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A revised ecosystem-based fishery risk assessment incorporating IUU fishing
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Considering the negative impact of IUU fishing on fishery resources and fishery management, a revised approach for estimating
risks of the ecosystem-based fisheries assessment (EBFA) of Zhang et al. (2011) was developed that incorporates three
components of the IUU (illegal, unreported and unregulated) fishing as penalties. In this study, we introduced ways to
develop indicators of IUU fishing suitable for the Korean fishery and apply them to ecosystem-based resource assessment.
The indicator for the illegal fishing component was set as the fishing without licenses or permits, and that for the unreported
fishing component was set as unreported fishing activities. Indicators for the unregulated fishing component were set as
fishing operated by illegal fishing gear, illegal fish capture, fishing operations in prohibited fishing area, and fishing with
restrict permits. [UU fishing significantly impacts the stock of target species. Therefore, in this study, the influence of [UU
fishing is included in the Species Risk Index (SRI) at the species level, and weights are assigned based on the ratio of
the stock, as SRI= (SN ORI 0|+ B/ 5). The revised ecosystem-based fisheries assessment method, which considers the impact
of IUU fishing, was applied to major fisheries on the south coast of Korea. It is necessary to reduce the non-reporting
rate through the expansion of the TAC system and improve the accuracy of statistical compilation. To this end, the electronic
fishing reporting system, which is being implemented on all vessels in Korean distant water fishing vessels, should be

introduced to the coastal and offshore fisheries as well.
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715 Wo} o] AejAol wx= el gk Q14o]
OPAHA] AJEfA] W 9] 22 AR A S ALeRt A
ARdof thgh A5t7F AJAFE 2 tH(Pope, 1979; Paine,
1969). 1990t 78] = e A 7|RE 2] o] 7ol =<
A YA O] B A (] A Ay
sfjof gtrh= e sk, SHAQ we] H=Fo
LS AXSh= ko] g glon, A -
Z 93t w99l Ecopath with Ecosimo| 7jE] itk
(Larkin, 1996; Holling, 1993; Christensen et al., 1996;
Grumbine, 1994; Costanza et al., 1997; Walters et al.,
1997). Z|Loll= vhdo] AR 7tolA 2, A & &
ZAoIAet w2 AA Bl Al Al aas 1Y
S A A 37 2 7RA o )8t W dl(Spatial Ecosystem
and Population Dynamics Model, Seapodym Model)©|
28-%)11 QJtH(Lehodey et al., 2010).

= Ax= Zhang (2002)°] ofsf AYefAZ IR 7 B
= A& 7Fs/doll tiet A7 Asem Z8yE ek
Fefutete] AT S e AR B A A A
EJ A7 15T 0] 7 Bcosystem-based Fisheries Assessment,
EBFA) ®vHo| 7l9kE] 9] © 1 (Zhang et al., 2009), ©]o]A]
ZoHE A7 EE Y18 B4 (Integrated Fisheries
Risk Assessment Methods for Ecosystem, IFRAME)
(Zhang et al., 2011)°2.2 SRS} 0|3 2|21 AY
Ej A 718E Ak 7 ' Eo] AtE Al Qlok(Zhang et
al., 2009; Seo, 2011; Park et al., 2013; Yoon, 2014,
Kang, 2018; Kim, 2020).
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Aleke 9 7]9H(Food and Agriculture Organization of the
United Nations, FAO)o|Al+= &£, H|E3l W H|{A] o]
A(Mllegal, Unreported and Unregulated fishing, TUU
fishing)of] tgt =+A|3Y-57+ = (International Plan of
Action-IUU fishing, IPOA-IUU)o|| tf|g}t =90]7} A|Z}tg]
olek. 200140 FAO®| IUUS| 9ol that 4|35 7%
o] AL WA, o]F oje] =7} Bl A Ak 7]
(Regional Fisheries Management Organizations, RFMOs)
oflA TUUO S thg-= <9It thadst WA, Al=d 225
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Table 1. Data for the estimation of target and limit reference points (TRPs and LRPs) by indicator of the IUU fishing
for the ecosystem-based fishery assessment in the south sea of Korea

Objective Attribute Indicator TRP LRP Methods
Illegal I1. No license or permission (NL) 0 NL
Unreported 12. Unreported( UR) 0 UR
13. Illegal fishing gear (IFG 0 IFG @ Number of IUU fishing in
IUU fishing 10 £ N . £ g(IC) {IFG) 0 e the last 10 years (FMS)
. Illegal capture i
Unregulated g‘ - P - e @ Literature
I5. Prohibited fishing area (PFA) 0 PFA
16. Permission restriction (PR) 0 PR
Z o ol 71 AA /Y, LA, e, Lalils el
CHAY MEHZ, Ol X & M 0] ITh(Table 2). WebA o5 77 Q-8 thafolele.
e A 2 Holalgr}.

