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Ecosystem—-based stock assessment and
fisheries management of diving fishery

in the south sea of Korea

Sun Kil LEE

URIP of Fisheries and Oceanography, The Graduate School,

Pukyong National University

Abstract

Risk analyses of the diving fishery in the south sea of Korea was
performed using the EBFA approach, setting indicators and their
reference points for four management objectives to estimate risk scores
for each indicator. Management objectives employed in this study were
maintenances of sustainability, biodiversity and habitat quality, and
socio-economic benefits. From the estimated risk scores, the objective
risk index (ORI), the species risk index (SRI), and the fishery risk index
(FRID) of the diving fishery were estimated.

Both Tier 1 and Tier 2 methods of the EBFA approach were used to

-X -



assess a total of 14 indicators, depending on the level of information. The
SRI of purplish Washington clam was estimated at 1.7, that of pen shell,
1.8, and that of short necked clam, 1.8 in the diving fishery. The
Wilcoxon test confirmed that results from Tier 1 and Tier 2 were not
significantly different at the significance level of 0.05. Therefore,
estimated SRIs from both Tier 1 and Tier 2 methods could be combined
to estimate FRI for the fishery. The SRIs of sea squirt and sea cucumber
were 2.0 and 2.2, respectively, which were estimated from the Tier 2
method. The FRI of the diving fishery in the south sea of Korea was
estimated at 1.8, which was high to be in the red zone. Strategies and
tactics for rationally managing the fishery and the species were suggested
in this study.

To improve the ecosystem-based resource assessment, some vital
factors such as, adequacy of data and transparency of the data collection
system, suitability of indicators and their reference points, were analyzed.
It was found that scientific research for suitable indicators and their
reference points for the assessment were required, and essential training
and education in relevant areas were required for the improvement of
the ecosystem-based resource assessment and management. To address
these problems, establishment of an ecosystem-based resource assessment

and management system is urgently needed.
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Fig. 1. A map showing the target ecosystem for this study. The blue
area was the main fishing ground for diving fishery and the estimated

area was about 660 km?.
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Table 1. The permission numbers of diving fishery by an administrative

district in Korea

Total permission , Permission ,
Region ratio (%)
No. No.
Gangwon-do 6 3
Gyeongsangbuk-do 9 5
Busan metropolitan city,
Ulsan metropolitan Ccity, 93 53
175 Gyeongsangnam-do
Jeollanam-do 39 22
Gyeonggi-do,
Chungcheongnam-do, 28 16

Jeollabuk-do




Table 2. The variation of fishing vessel numbers of diving fishery by administrative district in Korea, 2000~2016

. Gyeongs Gyeongs Busan Incheon Chungch
Gangwon Gyeonggi . > : : Jeollana  Jeollabuk -
—do “do angéloam ang(%uk netrq)on at;lta nEtropdn CltyJta m-do —do Jeju-do eo%%réam Total
2000 8 0 115 12 0 0 38 0 0 23 196
2001 8 0 118 13 0 0 44 0 0 25 208
2002 8 0 116 13 1 1 48 0 0 26 213
2003 8 0 109 13 Js 1 50 0 0 26 208
2004 5 0 121 11 0 0 45 0 0 8 190
2005 5 0 119 9 0 0 46 0 0 9 188
2006 7 4 124 11 5 11 52 8 0 14 236
2007 7 2 127 13 5 6 49 1 1 26 237
2008 7 1 129 11 5 3 54 0 1 27 238
2009 7 1 130 5 5 0 54 0 1 30 236
2010 5 0 130 10 0 0 54 0 0 29 228
2011 7 0 130 11 0 0 51 0 0 35 234
2012 7 0 130 9 0 0 54 0 0 36 236
2013 7 0 129 11 0 0 53 0 0 35 235
2014 5 0 133 9 0 0 57 0 0 35 239
2015 6 0 126 11 0 0 50 0 0 32 225
2016 6 0 128 11 0 0 50 0 0 33 229
Mean 7 0 124 11 1 1 50 1 0 26 222
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Table 3.

The variation of catch and amount of diving fishery by administrative district in Korea, 2000~2016

Gangw Gyeongsa Gyeongsa Busan Incheon Jellanam Jeollabuk  Chungcheon Amount

Year 220&Y ngynam% e ngzr,buk e metrgi[g}?htan metrgi[g}cl)htan i o gna%n— A Total (}&]uiﬁ%rr%d
2000 747 5,349 272 304 149 4,171 0 2,536 13,528 471
2001 536 5,106 207 1,039 95 3,482 0 1,539 12,004 497
2002 400 4,836 170 1,057 125 2,467 0 2,391 11,446 503
2003 873 4,381 157 1,050 105 1,806 1,328 1,700 11,400 535
2004 720 4,272 119 1,177 103 2,197 835 1,920 11,343 538
2005 1,149 4,191 211 1,124 57 1,736 1,277 2,708 12,453 495
2006 814 3,042 142 952 75 2,205 662 3,395 11,287 468
2007 1,039 2,826 102 698 75 1,332 2,918 2,860 11,850 470
2008 409 3,065 343 1,057 13 1,803 0 3,765 10,455 443
2009 682 2,764 570 771 0 1,299 0 4,647 10,733 513
2010 468 2,839 181 771 63 1,247 0 4,285 9,854 481
2011 6 3,836 246 776 57 1,007 0 3,892 9,820 498
2012 0 3,462 208 759 0 1,239 0 3,325 8,993 458
2013 1 3,868 3 665 0 1,349 29 2,767 8,682 412
2014 3 3,391 0 757 0 1,431 1 3,460 9,043 440
2015 99 3,720 0 1,003 0 1,455 1 2,748 9,026 444
2016 214 3,519 10 736 0 1,674 0 2,632 8,785 377
Mean 480 3,792 173 864 76 1,876 881 2,975 11,117 473
ratio%) 4.5 35.7 1.6 8.1 0.7 17.6 8.3 30.0 100.0
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o 60% Hadh Ao et 2ok 7128 o g o] ZASA 4
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_13_



Table 4. Average catch by species of diving fishery in the south sea of
Korea, 2000~2016

Average catch Proportion

Rank Species
(mt) (%)
1 PWC 2,148 41.4
2 PS 1,207 20.6
3 S5 611 10.5
4  SNC 577 9.9
5 SC 407 7.0
Sub total 4,950 89.4
Others 896 10.6
Total 5,846 100.0

PWC : Purplish Washington clam, PS : Pen shell, SS : Sea squirt, SNC :

Short necked clam, SC : Sea cucumber

- 14 -
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Fig. 2. Variations in catch of major species by diving fishery in the
south sea of Korea, 2000~2016. PWC, PS, S5, SNC and SC denote
purplish Washington calm, pen shell, sea squirt, short necked calm and

sea cucumber, respectively.
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. A 7|8t 7] G BE 7}

