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Ecosystem-based stock assessment and fisheries

management in the southern sea of Korea

Young Il SEO

URIP of Fisheries and Oceanography, The Graduate School,
Pukyong National University

Abstract

Fisheries = scientists have recently recognized the potential of
ecosystem-based fisheries management to improve the sustainability of
fisheries resources. Under the depressed condition of many fisheries
resources in Korea, this recognition has been expanded and more effort
has been taken*to ‘improve this approach. Therefore, a comprehensive
ecosystem-based fisheries” management ~approach would require to
holistically consider ecological interactions of target species with other
species, the complex interactions between fishes and their habitat, and
the effects of fishing on fish stocks and their ecosystem.

Changes in ecosystem risks were evaluated using the ecosystem-based
fisheries assessment (EBFA) approach of Zhang et al, (2009) and the
comprehensive ecosystem-based fisheries management (EBFM) plan was
made for the southern sea of Korea in this study. The risk assessment
of the southern sea ecosystem was conducted by establishing ecosystem

management objectives and by estimating risk scores (RS) for indicators.
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To conduct this analysis a number of indicators and their reference
points for assessing these risk scores were developed in this study. The
number of indicators in the risk analysis was 28 for the quantitative tier
1 analysis and 30 for the qualitative tier 2 analysis. The objective risk
index (ORI), species risk index (SRI), fisheries risk index (FRI), and
ecosystem risk index (ERI) were calculated from the risk scores.
Comparing the past (1988) and the current (2008) status of fisheries
resources, management implications were discussed.

In this study target fisheries in the southern sea of Korea were
selected for the risk analysis including large purse seines, large pair
trawls, anchovy drag nets, and inshore traps. Main target species were
also selected -including chub mackerel, jack mackerel,. hairtail, yellow
croaker, yellow goose fish, and anchovy. The ecosystem risk index (ERI)
of the southern sea of Korea decreased substantially from 1.036 in 1988
to 0.851 in 2008, and the management status indices (MSIs) showed that
there was an improvement in the management of fisheries operated in
the southern:sea of Korea.

In order toestablish an EBFM| system, the~approach of EBFA was
found out to be an. effective assessment tool of fisheries management
measures. Based on the EBFA- results which detected some indicators
with high risks to an ecosystem, it could be possible to establish proper
management plan to reduce the high risks. Regarding the indicators with
high risks, more specific management strategies and tactics could be
developed. In the assessment for the large pair trawl fisheries, some
indicators for the sustainability, such as catch per unit effort, length at
optimum catch, mature rate, fishing ground size and catch ratios, which
had high risks, could be improved by setting specific management tools

for them. Also, to reduce risk indices for the habitat quality and

_ix_



biodiversity, the pollution of spawning grounds and incidental catches
could be prevented and the appropriate trophic level must be preserved.
In the case of socio-economic benefits, considerations on the
enhancement of community-based management system and the
government support due to shifted or abandoned fisheries and the
unemployment could be made for an economically sustainable
development of fisheries.

The current fisheries management in Korea utilizes various measures
and tools for different species and fisheries. However, the current
management do not includes the concept of-ecosystem-based approach.
Fisheries management made at the ecosystem level of understanding can
prevent significant and potentially irreversible changes in marine
ecosystems ‘caused by fishing. This study demonstrated that the EBFA
approach for analyzing fisheries in a marine ecosystem has  the
complexity ‘and usefulness, which was applied to a southern sea
ecosystem in Korea. It is necessary for the Korean fisheries seriously
consider to take the ecosystem-based approach to- fisheries management,
since most major fish. stocks have been depleted due to many reasons

including overfishing. and .coastal ‘pollution.
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b =4 T AFE AR FedA

Aedozd FAHAL sTadlde o] &3] o|Fojxom, 1998
JA 4= AT 18 20089

14 o}go] FAHE AoZ eyt ¥



ZAFYgde 19883 AFE A AL FAoE HQ 31~UE
ool dEo7 ZA FAHJOH, 19980 = oo F4Ho AF=
BAR oz o)FslHA B 32~36%9 WA A E T 20083
|

P R
2 o3 ¥Asn gom, Fal ol elNe ojHu gL of 8% e
ol 13 Hold ANl o PuISE Fe Ao et

223 RN
el o149 ol W Ade] Ag T W wHFe YT B
qg ol gste] HWALANLF (MSY)S FHete] wAstAoH, Aol
AFe 1,077,621%, A=A FE 961 (Hp/mt)(R*=0.940, P<0.00) = 573
53

%

i

=1t} (Appendix 10). 2008'd¢] P3| o] e 929,002E 0.7 A A o]
S

o] 86.2% FELZ WA VeI, o fHwre 178.2(Hp/mt)i/\1 24
g3 tiv] 1854% TEoE FA UENETE = o gEF Bl =S A
Aog s 2 wyPgy dws] 2y 1980 —?‘Ft&ol R 2 b B
FFEd JE A= yegten, 19909t = vwd A93E 7 FEsit)

3
2002~2004 3o AQAE 7F 1 Uakon, 20008 ] Sulels o] Ewg
Fo] rAasta ojgHe ok Tkl ASZE JERIT

g ddoide]l HA I HL 316,099, FAH=HHFL 7080 (Hp/mt)
(R*=0.599, P<0.001)§’._ UrE‘rkkE}. 3l o gellA g Aol del 2008 o

o 233209502 HAHPojF ] 738% F=o2 A YElga, ol x
HEFS 1,261.9 (Hp/m)2A A== 178% T2 =4 Uekt.
A-dE =W 1980 Frko] Al deirh vl fEsir, 19909 =2}
1996 =5 Aejstd AAZor off P2 w1 ofIF2 T FFEL

Z YeP o (Appendix 11).
AL 7| AN e HAPojgake 978158, A A TS 6684
(Hp/mt) (R*=0.935, P<0.001)Z el gdall o Folr] tagiLe]7)24



Akold el 2008 o HL 51,531E 02 FHAHGoJEHF] 527% FF0IUL,
o]g - eo 1,1884 (Hp/mb)EA HAA=EHTZ 177% FF o2 =4 e
Stk dEHEE HY 19809t $9H~1990d ) SRRl = A E T 45

]
g Aom yeigtoy, 19909t FRERE HI7HA AL B £
wom, 53] 2006~2008'dolE o] E= @o] ol Ha F7IE
3] F3lo] UEH T (Appendix 11).
1B EG P dY AAHAEFLE 1215788, HAA=HFS 4132
(Hp/mt)(R>=0.336, P<0.01)Z el 3l ojgolr 7jdadLeIYg ]
2008 o] & Fe 150,04=°02 HAHo g7 124% FTo2 =A YER
a1, ol =gHyLe 4274 (Hp/mHEA 103% F=o 2 YEelgt d=
B 200793 20083 AL BE |ZEoA Py age
o, 19909t FEk 20009t FHHS of g FFo] FaL, 1980
1990 dd] Z4E 2000t ZHEE z2pd9] o] o] e
UES S (Appendix 11).
dAorEuto}jdle] ZHAojBFe 17580%, HA=HZES 9.8 (hp/mt)
(R>=0.721, P<0.001)2 Elgtch 3] ofgolA detgdojgdel 2008 o
S|k S 19,820 02 A AL 118% FFo2 =4 vEwa, oI
168.0 (Hp/mt) S22 HAAxHHFo 174% FT 2=
=2 o] P e 1980 ] TR ~1990 U THIMA = e 4
Ko, 19909t Sk o] ¥ Frlelqin ol g7 AvkFog e
Ao 2 el (Appendix 11).
oo oA E=E HA AIFERT oF 1887 =& Aoz
H

2437 AQPe] =Ho] A&Hoz Wad Row Azt
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O. A 2= £X 23 ALdHE7}

AEA 7R A s fsiA Addsojor & e A B 5

® 2 538 ARE A= Aoldh oo dE d7E= AEA 7Rk A
d#E 9 Hix AAFATF (Gislason et al, 2000)9} ojd&Ae] ol H-sE A%
Ao gk AF (Jake et al, 2005), AE HITHS AL A FEF
F7bell #E AT (Livingston et al, 2005) Fol-Uth HE FTF et
A P =74 (Ecosystem risk analysis, ERA) H7I RS 7dste] of ¢
o] AejAlol HIA= FIFS HIIetAoH, o]E ulFO R Py AEKAHS
Hrtete] ojd#e] ¢} Ag#e ol o]&skaL 1tk (CSIRO, 2005). %3, <13

TR} A AA A ES F7he AEA 719 A7 AT (Zhang et
al., 2009; 2010) 5°] &3] 3 Foln.

Zhang et al. (2010)2 AE|A] 7|8k ALH 7S 9 Axe} VIEH 4
TE B3 AEA FHERXS IA ASA, AEALA, AAA, A A A A
Heolo] 47t = SRt 7 H3e| Ui AFEE #AsHy] s N
" Ax VERY S FQ0n, 4 ARt FES JHAA god

A QwAon Rd Hs5T NEEE ASIAT. B9, 2T 4R
[e)

SRl glo} Bk Ta7) 4n AT BAMES Agstgon, Au 7]
B ARk ts) EBHoR AESI Fadel oE A5H #
A 2 B AASR 19T Do U AFFAH Aol B A%
g 2gstel YAz 84S =a0

gy AEA B 2E 2 ARE g3 AEA E46 wet g
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Zate] ARsE AESh A1FH Aol Basich W, A B
gaolglel e oagEs} ogFe A& BHel 2 AP 2AY &
gomz oo Ya FaAW dHE F A9 WAL FFL nestol

o nigEAa 22 9
d8 MAA, Aerdd Skl e AR
Ao 2ol dal o7 W WY FIYEA= Zhang et al
(2010)°] 7R wopEg s el A Axst VIEHS Hall ofF AH
A 542 wrgste] A=Y TEAALL ol & o]
I e AR AR
2 AFdM=AZE E4S ol &3 AEA 7|0 AL S
o] AejAl =7t oA WIS A=AE et
o thak AQlH EAFES EAste] o AEiA

al =7
TR g g e a8F21 A ReES AR} 3 T

rr
=
hu
q,
e
=
P,L
£
X
oo
ol
R
o

oft
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2. Al # W9

21 24 FH§

211. B A 719 ALdHrE B8 2 AE 43

2 AT ARREE A 718 ALdB7F 2de Zhang et al.(2009,
2010)°ll ol3) JAtE wdS FEog 3slo] #y ZRES MAHsw 7 R
B Axs} 7EHS S =S FAs= WHolth

A A 7R 2L e

AE 2 EY@3ds-agste] 2450 (
%4 (Sustainability) 21, 41, T4 (Biodiversity) A, AA|, A2
#] (Habitat)®] BE, UA|, A3 HAH A (Soc10—econ0m1c benefit) o] ot
(Zhang et al., 2010). s o] AejA B3 HxFFo iz FRFF 0
g} 2 @A (Tier 1% 2)2 T3t ’57‘33}%2@, Tier 1°] A#2 £4
(Quantitative analysis)@} Tier 28] =AHF4 @ H44 £4 (Semi-quantitative
and qualitative analysis) && &3}t (Table 1).

Zh Al ERE AR VIEHE AEHA, oY B dASE A
o, Z+ Z3x¥ AFo B=2= 7|53 (Reference points)S H3E7]
(Target), A 714 (Limit), “L2] 3 SkA| 247153 (Beyond limit) 2
StAaL, 71 0242 FHsted Hrhel A& VIEHS &
o J7iE W Friae ARY Faxd wE s FA

7z AR B A7 s AT EAY 2 A 2 AEA
w27t & ol FoAReS dvletH, HEvh & AR dsiMde #2lxA
¢t JHAS Fot] e HFEEE ded 5RE T AIEE B

° )

2 AEHAE Wz Bristo
J

il
Ho
r
I
=]
rr
)
rio,
Lo
A
i AP
oX,
Jo
N
o
Fl F _Ihj
=5
R
40,
Lo

ol
-

N op
o

e

_—_F_
g3l

ol
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| Ecosystem |

I

| Target fishery (f1, f2, f3...) |
I

| Target species (f1, f2, f3...) |
|

| Foundation of management objective |

|
|

| Adoption-of indicators |—-| Level tier 1 or 2 |
| Adoption of reference point
I I Check level of information|

| Decision of tier level

Z Risk an‘

| Ecosystem assessment |

Management status |<—| Ecosystem management |

Fig. 2. Flowchart for the ecosystem-based resources assessment system

by risk analysis.
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Table 1. Tier 1 and tier 2 assessment systems for level of information

Tier Level of information No. of indicators

Tier 1T Quantitative analysis High 28

Semi-quantitative &

Tier 2 qualitative analysis

Low 30

_16_



B AT AHEE Axe A7 Hol thall Tier 19 3% & 2874
o] AXE, Tier 29 4-F 30708 ARE AHEsIeH, 7} X]E‘ﬂé %, 9
A, AEA FEoE TR ARAEAF FAA FTaE WE JISAE
F33LA T (Table 2). Zhang et al. (2010)2] AFolA AAE A% 5 IF
= At AHAE o2 Hrkstr] A AxEA  Fel o ZAEA
ol kAt Tier 19] A|&4%

A g3l APeA 2 ARE FE

o,
N
=
ol
rr
>
=3
u
e ox

H

304 MAA Z7e FAAEHA e IFA TS

AgstA] Foted oY A7IE diAE AL, WRASTH AAL Y HEE
ANH=ZTY o gFrle= }\ﬁo}%o"ﬂ A e F7HE A8 o &
NAIAE T 50% TEASATS doldel s £ E4AT A
EOYd H3xY HUMAEE F9o8 (Bycatch), H71% (Discard), ©]8E
o] HAFYHA (Mean trophic level)= F4zke]l &AW = H3E7|TE
S el A AeA o Hsteles FAS AAsIAT M AA FREolA
= @3l EEZ WollA o]FofAaL A= SjAbAHAE R A2 E o] g A

xE A= %7%}2&2‘# AL AA A Hel e FAgle]l AR AREsHATH
Tier 29| A &4, AEGEY, AMAA AE F 7|42 Zhang et al. (2009)
o A% 71%@% AHESFRTL AFSAA A TRl B APl Aol F
7}ste] A8t} (Table 2 and 3).

212, AxE V|EH] AR

Tier 1 : A=A 7|8 ALF7HE S 718 (5% 2 HAVIEH)S
MSC (2006, 2009), Zhang et al. (2009, 2010)& Fa1ste] A& o, Tl
oo FAAe A A Hx F 6174171%2 S *“3—8}71 %611 48 ¢

7k AEAR FA
A& FAE Ak 117 A3k Hx71E-dY A 71E4 -2 Table 49}
2ol Yt .
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Table 2. Indicators of tier 1 for the ecosystem-based fisheries resource

assessment
o . . Weighted
Objectives Attribute Indicator
value
Sustainability Biomass Biomass (B) i
or Catch per unit effort (CPUE) wh S
Fishing intensity Fishing mortality (F), or catch (C) xS
Size at first capture ~ Age (or length) at first capture xS
(te or Lopy)
Fishing ground size  Fishing ground size (FG)* * S
Community structure Mean trophic level in catch (TLy) x
Reproductive potential Rate of mature fish (MR) * 0
System Productivity = Slope of length (weight) spectra « f
Resources exploitation Catch ratio of (Korea/China and w0
Japan)”
Biodiversity Total bycatch Bycatch rate (BC/C) e
Total discards Discards rate (D/C) o
System trophic level Mean trophic level of the *©
community (TL.)
Diversity Diversity index (DI) * e
Integrity of functional Pelagic sp./ Benthic sp. (P/B) in « f
group catch
Habitat Habitat damage Critical habitat damage rate (DH/H) xS
Sea sand collection rate (5O * e
Harmful algal bloom: (RT)* ® e
Pollution rate of spawning and w0
nursery ground (PG/G)
Lost fishing gear (FR) x|
Discarded wastes Discarded wastes (DW) x
Socio- Productivity Maximum economic Yield (MEY) * 08
economic Income Income per person employed (IPPE) * 1
benefit Profitability Ratio of profit to sales (RPS) x|
Market Ratio of landing to total supply * S
(RLTS)
Employment Employment rate (ER) *°

Indicators from Zhang et al. (2010)
" includes new indicators in this study
I ¢ denotes level for Species, fishery and ecosystem
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Table 3. Indicators of tier 2 for the ecosystem-based fisheries resource

assessment
Objectives Attribute No. Indicator Weighted
value
Sustainability ~Biomass S1 Catch per unit effort (CPUE) i
Fishing intensity 52 Restricted access wi L3
S-3 Fishery monitoring and sampling wx b
5S4 Fishing method w5
S5 Precautionary approach and w5
quality of stock assessment
Size at first capture  S-6 Size at entry ok S
Life history S7 Maximum age or age at maturity xS
S8 Adult and juvenile habitat overap * S
Management S9 Management plan for, fishery b
S10 Management of TUU" fishery * fs
Recovery S-11 Recovery plan and period for * bs
depleted stocks
Genetic structure S-12 Documentation of population * 0
structure
Biodiversity  Total bycatch B-1 Bycatch e
Total " discards B-2 Discards e
Diversity B-3 No. of species xS
Integrity of B-4 Changes in ratio of functional * e
functional “group groups -in- catch
Gear restrictions and B-5 Gear restrictions and avoidance o
avoidance tactics tactics for non-target species
Habitat Habitat damage H-1 Influence of fishing gear on ok S
benthic habit
H- Pollution of habitat xS
H.3 Lost fishing gear e |
Discarded wastes H-4 Discarded wastes « f
Habitat protection H-5 Gear restrictions or closure s b
Habitat recovery H-6 Recovery of physically * 0
damaged habitat
H-7 Recovery of biologically * S

damaged habitat
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Table 3. continued

Objectives Attribute  No. Indicator Weight
Socio- Productivity E-1 Productivity and income trend «
€ConoIic Income E2 Income trend x
benefit Profitability E-3 Sales trend «

Market E4 Imports trend x
% f

Employment E5

Employment trend

Indicators from Zhang et al. (2010)
¥ ¢ denotes level for Species, fishery and ecosystem

' IUU means illegal, unregulated and unreported fishing
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Table 4. Reference points for indicators of the sustainability objectives for the ecosystem-based fisheries resource

assessment

Indicator

Indicator status

Better-than target

Between-target and limit

Beyond limit

Biomass (B)

or CPUE

Fishing mortality (F)
or catch (C)

Age (or length) at first
capture (t. or Lsg)"

Fishing ground size (FG)"

Mean trophic level in catch (TL)"

Rate of mature fish (MR)
Slope of size spectra (P)

Catch ratio of (Korea/China and

Japan)®

Bmsy<B
CPUEMmsy <CPUE
F<Fumsy

C<MSY

(ttarget = t)
or (Ltarget =< L)

0.9FGuarger <FG
3.43 <(TL)
MRy <MR
0.10<P

KC = KCarget

1/2(Bmsy) < B < Buwmisy

1/2(CPUEMsy) < CPUE < CPUEumsy

Fyvsy <F < 2Fvsy

MSY <C<2MSY

(O-gttarget =t < ttarget)
or (O-9Ltarget <L< Ltarget)

