Ae] I ChE gEUMen 245 Fa AEASEe g
ook Bayesian State-space MR | 57 A}, AFTHB) o] HHZFER LAPE AR AR 5% o ek
7 28 E(K), o1gsEAT(Q, ELAEED 1 730l meo] fo)4dE et 4= Qth(Spiegelhalter
23l F A SRYAFMSY) O] B E X EQ] A=t et al., 2003; Choi et al., 2019). Bayesian State-space %
7F A7t FElE HolX] gfal iANE-of HEjE Ko o] 244N, =4 nE e Al 27t
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22 AL A R 0Ae] 5% vlgiel Zow sl
o] welo] Golio] 4t A0 BAEICKTable 4)

Bayesian State-space RS Z3f LEF A EXEE
ol ALY, =2 AEAlSs, T19]al CPUE WSt 5
245lgic}. Fig. 49} o] 24 ALFRES| et
Hjth o] 7] witoll Bt gt tiardo] HolAls Ao
gebsto]l SRS s AR A ARl
(Choi et al., 2019).

Bayesian State-space HEQ| H='H AlA| CPUEL} A}
F3zo] ol 4% CPUES H|ul-AlRE A3}, =
CPUES] A1) ¥423)7h A oll5H20] 95%2 2ol
FarElo] ol ZOR slorElCiFig. 5)

Bayesian State-space TL@ 0] 79~ =4 mdlo] z}ITF
o el gt Asre] NeR Ao
AEATE 1] AHAE daAd 5 okMillar
and Meyer, 2000b). =4 }4of| A] 4

ol g APEEE AEALS G FHOR QI Bet

11

o

ol

Ol

o=

0, (i
)

>

N

N

S 7H4AZ 4= QJtH(McAllister et al., 2001). 3t
Jofe) agmAo] gk RES EAomA AEAS
=

1125k 4= Qlt}. Bayesian State-space MLE 74 Avf,
7|87 0] Q. A 5] 95% A= L7F

MSY (2|t A &2 1keh)= 775~4,882:=, K(2H73

oE
O o
o rr

25000

20000

15000

)= 14,030~65,930-=, q(°12]5%E)= 0.000004889~
0.00001339, “12]al r(EYPAAAE)0] Ho= 0.12~
0.63 BI91E 2= Ao i A= QUTKTable 5). TS
2 MSY: 1,985%, K= 23,930, q&= 0.000007765,
“1e]al rof Agoli= 0312 A Sl

J1E7Hxt| oigiEtaldotol CiEt FakEA
A 1B ARl AdEE g
TAC tiafol 2 ofuich. shAyl ok

A ApEelE ffsiAe ofElwk weeke aresjof
it} Z1e)al F5 TAC Aller) ghjd 1oz ofdwm
2 7187Hpajo] thEh TAC Al AAlo] Aals Bl

HFTHMOF, 2019).

TAC Alwo] &3t aapis Azt dxf o=k
Sk Zo] 176152208 A7 w]o] 2&HThH 757}
Zu] Zpleko] 204 o= 14,637E0 8 SRk 3=

Table 6. Biological results of blackfin flounder bioeconomic
analysis by TAC scenario

TAC Stock Biomass (ton) Catch (ton)
Status Quo 14,637 1,761
+30% 533 2,289
+20% 8,227 2,113
+10% 12,175 1,937
-10% 16,832 1,585
-20% 17,995 1,409

— BMSV
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5000

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038

—sq ---TAC (30%)

TAC (20%)

Year

TAC (10%) ---TAC (-10%) --- TAC (-20%)

Fig. 6. Forecasting changes in the biomass of Blackfin flounder by TAC scenario.
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20000

TAC (-20%,
18000 . . TAC (-10%)
16000

sQ
14000 o

12000 @ 1ac (+10%)
10000
8000 . TAC (+20%)
6000

4000
2000 TAC (+30%)

0 @
0 500,000 1,000,000 1,500,000 2,000,000 2,500,000
NPV (Thousand won)

Biomass (mt)

Fig. 8. Comparison of results by Blackfin flounder bioeconomic model (TAC).
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Fig. 9. Comparison of results by Blackfin flounder bioeconomic model (Fishing power).
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Table 7. Biological results of blackfin flounder bioeconomic
analysis by fishing effort reduction scenario