1. A&

t E42 M Ytk EF SGYAAE TARE YA 2o 45
& 9 olE ARA BYUHNH BALAE o] 48 V5o W
(Zhang, 2006). FAAUL SANGAENA QrlA kel Tl wol

ool o3k Ao o] &o] AejA o FEFE HX= AL TSt

ATAHQA odHdd = Foixl AHAZTE AESHH IAE ¥t
FAAAE wid ojd o g dupubg ook sh=A AAs= Ao
o 22y AHAIE 1Este dEe FAAA S oJdFoEN FT AH
Aol mA ¢ e dFH old w
Fal Ak

19801 =A|H A (ESSCD) 3] 9]ollA A <&7hgbx (Environmentally
Sound and Sustainable Development)o]2t= 8017} A5 T3t th 1992
| @843 g #gk UN3F e (United Nations Conference on
Environment and Development)oll A A&7 d-S AHS 422 =¥
o] stz P HAEF} Agenda 21& FH3FHA T (Kang and Zhang, 2017).

MA 160 7= FAEL 20159 9¥€o] 2030 A&7t dEE
(Sustainable Development Goals, SDGS)E A& 3tF T 7 L& T4
o2 FAASZE &’k SDGse= A A2 AT AEA =7F T Y
of o3 wrEojxon, AriFoem oldgsiol & HIF HIIUFS 7HAL

Atk SDGse= ArSlH @A, AAEE, $HdED 3 ZokE E2Esh=

_18_



1770 =39 1697 AlF-E32E 7FA 3L doh SDGsel 177 &3 FolA] A
14 235 sjdd #4424 BE 9 A&7bed o] golth A 14 Bxe 7
Mo AFEEZE 1) 20259 7HA] 3 Fd

GAENA ALH7FsE By B BE, 3) st ste]
A7k 284 ogaA, dg 9w [UUY (legal unreported and
unregulated fishing), 32 ojd=k=], st wt #g] o]3y, 5) 202013714
Ak - Y 10%2] REFH AA, 6) 2020374 #ojg sy 9L F3 §
Wojg], IUU ool BRzg FA, 7 2030@7A st el A 471530
&S T =AT7F 2 HA¥lS Y9 Foieltt (Kang and Zhang, 2017).

A 7 A m= AEAE AR3sHA fFAAZIEA zEe] o]

rr

&
B
b
o
o
DN
(e}
(W]
(e}

o)

A e BESIHA AHA BRE JEsA ¥, FAAd S F
& gat7] flste] AeiA] gk stz A4 s Hg o R
& BES Bt ZAolth (Zhang, 2006).
AN A 719 AL B E AsiAE AA A 7|9 ALH 717 o] HA
ofF gt} AENA ZIWk AAH L] kA A ojof & HAA = A )9
e Exet Exd A2 E AAHSIE ol Gislason et al. (2000)2 A el
A 71 #eExe} 4 B O AR 2 7EHES AASAL, oAgH
gol sk A& M L Mg B A (Jake et al, 2005), A E HH
S AT AEI A 93 Holol #SE A (Livingston et al., 2005) 5ol )
o T4 AEHEE Id=E4 (Ecosystem risk analysis, ERA) 71
He st ojgo] A wx= IS BrIEA LN, olE vEge
2 ode AEHALS HIIste]l olddg el AdAF el ol&sty U
(CSIRO, 2005). -gUetell A= Zhang (2006) ]3] AefAl LA 4

AALTE P AT HLoR ARHYL, o F APEAF) 487
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AA ME-E F71s AAeA 719 2ALdH 7 A5 (Zhang et al., 2009; 2010)
7F A=A

o, A 71k ARG 7l tis) zEH o s HES, skl o
g A& fA 2 #d AAST 2193 dA-Ho] e AEA

He AEE ARt HrhAAY Ad84S =9 Kim and Kim (20112
TLS (Traffic light system) 71H H&<S FTAL=Z A 70 ojga=] &
s AT A AAA FIIARE ALstAnh vt del o] AH
A 71 AhH7E 24 Seo, 2011), 7]FHSto] ik AEfA 716k o=
(Lee, 2012), MefA 719 9= 244 7B (Park, 2013), Al o
Aol AefA 71RE ALdH 7 28 (Lee, 2014), 2l Agtoidol e
A 71 ALH7E A8 (Yoon, 2014) 59 77 A% Ay Qo

B ATE AYE Bl o AHA SN AURI TEE de
Frlolel A gsta, @A Floldel AU YHI A 4L B

Hapo] BAYE ekshel Walet Ferloldel BT Aune

AENA 719 A3y A 2"le FE55E o th

Ll
fo
rok

_20_



2. A5 3 WY

2.1. AEA 71 A-LdH7T

2.1.1. ¥7} &A

2 AFolA AMREE AEA 7N AR rE 2de Zhang et al
(20097 Zhang et al. (20104 AAIE  AHA 76 ZALAF 7}
(Ecosystem-based Fisheries Assessment, EBFA) =@ 24 AejAE H2| s}
7] fg #AYAFZE} Frre] 7|EH S AAS Bholt) o] R B
2 B wd (tier 1, quantitative analysis modeD3 A A2 (F4 53] 7 A]
=29 (tier 2, qualitative or semi-quantitative analysis modeDS | A|&}aL
A=, 71 A5 G g wEt AFH 24 2d 52 HA43F

N mae Aegste] P4E & ok

2.12. B o9 - ol - o F 4
2 AT B A, tdeld L el B AT NEL o
o

&3 2ok B A e 1 oS tiEsE slololok s, B}
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Target fishery (f1) € Ecosystem

h 4

Target species (51, 52, 53, ....)

h 4

Foundation of management
objective

h 4
Collecting data

h 4

p— Adoption of indicators e | vl tier 1 or 2

\ 4

Adoption of reference point

h 4

Decision of tier level

v

Risk analysis

v

Fishery assessment

v

Management status |eE— Fishery management

Fig. 3. Flowchart for the ecosystem-based fisheries assessment and

management system by risk analysis (After Seo, 2011).