Sejubel vtslEole] Folsla
2] OF 150VHE 5238 1
sfo] Zitoli= 1009HE Awo| 47 Mol 9
(KOSIS, 2022). 2|5 1017H2012-2021%) 33 o]
g Holl7F 70%, Folek Asi7h 242F 15% =2 of
E mgons, B 104 o) 7Y we
SIS 1ol Yol A Helstatel o)
Al 74]4 Kim (2020)°] <175 #ais}
167,461 km2© & 7 o519 ch(Fig. 1).
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Fig. 1. Target ecosystem in this study (modified from Kim,
2020).
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Table 2. Target ecosystem, fisheries and species for the ecosystem-based fishery assessment in the south sea of Korea

Ecosystem Fishery

Species

Large purse seine

Common mackerel, Jack mackerel,

South Sea Anchovy drag net

Anchovy

Large Trawl

Common squid, Hairtail

Large bottom pair trawl

Spanish mackerel, Common squid, Hairtail, Yellow goosefish

Offshore gillnet

Small yellow croaker

Offshore stow net on anchor

Hairtail, Small yellow croaker

Offshore longline

Hairtail

wppA], 2 ol Al tV e A= Helisi < (167461 kmz)
o2 Helglon], diolele diaa, e, o
S, ROl AR, A, SIoRY,
sfele W gAolden oot el dlolas
7} %|(Hairetail, lepturus),  11°5-(Common
mackerel, Scomber japonicus) , "EX(Anchovy, Engraulis japonica),
AFQ A o|(Common  suqid, Todarodes pacificus), ]
(Spanish mackerel, Scomberomorus niphonius), “17§0]
27)(Small
yellow croaker, Larimichthys polyactis), SFo}H(Yellow
goosefish, Lophius litulon)= 7 2)%=| I THTable 2).

|

F

Trichiurus

(Jack mackerel, Trachurus japonicus),

JHEHA| 7 [2F KT}

A= H4(Risk Score, RS)

© @A

g AolRle] hatgel 1E50je] gHE Wt
0.0014] 3.0742] & 337} Elr(Flg 2a) gofuls, A4
AflEE, o-AE, %% 2 1R} Wgro
oSN AIAES 2.0, 3 E, o Holr‘ﬂ% 25T} 3741
ke o] =7t %%HL- A780 & Jlgolef ARG
ATs Heou, AdojHlEe 2Kt} =A BrEo] 919
=7k U TH(Fig. 2b). i@ Aol o] 5448 A e
& Y= vAA 7] dlseoll, AAA o] el tigk 9i9

= Ao wko, Aatidel EEolu
AR ANA slEoll Theh A 3EE0] 919l = ) vha =9
th A alsole FAA o] A E o] Qlo] Adofrls
= 0605 WA PrrE Lo, Aol SAA el ¢l
of AofH]&o] 247 2 =S HAlth

@ 7AHd

7AdAG o ] i Eel EAe) 9l Haee
0.00f| 4 3.07hA| =2 H7}= QAth(Fig. 2¢). o] 2l7, /dofn]
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Fig. 2. The risk score by target specics and target fishery in the target ecosystem for the ecosystem-based fishery assessment
in the south sea of Korea. PS: Large purse seine, PTW: Large bottom pair trawl, DN: Anchovy drag net, LTW: Large
trawl, GN: Offshore gillnet, SN: Offshore stow net on anchor and LL: Offshore longline.
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Fig. 3. The objective risk index (ORI) by target species and target fishery for the ecosystem-based fishery assessment
in the south sea of Korea. PS: Large purse seine, PTW: Large bottom pair trawl, DN: Anchovy drag net, LTW: Large
trawl, GN: Offshore gillnet, SN: Offshore stow net on anchor and LL: Offshore longline.
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Fig. 4. The a) species risk index (SRI), b) fisheries risk
index (FRI) and c) ecosystem risk index (ERI) for the
ecosystem-based fishery assessment in the south sea of
Korea. CM: Common mackerel, JM: Jack mackerel, AN:
Anchovy, CS: Common squid, HT: Hairtail, SM: Spanish
mackerel, YG: Yellow goosefish and YC: Small yellow
croaker. PS: Large purse seine, PTW: Large bottom pair
trawl, DN: Anchovy drag net, LTW: Large trawl, GN:
Offshore gillnet, SN: Offshore stow net on anchor and LL:
Offshore longline.
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Appendix. Target and limit reference points by objective, attribute and indicator for ecosystem-based stock assessment
and list of data sources used

Table Al. The data to estimate target and limit reference points (TRPs and LRPs) by indicator