Stock Biomass

Effort (ton) Catch(ton)
Status Quo 13,776 1,857
+20% 11,799 1,909
+10% 12,782 1,895
-10% 14,778 1,793
-20% 17,091 1,843
-30% 19,088 1,801

A= 71 )Ie). sHARE 7157 TAC A7 AAY
olgTf 7| 10% TaAld A5 5 16,832E0= 4}
7bel= e 34w lt(Table 6)(Fig. 6).
A, of2lielef A4k Jeke] Awoh4] avhita 2
A o2l (FAhp) o2 Aol AJ45E
E71Ap] ApeFo] 13,776 0.8 GA|FH= A
FE[Aet. shARl o 2lle s 20% Al 7
Fo ApdRFo] 17,091= 08 F7lsh= 2102 £4
CH(Table 7)(Fig. 7).

TAC AIX=0] A2 AIsH4] avhia A3t TAC A%
= A o= 71 10% ST 39 Al 206 3
2038 NPVi= 1,486,410 Q07 714k ro 420
BAR|QCE 10% Z7FAZ 79 NPV 2,206,522 ¢
o8 7MY e Aow FAHEUARE AHoll= o
= A= Ao FAEh

of2li-wf Agt Weke] ARelgAetA] aakEA Ay
AR ol st o HAEH, 209 521 2038
NPV 223550240 & 42208 A 9lct a1t
o]l BekS 10% S7HAZ 4$ NPV 2,257,575
O M e lm YW SItKFig. 8)(Fig. 9).

7157k o] ol ake]iebEoll ek AEshA] TLe]
AL ARREARHA vkt Aaks aorsh, TAC g
o] A ==l L7618 {A1E A4 7157k
AleFol FAlsh= Ao 3w ]l whebA 5 7]
S/ TAC 27 Al dA of&lek o= o]ske] Wl
A AR slioR Akpdke] anbrt Sl Ao m A E ek

= WA =R Ve
10% =7+ A B9 7P 28 o= AR AL

O!

{0

[
o ofl
o\

L rlo

&

N

.

ooln ol _10
‘101, N N

HoHo oot K

2

]

2
ot
H—‘
JH
o
2
oy
ol
r o
1o
o
o
et
T

N
=2
ol
)
N
oy

>

- SsimelZoIEYAeIYYS o= ~

3 749 Aol Mrk F/15HL, NPV 3 0 4%
o AU B BohLATOIFFANY 157
Apujo]] Glo] Mt oflueleF A 13 o7, ol4l
FHAY, 2QU5 AT 5 T ol Yk etEol
A Fol let. 20179% 717 FahrelZolFE Al
W B 2YASE 1829 Folth. ofwela Azt
were] B Aol uet o2 Hepe 20% A2
A9 otk 29U 14608 HAEI)

FallteEolag AT 7157 AAA a9l
of whE |4 o] S B4 flel AlHA 9]
Hste] w2 ke A AA

AR, FA 7157k 2018 ATEA 787+
O & FAEQITE o 7|4 A7 RIS +30% o}

2x o3]S 605E0|1, 30% HT} A] 1124208
A% I TH(Table 8).
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Table 8. Results of sensitivity analysis by market price
(unit: thousand won)

Catch (ton)

market price

+30% 605
+20% 656
+10% 715
2018 787
-10% 874
-20% 983
-30% 1,124
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Table 9. Results of sensitivity analysis by fishing cost
(unit: thousand won)

Fishing cost Catch (ton)
+30% 1,023
+20% 944
+10% 865

SQ 787
-10% 708
-20% 629
-30% 551

a4 s
7157 ARl 2008 0] AR S tf S o= Al
o] AR E 9 we]E fls) vid AFH s Hargk
o] WL it} ofe|gth A3 Hagh HAe=
A=t —’F 31% AR 7F B 55 ARESEo] Aol
U7 Adse|ojof gith. “1 o] % A
37t éﬂ% o-g-5to] ofduteetsol ik aat &
= %5}1 AEA Qe HAgh 5 ofgaeHehEol
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.
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State-space L@ ARE-SE 7|5 7}/(]—1:1] AL 7 BAA
T}, 71E571AFE]1 9] MSY+= 1,985%, K+= 23,9305, g+
0.000007765, Z12]al r& 0.312 EA=|9ic)
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