- 22 -




A olgle F - A - dal dAl oA 70% oS AA ok s, B

ool Ee dlg ool A of ke ol Al o] T0%E YEE A

A AT,

AEA A A9RNE 93 s daolde el s

7] olgle MRS el A7) ool Fa FL ety s A
= 54d (2012~2016d) o2 HASIA

o dale Aavlelde) Wol taelEe A 54t oY we sEow

Az, Az, $Pdol, viAet, a4 5 57 o= ML)

2.1.3. AEA 7% ALdgr =4
B AT AEA 71N ARG 7E gidel He deit Farlol el

AFANE B muE A7k gol 8 AR, A=A, wHe P
4 mdg Adsted AARE HASNGEL, ARHOE FEF A7

Az - A2 B4 md (tier 1 and tier 209 A EE 714 -& Zhang
et al. (2010), Seo (2011), Yoon (2014) 5] A W& it F7]
ool AgstAth A&A (Sustainability) A EFoA= A, o8
T, IENAAA, AN T 47 BA st 1EdE Axe ALF
(G =g o]gzh), AGAAT (g7, AAYNAIAR (o] EAl
A7), o vlE& T /MR, AETSAE (Biodiversity) A HFZANA=
T E£9E&, T WY Od¥H T 5EA el £8E, AU%, Iud=E A
T 5 Mo AEE 1H}AT. A4 (Habita) BE FxoA = A4 A
A<, 287 #@rF 5 270 54 sl 1EE Axe AAA dEg, A

A3k 454 0 edg, 2dr] A% 5 NS A%E weisych viA
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2

o2 A8 A2 #Y (Socio-economic benefit) HEZEANHE 4, Y
, L8 5 3N BEA stoll odd & 45, H& T ol&H], 1L8&E AR
s MY A& etk =, AHA 74, AEddd A4, AHA
BHE D AAAZ 9 T 47 ZF o F 14701 AFE (Table 52 A
#o O 7|EHES AT R JIEHS Sy Aol
i AefA 719 AL rr A5 (Yoon, 20140014 AREs 7|EH S A&
skl

B AFA AMEZE 1) A xE 1Eb vkl A AEA 71 A
LG 7toll #A3 A (Zhang et al, 2010; Seo, 2011, Lee, 2014; Yoon,

2014) SolA AAYYE ZF AFEHE F2E FoA Wl F8, T2 FF9

ox
Ll
k1

2

ftilo

AN 7 Fuitt SPFe E40) me YUEE 247 YA YE
FH fA, ARAAN Y B 2 AEE BT
FAF oY) Bk el WAL AR AA=
BE BEY AL F A4A AERY AS, W1
tH BAIE AgStel AR Az BEoE AR AR 12,

Tela 56 Al AASE HAGoR TR BrisAT

- 24 -



Table 5. Objectives and indicators for the tier 1 ecosystem-based fisheries
assessment in this study
L. . . Weighted
Objectives Attributes No. Indicator
value
Biomass (B) or
Sustainability =~ Biomass S1 . ok s
Catch per unit effort (CPUE)
Fishing mortality (F) or fishing
Fishing intensity S2 * f
effort (E)
Size at first capture S-3  Age (length) at first capture (t. or L) — *** s
Reproductive potential ~ S-4  Rate of mature fish (MR) * s
Biodiversity Total bycatch B-1  Bycatch rate (BC/C) * f
Total discards B-2  Discards rate (D/C) * f
Diversity B-3  Diversity index (DI) * f
Habitat Habitat damage H-1  Critical habitat damage (DH/H) * f
Pollution rate of spawning and
H-2 * f
nursery ground (PG/G)
Discarded wastes H-3  Discarded wastes * f
Socio- Income E-1 Income per fisherman (IPF) * f
economic Profitability E-2  Ratio of profit to cost (RPC) * f
benefit
Employment E-3  Employment rate (ER) * f
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214 A 7|y 24

Tier 1¢] 5¥4¥ 7123 4A
7} A144 (Sustainability)
(D) A¥ = == CPUE
Adg Az B 2 FAVEHS A D F Q% o] AR
o, 5% 2 FAVIEHYA By FHS HAsiAAeE A QS ARESIATH

(Zhang et al., 2010).

Target : Busy=Bufymr—%——r==—-————1-—————"==c bl oo~ Q)

Limit : %BM5Y=B204, ———————————————————————————————————————————————— 2
(SB/R) .,

B, =B e 3)

current X W
current

714 Bysys HAUAEAAE MSYA 2 AL B)oIH, Buymens A
o] AP, SB= 4Ar&EAU#  (Spawning biomass, SB), R& 714
(Recruitment, R), Feurem= @A} AFJAEA|Folth @A o] AFGAGA
Ao o] 7t AdEF (SBRF Fuy (Fay T Fa) Do) Abebatd &
o] Bl & AAe A Fst ByE FEATH
23%7]F3 BuyE F4357] 98l BuwE, SAVIEH 12BysvE F

71 A8l Bun B AHESIAT AL Ee] A8E AHEE F flS B @9
H ol8 @ (CPUE) ARZE AHEste] A s B7bstdtt. CPUES] 7%

B %7124 S CPUEysyS, 317124 & 1/2CPUEysy 2 448t %th.
(2) AAYA T e oY F
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Zrrzioldel MSYE FA438hr] 98 JAALE =4l S Schaefer
(1954) RS o] &3t FAHsITh o]FE MSYE FAHst] 7l o] &
sttt oY F A Fo FEIIEHSE MSYE 7oz HASHL, A7
FHe 2MSY FEo 7 dAsygr).

Q) HAZAGRAAH &=

Ao AE Axe BEFEINZHE to (Or Loy, FAZIEHE t. (or
Lon®l 90% &0 2 A At AAGANANAZS ol =
A2s A8 AN ogRE d¥E AAFE FAS dAHE AASF

Hl &g o] &3t F43saAnt

(4) o] ¥]& (Rate of mature fish, MR)
do A Eo] AL FHAE = e TheAS UEE Adojvle
212 (e} o] A4tsttt (Zhang et al., 2010).

£ FAHNE 72UEE AUAARNE VFoR HAshe], BEs)EH
o]

J
H &S 40%, A7 S 20%2 A8k

. AETY¢A (Biodiversity)
(1) &8 <& (Bycatch, BC/C)
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o] AAstNaL, A=A

o

A5 4 sk o) BAHAT

D[target : D[first year O-lx(D[maX(study period) ~ D[min(study period)) _____________ (6)
Dllimit : D[first year ~ 0.2X (D[max(study period) ~ D[min(study period)) _______________ (7)

714 Dlpax (study period)= wFA2 W x99 FogA A Fo]™, Dl

(study period)+= AZHA x| & thaki A S=olt}.

t}. A21x] (Habitat)
(1) A2AA] 3)<& (Critical habitat damage rate, DH/H)
A2 A FEE FA4L Yoon (2014937 Lee (2014)8] =wolAl AAIS 7]

=g Agstel Wi

ground, PG/G)

i 38 ) ed e TYSAASANA g Sde) A o
=

~

Ala=ds

o

o
+
n
ol
il
=
g
>
il
Ll
>
:
;‘é
o
I
=
N,
N
fa)
rlo
+
n
ol
il
éﬁ
]
ol
2

A ledez A48, AVIEde BRered lleas 2A4ste 3

VSt ATH (A, 2012~2016).