0.8FGarget < FG < 0.9FGparget
3.33<(TL) <343

MRaos < MR< MRy

0.01 <P<0.10

K Cofer K= K Climie

B<1/2(Busy)
CPUE <1/2(CPUEisy)
2Fysy <F

2MSY <C

(t<0.9tsarget)
or (L <0.9Lrget)

FG < 0.8FGarget
(TL)<3.33

MR < MRog
P<0.01

KC < KCiimi

Indicators from Zhang et al. (2010)

" includes new reference points and estimate methods in this study

-21 -



B AAVIEAS A (1) R @ 2ol dAsAe

% =
W, BE 2 FAZEHY Be TS AT A @) A

Target : Bmsy=Baoy 1)
Limit : %BMSYzBZO% 2

B (SB/R), .
B.’IJ% - B(J'UT'T'(ﬁ’lf W)””I ( )

r
(et
2

o714 Busye HUAEABE (MSY)AIS] A # (B)ol ™, Beurrent
o] 29¥#, SB= At#AY® (Spawning biomass, “SB), R 7FYFF
(Recruitment,” R), Fourrenr= @A 8] B EA G0l T}. @A o AMGA S
dufj o] 7FAFAAA L HE (SB/R)F Fuy (Faw H=+ Fagu)Dule] 2wk
o] vl Ao AAdZel Fsl By s FASAT
37158 Busys F3081H7] #38 Baws, SHAVI=H 1/2Busys 5

7] 918l BayE AHESAT AR ARE ALEE T S BF 99
g o] (CPUE) AXE A&t A= 78ttt CPUES 3¢
31715342 CPUEwysS, S 71+ 2 1/2CPUEwsy= A A 3t T

%

ol
-

8

(2) o1g = (Catch, C)

ol @ A% HRIVIEHS HANASHYNE MsY) = Teew 2

(3) Ao NA A (Age or length at first capture, t. or Lop)

HAAYNAAG A% HRZIEHS t (or Lopy), FAZIEHS te (or
Lop)®l 90% FEoz AAsA. AAANAAG FHo] 277 4
T 50% TASAG (Lsw)= AAAGAGoE 7HF3te] #4519 2oH, 01
YA PaolgAgo s st
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(4) 1% 32 WA (Fishing ground size, FG)
Al W 8 AHolFe IF 5A4S aelste] MAA

ARE olFEE HF ARZ AR o3& =]

THI FAVNEHLS HETol oA JFEEXE 1Y

FwW A A4HY (Sokal and Rohlf, 1994)& Z&3tth Hx7|EHS FHU

X3 9] ofFu A 0%, IAVIEHE 80% FEoE HA3ATH

b
o)

(5) A8 ES H LT A (Mean trophic level in catch, TLy,)
o Hi DAY WHEE dotE I8 72 A=aE FEEA
o tis] 7tEHdste AA FESAE A (@) o] HHEAT

d
97, G € i AEFSolgFEE et SRS vEvE F -
A -gele] 20009 T B AFRAS] BERD 3430% WA HASAL,
FA7IEHS 19609 o] T2 FFDA T} El

As)e] 20009 FFTA Fl 33302 WSt AATAT (Lee et al.,
2007).

(6) 4o Hl& (Rate of mature fish, MR)

dol AdEol At FAd & e TheAde U= Aojnls

Ao Aojulee 4 (5)¢F 2ol AtsAth
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t/\
2]”% Ny W,
t=t

MR, = — 5)
E:AQ' W,

t=t,

AZNM, N, = Npe ™, W= W, (= KT, = Lot gojug
1+e

R NFdEE AUAAIHE 7FoE AFstel, BE/FHL

oJH|&-& 40%, FAI7IEHL 20% = 2 3A

filo

o,

(7) AF =HEH 7]&7] (Slope of length spectra, p)
Hel Z}&7]d #TeH 2RV|EH L A VIEA
A @A AeAe 71271 Ak 71EEdEY 7le7] Boll i THE &
A1 (Analysis of covariance, ANCOVA)S T3l o= (1) F83A
o 7IEdEE ogo] HA &2 71F AUALGHE YEHE X
Aottt HR7IEHL 71€7] A B7F Fo5kAl ¢S UEY
= P7F 010E Y 5 A-+2 A4gsiAth. Agt BIEY o]t gl
7] WZel A AeAZE AR GE et A xtol7k fle] fAs AT
2 F A" HA7IEHS 71271 Ak B7E Wi fodts UEhlF=
FoE P7F 00155 &S 452 HAgstat

A ~HE

filo
ilod
o
ofr
ol
N

rl

_
Am
BY
i)

o
—‘)‘ O_u

(8) A1 ©]-&<& (Ratio of Korea catch per total catch, KC)

A o] &&S Tl 011}9] A A7 T 2 &% FF50F o] 83}
= dYgolu=, h=xo F oY T U] oI HEE UEd A
oty AAH =l A4 O]%%O] =75 FyuEre] A&

Ao g zhFste] E el AEsoh Hx7IEHS 471k (1988~
2008) &<t FElvEr B ojgulERE AR, dAVIERS HRTVIE
A At FFo=m At Hristo] Brsidd.
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A=ttEAddd gk 7154 Table 590 YelH A

(1) £3& (Bycatch, BC/C)

T8E ARY Fx 2 AVIER A8A WA £ TEs 2As)
o £9F& AAsAY £99 7IES vt 2ol ofgA|r]d wet
T oAgFolFol Wste gFodY FHAME 2 VIes FYstrirt
- oJH ok & AFA £99 7S oG oI F FolA FREAFS
Foeto] ol gF =97t A9 5AAY oFS AL UmA oFsE &
gFog Aot E9& A% Fx% B IAVIEHS BEAVIL T 7]
THEE 7IFo R ide B £8&S AVITHeRE Ao A
ZIER e At FFS R JIFH o A A

(2) #71& (Discard rate, D/C)

HA71& AR Hx 2 A 7]FH2 Zhang et al. (2010)914 = FAO
(2005)°l o3l 7+ oldE Hi #H V&S vHlECe R V|EHS AANHE, &
FHe IANFHY Auk #2078 HAAATE e B AFAE
&

(B) ¥3 H JSTDA (Mean trophic level of the community, TLc)
T H JFHAY Brle T B oY g s dotry] 93 Ak
=

2 Agstel 2R AuA JFUA S} Hol4E AnE A
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Table 5. Reference points for indicators of the biodiversity objectives for the ecosystem-based fisheries resource

assessment
Indicator status
Indicator . L
Better than target Between target and limit Beyond limit

Bycatch rate (BC/C)" (BC/C) < (BC/ C)target (BC/C)uarget < (BC/C) < (BC/ Cpimit (BC/C) > (BC/ Cimit
Discards rate (D/C)" (D/C)=(D/ O)arget (D/ O)target <(D/ C) < (D / Cltimit (D/C) > (D/ C)iimit
Mean trophic level of the 275 =/ (TLc) 3.25 = (TLc)> 2.75 (TLc)> 3.25
community (TLc)"
Diversity index (DI) (DI) > Dl arget Dl rget> Dljimie = (DI) (DI) < Dljimit
Pelagic sp./ Benthic sp. | (P/B)-(P/B)rarget | < 0.05(B/B)target< | (P/B)=(P/B)rargee | | (P/B)-(P/B)iarget | >0.1(P/B)iarget
(P/B) 0.05(P/B)targer < 0.1(P/B)rarge

Indicators from Zhang et al. (2010)

" includes new reference points and estimate methods in this study
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3714, TLie Fataat s i 159 JFeAs dehlz, TLEe Holvt
T j A5 FYEAE Yetdo DGE 1 IFe] HeE ¥
At wlgolth AR JIDAY A Ao gomz

Ex71EHe 275, dA7IEHS 3252 HAs A

Shannon and Wiener (1963)¢] TTY%= A

_?_
otelel 4 (7)& elgatel 3k

Ll

N
D= sz‘lnpi (7)
i=1

A7 N ‘ol F AADE i WA 29 AHgolty o A%
o BErEde WAL el Aulad Hage aastel 4 @) 2ol
HARAT, AR AL A9 Bol LA,

DItarget ¢ Dlfirst year ~ 0.1X(Dlmax(study period) -~ Dlmin(study period)) (8)
DIIimit . DIfirst year ~ O.ZX(DImax(study period) ~ DImin(study period)) (9)

& 7]14 Dlmax (study period)~ vFA2F WX o] FOUYAd AFol™, Dlnn

(study period)s A|FIES] & ek H4ol),

(5) FoAF AoFY HlE& (Pelagic sp./Benthic sp., P/B)
RolFel AolRe Ml go] B BEAZAD PANFHE BA AMA
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ool g EFA olFe) Mk Fitule Aolge] BF &
ol AYHEAE Tl 1FHS AAHAL. FEAFHE F @ A7
Bt wel 005 o9 B, BAVEHL 016 o4 B2 APt
o,

o qAAH RE
MNAH Bz et 7124 e Table 63 2ol veh k.

(1) A2 A #<=& (Critical habitat damage rate, DH/H)

MA A HEE AREE MSC (200909 71%F<= 53 DH/Huge= 20%,
DH/Him= 40% 2 AR AT A2A AEs9 Afde AMEEHAAE
o7 EAES MY VEdE AT

(2) 3 A5 & (Sea 'sand collection rate, SC)
vk ZAAHZ AF NAH e wGstr] st A H &l o)

& AxE AAsNeH, A4 SAAHALF T vte S A7E AA = B
&5 AVIERHeR Ao, ERVIEH S dAVIEH ] v &
o2 A4t
() At 2 5ol @ %E (Pollution rate of spawning and nursery
ground, PG/G)
AR e L9 FAEE vRE g8sd VIEdes 2A
AT G EA AN = AdERdT 5ol AAH e 57t i
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(5) o174 (Lost fishing gear, FR)

AFHA ATE DA W oldolA BAHE FA )T %L
shorehed, FAO (2009)¢l ARE 120 HARAT AT A7)
T2 FAOOIA AAGE F Fdol7- Hlex2 HAAFsen Hx7EHS
SAZIER o dut o g dAsT

(6) 3l ¥#H 71= (Discard waste, DW)

it 7 & A ke SiFAE A A A= S FH 7= FS Tl
7hstdet. AV IEA 2 "E AA H2 =Y B E AAsieH,
2RV SAVIEHS ARt o2 At

o,

2. A8 AAE 1ol
A AAH Belol ta wEEe Table 737 o] LrERRRITH

G
BN
=
o,

A A% e (Maximum: economic yield, MEY)

ol T Akl el = AAHeZ 7 T4 AL FEd ANHBEAA
A Tt ZIEd e AT dA B2 @A FEFH MEYS A
of Bgt Auigk=s Aldbsta, H3x7]EHS MEYS] +10% oo MHE 7]
FHoz dAsaorn, IAVIEHS MEYS] £20% HHE 243 Th

(2) 1 9= (Income per person employed, IPPE)

B 959 B¢ £3] o¥Y=S =AU EHEALS (Urban income
per person employed, UIPPE)¥} ®lulsle] 371st= Zlo] dutdolmz &
X 7NEHLS ST EEFAS (UIPPE)C.2 &3t
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Table 6. Reference points of indicators of for the habitat objectives for the ecosystem-based fisheries resource assessment

Indicator status

Indicator . L
Better than target Between target and limit Beyond limit
Critical habitat damage rate (DH/H) < (DH/H)1arget (DH/ H)targe: < (DH/H) < (DH/ H)timit (DH/H) > (DH/ H)timit
(DH/H)
Sea sand collection rate (SC)" SC<5Carget SClarget <SC=SClimit SC> SCliimit
Harmful algal bloom (RT)" RT < RTarget RTarget <RT < RTiimit RT> RTliimi
Pollution rate of spawning and (PG/G) =< (PG/G)target (PG/G)urget < (PG/G) < (PG/ G)imit (PG/G) > (PG/ G)timit

nursery ground (PG/G)"
Lost fishing gear (frequency, FR) FR<FRiarget

Discarded wastes (DW) DW < DWiarget

FRtarget < FR < FRlimit

DWtarget < DW < DWlimit

FR> FRljimit

DW >DWiim

Indicators from Zhang et al. (2010)

" includes new reference points and estimate methods in' this study
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SHAIZIEH 2 HAAARIAS  (Lowest income per person employed,
LIPPE)S 71&o 2 AA3tth

—

3) &wl o] &4l (Ratio of profit to sales, RPS)
Aol aHl= AA Fadel gk #Anf o] &9 H gk (URPS)S H37]
FHoZ FAVIEHE 0%E BAsAT

(4) 2% A}3€ (Ratio of landing to total supply, RLTS)
AFAEES [FANZF(FHA N F+TFA ]S T8t AA
o

Al
2
Er)E o= Adsigon, B An %

Jfa

pAEte 2 AMT A&S7HES [ FRZIEHe fEver AA A2

g9 ABF DEZ/HER AYHAm FANEH S YT wEF7He

: 337 Ao $2F A NFH S N5 ARE

2
3t &gty B3890 H, Zhang et al. (2009)9] 71=41S AL3}AT

score, RS)E ©]&3t] &3, F, oI, AelAl el =43tk 2+ Hx9
A= A9 7HsAE 3
index, OR)E, HXAJEATE o] &3t Fol thst APE A (Species

risk index, SRI)E A4ttt

b
N,
¥
Z
(@)
&
<
(@)
07]
=
o
)
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Table 7. Reference points of indicators for the socio-economic benefit objectives for the ecosystem-based fisheries

resource assessment

Indicator

Indicator status

Better than target

Between target and limit

Beyond limit

Maximum economic Yield (MEY)

Income per person employed (IPPE)
Ratio of profit to sales (RPS)

Ratio of cost to sales (RCS)

Ratio of landing to total supply
(RLTS)

Employment rate (ER)

|'L-MEY | <0.1IMEY

IPPE>UIPPE

RPS>URPS

RCS<URCS

RLTS=URLTS

ER>UER

0.IMEY < | L-MEY | <0.2MEY

LIPPE <IPPE <UIPPE

0% <RPS <URPS
URCS<RCS5<1
0.5URLTS<RLTS <URLTS

0.5UER<ER<UER

| L-MEY | >0.2MEY

IPPE <LIPPE
RPS<0%

RCS5>1

RLTS <0.5URLTS

ER <0.5UER

Indicators from Zhang et al. (2010)
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TAIA=ATF FE o] &3t ALY FEAS (Fishery risk index, FRI)<}
A4 (Ecosystem risk index, ERI)E FA3IAth. E3 7+ 9

s
A g g #HEFFE (Management status index, MSI)E 573 3+%

AR Haee 029 WHHA Far 7 Aud Friart SR7154
Hoh U2 gs 7HAY 02, HAVIERS 298tE 28 e, Hi7)
FHH FAEH Aolell U AFolE Tier 191M= 4 (1002 ©]&3}1<]
AT HFE YRR, Tier 20 E 1S Fo&t

RSi . RS‘m ; l;arqet _Ii (10)
e

DIRS: W,
ORI= "= (1)
W
i=1
A7IAM, we AE o FLEIH ne AxEFolth
TAFEAF SR)= ;T 24 Zxe g H3xE A=Al i3}
o 7}EAE o5t Yeld AR 2 (12)9F 2ol AL 4= Utk
SRI=\gORI,+ )\ ORI, + A ORI, + A, ORI, (12)
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Fishery A |
_ Species1 |

Fig. 3. Flow chart for the risk index estimating system. RS denotes risk
score of indicators, ORI, objectives risk index, SRI, species risk

index, FRI, fisheries risk index, and ERI, ecosystem risk index.
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L Ay =023, A\, =0.172 7} 2 B39}
AeA e didode Faad AETEA g TAFEASF (SR
£ 7t Hag AGAIEAST (FR)E ot 2 (13)E ALbstAth

= EB{SRIi
A1 TSN, 03)
A7N, B B9 WAL e YAF AL, SRIE ; F] ENFP=AFOI
AEA U 2E odel] dig od<d
AR =A% (ERDE ofgfe] 4 (14)=2 Al4tstsoh

DI CFRI,
ERI= ’ (14)
26
A7IN, e ;o199 AF® FRL= ;o199 AN =AFolIth
9, A 2 AEA Ao &2 AR d§ HxHE AI=ASF

(ORI), =Y FEAS4 (SRI), AL IT=AF
7t ZAaT AS, BYadsE AgFHor =

23t #AEFHAE (MS)E T3t

ORIt - ORIt+i
MSIO:—ORI > 100 (15a)
t
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SRI, — SRI, .

MSIS:TiXmO (15b)
t
FRI — FRI,, ,
MSIFtFT% %100 (15¢)
t
_ ERI —ERI, , ,
o MS]E%MOO (15d)

71X, MSI, MSI, MSI, MSI= Z}7 HX#YITIE, THYSIE,

AFd#YSHAE 2 AuA#LSZHE, ORL, ORL,, SRI, SRIL.,, FRI,

FRIL, ., ERIL, ERL =77 4, ;4; 898 53FE AF=AF, SHAI=EA
t:

2!
%HEX]-’F—E— Ha 004 FHo 29 s 7HAH,
o] Ak o2 Yelilt AR S AETE
AEAT A2A, 2ol AAHEE S A3 e A
O, AMHEE S g AR Al A 89S deh =t o 23
£ AHgstd HrtE £ @ AHE #3ud &
= 7 AHEHY o= AN F RS FES 7PX1L7 TEXZ F b=
718 dtoll A Zb AHEES A e FHoR FE
o 1/3 9 2/37} He AAGE S 44 APz RE At 1155 4
1.633%] 22 AAgdow FESFAT. 9F 0914 1156574419 7492 =
AT (Green zone) o 2 A oJste] 2 B AR AL bAS FHE UE
= Ao F3rh 11559014 1.633A1018] 79 FHHEY AFPEES
YEt = &4 79 (Yellow zone)o= Aokl on, o] F+H| &Lot= &
FolA =2 HFE BHrtE dF AR M= dexA ol o3 Helo
dastth 283 16338 HoAE 79 52 AFEES vede F
79 (Red zone)o & AHolste] o] o A3 FEo talM= =
27t a7, whef o] A7} Tier 20 oA H7td A-fol Tier
4% o dgstal A= = Hrhrk Basi.