Objective Attribute Indicator TRP LRP Methods This study
Biomass S1.Biomass (B) Bumsy 0.5Bmsy @ and
Fishine intensi S2. Catch (C) or ABC 2ABC or (O estimation directly, @ literatures @ MOF,
ishing mntensity fishing mortality (F) or Fusy 2Fmsy 2021a, 2021b
Size at first S3. Size at first (D estimation directly, @ literatures .
Liorger 0-5L;,, 401 o ’ > (2 literatures
Sustainability ;aptur;c1 . ;zptﬁe (Lc)f - (3 prohibited length by the law
eproductive . Mature fish rate y MR. M - 04. MR. : 02 B
potential (MR) Mg Hiim, By gert 04, M 0.
Communit S5. Mean total
y length in catch 95%MTL-y 90%MTLgsy (D estimation directly, 2 literatures @)
structure
(MTL)
(D direct researches by researchers or
B1. Bycatch rate — — observers
Total bycatch s 0.5BCR BCR (@ average catch in recent 5-year @
s (BCR) . .
Biodiversity except major species (KOSIS)
® literatures
L L — — (O Shannon and Wiener, 1963
Diversity B2. Diversity (DI) DI 0.5.D1 ® literatures @
@ direct researches by researchers or
y
observers
L . . B3. Discards rate — — @ in the recent 5-year, average of
Biodiversity ~Total discards (DCR) 0.5DCR DCR catches by species on less than 1% @
of the total catch (KOSIS)
® literatures
H1. Critical habitat
DH,. DH, : 0.2, DH. : 0.
damage rate (DH) D}]H”'_{/ct lim @ target 0.2, lim 0.4 @
. (D estimation directly, 2 literatures.
H2.Lost fishing ; 2. L
Habitat gear rate (FR) FR et 2FR,. ... @ fishing characteristics or fishing @
efforts
. damage
Habitat (D no. of oil pollution accidents
quality H3. Oil pollution — — caused by fishing vessel in recent
(OP) or 050pP 10-year (Korea Coast Guard), ©
@ literatures
. . (D estimation directly, (2 literatures
Discarded H4. Discarded Ny - . L .
SDW oo
wastes wastes (DW) 0500 DW,,,.; @ fishing characteristics or fishing (®fishing effort
efforts
El. Income per
Income person employed UIPPE* LIPPE* (D income(KOSIS), @ literatures ®
(IPPE)
E2.Ration (D average ration of profit to sales by
Profitability of profit to sales =~ URPS** 0% fishery (KOSIS) @
(RPS) @ literatures
. (D yearly average employment
chlo-econom Employment E3. Employment UER***  0.5UER increase rate (KOSIS) @
ic benefit rate (ER) .
@ literatures
E4. Maximum | | |
ivi ic vi L— MEY| |L— MEY imation di ;
Productivity economic yield < CAMEY >03MEY (D estimation directly, @) literatures @
(MEY)
E5. Ratio of
Market landing to total RL S ret RLSimit @O RLSurger: 0.75, RLSjimic: 0.5 @)

supply (RLS)

*UIPPE: monthly average income of urban working person, LIPPE: monthly minimum coast of living
**URPS: yearly average sales profit for whole fisheries
***UER: yearly average employment increase rate.
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Table A2. Data to estimate indicators

Objective Indicator Data This study
S1. B (D estimated biomass by directe research or analysis, 2) literatures @
S2. Cor F (D catch or effort (KOSIS), @ literatures @
3L (D estimated biological parameters, ®
Sustainability e (2 minimum length by direct research, (3 literatures
S4. MR (D rate of mature fish on caught length by direct research, @
) © literatures
(D estimated biological parameters,
§5. MTL @ average length by direct research, @ literatures ©
Bl. BCR (D direct researches by researchers or observers ®
o ) ’ @ catch amount except major species (KOSIS), 3 literatures
Biodiversity B2. DI (D catch by species in target ecosystem, (2 literatures @
B3. DCR Bl. same as BCR method @
Hl. DH (D estimation directly, @ literatures, @)
H2. FR (® fishing characteristics or fishing efforts @
Habi.tat H3. OP @ no. of oil pollution accidents caused by fishing vessel(KCG), @
quality : @ literatures, (3 fishing characteristics or fishing efforts
(D estimation directly, @ literatures,
H4. DW (® fishing characteristics or fishing efforts &
El. IPPE (D monthly average income by person by fishery (KOSIS), ®
) @ literatures, (3) assume proportional to catch
E2. RPS (@O @ average ration of profit to sales by fishery (KOSIS) D
] ) - @ literatures, (3 assume inversely proportional to fishing effort
Eggé(t)i-te conomie E3. ER @ no. of employment person (KOSIS), @ literatures, ®
’ (® assume proportional to fishing effort
E4. MEY (D estimation directly, @ literatures ®
ES. RLS % fﬁ:ﬁ; by species (KOSIS) and import by species (KCS), @
ures
I1. NL @ no. of TUU fishing in the last 10 years (FMS), 2 literatures @
2. UR
. I3. IFG
IUU fishing
4. IC
I5. PFA
I6. PR
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