(3) 3l 7] & (Discard waste, DW)
FH 7= A= NFAENA N AAfE] A= LA EL FES F3
HrlstA[nh SAIZIEH S el AA #HIEe] HAHoE AASRA, &

de AN AM FEom MRSt AR ARE

3]
AN

71
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A 2" (www.malic.orkr)e] A%

2}, A A A A &9 (Socio-economic benefit)

() ¥+ Y4+ (ncome per person employed, IPPE)

B A9 AF &3] oJddvS EAVIFEEF4AS (Urban income
per person employed, UIPPE)3} Hlw &l H7lsts Zeo] Eytdo|nz =
x 7|EHE AV EEHAAS UPPE)SE StAt. SHAZ|I=H S HA
AN A5 (Lowest income per person employed, LIPPE)S 7]|&o 2 A3

ST

(2) =#¥]& (Ratio of cost to sales, RCS)

FAH S Feriolde] mE=Y tinl Bl&o Hles AHEsts AoR
Ex71EH L Ar7ioldy mEd dinl He Hayk (URCS<= HAs
I, SAVIEHR S B7E 717ke] Hage s AASST

32

£%& (Employment rate, ER)
TE8o EuriExe ol A Ao AT 18EUeE A

IART, BAVEHEe AW F n8Fhee AsEos AASAt

Tier 2¢] S84 3= H7}

Tier 2¢] WS o] &3 AHA 719 ALH7F= Yoon (2014)F Lee
(20107} AAF TSA FEol Pt HlE #@F vt A xEH A
&5 Bttt
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7} 2144 (Sustainability)

(D AL (=8 o]g %, CPUE)

G eEy ofF & (CPUE) A RS AHESte] AL A5 H7EeAt
7t W 713F &<t B CPUEC Wik 7} A% CPUES} HI&<S ©] 83t
o Y¥=E Hriskith

Ll

(2) o B ARA S (] F )
qE YT Hrh o /I B BFE oFmAF (JH AP of
@ W7l Ao of¥werel H &L o gale] JPEE stk

() HZAHAZ Lo

o= 50% TASAR (L)< HAAFAAOZ 7hEsle] B3y
A, AYAANAZ L oA ES oFE AR AR ToA M A2 AR
EFE 73 10%0 HFEHE Ade ASNAAG ez T8t AI=E
37}k

(4) Ao ¥]& (Rate of mature fish, MR)
B[t g 50% TAASsA G el o FE AZARE o] &5t A
oH] &S FASA, oJFE 4| 477 o83 o E 9] H]

-

. AETYA (Biodiversity)
(1) €8 & (Bycatch, BC/O)
Eg9] 7|& tier 1949} FLsHAl Folst] AEstATE Tyt tier 2



A= MzEAN, 7127, vkA=, 2

Se34dol, slate] o8 ag

g A3 YA
oS EYFoR FsFh 2012-20161d X HF EIE&S FAHT

% 79A 3ol AgEE NP HYsgn

(2) #H71€ (Discard rate, D/C)

H71& FAO (20054 AAISE Fr7|Ade] d71& 0~1% @ A&
Ao A8 E o] &3l APEE HUtskTh
(3) T4 A4 (Diversity index, DD
THFE Aae B A 71309 Bt oSl g B d=9 of
A ARE

olgte] YUEE WS

=

Foo wgt A

r{n

t}. 4414 (Habitat)
(D A2 %
AAA FE
sttt #H4r

WS4 mwste] ABsE APES 4

< (Critical habitat damage rate, DH/H)

€L Yoon (2014)3} Lee (2014)2] E=&olAel 7]&& 9]
lold e By o]Fte] Exo] MalAe &k

kO
o

o= U]i]lw:‘ o']:rL

&

(2 20% % A5ge) 2d®

ground, PG/G)

Ay 8 el LdEE B

AEA ) s FzEr)e) S g
2o £FY WAL Aok =R FETloll @ WA HEF 2
9= FRo F7ol Wt HY=E Frlskich

(3) 3l 7] & (Discard waste, DW)
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S EECIOE RULCE REE R PP PR S R
Bb glol AW B Aw FEslelgel Bt ode YoE & A

wE2A AIE ol &5t APdEE PrlskaH.

2t A8 74 A1 A &8 (Socio-economic benefit)

() ¥+ 4+ (ncome per person employed, IPPE)

FrEzoide #He dEe oddewes =AU EHETAS (Urban
income per person employed, UIPPE)¥2] Bv]-&o w2l =S H7I5tS
=2

(2) =A1]& (Ratio of cost to sales, RCS)
Tl e] 95 f3d A5 FFrjofdls gidew 3 A

Zabe] Mg Y AR ol g3 APES Frlshsich

Al

(3) 1&%& (Employment rate, ER)
< H7F i 717 < Aol d e 2Ha AT (2HAET
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Wilcoxon test (8-S

|

o

A4H

2=
=T

sl Hl=E

g A=l

A7t =g (H5F7HE (H) 717hs 2 &0l

-

il

el e sg=st e

sttt (Fig. 4).
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Sample size = 30
(Rsrierl — Rstierz) ~ Norm

NeS No
Paired t-fest Wilcoxon signed rank test
Hy:RStier1 = RStiera Hy:RStier1 2 RStiers
Hy:RStier1 < RStier2 Hy:RStier1 < RStier2

A J A J

p—value > 0.05

Yes | H, H,; | No

r v

Revision of reference points
Examination of data

Accept models

Fig. 4. Flowchart for testing on comparison of risk score (RS) estimated
from tier 1 and tier 2 ecosystem based fisheries assessment approaches

in this study.
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no
o

A9 A% 3

_/'\_
(SRI, Species Risk Index)= 2] (DS A&l FAHSFHL, ALYAT=A S
(FRI, Fisheries Risk Index)= 2] (10)& A3}
2010).

o
o
o
i
2
N
=
o
=
oQ
@]
@
=N

SRS W,
ORI= e e L ®)

W
i=1

A71A, RS AE (9] YU, Wis A ie] 7ol ne A& 7j5olth

SRI= AgORI4+ AyORI; + Ay ORI + A g, ORI, ~==================———— ©)
714, 1€ FEE 753, ORIe EE9PE Agoltt. & AFolA =
24 JlEAE BEY AE FaRe wWeuF

o
=
(Table 5) 1s=0.40, A=0.24, 11=0.20, Ag=0.16% 7}FX|E H3}A T

_ XCPUE,- SR,

YcpPUE, (10)
o714, CPUE= B7IHdZ< CPUE, SRl= 371 tldFe THd%E A=

3)=1
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2.2 A5

2.2.1. Tier 1 A%&4 H71E A% A=

7} A144 (Sustainability)

ol Frrloldy o@8E Ame FAACAA HAZ FtEA AR
(KOSIS, 2012~2016)9F FARALH AR o] @A oA 33 AEE o] &3A
o Frlolde] CPUE F4< fal &g Ams sdratiolA Al

sote s7H ¢ SAARE ARSI T (MOF, 2012~2016).