50
a
4
b
3
0
o
i
Y
b
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22. A8

221. f3old & o F

g ol AEAL By gL oFF 4
IASIRSIS

%
2
ol
i)
ofN
e
i,
ir

o 7]e} oj&Fdl o
o]} Akl Hol
71 dddgody =+
stFom, dActejde EAY AHE B4 A7 RFHOZE Tier 29 T
2 g g BAs A=t

B ATelAE A A o
WA JUE stefstad s

222 53X X K9 7|FF (Tier 1)
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7} AEH FA

FArRlA A 4 FAZ /EHIL Qe FPFAEADREN G
EAAE) 2 oAEANLDE o &5AT, A, B, AW, AFEI o

&3t

Z} ol AdFIH MESHEH SAA= FHFAAASE AR
(NFRDA, 1971, 1984, 1986, 1987, 2003)¢} Hd 2007~2008d F<t F
At ARE EYE A - FAsReH, Asrk{lS Beole 7€ A7
AH}E &85 (Baik, 2001; Baik et al., 2005; Chei, 2003; Choi et al.,
2004; NFRDA, 1990, 1993a, 1993b; NFRDI, 2005, 2008; Park, 1999a; Park,
1999b; Zhang et al., 1992a, 1992b; Zhang and Sohn, 1997)., L3}, 7}7# =}
59 7A$1988d9 4 (FAAE Ee IFE ZAY7 ¢S AFfdde=
1988'd o]} o] o] 7 (1985~1994)= F-&3}o] A3}

rlr

U AETEE 7A

Zt ool RaolE, H7|, E 9P Axe odF A
1988~2008)5 EWE A8kt Bt JLEA &4 =
Lee et al. 20079 B IS o83t AA o7 Folfe 7|EL FHF
Aratkel (NFRDI, 2004) #AH2 S Farste] 288t

o AA BE

NAA S e ede AW FAED vE, AxUATe FP5
=
=

73+l (NFRDI, 1992~2008)] AFHE AMHE-38IaL, o] 7742 FAO (2009)
o ARE 7IELRE 7 ool &l AH&sATt AMAAFHE S TR G
EAAE (KOSIS, 1988~2008)2 &3} t}.
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Table 8. Target fisheries and species by tier 1 and tier 2 assessments

Tier Fishery

Species

Large purse seine
Large pair trawl

Tier 1 Anchovy drag net

Inshore trap

Chub mackerel, jack mackerel
Hair tail, yellow croaker, yellow goose fish

Anchovy

Large purse seine

Large pair trawl
Tier 2

Anchovy drag net

Inshore trap

Pacific sardine, common squid, spanish
mackerel, hair tail, file fish, yellow tail,

tunas

Croakers, spanish mackerel, anchovy, chub

mackerel, common squid, pomfret

Common eel, octopus, long arm octopus

- : excluded from analysis
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AFH7IE2 287 FEARAL] 3 ded PR FHE D)

[e]
FAEA AR (KOSIS, 1988~2008)2] A7 E &-&3lATh

2 AFS AA A 1o

ALE A A e EA o AREE HU A AN TE (MEY)S HHA &4
A2 (MSY)d a3 (KOSIS, 1988~2008) = o]dul& (FEI,
1988~2008)2] WAZHEH FwoldS FH3I, olue] o =HHFe F
st A AA PG TFS =4 *8}95}’“4 (Seo and Zhang, 2001), HT U=
TAZEA 7Y 9% ] (KOSIS, 1988~2008)5 ©]-&3td2
AAYAN = BA SAAE (KOSIS, 1988 ~2008)E ©]-&3}t}.
m] o] &Rl ool odHl g AR FHEHPCeH (FEI 1988~
2008), 2% FYAHAE (KOSIS, 1994~2008)5 83}
g} 18=7} S0l S2H (KOSIS, 1988 ~2008)2 =
AT
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3. 2%

31. AEY J¥= H7}

AW i@ dgoldelA ojgH= s
¥7}= Tier 12 (Table 9 and Fig. 4), Folz], 24
=], Wof, o] F+ Tier 22 3t} (Table 10 and 11).

A, ZA, F

HFAFAAAA odH= aAsoleh Aol AdFe FHFAA
Ao TAC thaolE HrlRuAel ARE 983t.on  (NFRDI, 2008;
Appendix, 13), 7t A=R AEH EAHAE ©] &3] Beverton and Holt
(1957)9] Atekadwr Ruo]  osf  ZFUAFAAAAFE  (SB/Reuwr,  SB/Ruow,
SB/Rys)= G743

HE Aol oll A o8 e 15019 APFS 1988l 601,903=2 2
45 Atk (NFRDI, 2008). SB/Reu> 405:3g,SB/Rus> 380.7g, SB/Raoy
1920g o2 AAE Qo ol mE E3E7IFEH Byyw 5654018, A7)
T4 Buy= 2850832 & FAHHO AP FrHTe FRVIEH, 082
H7EE Atk 20080 AL #Ho] 785214%F (NFRDI, 2008), SB/Reu
206.4g SB/Ruy< 263.9g, SB/Ray 133.6g &2 AXtE o, ol we
537158 Baos= 1,003,879F, Byt 508,146 2.2 H7HH = 0.882 ALt
At

780l e] Ad#FL 19880 70275E 02 FG U 2H (NFRDI 2008),
SB/Reure 132.6g, SB/RupyS 174.0g, SB/RayS 89.6g O 2 AlA+E o,
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Table 9. Risk scores for the ecosystem-based fisheries tier 1 assessment of

large purse seine fishery in the southern sea of Korea

Objectives Indicator Chub mackerel Jack mackerel
1988 2008 1988 2008

Sustainability 0.00 0.88 0.98 1.40
0.00 0.00 2.00 0.00

te 2.00 2.00 2.00 2.00

FG 1.80 2.00 1.10 2.00

TLum 1.20 1.80 1.20 1.80

MR 0.00 0.00 2.00 1.71

P 0.49 1.29 0.00 0.00

KC 0.34 0.59 0.00 0.00

Biodiversity BC/C 2.00 0.77 2.00 0.77
D/C 0.00 2.00 0.00 2.00

TL. 1.92 1.92 1.92 1.92

DI 2.00 0.00 2.00 0.00

P/B 2.00 2.00 2.00 2.00

Habitat DH/H 0.00 0.00 0.00 0.00
SC 0.51 2.00 0.51 2.00

RT 2.00 0.00 2.00 0.00

PG/G 1.14 1.81 1.14 1.81

FR 0.00 0.00 0.00 0.00

DW 1.14 0.00 1.14 0.00

Socio-economic MEY 0.00 0.00 2.00 0.00
benefit IPPE 2.00 0.74 2.00 0.74
RPS 0.72 0.00 0.72 0.00

RLTS 0.00 0.00 0.00 0.00

ER 2.00 2.00 2.00 2.00
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(@) Chub mackerel

¥ < s bility »| «— Biodiversity —pl«——— Habitat ——»|«— Socio-economic —
S 2.00 e A © n A o4 A =
T A O [ J
o
A A A
2 1.00
% °
@ o o A
A ® A
. A
3 000 A - - - 8- 8-l —
I
A 1988 O 2008 [ 198, 2008 Indicators
(b) Jack mackerel
ﬁ < S inability »|«— Biodiversity — pl«——— Habitat ———»|<«— Socio-economic —
5 200 —A— @ A S O—.—A—. o4 A—k i
= F <
°
o
o
e ' Al &
2100 FA I 1 |
g ( ] o A
A
¥
£ 000 @ e —a—e—— el
- @ (g} a pal = - 3 @ = o [ -l bl - o =] Fel Fel m
BESTAE LIPS SIRIEENYEIEER
A 1088 O 2008 [T 1988, 2008 Indicators
Fig. 4. Risk scores for the ecosystem-based tier 1 fisheries assessment of

large purse seine fishery in the southern sea of Korea. Red denotes

high risk, medium risk with yellow, and low risk with green.
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Table 10. Risk scores for the ecosystem-based tier 2 fisheries assessment of

year 1988 in the large purse seine fishery

o Risk score
Objectives No. = s A e = v 7
Sustainability S-1 0 0 1 1 0 1 1
S-2 1 1 1 1 1 1 1
S-3 1 2 2 2 1 2 1
S-4 1 1 1 1 1 1 1
S-5 1 2 2 2 2 2 1
S-6 2 2 2 2 2 2 2
S-7 0 0 0 0 0 0 1
S-8 0 1 1 1 1 0 0
S-9 P 2 2 2 2 2 2
S-10 1 1 1 1 1 1 1
S-11 2 2 2 2 2 2 2
Biodiversity B-1 2 2 2 2 2 2 2
B-2 p 2 2 2 2 2 2
B-3 0 0 0 0 0 0 1
B-4 1 1 1 1 1 1 2
B-5 2 2 2 2 2 2 2
Habitat H-1 0 0 0 0 0 0 0
H-2 p 2 2 2 2 2 2
H-3 0 0 0 0 0 0 0
H-4 1 1 1 1 1 1 1
H-5 2 2 2 2 2 2 2
H-6 2 2 2 2 2 2 2
H-7 1 1 1 1 1 1 1
Socio-economic ~ E-1 0 0 2 2 0 2 2
benefit E-2 0 0 0 0 0 0 0
E-3 0 0 2 2 0 2 2
E-4 1 1 0 1 0 0 1
E-5 2 2 2 2 2 2 2

! Pacific sardine, > Common squid, 3 Spanish mackerel, * Hair tail, ° Filefish,

® Yellow tail, 7 Tunas
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Table 11. Risk scores for the ecosystem-based tier 2 fisheries assessment of

year 2008 in the large purse seine fishery

Risk score

Ht*

Objectives No.

m»—\
@
95}
)
wn
Bb-)
o]
a
<
ﬁC?\
—
N

Sustainability S-1
S-2
S-3
S-4
S-5
S-6
S-7
S-8
S-9
S-10
S-11
Biodiversity B-1
B-2
B-3
B-4
B-5
Habitat H-1
H-2
H-3
H-4
H-5
H-6
H-7
Socio-economic ~ E-1
benefit E-2
E-3
E-4
E-5

N DN = NN R R RO NOR R R =R N=R O =R OO N o o O =
N R N = DN R =R R ONO R PR R R NN O R PR ON R O o O =
N © © = OIN R R R ONORFR P B B NN ON P O RR O o o o
N R O = ON R R R ONOR R R B N OO N R ODN R O O o O
N R = = RIN R R R ONO R PR R FHF NOON R ODNR OO O =
N ©O © R O PR R R ON ORFR P R P DD ODN OO N R O o o O
N N O = ON R R R O NON R R R NDNO R ORFR NMNO O o o o

! Pacific sardine, > Common squid, 3 Spanish mackerel, * Hair tail, ° Filefish,

® Yellow tail, 7 Tunas
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olo] WE EF7|FEA ByyE 92,212F, Byt 4748402 FAHE o] Hr}
e 0982 ALTHEAT 20080 Aol 70,295% (NFRDI, 2008),
SB/Rew 87.82, SB/Rupyo 135.8g, SB/Raypy> 67.3g2.2 AFE o, o
o] 2 EX7F By 108,650, Byy= 53,825F 0.2 HI7IHSE 1.40
o2 ALt=E A (Table 9).

a5olsh MAge] AL RSE F7teA Tt (Fig. 4).

(2) 8= (©)

HEAGoId arsolet H7dele odF e FHFAFAAR (KOSIS,
1998~2008)¢] At& ¢} @Akl e] o] ¥ -CPUE (NFRDI, 1988~2008)
£ AH83F] Schaefer (1954) 2ol ofs} FHH HYALHAYLF (MSY)
< o] &3t

50 o F ke 1988 0] 154,948F 02 A, 3= MSY= 171,513
B, AAVIEHS BR7]EH 2819 343,026 0.2 FAHH YFE Hr}
Are HR7]TH, 022 H7hE gk 2008 ol = 01@1%01 167,359 0.2
UEt MSYRTE Yo B u7tA 8 ER7|FEH, 002 B 7t A

F7go) o] o] B e 19889 31,740F 0], Hufj A& A (MSY)S
154158, A 7}242 30,831 822 A= JIE JridsF= A7
7, 22 H7tE Ak 200830 ojF o) 11,633 02 YElyg BR7EH,
002 W7}= ATt (Table 9).

5019 RS #2 WE floy 7ol RS= A3t (Fig. 4).

B) AGMAIAH (k)

a5o)et Hole] Ax ol ENAIA#E S Choi et al. (2003), 3]
AALH7 et #wE] (NFRDI, 1993), 854338 TAC H 1A (NFRDI,
2008) A5 E E&3tA Tt

agole] oA AH ] 3 19883 HHIIFEH (tuge) S S A
2l 289cm (Choi et al., 2003)& 7122 3H4s 2314, A ZIEH (timie)

ol
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< 09t Q1 20842 AP, 198812 oI/ AAH L 11842 A
ZNERREY dorng drtHee SAVIEH, 28 HrhE AT 2008 9 o
IAAAHE LS 1.014 2 JEFOoH (NFRDI, 2008), 2X71FH 2 2,604 =
SA7IERS 23442 FAHE FrHHsE SAVIER, 282 H7E AT
A7gole oA AHLS 19880 0.642 UEen  (NFRDI,
1993), 198819 H X 7|FHL 2008 7| FHsHAl AAsto Ex7]
T3S 2674 (NFRDL, 2008)2, A 7]EH S 24042 8= o] B4
= SAVIEA, 22 H7FE AT 200809 o FsRAIAHE S 0.634] (NDRDJ,
2008)2 FA = o], BrPHFE FAVIEH, 22 H7E AT (Table 9).
5ok H7gole] RS 2 HE o] AT (Fig. 4).

aGolel Aol ofFRE WAL FPFke Y] A I Td
¥ ZE (NFRDI, 1988~2008)5 ©]-&@&te] &3 7o gt " S ALt

S|
15019 oAfFREE HH | g HETZFEH (FGuarge)S 2005699 H
S NFLZ WN%S AL AT, 219480km’o 2 FAF o, FHA 7
H (FGrmi)& 195,093km’S. 2 Atk 1509 19883 oJFEE W
2L 197,562km’ 0.2 F 4 Ho} 7 4= 18002 e 9loH, 20081 ]
oJFETE WAL 172,867km* o2 FAE o} A 7|EH, 28 HrrE A

A7golo] o FEE WA U EXVFEHS 200689 WAS VFES
2 197,254km?, A 71EH L 175,337km? .2 A Attt H7golo] 1988
o] oJFEE WL 185215km’e. 2 FAHHo] HrMESFE 11002 ALE
Rom, 200839 oJFEE WAL 163,606km’ .2 FHH o] FAIEH, 2
2 P71 ATk (Table 9).

aFolet Mol RS #e FUHsHATH (Fig. 4).

AN

F

o,

() A E] Hid FFDEA (TLw)
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Ny dgolde Adxd ogE9 HT JYTDA = Lee et al. (2007)9
Holx4d A7 E o83t FsATh
@ AFoIde] s Ha DA dFdF ZX7IER  (TLarge) S

[¢]
(TLimi)= o189 &9 HaFSaA7} 7 &
A 33302 AUt 1988 & Ao
5]01 W7 = 1.200.2 FrrERow, 200800+ Hit G FHA 7t
FAH] FAAHFE 18022 H7FE AT} (Table 9).
A oEe JdAol e RSE Z715tAT (Fig. 4).

(6) dolHl& (MR)

A goigdel aFolet HBole AxH AFojHlgd FHFLAEd
o] ZAMA}E (1988, 2008)9F A ESHE SHX S o] &t & AT

a5olel Agojulgol digk 198819 EHX7|FEH (MRurge)s MRyy
273% =, A ZIFEH (MRimi)> MRayySl 137%2 F8 =A™, 198819

Ao oIS 347%EA HR7IEH, 022 HIEAN 20089 &
ENEHES 254%, FANEHE 127%E FAEJCH, 20083 1150
Qoju) gL 518% 2 A EX7FH, 002 7= At

278 0le] Adojulgd tfsh 19889 ER7|FHE 27.8%, SHAVIEH S
13.9% = FAEJ oM, 198839} 7ol Holul &2 43%= A 7IFH,
22 HrFE U 200839 ERI|FHLS 261%, FAVNEFHLS 131%E F3
F o, 20081 de] Aol AojHl &L 15.0%2A HA7HSF= 1712 ALt
= ATk (Table 9).

a5olo RSES HEloy dAole FAastATt (Fig. 4).

7) A% = EH] 7]&7] (P)
g sl nsolet Aol A AT FYPatnsdy A

ZA A8 (NFRDA, 1967, 1987, Appendix 15)2 ©]&3}
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aFole] Aol tig MAFE Yt AT 2HER 1371 A %
of that A Fo5F P 19880 0.082 YElY H7MHS5E 0492
ARElom, 20080 0.042 FHEOl F7HHTE 1298 HI7HE A

778 o)== 198819l 0.29, 2008 = 0205 YEH o] BF HEV|EH,
002 W7}= Atk (Table 9).

15019 RS #2 F7ketda A7ole WE AT (Fig. 4).

(8) A °]&& (KO

aFolel WAoo JAFF A o] &&S A A &F-F - H
3= AgF T FHY ofgr &S FAHRLH, FAO % KOSIS DBE
o]-&3} At (Appendix 16~17).

1501 A9 ol &g gk HRVIEHS 17.0%, SHAVIEHLS 85%
2 FAEA 19881 SFEjtet 150 olgHEL 155%F HMHT <=
0342 AtENod, 2008d0E 145%% H7FHS+= 0597 AFE At

A7 ol e A o] && te HEZIEHL 85%, FAZIFHS 42%=
A8kt 1988 7 2008'd 9] ¢vtet 7o) o dnlE e 24zt 14.9% ¢}
9.0%% Yeh} BF Zx71%H, 022 BUHE A (Table 9).

aFolo RS #2 S7keta A7ole HE Ik (Fig. 4).

At Ha, HE7IFH (BC/Cuarge)> HAZIEA S A¥E £F<20 0.051
At 198839 EF LS 013124 FAZEH, 28 H7FE AT
2008\ 9] A 7IEHS A ERAEZRE 570 (2004~2008)2] kel
012782 AAsA, ZRx7IEHS SAVIEHY A 54 006302 A
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st 2008‘59] &2 0.0882A H7HH4+= 0772 H71= AT (Table 9).
N ATy & °ﬂ W& RS e TAIAT (Fig. 4).

gaagelde W7 oHEA AR F JHolRE ERHE o
B P I
491 9T ANES PANTH OC/Cm2 Ao, HEINEH

1988 9] EX7|ZHE 0.15%, 6&74171%@% 018%= AAFJoH,

2 010%2A E3xE7IEH, 002 H7hE At 200839 &

ENFEHL 001%, FAZITHL 0.02%2 DA FHJeH, 200832 H 7| &2

0.04% =X FAZIEH, 28 H7tHAt (Table 9). ALY #H7|E9
RS & Z715tAT} (Fig. 4).

al. (2007)9] A5 & <183
shalet. ke & vehle w5 B A= MSC (2009)9] AR E

= 2 +=A(TLeimi) 3.752 AH
stom, aFojet ol R o Ht YT A= 3.230 2 A 1988
200819 H7HHFE 1.922 BAH AT (Table 9). 73 HadSaA g

o)

= J
BdE o] 5/dS st ALtetAnh 19889 HXVIFA  (Dlarge)
1.68, A 71F% (Dlimir)> 1.64= AlAHE oM, 19881 9] Tohdd A<=
127~1.739] M2 HAFS 142 FHE] A 7|EFH, 28 H71EATH
200819 H3x7]FHE 082, eHAIVIEHS 078 2 AAEASH, 2008 9

ox
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Z0%d AFE 086~1.269 MR HAFge
A, 002 3711} (Table 9). FTHd =50l thak RS 3

N
N
flo
o
[N
o
32
T
o
@
=

(5) FoFet AolfFo Hl& (P/B)

Ny ddo]del FoAF (P)/AAAF B)Y HE7ITH (P/Buage)= 05Z
3RS ™, 0.05P/Biarget ~0.1P/Brarger®] M A H7Fet Stk 1988 3
2008 <] P/Be Zt7F 55.63 16.72 AAMHY H7MH ¢ EF SAVIEA,
22 H7}E T} (Table 9).