o A=W oW ol ARE o &AWL ALFe FFIlelde oy
9 MEEA AEE A§SHAT

2}, A A A A &9 (Socio-economic benefit)

ABRAR A BEe) 7 AT oljel G A5 AXE Bl 9

3 At ZAZTE 4207]F 9WFLS (KOS, 2016) AR} Sl it
AAQTANA wd Bk BuAelA ATEE FeTlid BE &
ks

S ARE ASSHAL. WE T olawl ARE 5 Ak ATa £
A
-

TR A THAA wid EIEekE YA FE=AE R el A
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3. 23

31 AEE 9= H7}
3.11. AFAH 4 »d (Tier Do <3 H7}
AEFd B4 2d (tier Dol g3l F=A4E ol #Friofd el 7M=z=A,

71z, vtAlEe] A xd =+ Table 63 2.

7} 2144 (Sustainability)

(1) A9% == CPUE

2012~20163 &<t Falit rriojdelA o8 == /NN A A
=i AdFH VYT AL #ES FASATE MR AT i &
E7)1F 8 Byye 5,486E0]%0 3, SHAIZ|EH By 2,743 02 FA H o
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2 4743k, 1/2CPUEyy? 6.4E/4 S AV IEH o2 Ao, 2016
W CPUEE T4E/H o2 AIEE 248 HU7EATH
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Table 6. Risk scores (RS) of tier 1 ecosystem-based fisheries assessment

approach for the diving fishery in the south sea of Korea, 2016

RS of tier 1 EBFA

Objectives Indicator
PWS PS SNC
B (CPUE) 1.2 2.4 2.6
F (E) 1.8 1.6 1.8
Sustainability
tc (Lopt) 0.8 3.0 2.6
MR 0.0 0.1 0.0
BC/C 1.5 1.5 15
Biodiversity D/C 1.1 J 1.1
DI 1.8 1.8 1.8
DH/H 3.0 0.0 0.0
Habitat PG/G 1.9 1.9 1.9
DW 2.4 2.4 24
IPF 2.1 2.1 2.1
Socio-economic
RPC 1.8 1.8 1.8
benefit
ER 3.0 3.0 3.0

PWC : Purpulish Washington clam, PS : Pen shell, SNC : Short necked

clam
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Table 7. Risk scores (RS) of tier 2 ecosystem-based fisheries assessment

approach for the diving fishery in the south sea of Korea, 2016

RS of tier 2 EBFA

Objectives Indicator
PWC PS SNC
B (CPUE) 15 2.5 1.0
F (E) 3.0 3.0 3.0
Sustainability
tc (Lopt) 3.0 3.0 3.0
MR 15 0.5 15
BC/C 15 1.5 15
Biodiversity D/C 1.5 1.5 15
DI 2.0 2.0 2.0
DH/H 3.0 0.0 0.0
Habitat PG/G 3.0 3.0 3.0
DW 3.0 3.0 3.0
IPF 2.5 2.5 2.5
Socio-economic
RPC 2.5 248 2.5
benefit
ER 2.5 25 2.5

PWC : Purpulish Washington clam, PS : Pen shell, SNC : Short necked

clam
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7} 2144 (Sustainability)
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Table 8. Comparison of risk scores (RS), objectives risk scores (ORI) and
species risk index (SRI) estimated from tier 1 and tier 2 of purpulish
Washington clam caught by diving fishery in the south sea of Korea,

2016

Purpulish Washington clam

Objectives Indicator
tier 1 RS tier 2 RS
B (CPUE) 12 15
F (E) 1.8 3.0
Sustainability » I 20
MR 0.0 1.5
BC/C 1.5 1.5
Biodiversity D/C 1.1 1.5
DI 1.8 2.0
DH/H 3.0 3.0
Habitat PG/G 19 3.0
DW 24 3.0
IPF 21 2.5
Socio-economic benefit ~RPC 1.8 25
ER 3.0 2.5
ORIL_S 11 24
ORI_B 1.5 1.7
ORI_H 25 3.0
ORI_E 23 25
SRI 1.7 24
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Table 9. Comparison of risk scores (RS), objectives risk scores (ORI) and
species risk index (SRI) estimated from tier 1 and tier 2 of pen shell

caught by diving fishery in the south sea of Korea, 2016

Objectives Indicator Pen shel
tier 1 RS tier 2 RS
B (CPUE) 24 25
F (E) 1.6 3.0
Sustainability € (Low) 30 20
MR 0.1 0.5
BC/C 1.5 1.5
Biodiversity D/C 1.1 1.5
DI 1.8 2.0
DH/H 0.0 0.0
Habitat PG/G 1.9 3.0
DW 24 3.0
IPF 21 2.5
Socio-economic benefit  RPC 1.8 25
ER 3.0 2.5
ORI_S 21 2.6
ORI_B 1.5 1.7
ORI_H 1.0 1.5
ORI_E 23 2.5
SRI 1.8 21
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Table 10. Comparison of risk scores (RS), objectives risk scores (ORI and
species risk index (SRD estimated from tier 1 and tier 2 of the short

necked clam caught by diving fishery in the south sea of Korea, 2016

Short necked clam

Objectives Indicator
tier 1 RS tier 2 RS
B (CPUE) 2.6 1.0
F (E) 1.8 3.0
Sustainability € (Low) 0 20
MR 0.0 1.5
BC/C 1.5 1.5
Biodiversity D/C 1.1 1.5
DI 1.8 2.0
DH/H 0.0 0.0
Habitat PG/G 1.9 3.0
DW 24 3.0
IPF 21 2.5
Socio-economic benefit ~ RPC 138 25
ER 3.0 2.5
ORI_S 21 2.3
ORI_B 1.5 1.7
ORI_H 1.0 1.5
ORI_E 23 25
SRI 1.8 2.0
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3.14. 249 AA

ol AAS sl AFH £4 2o o Y A= A
4 2de) o) =49 Y=ol tisl] vlEsHdAMel Wilcoxon testE
S8l AZhe]l mdd o3 FAHE AXE PR FEAHE oFTEE, F