FolFoF AolF Hlgo] e RS g2 HE A (Fig. 4).

ok A A A

(1) A2 A 3&& (DH/H)

el ol g A=A AN BTG AAA AEES WP ATl
EZo]Fol7] wFol 1988 dF} 2008 d EF EdxVIFH, 022 Hrly
(Table 9).

) A=A E (SO
A H &S TESFRY T EFE A
E‘H/\]'F_(H‘ZH%Q 6’]—74]7]“!1‘71(51 (SCtarget)“g_‘ -E-}—‘Z],7]Zl- = Z{j;‘(ﬂ = ;(H_XH%]; = E‘H/\]—

A& FEvl &l 2%=2 AASERAST, FRE 7T (SCuarget) S HRIFE
0
3

e
e
ot
D)
i
Ll
o
oo
o
3R
o
=

A 11%= HAA3AT 1988 d 2] dAANF vl &S 13.8%= Hx7]T
Z PrtERem, 200839 sjALAIF HI &S 314% = SHAI7IEA, 2=
H At (Table 9). sfAL=|F &0l tHg+ RS @2 S7hstAh (Fig. 4).

FN
e

() A=A ZF (RT)

I G TPt xR 2] 27 (1988~2008)F
o] &3ttt

AL Fd e FAZIEH RTimi)S 2471 T B 42D F



Q1 460(x1000 cell/ml)2 HATHO™, EX7FH (RTage)S AWHFEQ
230(x1000 cell/m¢)2 A5 Th 19881 A ZAY 2 662(x1000 cell/
)2 SAVIEH, 22 HriEJdem, 200899 AHZWAYHFL 36(x1000
cell/m)E FHE7FF, 092 H7FE ATt (Table 9). AT Fe] RS g2
skt (Fig. 4).

ov, Syaatnstde AUt FRESHE AR (1992~2008) T @l
b 1270 R RREA ARES B4 FAVIEH  (PG/Giimi)E
10.0mg/L, HE7EH (PG/Gurge) e FANEHY] A FEo2 HF —5}9;
o} 198839 R {EA TEE Hi 7.85mg/LE FANE S HIFHSFE 114
2 A= e, 200899 FHEH TEE B 95mg/LE FAE] ¥
NHAFE 1812 H7HH AT (Table 9). Ak 2 AS{49] e dro] B3t
RS & Z7batT) (Fig. 4).

(5) o174 (FR)
P Aol de] AFFAe A glorZ 19883 2008 EF =
71E34, 022 FrEIAT

ke

G 7= Atarel o3k sdE ded LTAAL Ax (KOSIS
1990~2008)5 ©]-&3td A3ttt
NFHA7IES FAVIEH DWim) 4710 T Pl Haikd

14295kl 2 EZH7]|FH (DWarge) S 714.8k0E2 A3 198813 2] & 45
NEFS 1,1212kE BrHESFE 114802 HrrEen, 20080 E
340.6k(Z EHE7|FEH, 022 HrE AT sdH71EY RS Fe AT
(Fig. 4).
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2}, ALS| A A 1O

(1) HBA AW F (MEY)

Aol AS ogF x| s BATHA B
AHE (MEY)S 71 o2 dgstdon, HNASAH AT o
A (Seo and Zhang, 2001)E ©]-&3ty H FHsHh

MG Y 1501 F$ MEYE 15333802 FHEHJoW, &3
71E-L 0.IMEY FF91 15334F, A 7]E8 -2 02MEY %<1 30,668=
o2 dAsAnt 198833 200819 MAHEE FFFolA MEYS Wl 3te
2 77} 1,610ET 14021502 HHd5e B &

At

A74ole] A HYABAHY A FOl 1831782 FAHHUL, EXRVFE
AL 1,832F, sAZIEZHLS 3,663F02 AAsPOH, 19883 =2 A
< 13423E L 2 SAI7IEA, 22 HI7HEATE 200879 LIS 6,784
2 JHgeE 53754, 022 B7HE AT (Table 9).

15019 RS #2 HE flou AAole ATt (Fig. 4).

g

N

v

3

o

rHﬂ r

() 1 Y5 (IPPE)

g dgoldel SAtE 73 B 52 FAREAAT Y] AR R

S 7 (FEL 1988~2008)2] FAAL 1217 Q1 1H]IE €855} (Appendix 18).

1988139 EH 753 (IPPEurge)> EAIZEZAL 49071 €8T 259
1,231,600, A 71F5 (IPPEimi)< A AR 573,800 0.2 HAstA
), 19881 WP Adold TAAY 1909 H dF2 508417¢ o2 33
MHae SAZIEA, 22 H7HE AT 20089 HE7IEH-2 3,905,600,
SAI7IE S 1,2658009 0.2 AR oM, 200809 I AGAAY] F
ARAES] 1907 Bt AFS 29225008 0.2 HIMHSE 0742 A4bE T
(Table 9). Hi YT RS & FA3AT (Fig. 4).

.

(3) v o]&FHl (RPS)
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A goAdel v olgHle FEABAATYE AGFA BA (FEL
1988~2008)] AFFHH FHIEL2 HIEZ ASIA T (Appendix, 19).

Ny dge]de] v oj&Hle] A 1988 HE7IFEH  (RPSurger)
1670 14 ALFATH FHlgo HuulEQl 254% = A, A7
T3 (RPSjmi)> &7} o]&HIZF A3 gle 0%= 2gsiith 1988329 o
FAgolde #Hr o]&HE 163%=AH FHIFHFE 0722 AAMEA
200839 ER7IEHE 8.6%, HAVIEHE 0%= AR, 2008 Y
@Gl e]l HAuf o]fHIE 98%EA EEIFEH, 022 HiHAG
(Table 9). @ Mdgolyd Fuf o] &1 RS Fh2 HASHAT (Fig. 4).

2
fEddolgde] AFAFEL FTHFAFAAES FIE FYPHH
(KOSIS, 1995~2008)3} =ufj A8 2k &F & A AT (Appendix 20).

A FAEES] A7 198832 HR7|EH (RLTSurge) > 199539 A4 A
2bF Oiv] F ST vlEQl 774% 2 AASIR A, AT (RLTSimi) <
RV Hutel 387%2 AASASH, 199539 a5ole FAH
2510802 AFATES Bo%E FAEC HR7IFF, 022 HIIE
T} 200899 EHX7ZJFEHS 53.0%, FAVIEHL265%F AR
20083 9] 1Tole] FUF 30219F 07 2BAFE L 853%E EHUFE
A, 002 HrtEATh WP ol=-1988 372008 5 A #AF &) 100%
2 RR7IFH, 022 H7HH AT (Table 9).

a5 olel Mol AFFAF &l et RS 72 wEo] Tt (Fig. 4).

E
R
fifo

flo

32

~

(6) 1&57F& (ER)

D§EHRe old Aol Fav M £ DU 1§37
2 Adsgon, S REFHES ARE FAARE AT F2 A

—~ M

KOSIS, 1987~2008)E ©]-&3tAtH (Appendix 21).
:]7—'% %7]"3'*’] OT 1988 d_*/] 3‘7]2@ (ERtarget)% 088%/ 2:5-1'74] 7]%@



A

q o]
7}=E ATt (Table 9). 38571

A
pas

¢}

o

[e]

b=

st o™, 200849

S

8

7F=E A, 2008 2
29

-0.50% =

-y

[¢]

]

T om, 19883 <]
Ry

ANNEA, 2=

p

©

g
°
L

¢!
A71EH

8.4% 2 A
RS @2 WEo] AT (Fig. 4).

il

AZIEH, 22
9

p

il

°

0.44% =
[e)

R

o)
o)
= -

R

-1.5% 2 A
-0.25%,

[e)

S8

(ERuimit)

Mo

A (TL), FoF

(SC), 2}t
7+& (ER)o A

A S Al A R0l 8 7H A]

=

AR

90

L

L

/A olF HIE (P/B), A 21A <A

(o= ut

oo
oF

o]
M

B

=

T

.

YERHAL ). 7 0]

=
==

ot (Fig. 4).

R

e

]

!

HA ]

J|

Solgt £

|

i

_]

3

=T 1988 9] A&

5]

A2z 0 o] AT wmE AalA

T2 yeen, o7t AAx6 1l

7FE Ak AFE 7 A A

=

A Yehow, CPUERE <}

7He ek A= g ol A

5]
==

T

L

]

)
JO

A4 =& ¢
= 9A %

-
It
=

3} o} 74

[e]
3k

%

]

=
oz

vl R0 F 9] Tier 200 €]

7}
2

=5 UET. M4 FEENA

A, A4H 58 A

]

PN
T
PN
T
X

et} (Table 10).
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_55_

Ul on, o7 A



Bt AEgdde EYEdA A9/ B dehgod, dex Axe
A

YR F5e 12 BAEAT AR AR HARe] HEel
443 AFBET BA Uehdon], yrx gme AdY A5 BrEh
A3 3AE Aol e ngAFANA ABEA A FAHUH (Table 11).

312 HF B E | 7| A ALY

el o AW dFgTo) 7 AAJNTo AN ol g e 2], Fx
7], FotAY AF= Hrb= Tier 190 sl 3P o™ (Table 12 and
Fig. 5), &go°], 4, ¥, 150, 240, Wole Tier 2 sl 33}

ATt (Table 13 and 14).

T —
ol goldte Susansae dx 87y o oIy

e

ot
_>|i
Frl
4
=
)
=
—_
\O
0
o)
!
N
S
S
&9
il
o8
ofo
ol
o
paeh
=
p]
(@)
=
QO
e
(@)
=
="
\O
1
=l
td
i)
=2
Lo
:(é

=
H) A &2 Y4 (MSY) B MSYAl 9] CPUEvsyS F43H31TtH (Table 12).

A 2] MSYE 20,724%, el W8] S]F e 91,603 (haul)2 F74 ¥ ]
CPUE (kg/haul)oll #HIgt =3 7]F5 CPUEwsy= 2262, SHA7]EH -2 Ayt
29 11312 =A% k19887 2008139 CPUEE ZHz} 50.03 98.8%
Uety 37 ss A7, 22 HAEA T

Fx719] MSY+= 10433E, o|mf o] o= aF2 86420 (UFAFE +
AEo] HR7IFHLe 1207, dAVIEHS 6982 FAHEHIJT 19889
CPUEE 80022 H/MAHFE 16002 AXEAOH, 200809 CPUEE
9548 H7MATE 1272 ALE AT

FolA o] MSYE 428, oW =g 67,089 (AB3AF)=E F73
Hol BRIIFHE 64, IANEHLE 3282 FHHJAY. 19883 2] CPUE=
528 H7MHSTE 07302 AAE oM, 2008W ) CPUEE 428 H71H<4
= 1392 A=A
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Table 12. Risk scores for the ecosystem-based tier 1 fisheries assessment of

large pair trawl fishery in the southern sea of Korea

Hair tail Yellow croaker  Yellow goose fish
Objectives Indicator

1988 2008 1988 2008 1988 2008
Sustainability  CpUE 200 200 1.60 127 070 139
C 0.00 0.00 0.07 034 2.00 0.00
Lopt 200  2.00 1.78  2.00 200 200
FG 2.00 2.00 2.00 2.00 0.00 2.00
TLin 0.00 0.00 0.00 0.00 0.00 0.00
MR 200 2.0 136  2.00 200 014

P 0.00  0.00 1.92 © 0.00 - -

KC 0.00 141 0.00.  2.00 - -
Biodiversity -~ = Bc/C 200 _amil78 200 178 200 178
D/C 082 183 082 183 082  1.83
TL. 200 200 200 200 200 200
DI 2.00 0.00 2.00 0.00 2.00 0.00
P/B 200 200 2.00 200 200 2.00
Habitat DH/H 200 200 2.00 2.00 200  2.00
sC 051 200 05T+ .00 051 200
RT 2.00 0.00 2.00 0.00 2.00 0.00
PG/G T T—382 114 181 114 181
FR 0.00 0.0 0.00 0.0 0.00  0.00
DW 114 0.0 114  0.00 114 0.00
Socio-economic NEY 2.00 2.00 0.95 2.00 2.00 1.11
benefit IPPE 200 1.25 200 1.25 200 1.25
RPS 0.00  2.00 0.00  2.00 0.00 200
RLTS 0.00 0.0 0.00 085 200 1.89
ER 200  2.00 200 200 200 200
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(a) Hair tail

=5 < Sustainability > |« Biodiversity < Habitat ———»|<— Socio-economic —»
=
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= o n = = 2 ©wv X w U 424 © X O © ~ v m g =2 5 = = m
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S ! 3 ® S A o0 ] ; S = 03 & o
/\ 1088 QO 2008 [] 1988, 2008 Indicators

Yellow croaker
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s = 3z Gl ] ¥ & T 7R 3G
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(c) Yellow goose fish
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5200 —A @ i A— A -9 A A @ ° -
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Fig. 5. Risk scores for the ecosystem-based tier 1 fisheries assessment of
large pair trawl fishery in the southern sea of Korea. Red denotes
high risk, medium risk with yellow, and low risk with green.
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Table 13. Risk scores for the ecosystem-based tier 2 fisheries assessment of

year 1988 in the large pair trawl fishery

Risk score
Objectives No.

cr' Sm’ An’ Cm’* cs’ P°

Sustainability S1 0 1 1 1 1 1
S-2 1 1 1 1 1 1

S-3 2 2 2 2 2 2

S-4 1 1 1 1 1 1

S5 2 2 2 1 1 1

S-6 2 2 0 2 2 2

S-7 0 0 0 0 0 0

S-8 1 2 1 2 1 1

S-9 1 2 2 2 1 1

S-10 1 1 1 1 1 1

S-11 2 2 p. 2 2 2

Biodiversity B-1 2 2 2 2 2 2
B-2 2 2 2 2 2 2

B-3 2 2 g 2 2 2

B-4 0 0 0 0 0 0

B-5 2 2 2 2 2 2

Habitat H-1 1 1 1 1 1 1
H-2 1 1 1 1 1 1

H-3 0 0 0 0 0 0

H-4 2 2 2 2 2 2

H-5 2 2 2 2 2 2

H-6 2 2 2 2 2 2

H-7 1 1 1 1 1 1

Socio-economic E-1 0 2 2 2 2 2
benefit E-2 0 0 0 0 0 0
E-3 0 1 1 1 1 1

E-4 0 0 1 1 1 0

E-5 2 2 2 2 2 2

! Croakers, 2 Spanish mackerel, 3 Anchovy, * chub mackerel, > Common squid,

® Pomfret
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Table 14. Risk scores for the ecosystem-based tier 2 fisheries assessment of

year 2008 in the large pair trawl fishery

o Risk score

Objectives No. o ol N ot o P
Sustainability S1 1 0 0 1 1 1
S-2 0 0 0 0 0 0

S-3 1 1 1 2 2 1

S-4 1 1 1 1 1 1

S5 1 1 1 0 0 1

S5-6 2 2 0 2 2 2

S-7 0 0 0 0 0 0

S-8 1 1 2 0 1 1

S9 2 2 1 2 1 2

S-10 0 0 1 0 0 0

S-11 2 2 % 2 2 2

Biodiversity B-1 2 2 2 2 2 2
B-2 1 1 1 1 1 1

B-3 2 2 2 2 2 2

B-4 1 1 1 1 1 1

B-5 1 1 1 1 1 1

Habitat H-1 1 1 1 1 1 1
H-2 1 1 1 1 1 1

H-3 0 0 0 0 0 0

H-4 1 1 1 1 1 1

H-5 1 1 1 1 1 1

H-6 1 1 1 1 1 1

H-7 2 2 2 2 2 2

Socio-economic E-1 2 0 0 2 2 2
benefit E-2 1 1 1 1 1 1
E-3 1 0 0 1 1 1

E-4 0 0 1 1 1 0

E-5 2 2 2 2 2 2

! Croakers, 2 Spanish mackerel, 3 Anchovy, * chub mackerel, > Common squid,

® Pomfret
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oft
Lo
=
wn
zl
flo
NS
W
r'E
offt
%)
%)
32
]
o
N
N
fr
ol
B
QL
32

b , 022 HrhE Aot
el BER71EH, 002 BF7hE A
)1\_]__

N
B
S
rr
e
=5
S
o

ZF (MSY)2 19887 2008S 7|Fo=
Row, 19889 HE7IFEHS 10433E,
SA 7= 2086522 FAHEATE 19889 o2 10774E 0 E 33
€ 0072 AXF=EATE 20089 ER7IEH2 2,074F, SHAVIEHS
4148F 0 2 /3 HG om; 20081 FTHE7] of o] 2429F 0= EY
H7MHSE 0342 A2hE AT
ol o) o8 e 19881 d0] 2973=0|H, HAEH YA (MSY)S
428F, AR 86O E FAHEH S E HrtHae= dAVIEA, 2
2 e ek 200839 olgFe 228ES 2 e BR7EH, 002
7}= AT} (Table.12).

gz AEel RS Fe DX MBI G A2 Srlshe

B) ALMNAIA (Lopr)

2A, Fx7), ot AYMAAGL 50% HsAES 7
stdom, BA AREE 7|E ATARE A&}, I
ZAEE EWE AF FASAT (Table 12).
Zz)e] AAAGAG gk 198839 HHE7IFH (Liarge) S 50% F5 A%
& 225cm (Park, 19992)Z, $HAI7]EH  (Limi)< 203cmZ A3t oM,
19881 2] HF A2 208cm (NFRDA, 1990)2 el IAZE=FH, 28

o Z A

- =
e 4

oA
B

rr
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H7E ATt 200839 E%71FHL 255emE, A 71FH L 23.0emE A A )
Homn, 20083 HFAFL 19.9cm=E FHEH O A 7EH, 28 H7 E A

Fz7)e] HFgAFS 1988 dl+= 174cm (Baik, 2001)E FAE 0w,
E37)1EHS 50% A<AFQ 191cm (Baik et al, 2005)%, §A|7|FH L
172cm=Z FAHo] 9L HAFE 1.782 AAMHATH 2008 2] FF A F-e
13.7cmZ FAE Yo, Ex7|FHL 17.6cmZ, A 7|EHL 15.8cmE 3
gEo] gAVIEA, 22 BFUHE AT

gol7 e HEAAL 19883 35.1cmE S HJUOH, BRINEH e
485cm (Park, 1999b)2, AI7|EH L 43.7cm=Z FHH ] HrHdF=
714, 22 H7 = AT 2008 0] BHEA G2 422cmE FA F o] vpIEA]
2 AVEA, 22 F7EE AT

oA NA A ] RS= ZX 9} FolAe WHEol gllal
ATt (Fig. 5).

o

Z7l= =78t

Zx), 3%zx7], Got#e ofFEE HAH L THTAAS Y AR ST
H EX 28 (NFRDI 1988~2008)& o] &3l 2 3o st Was
Akt A8kt (Table 12).

229 AFEEZ - AF o8 ER7FER (FGume) 199595 WA S
7FE0 2 90%S L3 AT, 213,923km*oE E=AHEHPoH, A=A
(FGiimi)& 190,154km’ 0.2 A4}tk 2x]2] 1988 A3 20081 32] of A
Ao 7bzb 182,215km*$} 132,737km’ S8 FAH o] RE A IFEH, 22
3 7HE ATk

Fz719 ofFEEX WA U 5xVIFHS 199549 HAHE V|Fe=
197,254km’, &7
200839 o AEFE WAL 7+7t 166,693km’ 2} 101,868km’ S 2 FAE o] &
T SAVIEA, 22 BUHE AT

ot oFEE WA U ZRVIEHS 199499 HAHS T|ES

H

N
MN
ju)
flo
—_
ot
W
(O8]
~
BI\J

O
fru
(o4
o
ol
4
v
Y
BN
N
{0
—_
O
(0%}
[0}
rV‘
s



2 175,028km’, A 712 AL 155,580km’C. 2 A3tk SHol7 o] 19884
o] AMAx WYE 194476km’C. 2 FAF o] BEIFH, 008 FriEe
™, 200819 A WHE 138911km°eE FAHo] §A|7EH, 202
37k Aot

ol FEX WA e RS e ZAe Fx7]
= F7hstaAnt (Fig. 5).

rr
£

o] AL &olH

al. (2007)9] ®o|z4 ABS o4t =AU (Table 12).

H@AZo 7| AARNBAAY o FE HF YDA g Ex7EH
(TLiarger) > FOllA P A G143 vpz7iA 2 34302 A3, $HA7]
T4 (TLimi)2 3:330.2 A7 3ttt 198851 7 2008 o) o 245 o] 7] X A]
Aol o8B JYFRAE 2tz 3503 3.7002 ZRI|EH, 002
ZHE AT ol E e HE JEFDA ol gk RS w2 ¥E RIS (Fig. 5).

(6) 4ol & (MR)

PG 7| dAG A Y] 23], Fx7], Foble] A= HolHl &

T PFAT L o] FALAL F(1988,12008) 9 A= SHE EAI XS 0]8-3)o]
A8}t (Table 12).
Zz9] Aojulgo] e EX/NEH MRurge)> MRiyd 27.9%2 F3
AeH, FAZIEH MRimi)<> MRzl 13.9%2 FAHEH AT 1988 9
Z2)9] ol gL 3%=2 AT, 22 FriE Ao, 20089 HiE7]
FHE 267%, FAVIEHL 134% 2 FZF Ak 2008 F2] 2 x| 2] AJojH]
2 04%=A FHA7IER, 22 HI7HE A

FE719] 1988 9] Agojulgdd tig Hx7|EHS 288%, SAIVIEX
144% 2 FAFACH, 19889 Fx7|e] Aojul &L 19.0%= F4
FPASE 13602 AMEAT 200839 ERINFHES 274%, FA 7

flo

i

i
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A 137%= FA=HJeH, Fx7]9 20081 AojHl &L 13.7%=A4
A71EH, 282 H7HE Aok

golA e Agojulgo] W Zx7|EAHTY A 7|EH-S 198897 20081
B5 22 331%, 16.6% = ARSIt 19881 SotAe AojHl &S
127%2 FAH FAVIEH, 22 FrHEeH, 200839 AojHlee
320% 24 H7HHG = 0142 ALHE A

dolul g g RS 32 ZAE ®¥so] AT Fxrle St o
grolAE A5 AT (Fig. 5).

S|
i
o,
[
18,
m
o
{0
N
o

71 (P)

@ ZFo| 7] AAATAD Exe 279 A AFe Iy FAAH
o] AFxAAAE (NFRDA, 1967, 1987; Appendix 14)E o]&3to] 4
3T} (Table 12).

2o Aol dghMATE e Ad 2FE-] 717 Az
st BAIge] fol4E PE 1988 F 2008l 2H7t 0.66% 0.75% ERL}
e 3715—@ 022 "3 7t= ATt

271945 1988l 0.0142 Fg=H o] FrdgE 1922 ALt
Rom, 2008 d = 0.11E FAHEH ER7|EH, 082 F7EE A

FolAE AR - HEZogZ BAAFAN Attt 29 RS e

(8) A °]&& (KO

X9} Fx719 AATL A o] &&S My Y - F -4 3
M=) olg g F b ojFgugS FA3I9 e, FAO ¥ KOSIS DBE
o]-&3} At} (Table 12, Appendix 15~16).

Zz)e] A o] && g ERVIFEHS 87% TAVIEHLS 44%=E
AAstden, 19889 elutel 23 oS 208% % HIMHFE &
®712H, 028 HriEgon, 2008@0E 5.6%% HIFHSFE 1412 AL
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= At

Fx71e] A o] &&ol WS HHIVIFHL 187%, FHAVIEHL 94%=
A3k 198839 $Ejuet Fx7] o]En &L 438%E EXIFEH, 0o
2 YriERon, 200839 oFul&L 8.6%=2A SAVIEH, 22 H7FEATH
Z=) <} ﬂiﬂfﬂ RS 3t F7letdnt (Fig. 5).

FolAs T3 YR oI F A8 BHo7 B HANA A3tk

o2 Atelth 19881 d 9] A 71+ (BC/Cim)> A& WEZHH 5
7Hh (1988~+1992)2] HtgkA 0.361Z AG3A L, HE7IEH (BC/Crarger)
S A VIEHS ARk 52 01812 HAGSFHTh 198839 &8> 0428
24 A 7IEH, 22 HrEA 200838 A 7= wiAY degR
B 570 (2004 ~2008)9] HiF g 02012 A9, HFE71EH-S 0.100
o2 HA3AY 20082 L2 018924 HIMHFE 1.782 AXES
T} (Table 12). £38-&8 RS g2 #a3At (Fig5).

@) #1714 (D/C)

AL 7] AAATAPY A& AFd5A AR T 7
FEe odF 1% 5 AV AL 37 71E4
Z5E 5/0de Hd #HVeS FAVIEA (DC/Clarge) &= AL, F327]
TH (DC/Cuarge) AI7IEA S 80%TT 22 AA ST

1988139 EH3E 753 (DC/Charger) 0.08, A 71FEH (DC/ Crarger)> 0.10
o7 HAA3P 200839 EZHVEHL 0013, FAVIEHE 00172 A
Ak 19889 H7|E&L 00924 H/MHSE 0822 ALtEAoH,
200839 #H7]&2 00162 HI7MHTFE 18322 AXMEIH (Table 12).
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@) v Hod DA (TL)
Zx), Fx7], FolAY T3 YDA = Lee et al. (2007)Y AEE <
&kl ARt AdE s Yede 2F B dFEA= MSC (2009)

3252 AAsFoH, Zx9 oty #+F Hd LA = 371, FHE7)
© 3.622 4 1988 A3} 2008 d 9] HIMHFE BT SHAVIEA, 22 HILE
RS @& W&ol fIUH (Table 12 and Fig. 5).

(4) TG A5 (D)

HEFAFo| 7| AARTAY o8 EY FTOIE AFe €47 F Al
W=9) miAebdE o] 570 alath. 1988139 3 7|E
(Dliarger) = 2.801, A 7]EH (Dlimig) = 2.7662 A4 12 ™, 19881 2
CHEA A E 2476~2.8379] WO Z HFFHLS 262302 FHH A 7]
=3, 22 HriE Aok 200839 ER7|EHLS 2156, A ZIEHS 21392
AAEI G om, 2008 THEAE AFe 2120~22899 RAE HTFHS
21782 FA =] EF7|FH, 022 HI7IH AT (Table 12). TohE3 A
o] RS #2 #as A (Fig. 5).

o,

‘

ol

ok

£

)

.24

L

ofN

(5) FolF9} AojFe ©lE (P/B)

AL 71 dANTLH Y FolF (P)/AF (B)S HFR71FH (P/Buarger)
2 052 AH3IH O™, 0.05P/Buarget~0.1P/Buarger] HHNA H 7131t 1988
Wyt 2008139 P/BE ZHZb 03873 13872 AAtE o] HrbdsE B5 3HA 7]
T4, 22 B7HE o RS @ WEo] gllth (Table 12 and Fig. 5).

oF A2 A
(1) A2A F<& (DH/H)
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a3l o1 AejAl A i EEe] 7] dAJT AP A2 eSS
FREo7|AAANG AP ATE EHA 2Hste ofFol7] Hﬁwoﬂ 1988
Wyt 2008d 25 SAIVIEA, 22 H7bE o] RS 32 WEo]l fIATh (Table
12 and Fig. 5).

o

@A Lol 7] AANFo g oAF AL A gloerma 1988dF 2008
BF BR7IFH, 022 H7FE AT (Table 12 and Fig. 5).

a2 48 Q9x (PG/G), AZEAHF (RD),
FE7IE (DW)S oo Ao AeA FFol g FFHA A3Eo]
T A7 e TYait

1) HNBAAAYF (MEY)

Lo 7| AAQIEAAY A MEYE 2862F22 FHHJom,

E2x7E=HE 01IMEY F=¢ 2862%, 3tA| 7|1 & 0.2MEY 5321 5,724
Eoz dAFNeH, 1988Wy 2008 AAHF2 Zh7; 22,524 E 3 21,709
Eo2 WHHSE BF A VIEH, 22 H7IE A,
Fz71= 198839 EH7|EH L 939, A 7= 18782 AF
stRom, 1988d9 AJakd 1,388 0.2 HIyMHSFE 0952 ALbEATh
20081 9] EHxV|EHL 1878, SAIVIEHLS 373ECE HAYE oM, 2008
Hol AL 52802 HrMHSE HAV|EAH, 22 e A

FgolAe A, FRVIEHL 27E, FAVIEHL 4ELE AL
H, 19881 9] AL 2703EL 2 SAVIEH, 282 HriE o, 2008
o] AL 2FESE HFHSFE 1112 AL AT (Table 12).

Zxe] RS #e Wsol gl Fx7e Frhsiden Fotdle #ast
ATt (Fig. 5).
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HEAZo 7] AARJNT ARG FAStE 7 B dF A
T4 AyAA AFE 5 (FEI 1988~2008)8] FARAF 1919 <1Av S &
ATt (Table 12, Appendix 18).

G| 7] AAJNTAGed FASEE 7 Hd A5 AF 1988
E37)1FH (IPPEuge)< S=AITZAF 490 7h 97 A&5<0 1,231,600
A, FA7NEH (IPPEime)> HAAAAIM 573,800¢ 0.2 HA3s3 0™, 1988
dol P 952 441100902 Hrtdae SAVIEH, 22 FI7HEAH
2008 19] HR®7IFEHS 3,9056009, $HAZIEHS 1,2668009 02 AA A
ow, 200899 H UFS 2259300¢ .8 HILHFE 1.252 AAMEATH
B 979 RS e 743U (Fig. 5).

flo
4
[
o,
2
2

ke

o o] &FH = FHBAATE ALGTFA S (FEL 1988~2008)°] oL
H FH1Eo HEZ ARSIAT (Table 12, Appendix 19).

W@ FE)7I AT He] A o]&HIS] A5 19888 H3EVIFER
(RPSparger) > 1670 15 o] Hold-da THIE-2] BHI&<l 254%, A 7IEH
(RPSpimit)> 0% = 2788k T). 19881 9] thd & ol71d Aol d o] dvf o]
fHlE 273%EA BZHEFE 5375, 022 RJUtE AT 200899 =
ENFHL 8.6%, FAVIEHLE 0%= I om, 200832 thPFHLo]
7NAA IR A o] &RE 08%EA FAVEH, 28 HUIHAJG. &
ol o] &Hle] RS #-& F7IEtA T (Fig. 5)

2 1}%:%% THFAEAARSY FE FALA (KOSIS, 1995~
8) =g S Hl&E AT (Table 12, Appendix 20).

A AFEY A5 198839 HE7FH (RLTStarger)> 199599 HAAY
A e F FAdF BE 774%, FAZIFEH RLTSim) S 38.7%% A



_l

o™, 199599 ZX FYPHFS 1280802 A FAFES B5%E

7124, 022 H7FE AT 20089 HE7|IEHL 53.0%, SHAIZIEA
265%% A7t on, 2008 d 8] 229 FUFL 34110522 2 F A}
HEL 673%2 5x7FEH, 022 FrhE A

Fx71% 199530 Fd#o] 1,918 02 A AF&S 9B53%E EF
712, 022 HI7EEA oY, 200800 = FUFo] 43,0802 A AT
£0o] 41.7% 2 H7LHFE 0852 AE AT

FolAE 199530 FUHFo] 5611E02 AFAFEL 296%2 A 7]
74, 28 AMEgen, 20083 E FYHo] 31,104E02 HF AFES
279% % H7MHFE 1.892 AAFE AT

A AFES RS %2 AA= WEol gl FErle sk eH
FolA= TAZAY (Fig. 5).

7hed ol AMEe S A
7He& Adtslon, wEust 18 S7kE
KOSIS;, 1987 ~2008) = o] &3} Atk (Table 12, Appendix 21).
H@AFo 7|/ Fe g TS A% 19889 ERIIEH
(ERurger) = 0.88%, A 71EH (ERimi)> 1 0.44% = A5l 0w, 19881 9]
HEZE7IAAJNT Y TR S/ 18% =N AV, 22 F
ZFE Rk 200839 1E FUHEe ERIIFHLS -025% IAVEHS
050% 2 Agsteler, 200839 tPHAFAY 18 THES 91%EA
A=A, 22 B7HH A

1§ S7HES RS e 2, Fx7], Fobd BF wFo] gl (Fig 5).

k!
o rS

49 +% B
=y
=

A=

zi
—_

up, @ AZo) 7| AR Ao de AxE 9%
Tier 1] 2J3] EXH T o] 7|4 A
_‘|

=
o) AEW PARE 2 A4S ALANAN B gol gy
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oA (Lop), O1FEE W3 (FG), 4ojrl& (MR)S] AA=7 =3
o, AEGUHAME FEF018 (BC/C), #H7IE& (D/C), THIYT
(TLe), F-oAF// AT HlE& (P/B)A =2 ATEE UEHATH A 2H A
= AAA des (DH/H), AAIF  (SO), A 2 As5H o9
(PG/G)NA =2 AFEE HeHlew, A3 A s
o] H] (RPS), & F7H (ER)IIA =2 AF=

ﬂl ﬂl Y
=]
19
2 M
>
fr
<
m
=
il

F2/E AL AHE 5ol
8 KO =& 99=S vehion, 43gdis A439E 215
599 AYEES ek ANAAS AN E MEYSH 18 F718

oY
a
W
MUl
Lr
ot
Y,
)
VR

vetion, d=adidst A4As 2x9 sdsiA 3
AeolMe el olgvI sk AF AFE (RLTS), 1§ S7HE0lN =2 ¢

w2 ey (Fig 5).

=

o

v}, B50]Z 9] Tier 29 9t A& A

Tier 2] ‘2Js) &4 3 Faolse] Sl e 1988 2] A&/d &
Me olF7EAAE, AL B2 2 BAAE, Ad3E e e AdE H
HE7E =A e oH FHa AR AR = v e AFE HU}
HAth AT dFdA = 78 25 74 ARE AT A F&F
A ADB=EHT7E =4 B7HEA AAA dAESAAE AGH7IES] o
g, oA e AXAHMY, AE" AR =21 35 AR =
< AF=E vEWen, °1:rL°’“

o,

o_]
BEFAME 2 AP E UrE‘r E} (Table 13).
2008\ 2] AEAFEAME HLAF AFAA @2 AFEE Yeh o,
" A3 AF= =4 detEth AE
=A vEsten, ymA Axe
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2 s 12 F7HE A YA = A=E M R = o
&l Ehton, ymz gue Add Jez H7FEA
BN A= =4 FEEHAT (Table 14).

ol
B
o
b1
N
i
N,
oo L

313. 71dd@ Lo

el o AeAY 1A d"eldAdA AP HE HEA Y 9F
£ Tier 19 98} 43392 (Table 15 and Fig. 6), DX 2| 7]
o] ojgo] A9 glormZ Tier 20 ot #42 FP3tA Lkt

o
2 o
of 3%

3
e goldae PR Ue Axd sl oy ojF

e

ol
R
Frtl
%
)
J
Juy
O
(0%¢]
Qo
!
NI
(]
(=)
&
il
=02
ofo
ol
o)
8
fd
wn
o)
=
)
1.4
[p)
=
s
\O
(&7]
=
td
1,
=2
Lo
%

2 FAHASH, Bx7FH (CPUEwsy)S 413kg, 3HA|7]E4] & 207kgo &
FAH0] = HAHETE 10022 H7E AT 20089]= CPUE7}
68lkgo 2 FA L BERx7FH, 022 H7tE Ak E2)9 CPUE RS @&

(

X9 ofF e 19880 7268702 YElon, HulA A F
(MSY)& 133,171, SHAI71FH L 2663428 02 FAE o] 9w Hrg4
E HEIFH, 002 B7h Ak 20089 o} o] 1454028 0.2 e}
U H7HH4E 0188 AAMH AT (Table 15). o] & #o] RS S 713ttt
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Table 15. Risk scores for the ecosystem-based tier 1 fisheries assessment of

anchovy drag net fishery in the southern sea of Korea

Objectives Indicator Anchovy

1988 2008

Sustainability CPUE 1.00 0.00
C 0.00 0.18

Lopt 2.00 0.00

FG 2.00 0.00

TLmn 2.00 2.00

MR 2.00 0.00

P 0.00 1.08

KC 0.00 0.00

Biodiversity BC/C 1.41 2.00
D/C 2.00 2.00

TL. 1.92 1.92

DI 0.00 0.00

P/B 2.00 2.00

Habitat DH/H 0.00 0.00
SC 0.51 2.00

RT 2.00 0.00

PG/G 1.14 1.81

FR 0.00 0.00

DW 1.14 0.00

Socio-economic MEY 2.00 0.31
benefit IPPE 2.00 1.68
RPS 1.13 0.00

RLTS 0.00 0.00

ER 2.00 0.22
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5 l&————— Sustainability —————»|<«— Biodiversity —»l¢——— Habitat —————|«— Socio-economic —
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2100
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©
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2 ° °
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A 1088 O 2008 [ 1988, 2008 Indicators

Fig. 6. Risk scores for the-ecosystem-based tier 1 fisheries assessment of
anchovy drag net fishery in the southern sea of Korea. Red denotes

high risk, medium risk with yellow, and low risk with green.
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(3) AL AT (Lopy)

A9 Ao GA G dg HRIVFEH (Luarge) = 50% A5AFA 9.0
cm (NFRDI, 2005)%, &A1 715 (Limi)< 8.1ecm= 23301, 1988 9
HIAGL 65cm (NFRDA, 1987)2 UEly 938% Ha4e HAVIEH, 2
2 F7bE Ak 200839 HFAHAL 104cmE SHFHO] ERI7|FH, 02
2 FrrE e RS 32 7HAaststh (Table 15 and Fig. 6).