7}
BEE Yo FAHoE AASIAH.
T AAAAE AHEA, /ME9 gk Wilcoxon test A3}, tier 2
- tier 1& A4St 2959 (ter 2 - tier 1 = 29), Fo<=¥ (ter 2 -
tier 1 = %), & (tier 2 - tier 1 = 0)& 170, 1070, 2709 A= vEr
St AFVHEE ‘Hy : B2 &4 2ol 9% Ad=e AHF &4
Aol o3k AP =T AR oty ZAMTY &0l 0.0522 JEhy 7o
E ¢=0.05% sts W 0.058" =7] witol] AF7HES 714d &+ gtk
nZtA MM A 24 2o o3t HdEe AAAH £4 2d
o% Y= 2oe AES HE & Utk (Table 1D.
71Z709] ok Wilcoxon test A3}, tier 2 - tier 1S A4kt S99
(tier 2 - tier 1 = S5, FY<=$ (ter 2 - tier 1 = &), F& (tier 2 -
tier 1 = 002 178, 970, 3709 AFx= Yetwt. AF7MES ‘Hy : AFA
4 Aol Y3 APES BAH 4 Aol Y3 AF=I 2o o
o ZAHTS #E0] 01372 YEY Fol2E ¢ =0.05% s3< # 0.05%

o
1%

O =27] WRel ARG 14T 5 gtk mebd AEAE Ao A
welo] of gHEsl A4H B4 2dd o JPEE Lot Aeg

UE 4 At} (Table 12).
Bhx o)l 3+ Wilcoxon test A3}, tier 2 - tier 1S AlAbste] S99
(tier 2 - tier 1 = &), ¥4 (tHer 2 - tier 1 = &), & (tier 2 -
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Table 11. Result on Wilcoxon test for comparison of risk scores (RS)

estimated from tier 1 and tier 2 of Purplish Washington clam caught by

diving fishery in the south sea of Korea

1. Statistics

N Mean SD Min Max
tier 1 13 1.6771 0.8911 0.0 3.0
tier 2 13 1.9213 0.8131 0.5 3.0
2. Wilcoxon test
N Mean rank Sum of rank
tier 2 — tier 1 Negative ranks ) 5.76 45.69
Positive ranks 10° 4.16 8.45
Ties 2
Total 13
a. tier 1 < tier 2
b. tier 1 > tier 2
c. tier 1 = tier 2
3. Test statistics
tier 1 - tier 2
Z -1.9612
Asymp. sig. (2-tailed) 0.054

a. Based on negative ranks

b. Wilcoxon singed ranks test
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Table 12. Result on Wilcoxon test for comparison of risk scores (RS)

estimated from tier 1 and tier 2 of pen shell caught by diving fishery in

the south sea of Korea

1. Statistics

N Mean SD Min Max
tier 1 13 1.6607 0.9915 0.0 3.0
tier 2 13 1.8589 1.0780 0.0 3.0
2. Wilcoxon test
N Mean rank Sum of rank
tier 2 - tier 1 Negative ranks [ 4.22 13.09
Positive ranks P 6.07 42.24
Ties 3
Total 13
a. tier 1 < tier 2
b. tier 1 > tier 2
c. tier 1 = tier 2
3. Test statistics
tier 2 - tier 1
Z -1.5012
Asymp. sig. (2-tailed) 0.124

a. Based on negative ranks

b. Wilcoxon singed ranks test
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tier 1 = 02 270, 970, 2709 A x=Z ety AF7IEe ‘Hy - AH
A Aol o3 A=t AAA BA Aol o7 AP=IF 2 o
ok AR #E0] 01682 UEY FoEE ¢=0.062 tAES W 0.05%
g =27 dEd AFVHEe 714E & ok webs wpA e w23 A FH

dof o A=} AAH B4 2l o A=E Zue A

=
25 Y2 4 Ay (Table 13).
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3.3. Tier 2 X3 H7}

Tier 2 (BARA == F4ZFF B3

7} 2144 (Sustainability)

(D AL (S =E" o8 )

2012355 2016\37kA] erlojdellA oj&d $-ddole] B+ CPUE
= 2.58/30|%a, 2016)d CPUE+ 2.6=/H o2 ¥+ CPUE vl3l] 4.9%
< 7Fsle] Table 8ol AAE @8y A= x5 7|&H<d CPUE =k
7F oy, A CPUEZF xd Xt %+ CPUEe®] wls] <kxt F7}stol whe}
A== 1022 H7H AT (Table 14).

2012358 2016 3d7kA] Fprlofdols o d siake]l Hd CPUE:
1.5&/4 o)1, 201613 CPUEE 1.3E/H o= @+ CPUEY #Hlal 9.7% 74
st S =EE o g Ao 7|4 CPUE A=7F oy, A
CPUE7} xd 3+ 9+t CPUERT Zopxlo] we} Y=+ 25= H7FEHU
=2

il

(2) AATA G (=)
2012358 201637k et FrrloAde] Be =dHs (28T,

Effort)= 1823 o]l az, 2016 Z=J A+ 178302 22% #44ad Zo=s



Table 13. Result on Wilcoxon test for comparison of risk scores (RS)

estimated from tier 1 and tier 2 of short necked clam caught by diving

fishery in the south sea of Korea

1. Statistics

N Mean Min Max
tier 1 13 1.4621 1.0380 0.0 3.0
tier 2 13 1.8067 0.9681 0.0 3.0
2. Wilcoxon test
N Mean rank Sum of rank
tier 2 — tier 1 Negative ranks 2 5.77 17.55
Positive ranks P 6.08 48.57
Ties 2
Total 13
a. tier 1 < tier 2
b. tier 1 > tier 2
c. tier 1 = tier 2
3. Test statistics
tier 2 - tier 1
7. -1.397¢
Asymp. sig. (2-tailed) 0.172

a. Based on negative ranks

b. Wilcoxon singed ranks test
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Table 14. Risk scores (RS), objectives risk scores (ORI), species risk index
(SRD and fishery risk index (FRI) for tier 1 and 2 EBFA of diving fishery

in the south sea of Korea, 2016

Diving fishery

Objectives Indicator

PWC PS SNC SS SC
B (CPUE) 1.2 2.4 2.6 1.0 25
F (E) 1.8 1.6 1.8 3.0 3.0
Sustainability
te (Lopy) 08 3.0 2.6 3.0 3.0
MR 0.0 0.1 0.0 1.5 1.0
BC/C 1.5 1.5 15 2.0 2.0
Biodiversity D/C 1.1 1.1 1.1 1.5 1.5
DI 1.8 1.8 1.8 2.0 2.0
DH/H 3.0 0.0 0.0 0.0 0.0
Habitat PG/G 19 1.9 1.9 3.0 3.0
DW 24 2.4 2.4 3.0 3.0
IPF 21 21 2.1 25 25
Socio-economic
RPC 1.8 1.8 1.8 25 25
benefit
ER 3.0 3.0 3.0 25 25
ORI S 1.1 2.1 21 2.3 2.7
ORI B 1.5 1.5 1.5 1.8 1.8
ORI_H 2.5 1.0 1.0 1.5 1.5
ORI _E 2.3 2.3 2.3 2.5 2.5
SRI 1.7 1.8 1.8 2.0 2.2
FRI 1.8
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20161 Ferloldl S 178002 WA HASE 238 Aeolt ©
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kel Alsle 8ol 4tdtr]E 11-th3 3 3€ola, 2012~
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152 H7I=EA
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A o B E siake] € Ht o F A st Abekr]ol siE et 5~T74
Fojgn & dAl= 21%E FAH f¥dx BUF 7IF H9 Range)el
Al 20~40% W91l F=E L o]= < (abundance) &
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. AETY¢A (Biodiversity)