NELR 0%
(FGimi) & 69,147km’ 2 2 A ga}girh 2|9 19889 o) ARE W=
40,130km?0. 2 A 71EH, 22 HIIHASH, 200899 o|HEITWAL
86434km’ .2 F4¥|o] HE/IFH, 002 BIEE T (Table 15). °13
¥ W3] RS e #HAas AT (Fig. 6).

o
oo
rok
LD
i)
R\
N
N
(e}
=
BI\J
(o
fru
N
2
R
2
(o
2
ot
N
N,

o2

O
S E o) Fit FFIA = Lee et al. (2007)9] Ho

Z1AAHA G of3 %4
2} o] &3t FASIAT FiR7/ =4 FAVIEHLS dI gAY 2L

2=

6&5@-%0]7]4\_Xﬂ?_%]-01?357/}- %?‘11—8]'7'” }é;g—a]'gigtq/ 51'_1\:‘—11‘-7]%@ (TLtarget)TC_).‘
S 33302 AASFATE 19887} 20087 7]AA

302X HIIHTE BEF SHAIVIEH, 2

3 3
B E T} (Table 15). o Ee] B YFarA el RS e WEo] 9

N
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(1988, 2008)¢} AW E3HA S54AE o] &3t A8t

dx9] Agojulgo] tigh HE7IFEH (MRurge) > MRyyQl 224%2 F7
HoH, FA7IEH MRimi) S MRy 11.2%% F3 Ak 1988 ¢
g x)9] Aojnl &S 52% (NFRDA, 1987)2 3HAI7|%4, 22 HrlEteH,
200839 Zx¢ Aojr|&L 57.0%EAN EXIVEH, 022 HriEA
(Table 15). A oHl&2] RS g2 #A3dA} (Fig. 6).

(NFRDA, 1967, 1987, Appendix 15)5 ©| &3}
71 dEFoG HA e Ao gk JHA
o] 71&7] A& tigh FAIGe F4T P= 1988+ 0.13%

2 4
o] SAVIEH, 22 HZAE A, 2008l = 0.052 FAHH FHHSE

1.082 A4tEom (Table 15), RS k2 #HA st (Fig. 6).

(8) A °]&& (KO

X9 AFATL AL O)E &S BHSH] Y3l - F A Y o
g = Fol W o]FnLL 2AFYPoH, FAO 34 KOSIS DBE ©]&
ST (Appendix 16~17).

dx9] Y o] g&&o R ER/EHLS BN Fae HEg
19.1%, SA7IEH-S ARt 520 9.6%= 23R o™, 19881 d 7 2008
2yt 21 Agdnlge 47 303%F 20.7%% HIMHGFE BT
T3, 092 H7tE ATt (Table 15). A+ ©]-&&9] RS g2 W&o it
(Fig. 6).



2 F& E3Foz FIIY 198839 A 7IEH (BC/Cimi)S A2
G2 5E 570 d (1988~1992)9] Ht kel 0.003282 HAsaL, ZR7|F
A (BC/Curge) = SHAIZIEH S Ant #%?J 0.00162.2 443ttt 1988
o] T3S 0002724 HHSFE 1412 A=A 20081 9] A 7E
AL viAE Az HE 570d (2004~2008)9] ﬁﬂﬁ%k?l 0.0172 743t
A, HR7IEHL 00092 ATt 20089 E8-&2 0.02924 A7)
T3 282 P71E AT (Table 15). £9&9 RS &2 S71stAh (Fig. 6).

3
7

A dEg e HANELS ogTA AF T VEOIFE EFHE
& 1% FE= A7I&=2 Adsidh 37t 184S VIEd=2RH 5
el Bt H7lE= WAEA (DC/CM)EE Abgskglon, Hx71E

flo
o

S (DC/Cmrget) AA 718 80% Tl A3k 198839 X7
72 0.00035%, A7 HS 0.00044% = FHE UL, 1988 H7|&L
0.00095% 2 ¥A 7154, 22 B7HE Jek 200813°] =3E7]F3 2 0.000019%,
A 71EH L 0000023% 22 FHEHRASH, 200832 H7|&2 0.00012%=
FAH 0] A NFER, 28 BzIHA (Table 15). #7182 RS 7S WHEo
AT} (Fig. 6).

g9 #H JUAAE Lee et al. (2007)9 AFZ Qg3 AFEFISY
S Uil & Hu d4DAl= MSC (2009)¢] AEE 7L

& 275, 3A71F A (TLaim) S 3252 AA3stom,

o] Bt JUHAAE 32802 FHULHSFE 1.928 AL AT (Table 15).

@ EoFg A5 (D)
o]
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0.026, A1 71%F % (Dlimi)S 0.0200.2 AArE o™, 1988 FohkA A
£ 0.010~0.0702] WHAZ FH L 00282 FHHO ZH7EFH, 022
H7 e Ah 200839 =x 7L 0038, SHAVIEHS 0.0212 AXES
o, 200839 FUUA AFE 0.042~02102 HAZ HIFHS 01122
H2x715H, 022 H7IE A (Table 15). US4 X492 RS 32 WHE]
AT (Fig. 6).

(5) FoAF AoFY BlE& (Pelagic sp./Benthic sp., P/B)

A1dAdGl el HolFsh (P)/ Aol F (B) ZHAEH (P/Buge) & 05
2 A3 A 0, 0.05P/Biarger~0.1P/Buger® W9l A Btk 1988 7}
20083 2] P/Bx 27t 1,434.49) 46.66°0-2 AAME S HIMHFE BF 3
7%, 22 B7kESlow (Table 15), RS @< W] 9A%lTh (Fig. 6).

o A2 A
(1) A4A #EE (DH/H)

w3l o AejAA A ARYY] AMAH &S A
RSN 2Yshe ool Vlum ol 119882 2008 KL %Eﬂ%%ﬂ
2 H7}= 9t (Table 15 and Fig. 6).

i
[‘_il
ol
2
o ]1‘.9,

719 ddode AFFALS A FloermZ 1988dF 2008 BT
(Table 15 and Fig. 6).

2 Ao QA% (PG/G), A2 (RT),
o} ol Ao A FFell ek FE5H A AL
24

23t Fdsitt.

siAFA # & (SC), AF
sl FH 7= (DW)2 sl
u2 g ddo]gelA e

=]
o

AR P EEED
(1) A 7AA 2422 (MEY)
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71 9dEFo Y EX9] MEYE 130,361 FAEHNSH, Zx7+4
< 0.IMEYSQ! 13,036%, A7]EH2 02MEYSQ 26,072E22 HA3ATH
19881 9] AL 57674502 BRI|FEH, 002 FHrIE Y oH, 2008 9
AL 15041802 H7HE4E 0312 ALEE AT (Table 15). E 3] 9]
MEY?] RS #& 7434t} (Fig. 6).

() H1 45 (IPPE)
Z1dAdB G FAEE 7t B dES FABAATE AL
A (FEI, 1988~2008)% &bt 190" QIAMIE Z&3Ah
(Appendix 18).

198839 EH71FH (IPPEurge) > T=AIZZ AL 49N 717 EH T A&
1,231,6009, A 7R (PPEimy)> H A AR 573,800 22 A3}
™, 198819 7AAAWAY B JF2 173400902 FrtdFE
713, 252 H7bE ATk 20089 H3E l%%ﬂ" 3,905,6009, A 7|EH S
1,266,000 0.2 443t oe ™, 200839 Hit A7 1,691,0009 0.2 F7}%
T 1.68% ALE Tt (Table 15). Hat < .04 RS #<& #23AY (Fig

ke

3 A

(3) Tl o] &1 (RPS)

AGTdF FHIEe SR ArkE |l o]&RIo 19889 HRTIFE
A (RPStarger)> 1671 1G] ofded F01 82 H vl&Ql 254%, SHA
714 (RPSimi)< 0%%2 AG39 oM (Appendix 19), 198839 7]1dAH
Foldel ) o]&HIE 111% 2N H/HHSE 11322 AlXE Ak 2008
Wel Hx7|ede 8.6%, SAZIEHL 0%=2 AAstHen, 2008d2] 714
AT #Avf ol&H= 104% = FR7IEH, 022 H7HH AT (Table
15). #m o] &He] RS g2 Attt (Fig. 6).

O

e

o

4) 2% AHE (RLTS)
Hx9] FAdAHT FUAakeke] HIE o] &l Alg 2FE9 Eux7Y
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=3 2 IAVEHS AR (Appendix 20), 198832 EZ®7|FH
(RLTStarget)< 199519 A AAMF thv] F A= Bl&Q 774%, $HA
7153 (RLTSimi) S Aut $591 387%2 AR AT 198832 HX]o 4=
JHFL 002 YelY A AFES 100%2M ZX7|F4, 022 H71E
o} 200899 HRVIFEHS 53.0%, FAVEHES 265%% AP oH,
200839 P A AFEL 99%F EF7|FH, 022 HrIEAG
(Table 15). 213 A& RS 32 W0 AU} (Fig. 6).

(6) 118 S7F& (ER)
g F7HEe] 198839 HR71EH (ERawge
7H&9l 0.88%, BANFEA (ERim)S AWt $F9

(Appendix 21), 1988'19] 71 dAAFAYGS] L& F7FE2 -35%EA A

o
o T
Ach
i
u
o,
=X
[
ofo
olN

_‘

AZIEHL 050% =2 AR oH, 200882 7AAdAGAd 18 SIELS
0224 H7EAS= 0222 AArE At (Table 15). 118 789 RS @2
sk At (Fig. 6)

k1
N
"
X
kv
o
W
o
o
o
2

FeA 2 3
NE ¥4018 (BC/CQ), H7IF (D/O), &R Hit FLDA (TL), FoF
/A elF Bl& (P/B) & UYL A DDE AYsta Mdutzoz s
7b =A UEhE T AAAE sl RE (SO), A B 45 2=
(PG/G)ollX Af =7t =4 detsith AR AA A dejelMe Hd I+

(IPPE)& Alojstd =7 97 FA = Ak

3.14. AAELY

AMEEo el Tier 20 o3t Q= FrHHe= 1988 9] AHYFE

o



AqM= HudPe AT FEe] ARAM AEE H/HHES7E =A o

gyton, AETH ggdolxs £83 H7 ARAA AI=HF7T =

A HAE QT MAA fEgodde HAALE, 74, AdErIEY

FF ARNA =& AF=E vEeH, ABZEAA #Hele FdTNA
[e)

s
. .
=2 A9EE yveHen, 18 BIFAM=E 2 =S dERG

(Table 16). 20083 9] A &JHFA e HAAH ARAA F2 JIEE
Hetllon, o3 s AFEAdA A3 £ AFEE HERETE AETS
AolXes &3 A7t 2L s HFFE FriEe o -

32. 2 X9 E=AST € FHYI=ASF

321 PG

HFAGAY e 7 AR ARE o835t £4 oFHE HIXEAIER
4= (ORl) 2 TAF=A% (SR)E Table 187 Fig. 7o Yelui it

a5 ERAIEAF= A= 19881 05299 HI3| 20083
e 09382 Hrleol A xrt Zolon, BEFINET} -77.3% 2 LHE}
ok A ETHRA S 19886 1.41700 A 20080l = 135008 #AFAEE
47%=2A & W7t gllem, A= 1988l 0.68391 4] 0.544= 20.4%
o MAE AFHE AAT ARS|AA A Ho| A= 19881 1.064Z 4 Hla
A =2 JIEE YEPAAIT 2008 d0l= 05492 HrlE o] B ZHET}
41.8%2A AF=7F w5 /MAE Ao =Z FItE ATt (Table 18).

20080 = AR AETGSAEL H38] AR S (Yellow zone)oll
AA st HRAFES Aol o]FAAA FS & F AUk (Fig. 7). 1L
5019 P AFE 198839 0.83994 2008 oll= 087602 HHER
T7t 44%EAN FAFETF FARTY FIHEA T

it

-
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Table 16. Risk scores for the ecosystem-based tier 2 fisheries assessment of

year 1988 in the inshore trap fishery

Risk score

Objectives No. Long-arm
Common eel Octopus
octopus

1

Sustainability S-1
S-2
S-3
S-4
S-5

S-Z
S-8
S9
S-10
S-11
Biodiversity B-1
B-2

B-4
B-5
Habitat H-1

H-3

H-4

H-5

H-6

H-7

Socio-economic E-1
benefit E-2

E-3

E-4

E-5

w

O8]
SN O R RiRR =R R NNDNNRRFR P ODNDNDNRDNDOODODNDMDNNNMNDND RN
SN R R RO R P NDNNNRAR R RNDMDNDDDNDDNDRDNDRRODNDNDNMNMDNMDNDDRDN
SN R R RO R R NDNDNR R R R DNDDNDDNN R DNDDNOSDNNDNDDNDN -

_81_



Table 17. Risk scores for the ecosystem-based tier 2 fisheries assessment of

year 2008 in the inshore trap fishery

Risk score

Objectives No. Long-arm
Common eel Octopus
octopus

0

Sustainability 51
S-2
S-3
S-4
S-5

S-Z
S-8
S9
S-10
S-11
Biodiversity B-1
B-2

B-4
B-5
Habitat H-1

H-3

H-4

H-5

H-6

H-7

Socio-economic E-1
benefit E-2

E-3

E-4

E-5

w

w
ON R R ONR ORNRRRNNONNRINOGGONDNRRO R
O N R R OINR ORNMAA R R R ONNRRROORNINGOGOO
O R R R ONR ORNRRI R RRPAONORONONRRRLRO
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Table 18. Objective risk index (ORI), species risk index (SRI), and
management status index (MSI) for the large purse seine
fishery in the southern sea of Korea using the ecosystem-based

tier 1 and tier 2 fisheries assessments

ORI SRI

Ti Speci Objecti MsSI MSI
1er opecies JECVE 1988 2008 © 1988 2008 S

S 0.529 0.938 773

Chub B 1417 1.350 47
mackerel H 0.683 0.544 20.4 0.839 0.876 44

1 E 0.943 0.549 418

S 1.204 1.064 11.0

Jack B 1417 1.350 47
mackerel H 0.683 0.544 204 1.157 0.923 202

E 1343 0.549 59:1

S 1.000 0.571 429

) B 1.444 1.222 154
Sardine H 1.077 0.846 214 1.030 1.110 -7.8

E 0.600 1.800.  -200.0

S 1.238 0.762 384

Commion B 1.444 1.222 154
squid H 1.077 0.846 21.4 L0 Tyos -7

E 0.600 1.600.  -166.7

S 1.381 0.714 483

Spanish B 1.444 1.222 154
mackerel H 1.077 0.846 214 L.Y76 j8a6 337

E 1.200 0.600 50.0

S 1.381 0.619 55.2

L B 1.444 1.222 154
2 Hair tail £ by - X, 1326 0.872 34.2

E 1.400 0.800 429

S 1.143 0.762 33.3

L B 1.444 1.222 15.4
File fish H Lo7r 0.816 14 1.016 1.008 0.8

E 0.400 1200  -200.0

S 1.333 0.667 50.0

Yellow B 1.444 1.222 154
tail H 1.077 0.846 214 1.264 0.834 340

E 1.200 0.600 50.0

S 1.238 0.571 53.9

B 1.778 1.444 18.8
Tunas H Lo7r 0.846 14 1373 0.996 275

E 1.400 1.000 28.6

S : Sustainability, B : Biodiversity, H : Habitat, E : Socio-economic benefit
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(Tier 1)

(b)
(Tier 2)

(b)
Fig. 7. Diagram showing objectives risk index for large purse seine

fishery using the ecosystem-based tier 1 and tier 2 fisheries
assessment approaches in (a) 1988 and (b) 2008. A denotes chub
mackerel, B, jack mackerel, C, sardine, D, common squid, E,

hair tail, F, file fish, G, yellow tail, and I, tunas.
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A7gole] ZRAF AT e FRAA EF AF=s A" AL
2 Yelgt A E5AS 19881 d 0] 1.2040014 20080l 1.0642 H7FE Ao
o, HYFAEE 11.6%2A SR AT} G A9 o, A2Ae A
EOdAS AR A= A H7HA agEe] g Al 2o

o2 u5ole HrhH e 2okth A3 A AIA H el 19884
o 134302 EFAFEAG7 EA W 2008 F0E 05498 HrlEo]
T7F w% A" AR UERET (Table 18).
Aee AETGEAT ASEAZA Hejo] A+
(Yellow zone) o 2 S5 YetWl oy, 200800 = A3 A A A Ao
EADE=AF7E 5T (Green zone) && °lFsto] A=} HHE

, BETGSFES @11% FAFS (Yellow zone)o| ®=2 o] AT =9
Hﬂol g Qs ol9] EIEAF= 19880 1.157914 2008 o
092307 JJra]z{ 202%E YEeEM o I =7)F vl A" Ao
2 Fr7bE Tt (Fig. 7).