D &9&

ol Qb Frioid el of T o P el A Zt BrF tidEe ALE 2016
9 olgdFe o EFERE Aot AT & AFY HIe] o
A &8 Bl&ol tig RERfe AES AEE 02 £8F 5% HIT, 99
5 05 5~10%, 9= 1.0 10~20%, 1d%= 15%& 20~30%, H¥=
2.0 30~40%, A= 2.5& 40~50%, HIE 3.0 50% ooz st
o Y¥E=E Hriskdth

201613 et FFrioid Y ol T A AR A HIt i
zM, 7120, A=, 8ol sjakS AL YA HERF o gn
&2 247%5 & AR 7|EHAA BIEEFTY ofEC] ot B

A AP=E 2002 HFrrEAh

o\
r (%]
=

(2) =71

el Aol gel o]l e r M I HAEXA Ay, 2 =
F HIF FES RE 5-20%2 UERSRTE FAO (2005)0] wEW 4]
o] o] HI T 0~1%= Aolsti QT rlolede] Hr| e H o) A
Fo| 71FEH] &9 HrFgo] RHEFFOR FuEH IPEE 152
B7HE Ak

E A AR AdEE Hrbsh] As A ARREEH g
b AElolde] 2012~2016E 7+ A=W o] H o]Fo] £E ALttt
oAFE At oM ZIEMAR, ZIEHER, 7B R o] VeI E
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Table 15. Data status and contents, collection agency, problems and improvement measures by indicator of sustainability

No.

Indicator

Data status and

(present) Data

Problems

Improvement measures

contents collection agency
. Measures for the unification of fishing
Catch : 2000-2016 %umpxup, KOS5, MFS[gaAtC\}:S Og&imh statistics statistics through joint surveys by the
: e association, Suhyup, KOSIS, and FIRA
g Reflecting on the field data of fisheries through
1 Biomass Lack of reality of length data periodicng survey (introduction of the S}g;ip
Catch at age (missing small PWC) tPherver systerm)
20002016 NIFS
¥ Annual length data Age/Parameters (2003) A
(Catch PWC larger than Estimation of Age & Growth Parameters
maximum length)
. Measures for the unification of fishing
Catch : 2000-2016 %umpxup, KOSIS, M%hvsf Scla;llt]ch Statistics statistics through joint surveys by the
2 CPUE i - DUIyup association, Suhyup, KOSIS, and FIRA
Effort © 2000-2016 KOSIS, Real number of fishing vessel Establishment of a system reflecting actual
’ Local govement not included fishing vessel data investigated by FIRA
o Measures for the unification of fishing
Catch : 2000-2016 %umklxup, KOSIS, M;I{]R?g:hvsf §3}t16h StatishiCs statistics through joint surveys by the
3 ForC i . yup association, Suhyup, KOSIS, and FIRA
Effort © 2000-2016 KOSIS, Real number of fishing vessel Establishment of a system reflecting actual
’ Local govement not included fishing vessel data investigated by FIRA
. Reflecting on the field data of fisheries through
4 t.or Ly Annual length data FIRA Lack of reality of length data periodic survey (ntroduction of the ship

: 2000-2016

(missing small PWC)

observer system)
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Table 15. Continued

Problems

Improvement measures

. Data status and (present) Data
No.  Indicator contents collection agency
Catch : 2000-2016 FIRA

Missing small PWC  data when
investigating length field data

Reflecting on the field data of
fisheries through periodic survey
(introduction of the ship observer
system)

Length at 509

group
maturity (2004) P, =

Old data of length at 50% group
maturity

(Univ.) A study on dissemination
and length at 50% group maturity

NIFS : National Institute of Fisheries Science

FIRA : Korea Fisheries Resources Agency

F (Fishing mortality), C (Catch), tc or Lopt (Age or Length at first capture), H (Habitat size), FG (Fishing ground size),

TLm (Mean trophic level in catch), MR (Rate of mature fish), S (Slope of length or weight spectra),

Rr/w (Ratio of release stock abundance/wild stock abundance in catch)
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Table 16. Data status and contents, collection agency, problems and improvement measures by indicator of biodiversity

Data status and

(present) Data

No. Indicator contents collection agency Problems Improvement measures
Implementation of education on
Annual catch by Unable to classify in detail, such ClaSSi{cf;C?EI(.)rlheazd kl)dizgﬁiiaté%r;r gfof fz};
1 BC/C species Suhyup as similar species, as either ** or Sec . oY g
 2000-2016 others assoctation
(University, NIFS creates class for class in
regular intervals)
Annual or monthly No data and information on vessel Strengthemng the field =~ survey Dby
2 D/C waste data None disposel of diving fish Introducing observer system on board
e B (length, waste, working hours, etc.)
Unable to classify in detail, such Imple.rTEn‘Fatlon O.f ed u.ca tion .on
8 : ) classification and identification of fish
Anmnual number by as similar species, as either *x or o5 for the emplovees in charge of the
3 DI species Suhyup othersx asgscociation oY g
1 2000-2016 (The number of fish species is

similar each year)

(University, NIFS creates class for class in
regular intervals)

BC/C (Bycatch rate), D/C (Discard rate), DI (Diversity index),
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Table 17. Data status and contents, collection agency, problems and improvement measures by indicator of habitat

Data status and

(present) Data

No. Indicator contents collection agency Problems Improvement measures
. No investigation agencies and Conduct habitat and fishing environment
1 DH/H D fish N o
amaged fishery area one relevant data surveys at NIFS, universities, and Suhyup
Ratio of pollution in ) R . Leverage NIFS report substitution
. No investigation agencies and . .
2  PG/G nursery and spawning None (Survey on the fishing environment of
relevant data .
ground the entire coast of Korea)
A periodic survey for discarded waste on
the ship
No i ot . J (introduction of the board observer system)
3 DW Discarded waste None TS 2SS at Utilization of integrated marine waste

relevant data

information system data
(Marine waste collection by region per
year)

DH/H (Critical habitat damage rate), PG/G (Pollution rate of spawning and nursery ground), LG (Lost fishing gear),

DW (Discarded wastes)
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Table 18. Data status and contents, collection agency, problems and improvement measures by indicator of Socio-economic

benefit

No. Indicator Data status and contents C(()ﬁg(e:%eor;t) alg)gr%y Problems Improvement measures
Urban household income Statistics Korea,
(200-2016) MOHW Fey None

12 IPPE -
Personal income — No No
(2002-2015) yup ne ne
S T B s e e

13 RPS or Operating profit

RCS (2002-2015) Sufyup B None
Total cost (2002-2015) Suhyup None None
Real number of fishing vessel . .