207 Byt olFolAe Aol Ao, %%ilfﬂ ALB| ZA A Aol &
EAF=A 7 1988390 HlE| 2008 @l =4 FH=E R on, Fojet 24
e FAIEAFE 198830 HIs) 20081 0] ©f Eold Aoz el
U2 o] Fel Al TN EAE 19881l HIs) 20080l H] L
A BrtEY AT AAE Q= YES T (Table 18 and Fig. 7).

rlr 0:=

322 FFFo|7|AAAF Y
thadGo) 7| AAHolgel 4 AFEY AHAS o]t HA o]EFW
ZRF=ASF (OR) 2 THFEAS (SRE Table 199} Fig. 8ol L}eb

Sia=
229 A EXHIAE=RTFE AEAAA = 19880l 1.0000 ®lsl 20083
e 11412 H7tE o] BEZAET) 141%2A YT T7} ZolA Aoz e

_85_



Table 19. Objective risk index (ORI), species risk index (SRI), and
management status index (MSI) for the large pair trawl
fishery in the southern sea using the ecosystem-based tier 1
and tier 2 fisheries assessments

ORI SRI
Tier Species Objective MSI MSI
! pect JeCIVE 10988 2008 © 71988 2008 s
S 1.000 1.141 -14.1
. . B 1.663 1.603 3.6
Hair tail H 1955 1115 110 1.245 1.264 -1.5
E 1.200 1.449 -20.8
S 1.039 1.122 -8.0
Yellow B 1.663 1.603 3.6
L croaker H 1.255 1.115 11.2 1.224 1316 7
E 0.990 1.620 -63.7
Yellow S 1.183 0.865 26.9
B 1.663 1.603 3.6
goose 1.381 1.226 11.2
fish H 1.255 1.115 11.2
E 1.600 1.651 -3.2
S 1.143 1.048 8.3
B 1.778 1.333 25.0
Croakers H 1231 0.923 5.0 1.138 1.126 1.1
E 0.400 1.200 -200.0
S 1.429 0.905 36.7
Spanish B 1.778 1.333 25.0
mackerel H 1.231 0.923 25.0 L3¢ 4940 30.8
E 1.000 0.600 40.0
S 1.095 0.619 435
B 1.778 1.333 25.0
Anchovy H 1231 0.923 250 1.326 0.919 30.7
2 E 1.200 0.800 33.3
S 1.333 1.000 25.0
Chub B 1.778 1.333 25.0
mackerel H 1.231 0.923 25.0 1.385 1164 16.0
E 1.200 1.400 -16.7
S 1.190 0.952 20.0
Common B 1.778 1.333 25.0
squid H 1.231 0.923 25.0 1.350 1152 147
E 1.200 1.400 -16.7
S 1.190 1.048 11.9
B 1.778 1.333 25.0
Pomfret H 1931 0.923 5.0 1.300 1.126 13.4
E 1.000 1.200 -20.0

S : Sustainability, B : Biodiversity, H : Habitat, E : Socio-economic benefit
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(Tier 1)

(Tier 2)

(b)

Fig. 8. Diagram showing objectives risk index for Korean large pair
trawl fishery using the ecosystem-based tier 1 and tier 2
fisheries assessment approaches in (a) 1988 and (b) 2008. A
denotes hair tail, B, yellow croaker, C, yellow goose fish, D,
croakers, E, Spanish mackerel, F, anchovy, G, chub mackerel, H,

common squid, and I, pomfret.
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BTSN E 19880 1.66302 FHH £ YIw
200839 = 1.6030.2 BEFANEE 36%2A ZXAFEY & W3y} gk
A2 tg HRFE=A = 198810 1.255904 2008+ 1.1152 &)
SR 11.2%2 Jept ¥n3 F=rt wolslth AR AAE HeldA =
19883 2] ER Y ATAF7}F 1.200004 2008\ ol 14492 BHSAEE 208%
2ZA A¥EE o =A YUERT (Table 19).

Zae] HRAPEAFE 19880 Mtz om A 59 (Yellow zone)

Ren, 53] A= de A4 79 (Red zone)o& =&
TE Yeidoy, 200839 PEAFe Exe & WHIE YR A
198810l 1.2459) A 2008 o= 1.264Z A
15%2 et SR E7 AAEHA ¥RSS ¢ F dok

& ¢ =2
;9—‘4
i)
N
©
ofN
Ho
o
o
>
5
rr

i
v
olN
R
oo
fr

—

Fig. 8).

#2719 BRI EAF= ASA A= 19880l 1.039], HI3 2008
E 1122 Hride] #FSAEE 80%2A ddErt o ol Aow
Ehton, AETHFAT AAAd dgk SEXATEATE 2R 8 HrHHSs7t
2okt AbS)AA A Hele 19889l 0.990014 2008\ Il 1.6200.82 H7lH
of #YFAEE -63.7% = EXAFEZF vi-¢ =4 UYERH (Table 19).

Az 7= 198830 ALs] A A A He)o] FMFA (Green zone)dl| 935}
of YP=7F kot 20080 = 4TS (Yellow zone)o 2 ©]53h
AP O mohith AETSAG AFE= 1988 A4 9 (Red zone)
o A1 2008 o= A (Yellow zone)oll #1xste] =2 IEE e
Wtk Zx7)e FHFEASE 198810l 1.2249014 2008l = 1.1.316°. 2
B FAET}L 75%2 APET}F B ZobAT (Fig. 8).

golAe] ERAFE=AFE AEFANA= 1988 d ] 1.183914 2008 ol
£ 086582 H7lEo] BYFAEE 269%2A JFLr}t Polx Ao=w
Eigton, AETEIT MAA dg EXATEAF= 2AX e FrHs
7F 2tk AFE A Al H el 19881 o] 1.600°014 2008 A= 1.6512 #E]
SRAEE 32%2 Uey A9 = A7 =4 B7FE AT (Table 19).
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FolA= 19880l 470 H39] H@Cﬂ#ﬂ A T (Yellow
zone)Z} A G (Red zone)ol| X3t = —"H‘ EE Yed e, 2008
doe A&EAS Ade UwA Ex4s F4 79 (Yellow zone)d
A 9 (Red zone)oll #XE3t] APE7 =Uth FolA FHIEATE
1988 ¢l 13814 20083l 122602 #HEYZFAEE 112%2 UER} ¢
FZ=AF7F 97 UiAl F7E ATk (Fig. 8).

207 FrtolFol A e Aol 1150, 240, %0191 ALE A A A
o] EFAFE=AF7E 198800 HI&] 20081 0] wdth HEolo FAFEXA
I 198817 200814 & Apol7} gilom, 1 9] 01 2 1988 0] H|

l-n

3 2008 A0 FATFE=AF7E BluwF VA HriEo] F=rt a" Ao
2 Uelgt} (Table 19 and Fig. 8).

3.23. 7|A A& G|

ZIdAEG A 4 Axe] H7F AAE o] &35y, o]FH ERAIE
214+ (ORI) ¥ F93¥=

2| 4= (SRI)E Table 20} Fig. 991 e At
Hx9] EXTIE=AF= AFSAA A= 19880 1.0010A4 2008' 3ol =
03442 Hrigo]l B FZET} 65.6%2 ZXHAFE7 A Wold A=
yelgton, AErekAl.o- 198819l 1,533 4 2008 el 1.7030. 2 #z]Z3
TE -111%E A3E7 =okl Ao 2 HIIEIITE A2 A tid SxEAY
TA = 1988100 0.68300 A 20080l 05442 | ST 204%ZA 93
Tt oA GHA HIrE AT AR A A A H el 198810l 1.425¢1 4] 2008 o
04422 FSAEE 69.0%Z AF=7F 7H 2ol /AE AT (Table 20).

FA = 19880l AETHFAH AS A A A Helo] HRAFEAF7E &
AT (Yellow zone)dll $1x|38tal AR o 2008 A= ALS] A2 Qo]
=M F9 (Green zone)lZE o|Fd WMH, AEGUYAFY FREAFEAST
A2 9 (Red zone)oll 98t A=Y} =55 & 5 AY (Fig. 9).
2ol FAPEASFE 19880l 1122004 200839 E 07192 VA=
35.9%% UetY ¥ =7 v /MdE Ao Ui

rr

=
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Table 20. Objective risk index (ORI), species risk index (SRI), and
management status index (MSI) for the anchovy drag net
fishery in the southern sea using the ecosystem-based tier 1

fisheries assessment

ORI SRI
Tier Species  Objective MSIo MSIs
1988 2008 1988 2008

1.001 0.344 65.6
1.533 1.703 -11.1
0.683 0.544 20.4
1.425 0.442 69.0

1  Anchovy 1.122 0.719 35.9

m I W W»n
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(Tier1)

(b)

Fig. 9. Diagram showing objectives risk index for Korean ‘anchovy drag
net fishery using the ecosystem-based tier 1 fisheries assessment

approach in (a) 1988 and (b) 2008. A denotes anchovy.
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AdFHolPY] 7+ Ao Hrt AAE o]t ofFH EXEATEA
4 (ORI) ¥ FIFE=A 4 (SRI)ZE Table 213} Fig. 109 YERH AT
ool BRAFEATE ASAHATL AAA A= 19881l Hla] 2008
dell f1R=7 wobxl vk, AEvheFd s AL A A2 Hele 19889l 7
7} 12229 0.800914 2008l 1.333% 1.00002 #HHFIEE -91%SH
25%E YEtHo] 857t mobxlth B ole] HERAEAFE 19889
o2& 3 19 (Yellow zone)oll 93t o 200830l = A ETHUA
= A2 UmA Ex= EF =4 9 (Green zone)o.E ©|Fdt 99
Tt AARE Aeg yehgth BAolel EARAEAFE 1988100 1.24500 A
200839l 11192 FABET7F Rolxl Ao = HILE Tk

Fole A3 AA A Ho)S A|9d RE ZHolA 19881 a0l BIs| 2008

rr

o AFE7F Folxl Az yetor, 1988dol<= FRAAE=AF7E i
B g o (Yellow zone)@t A4 579 (Red zone)oll ¢85} 21} 2008
doll= =4 79 (Green zone)2 = ol&3 AS & 5 AT FAIE=AF

H

1.39891 4] 0.9400. 2 LrolF T}

A= A HEANA AFEAFIE 2ol Ao g2 v 20080l 2
F =M 79 (Green. zone)oll AR OH, FFEATE 1319904
0.879% 334%9% #FIAE=E HI|Th

33. o AAFA=AT R BAAANIEASF

2 47} ool tial olgd oA AEAS (FRI)S wal

(ERI)x= Table 2201 eI ATH.

3l ool A 2Hste FL 44 o9 APNIEATFE EE oY

o A1 1988 d el wI3] 200810 AHFAFETF ol o=z PFriEATH o
Aol AFAF =R ¢ 1988 0.9720]4 20083 08832 3

YSAEE 91% = Yeht f@E7 Hlad volbxoh
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Table 21. Objective risk index (ORI), species risk index (SRI), and
management status index (MSI) for the inshore trap fishery

in the southern sea using the ecosystem-based tier 2 fisheries

assessment
ORI SRI
Tier Species  Objective MSIo MSIs
1988 2008 1988 2008
S 1.571 1.143 27.2
B 1.222 1.333 9.1
Common 1245 1119 101
eel H 1.385 1.000 27.8
E 0.800 1.000 -25.0
S 1.619 0.762 52.9
B 1.667 1.000 40.0
2 Octopus = 1308 1.000 5 1.398 0.940 32.8
E 1.000 1.000 0.0
S 1.524 0.714 53.1
B 1.444 1.000 30.7
Long g 1319 0879 334
octopus H 1.308  1.000 23.5
E 1.000 0.800 20.0
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(Tier 2)

(b)

Fig. 10. Diagram showing objectives risk index for Korean inshore trap
fishery wusing the ecosystem based tier 2 fisheries assessment
approach in (a) 1988 and (b) 2008. A denotes common eel, B,

octopus, and C, long arm octopus.
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Table 22. Fishery risk index (FRI), ecosystem risk index (ERI), and
management status index (MSI) for the southern sea of Korea

using the ecosystem-based tier 1 and tier 2 fisheries assessments

: FRI ERI
Fishery 1988 2008 " jogs  ooos MO
Large purse seine 0.972 0.883 91
Large pair trawl 1.205 1.040 13.7

1.036 0.851 17.8
Anchovy drag net 1.122 0.719 359

Inshore Trap 1.299 0.974 25.0
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L] 71 AN H2 1988 1.2059] 4 2008»4011—5— 1.0400. 2
YFAEE 1B7%E AFHIE7E Sopxh 71 dAdLldY HdAd
x] E 19880l 1122014 20083l 07198 #HEWE7}t 359%= oY

7F 73 A" Ao E YERgor, ASkERRe 19881 ¢l 1.29990 A
o 09742 TSI =+ 25.0% %2 EFGTH

b
Pﬂ - 01N

j9

1

20083

el ode]l AeA AFTEAFTE A9 wl AAFY AGAIEAT
xS nEste] 243 A3, 1988 d0E AR A I E AT 1.03600) A
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Aoz FAEA
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W ARG AEstaT 1E AFNME
AN B oS o wa
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A7 Mmste] 7 - Heksgeh 53, 8 ol 5 FETNE
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FAY F = LAY 7IFHeE skt

2 AgodlA= Zhang et al. (2010)8] @7 2AE vlB o g2 AEA 7]
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A 3ol g 5S4l FHIEATE FAH Az I F UA=F £

},
T (Lop)= 50% A=A AEdeE thAstAey, gz FdA3s

olgstel AUEE HWrlslAth NAA WAL Yoo BE
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= A& 9ngth Zhang et al. (2010)1ME FHEFHA FRE Lolr7]
s AAstrole R HES AEZ AR, FE ol A
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ol-&sta 3= H& aste] 3 o gIFRIS £4 AxXE AT
ety FAFq AR o)lF FEold A tiside AHT AgTF
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Fig. 11. Current fisheries resources management category of Korea.
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Table 23. Current fisheries resources management system and measures

of Korea
Management Management . .
Detail policy
group methods
- Landing port survey
Resources Resources surve - Vessel survey
survey Yol Report of catch data
& stock - Resources monitoring
assessment - Stock assessment for
Stock assessment .
target species
- Total allowable catch (TAC)
Catch regulation | - Individual quota (IT)*
=-Individual transferable quota (ITQ)*
- Licence limitation
. - regulation-tonnage/horse power
Hfort regglation | - Reducing fishing boat
- Total -allowable effort (TAE)*
- Control fishing boat & gear
. - Control mesh size
Fisheries gulation | Prohibition catpure size, season
Management & area
- Marine protected area
Resources q A
Area regulation - Fisheries resources management
management .
. - Prohibition harmful gear
Other regiflation | _ Prohibition sales illegal catch
. = Control .illegal fishery
Momtqnpg g = Prohibition small pair trawl
supervision Ob
- Observer system
Self regulation - Support of self management
- Environmental improvement of
Management fishing ground
fishing ground - Removal of harmful organisms
Stock - Removal of illegally gear
enhancement nnancement - Artificial reef & seaweed forest
fishing ground
Released fish - Released fish
Marine ranching | - Marine ranching
Stock - Stock recovery
Stock recovery - Recovery habitat and spawning
recovery
ground

* is now under consideration
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Table 24. Comparison of current management system to ecosystem-based

management system

Current management

Ecosystem-based management

Management system system
Recovery and Conservation and managing
Goal . . . .
management of species fisheries and their ecosystems
g . Sustainability of species,
Objectives Sustainability of species habitat quality, biodiversity,
itself . . .
socio-economic benefit
Scientific research and fishery
. Scientific research-and data, and non-scientific
Information . . .
fishery data knowledge and information
from fishers
Central and, local government
Bodies Central and local and-all stakeholders including
government fishers, by establishing Fishery
Management Councils
Flexibility Restricted Adaptable

Range of areas

Areas within one
nation’s. EEZ

Areas within and beyond one
nations’s possibly by
establishing the regional
Fisheries Management Body

Management
perio

Short-term

Short-term, mid and long-term
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Table 25. Connections between the current management measures and

ecosystem management objectives

Current management Ecosystem management
measures objectives

Sustainability, biodiversity, habitat,

Resources surve . . .
y socio-economic benefit

Sustainability, biodiversity, habitat,

Stock assessment ; : )
socio-economic benefit

Catch regulation Sustainability, socio-economic benefit
Effort regulation Sustainability, socio-economic benefit
Technical regulation Sustainability, biodiversity, habitat
Area regulation Sustainability, -habitat

Self regulation Habitat, socio-economic benefit
Other regulation Sustainability, habitat

Monitoring and supervision Biodiversity, habitat

Management fishing ground | Sustainability, habitat

Enhancement fishing ground | Sustainability, biodiversity

Released fish Sustainability, biodiversity
Marine ranching Sustainability, biodiversity, habitat
Stock recovery Sustainability, socio-economic benefit
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High risk of FRI?

High risk of SRI?

High risk of ORI?

v v v
- ORI ORI ORI
High risk of RS? p |r—— 1 1 . ¥ ae ol .,
Yes J+Yes | Yes No i No i No i
v v v

MSE

A

Management strategies

!

Management tactics «

Implementation 4—[ Monitoring and evaluation]

MTE

Fig. 12. Flow chart for the ecosystem-based management system from
risk analysis. ERI denotes ecosystem risk index, FRI, fishery
risk index, SRI, species risk index, ORI, objectives risk index,
and RS, risk score of indicators. Red boxes means high risk

indices.
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Table 26. Management objectives, strategies, and tactics of the large pair

trawl fishery in the southern sea of Korea

Management High risk . .
o o Strategies Tactics
Objectives indicators
—Management of catch
. -Increasing —-Licence limitation
Catch unit effort . ..
per CPUE -Reducing fishing boat
—-Total allowable effort
L Length at . —-Control mesh size
Sustainability . -Preventing . .
optimum capture . . —Prohibition capture size,
immature fish
Mature rate season & area
Fishing ground size | “Make-a fishery | -Joint resources survey
- agreement with-| and stock assessment
Catch-ratio of Korea | ya5an and China | “and management
h -P i .
Bycatc ] refventmg —Improvement fishing gear
Discard incidental catch el N ore mesh dee
Lo . Mean' trophic: level | and discard e q . D
Biodiversity ; . —-Control illegal fishery
of the community —Preserving L it .
- . . —Monitoring discard
i clagic 38 chivel -Using observer system
/Benthic' sp. trophic level ? Y
-Development fishing
Critical habitat gear
damage rate —Restricting the use of
-Preventing harmful gear
Habitat Sea sand-collection hablta}t Qalnage §icstficting t he sea
—Restricting sand collection
Pollut; ¢ discarded wasted | ~Environmental
0 utlgn Talesa improvement of fishing
spawning and ground
nursery ground —Marine protected area
Maximl%m . I o th -~Enhancing
economic yield nereasing the community -based
. : - revenues
Socio— Ratio of profit to ... management
. —Maintaining
economic sales viable production -Government support due
benefit p. to shifted fisheries
-Supporting Predicti | d
Employment rate employment edicting supply an

demand of shifted species
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EBFM policy formulation
A

Set management objectives

—>
Ecosystem-based ¢ Review
fisheries assessment —> M i [ And
anagement strategies adaptation
(EBFA) ~ 1 ‘
N i :
7 Management tactics
Managemeﬂt plan
Formulation rules
v Monitoring
Implementation [ > And
evaluation

Fig. 13. Flowchart showing a fisheries management framework using in

the ecosystem-based: fisheries assessment approach.
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| Formation EBFM team l

| }

|Socio-economic part| | Institutional part | | Technical part |

2011y i l l
« Identification goals « Certification current + Construction
« Consultation issue of FRM database for EBFA
_ . g o <« « Technical / \
« Paradigm shift * Monitoring development and . s
« Benefit analysis Management plan supplement inancia
and
| | Managing
support
-~ of
Establishing vision and management plan including EBFM
& government
2016 ---------------- l --------------------------------- l -------------------------------- i ---------------

* Preparing partial « Technical

« Publicity for EBFM =
le»| revision of FRMA <«» development' and

« Societal agreement . i
including ecosystem supplement

(ex. Marine ranching) « Implement practice

« Self-regulation

A7y PO, T T O U W R S T

Fig. 14. The road map for proceedings of institutional improvement to
the ecosystem based fishery management. EBFA and EBFM
mean ecosystem-based fisheries assessment and management,
respectively. FRMA and FRM denote fisheries resources

management act and fisheries resources management, respectively.
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Appendix 1. Annual variations of catch in the southern'sea of Korea

from 1970 to 2008.
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EIOF : Other fisheries

Appendix 2. Catch composition by fishery in the southern sea of Korea

from 1970 to 2008.
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Appendix 3. Annual variations in catch by fishery in the southern sea of

Korea from 1970 to 2008.
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Appendix. 4. Catch composition by species in the southern sea of Korea

from 1970 to 2008.
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Appendix 6. Catch distributions and bivariate ellipses and centroid in

the fishing grounds by large purse seine fisheries around

Korean waters.
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Appendix 7. Catch distributions and bivariate ellipses and centroid in
the fishing grounds by large trawl fisheries around Korean

waters.
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Appendix 8. Catch distributions and bivariate ellipses and centroid in
the fishing grounds by large pair trawl fisheries around

Korean waters.
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Appendix 9. Catch distributions and bivariate ellipses and centroid in
the fishing grounds by offshore stow net fisheries around

Korean waters.

- 153 -



2,000
Low High
1600 [
E o120 f High S i ® %
§ CDDL .8&!_?0 3 .!-
X o® 0 03
97
= Low PP 8997 @ 01 02
S 800 I ° ®07 @o
8 91 92 00 05 06 04 3
400
FEopt
= 1 ! | !
0 50 100 150 200

Fishing' effort(hp/vessel)

Appendix | 10. Relationship between 'catch and fishing effort of total

fisheries in the southern sea of Korea by Fox model
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Appendix 12. Reference points for indicators of the tier 2 ecosystem-based fisheries assessment system

Objective

Indicator

Indicator status

Better than target

Between target and limit

Beyond limit

Sustainability

CPUE

Restricted access

F ishery monitoring and
sampling

Fishing method

Precautionary approach
and sensitivity o
stock assessment

Size at entry

Maximum age or age
at maturity

Adult habitat overlap
with juvenile

Management plan for
fishery

CPUE data are available and not
declining

Fixed access, little latent effort
exists (<30% of licenses inactive)
Observer program in place,
sampling for all fishery data

All fishing methods and patterns
are evaluated and changes
monitored

Adequate stock assessment is
provided and precautionary
approach is adopted

>Size at maturity

Low. risk (<10, <5, respectively)

Low

Management plan is operation
and reviewed annually

CPUE. data available, But
declining

New entrants can be licensed>
30% latent effort in- fishery

Monitoring-and sampling for a
limited number off is fisheries

fishing methods and patterns
are for main method and some
geographical areas

In adequate stock assessment is
provided, But precautionary
approach is adopted

< Size at maturity, but less than
20% of catch immature

Medium- risk (10-25; 5-10,
respectively)
Medium risk(10-25, 5-10,
respectively)

Management plan is operation,
but irregularly reviewed

CPUE data available

Open access
Negligible monitoring or sampling

Main fishing methods and patterns
are not evaluated

In adequate stock assessment, and
precautionary approach is not
adopted

Greater than 20% of the catch

immature or size at maturity
unknown

high risk (>25,>10, respectively)

high or no data

Management plan is not
operational

Indicators from Zhang et al. (2009)
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Appendix 12. Continued

Objective

Indicator

Indicator status

Better than target

Between target and limit

Beyond limit

Sustainability Management of TUU

fishery
Recovery plan and
period f}ér depleted
stocks

Population structure

All fisheries are legal and
regulated

Recovery plan and period are
operational and annually
reviewed

Number of spawning populations
known and constant

some-illegal fisheries exist

Recovery plan and period are
operational, but irregularly
reviewed

Number of spawning populations
known and declining

Little regulation exists

Recovery plan and period are not
operational

Number of spawning populations
unknown or sharply declining

Biodiversity

Bycatch

Discard

No. of species

Changes in ratio of
functional groups in
catch

Bycatches are being monitored
and controlled for all fisheries

Discards are being monitored
and controlled for all fisheries

Decreases in the number of
species have not occurred

Minor change in relative
abundance of “species in
community

Bycatches are being monitored
and controlled for some
fisheries

Discards are being monitored
and controlled for some
fisheries

Decreases in the number of
species have occurred in some
communities

Ecosystem ‘function altered
measurably and some
important species missing
locally

Little monitoring or control of
bycatches

Little monitoring or control of
discards

Decreases in the number of
species have occurred in several
communities

Ecosystem function drastically
altered with significant loss of
important species

Indicators from Zhang et al. (2009)
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Appendix 12. Continued

Objective

Indicator

Indicator status

Better than target

Between target and limit

Beyond limit

Habitat

Gear restrictions and
avoidance tactics for
non-target species

Impact of fishing gear
on benthic habitat

Pollution of habitat

Lost fishing gear

Discarded wastes

Gear restrictions or
habitat closure

Recovery of physically
damaged habitat

Recovery of biologically
damaged habitat

Gear restrictions_and avoidance
tactics operational

Negligible impact (mid-water,
surface fishing gears)

Monitored, and unpolluted

Sufficient Knowledge of type,
quantity and location of gear
types lost and management
plan in place

No waste discarded
Gear restrictions or closures

that, avoid. damage to critical
habitat

Artificial reefs have recovered
damage to critical ‘habitat

Seaweed beds have recovered
damaged habitat

Development of gear
restrictions-. and avoidance
tactics in progress

Identifiable impact (bottom
fishing gear)

Polluted, but monitoring or
recovery plan in place

Type, quantity and location of
gear lost during fishin
operations are recorded and
management plan in place

Some waste retained
Habitat avoidance gear in

development or habitat
closures planned

Artificial reefs”have partially
recovered damage habitat

Seaweed beds have partially
recovered damaged habitat

Few gear restrictions or avoidance

tactics

Serious impact (dredges)

Polluted, but no monitoring or
recovery plan in place

Little information and no
management plan

Little or unknown quantity of
waste retained

No gear restrictions or critical
habitat

No recovery

No recovery

Indicators from Zhang et al. (2009)
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Appendix 12. Continued

Indicator status

Objective Indicator . .
Better than target Between target and limit Beyond limit
Socio- Trend of productivity Productivity and-income data Productivity and income data Productivity and income data are
ECOH?.I?I_E and income are available, and increasing are monitoring, and declining not monitoring, and declining
enefi

Trend of payment

Trend of sales

Trend of cost

Trend of import

Trend of employment

Increasing payment

Sales data are available and
maintaining or increasing

Cost data are available and
decreasing

Import data are available and
decreasing

Sailor data’ are available and
increasing

one-of the two

maintaining or some"decreasing
Ppayment

Sales data are available and
maintaining or some decreasing

Cost data are available and
maintaining or some increasing

Import data are available and
maintaining or some’increasing

Sailor data are .available and
maintaining-or some decreasing

Rapid decreasing payment

Sales data are not available or
rapid decreasing

Cost data are not available or
rapid increasing

Import data are not available or
rapid increasing

Rapid decreasing sailor

+ new reference points of indicators in this study
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Appendix 13. Biomass of chub mackerel and jack mackerel

Year

Chub mackerel

Jack mackerel

biomass K-biomass J-biomass biomass K-biomass J-biomass
1988 1,489,076 601,903 887,173 413,294 70,275 343,019
1989 1,300,861 476,567 824,294 357,075 49,121 307,954
1990 1,062,906 452,809 610,097 315,196 28,618 286,578
1991 1,110,176 415,573 694,603 331,958 31,333 300,626
1992 1,172,903 526,369 646,534 477,966 71,715 406,251
1993 1,261,697 537,972 723,726 728,410 104,281 624,128
1994 1,255,472 480,859 774,613 529,853 73,401 456,452
1995 1,279,296 627,874 651,422 630,448 31,282 599,166
1996 1,488,821 748,018 740,803 435,943 28,615 407,327
1997 1,067,702 461,197 606,505 563,335 48,622 514,713
1998 1,013,566 518,668 494,898 497,496 43,497 453,999
1999 978,831 608,607 370,224 409,895 33,964 375,931
2000 976,135 606,305 369,830 377,205 41,226 335,979
2001 992,184 717A75 274,710 484,612 55,715 428,897
2002 950,128 591,355 358,773 541,938 87,082 454,856
2003 1,020,385 607,342 413,043 708,208 70,851 637,357
2004 1,094,771 749,191 345,579 583,708 68,466 515,243
2005 1,093,586 651,531 442,055 563,385 130,031 433,354
2006 1,139,806 600,784 539,022 498,025 79,107 418,917
2007 1,265,817 728,629 537,188 488,889 64,768 424,121
2008 1,364,119 785,214 578,905 484,302 70,295 414,007

* Data from NFRDI (2009)
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Appendix 14. CPUE of target species

Year Chub Jack Hair tail Yellow Yellox'/v Anchovy
mackerel mackerel croaker  goosefish
1988 0.08 3.47 0.21
1989 0.26 1.05 0.25
1990 0.46 1.37 0.31
1991 0.57 1.64 0.44
1992 0.22 243 0.37
1993 0.18 2.77 0.34
1994 0.27 2.98 0.05 016 0.005 0.55
1995 0.19 0.63 0.04 0.13 0.005 0.61
1996 0.22 0.74 0.10 0.11 0.015 0.43
1997 0.16 1.82 0.11 0.13 0.005 0.37
1998 0.33 1.98 0.07 0.16 0.002 0.63
1999 0.29 0.90 0.21 0.25 0.004 0.63
2000 Qo% 1.82 0.31 0 25 0.005 0.63
2001 0.15 1.32 0.36 0.23 0.007 0.51
2002 0.18 2.03 0.25 0.17 0.006 0.61
2003 0.18 1.83 0.42 0.24 0.009 0.71
2004 0.13 2.23 0.36 0.17 0.009 0.35
2005 0.41 243 0.38 0.14 0.012 0.41
2006 0.29 1.70 0.32 0.19 0.010 0.57
2007 0.39 1.66 0.25 0.18 0.005 0.51
2008 0.32 3.00 0.10 0.20 0.004 0.68

Data from NFRDI (1988~2008)
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Appendix 15. Length composition of target species

lerath 1988 2008
& C ] A H Y C ] A H Y
1
2 88
3 2185
4 573
5 244
6 340 22
7 546 152
8 115 254
9 89 1 395
10 90 9 8 1 446 0
11 129 9 22 6 4 310 1
12 33 11 6 53 33 44 179 2 20
13 8 143 17 82 67 157 179 1 188
14 10 102 26 111 115 312 109 2 282
15 16 166 16 118 148 680 33 16 136
16 41 483 34 101 89 498 3 29 36
17 20 1052 38 78 85 424 54 20
18 35 1211 54 60 146 753 48 64
19 115 1097 150 44 100 631 66 205
20 316 871 163 57 105 622 148 279
21 384 515 144 102 142 671 200 247
22 497 164 125 103 215 575 301 202
23 540 55 51 108 425 556 231 96
24 474 1 44 39 769 307 141 50
25 515 45 20 1091 251 147 34
26 373 21 9 1087 226 106 20
27 362 14 2 815 142 107 4
28 394 12 1062 123 90 1
29 427 6 899 64 81
30 503 5 1 948 81 74
31 506 3 3 1008 44 45
32 358 v4 2 1005 51 57
33 271 1 612 37 39
34 163 1 3 580 56 25
35 141 5 1 547 35 25
36 81 5 8 332 24 16
37 21 4 199 26 4
38 10 6 146 15 3
39 14 6 60 8 1
40 4 9 32 2 6
41 6 6 13 4 2
42 12 5 17 2 1
43 7 1 4
44 1 1 3
45 1 5 1
46 4 1

C : Chub mackerel (LPS), J : Jack mackerel (LPS), A : Anchovy (ADN),
H : Hair tail (LPT), Y : Yellow croaker (LPT)

- 162 -



Appendix 16. Catch of China in the Pacific ocean

Year Chub Japanese Japanese Large head Yellow
mackerel  jack mackerel anchovy hair tail croaker

1988 240,699 365,730 23,954
1989 231,625 416,202 16,778
1990 196,823 54,140 497,733 23,459
1991 242,639 113,050 559,358 47,158
1992 243,143 192,720 622,243 63,047
1993 272,604 557,237 635,315 78,311
1994 336,091 438,955 878,144 102,976
1995 372,038 489,066 1,039,684 153,048
1996 374,400 671,376 1,071,914 253,482
1997 377,938 1,110,860 937,696 131,866
1998 341,390 1,217,190 1,084,272 169,950
1999 349,146 951,419 1,060,305 210,856
2000 300,903 980,461 1,102,782 241,680
2001 325,527 1,075,571 1,094,329 209,298
2002 353,382 998,129 1,095,629 221,591
2003 370,747 47,016 1,106,500 1,074,614 237,724
2004 382,927 21,991 993,88 1,191,085 266,982
2005 418,677 165,065 882,551 1,090,220 277,968
2006 403,510 135,281 826,834 1,204,857 295,150
2007 343,821 186,411 806,528 1,152,001 338,843
2008 592,637 59,028 658,721 1,192,721 354,665

* FAO data base
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Appendix 17. Catch of Japan in the Pacific ocean

Year Chub Japanese Japanese Large head
mackerel  jack mackerel anchovy hair tail
1988 646,196 227,770 177,492 30,912
1989 524,809 181,456 182,258 29,788
1990 272,477 221,974 311,427 31,506
1991 253,991 223,005 328,870 32,745
1992 266,609 223,412 300,892 31,539
1993 664,298 311,949 194,511 31,712
1994 633,062 326,130 188,034 31,577
1995 469,447 132,994 251,958 28,207
1996 760,430 330,406 345,517 26,644
1997 848,967 323,142 233,113 20,932
1998 511,238 311,311 470,616 22,268
1999 381,865 211,077 484,230 26,200
2000 346,220 245,988 381,020 22,947
2001 375,273 214,434 301,168 16,615
2002 279,633 196,044 443,158 14,405
2003 329,273 241,920 534,919 12,949
2004 338,098 245,287 495,795 16,439
2005 620,393 191,335 348,647 16,332
2006 652,397 167,494 415,497 16,099
2007 456,551 170,382 362,460 17,887
2008 514,000 172,100 344,800 16,200

* FAO data base
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Appendix 18. Data for income per person employed by fisheries

Minimum Large .
Year cost of /.Xverage purse Anchovy  Large pair
living income seine drag net trawl
1988 573,811 1,231,605 508,417 173,417 441,083
1989 596,803 1,304,752 620,833 222,167 555,833
1990 620,715 1,382,243 650,083 245,333 610,667
1991 645,586 1,464,337 747,250 300,333 718,167
1992 671,454 1,551,306 951,583 333,833 863,583
1993 698,357 1,643,440 1,037,583 427,250 946,917
1994 726,339 1,741,047 1,071,333 467,583 999,750
1995 755,442 1,844,450 1,357,333 609,750 1,145,583
1996 785,711 1,953,995 1,497,167 669,500 1,007,667
1997 817,193 2,070,046 1,498,917 731,500 955,833
1998 849,936 2,192,989 1,639,583 813,500 965,083
1999 883,991 2,323,234 1,757,167 953,667 1,386,833
2000 919,411 2,461,214 1,914,333 885,667 1,417,583
2001 956,250 2,607,389 2,403,833 1,013,000 1,429,333
2002 989,719 2,762,246 1,953,917 1,014,333 1,445,250
2003 1,019,411 2,926,300 1,800,083 1,385,667 1,479,083
2004 1,055,090 3,105,900 2,332,500 1,362,583 1,834,833
2005 1,136,332 3,236,600 2,312,750 1,409,917 1,907,083
2006 1,170,422 3,427,800 2,578,500 1,536,333 1,933,250
2007 1,205,535 3,651,600 2,784,333 1,515,083 2,047,833
2008 1,265,848 3,905,600 2,922,500 1,690,667 2,259,250

unit : thousand won
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Appendix 19. Data for ratio of profits to sales by fisheries

Large purse Anchovy Large pair

Year seine drag net trawl Average
1988 16.28 11.11 27.31 25.40
1989 -6.07 32.14 22.47 26.74
1990 -7.09 10.07 17.61 24.27
1991 -6.68 4.20 9.88 25.72
1992 -1.05 -6.42 11.48 26.05
1993 1.26 46.12 13.87 35.84
1994 -6.77 40.89 7.67 30.59
1995 0.44 1151 9.34 25.31
1996 2.28 29.13 4.07 26.41
1997 -3.63 7.47 -2.23 16.82
1998 4.50 6.39 2.67 13.40
1999 3.03 -12.06 13.28 16.99
2000 4.71 -1 500 6.84 8.18
2001 9.25 5.16 3.90 11.97
2002 .51 3.88 7.15 10.49
2003 0.69 -7.29 0.98 12.14
2004 22.73 -9.45 5.20 15.26
2005 2.67 5.00 2.72 10.49
2006 -1.73 1.51 -1.47 10.23
2007 2.73 -7.78 -6.93 5.31
2008 9.78 10.39 -0.85 8.56
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Appendix 20. Data for ratio of landing to total supply by species

Year Sum Chub Yellow Hair tail Yellow
mackerel croaker ooose fish

1995 416,149 2,510 1,091 1,280 -
1996 526,635 2,689 2,509 692 5,611
1997 522,381 5,796 8,804 12,882 9,238
1998 375,224 4,831 19,282 16,247 9,847
1999 746,327 22,381 54,281 23,585 18,506
2000 749,191 24,230 58,773 27,616 26,209
2001 1,056,252 50,831 70,263 48,175 25,640
2002 1,186,400 37,606 >AR2 52,181 25,512
2003 1,238,603 30,820 56,206 47,747 24,865
2004 1,280,915 47,723 53,907 51,585 26,962
2005 1,256,142 19,527 59,322 45,114 28,239
2006 1,377,101 42,358 52,483 46,208 30,446
2007 1,391,506 49,730 51,782 41,306 32,386
2008 1,140,593 30,219 43,068 34,110 31,104
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Appendix 21. Data for employment rate by fisheries

Large purse Anchovy Large pair

Year Average seine darg net trawl
1988 0.9 -1.5 -3.5 -1.8
1989 1.8 9.8 -4.7 -1.6
1990 1.0 19 -0.2 3.5
1991 0.9 -1.6 1.5 8.9
1992 0.5 5.3 -13.2 -4.1
1993 -0.5 -3.8 0.6 -5.5
1994 1.Z -0.6 -4.3 13
1995 0.8 -2.8 -1.0 -7.0
1996 0.3 -6.0 5.2 -2.8
1997 0.2 -6.4 -85 -2.9
1998 -74 -10.4 -1.0 -9.8
1999 05 =5.2 -1.2 -5.6
2000 & 25 3.7 -28.2
2001 0.9 5.6 4.0 24
2002 1.7 0.5 2.4 -28.9
2003 -1.2 -4.5 4.3 -8.4
2004 0.8 =915 -1.6 -27.5
2005 -0.2 -1.1 -1.0 -2.1
2006 0.0 1.6 -6.8 -5.4
2007 0.2 0.0 -4.5 0.0
2008 -0.5 -8.4 -0.2 -9.1
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