No. of fishing vessel Local government rgeticluded : Egttlilglhigﬁirg \?ésgelssézttzm reflecting

4 (2000-2016) (Apply collectively by licensed investigated by FIRA

fishing vessels)

Suhyup,

No. of people (2000-2016) Statistics Korea

None None

RPS (Ratio of profit to sale), RCS (Ratio of cost to sale), RLTS (Ratio of landing to total supply), ER (Employment rate)
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Table 19. Status of reference point, problems, research and improvement by indicator of sustainability

No. Indicator  Reference point Problem Research area Improvement measures
Biology, Biostatics Flexible reference point application depending on
Fish taxonomy fish type
. BMSY or . . 3
1  Biomass B None Fisheries resources dynamics  (ex)
e Fisheries resource ecology — Short-life fish species : Bgys~Buges
Computer secience - Long-life fish species : apply above Biys
Fish taxonomy 1. . .
. . Non—equilibrium model applied for MSY
2 CPUE CPUEMsy None Biostatics ) eq b
. ) estimation
Fisheries resource ecology
Fish taxonomy A .
; . Non—equilibrium model applied for MSY
3 ForC Fysy or MSY None Biostatics ' eq b
" : estimation
Fisheries resouce ecology
Biostatics
4 toor Loy te (Lo or Las  None Fisheries resource ecology
Bio-histology
Difficult to estimate
. Bio-histology, Biolo Target reference point : adult ratio 80%
5 MR MRuypos and requires many By ey & o ?

parameters

Biostatics

Limit reference point : adult ratio 609
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Table 20. Status of reference point, problems, research and improvement by indicator of biodiversity

No. Indicator Reference point Problem Research area Improvement measures
o - Statistics . o
No definition of mixing ] Establishment of the mixing rate reference
1 BC/C (BC/Carget Fish taxonomy ) o
rate ) point by fishing
Bioology
Statistics
Apply as international Fisheries resource dynamics = Establish a reference point after direct
2  D/C (D/Crarget standards Fisheries resource ecology investigation
(FAO, 2005) Environmental science Survey parallel
Environmental hypochlorology
The entire period can __
Fish taxonomy . .
not be reflected because Use Dlpan inseead of Dl to reflect the entire
3 DI (DDarget : Bioology )
only the starting and o survey period
Statistics

last years are used
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Table 21. Status of reference point, problems, research and improvement by indicator of habitat

Indicat
No. Reference point Problem Research area Improvement measures
or
Apply as B i F e For diving fishery, the damage rate is applied
(DH/H) arget = 209, : : Oceanography . .
) . International . ; according to the target species
1 DH/H Consideration of phrase Environmental science . .
. standards ] - PWC : Using fishing injector gear
characteristics Marine geology . .
(MSC, 2009) Ethics — Others : No use fishing injector gear
(PG/ G Oceanograph:
Target reference N . . S Estimation of ecological pollutants using WQI
L No application for Marine hypochlorology ]
2 PGG - point : benthod or infauna Environmental science  Level I (very good)
1/2  {Standards for drift Water quality anslysi LRP : Level Il (normal)
matter pollution (10mg/ #)} d v
FAO2009) : Fishing gear science
3 FR FRiaget No criteria for diving Environmental science  TRP : 0%, LRP : 109
fishery Ethics
Oc h
Enff?rr;(;irnaelr)lt;]l science TRP - 1/2(LRP)
4 DW DWharget . LRP : Average amount of discarded waste
Statistics . .
; % www.malic.or.kr
Ethics
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Table 22. Status of reference point, problems, research and improvement by indicator of socio-economic benefit

Indicat
No. Reference point Problem Research area Improvement measures
or

Economics, Business administration
Sociology

1 IPPE UIPPE None ) None
Welfare studies
Statistics
Economics, Business administration

2 RPS URPS None Sociology None
Statistics
Statistics

3 RLTS URLTS None ] ) o ; None
Economics, Business administration
Economics, Business administration
Sociology

4 ER 1/2 UER None g None
Welfare studies
Statistics

_91_



b o

°

_?_]
shuer 7+ i &8 #7)eo

oJRA A3 % ThgolFolt,

Kim et al. (2003)®} Zhang et al. (2004)°]%]

o

A TAC tjdolF

B3 4% shetnlE e} A
AR T4 A7 AYEA Bgh)

L —

)

o
T

|

3.2.2. AETYYAH A Ax

321 A&HAH #A9 A%

Mz e =
AT 54 A=, d8-4% FdeguE, AAALA T M), o AA S (),
i Ev

3.2. AEA 719 ALdP7t R BEE
#

]

(o]

)

_

S|

I #Hrles 2ARIAY ARE TH

=3 E

gt Aol ¢

o
T

)
N

JJ
g

o

=
o

:
i+

o4 stz ol 1

3|

8

A

oy

gol gltes ARl An.

_92_



323. AAX BE AE

] 9181 ALgE A

H7}s

o -
= ¥

MAA R

s

ol o

)6]'

710l el o

)

b glol Aoy %

S|

FolA FHzIES vttt FAAES A

3|

M FEE] o)
718 (MSC, 2009)< =uol

o O
==

shaL ok AAA HE

FAA g

s
s

o 9%

-
At

h i & A

]

Al gtk AGH7 &S AsE O

MK
)

o

JI
7

o

J)
1

3.2.4. A3 BAH Y AE

AF2 74 A A S e =

F7] S8 ARRE AE=

7}5

3

Y2

o

al

Bl

AT

AN (KMDell A

—_
o

X
Th

3.2.5. AdAE AT %

2 wgoz A

5897

o tsf oF

=
¢

oA A8 == F2 457 o

&l o

7F Al 2=

3

Ry

SRR

[¢]

ARE o] &d)A

o
N

1A 5

37bshe

Ry

_93_



Fa 3l

°

7}

]

SHAR %

L —

) By

3}

°

7}

]

3

Sl oYY ARTOR

o @A 1dA =

ol

)

7= 3
b Qlar, 71z

3

Dz

38

‘|_

o] &
5

1

9
pa

ol &l

[e)

=

o]F L 571
A <]

=4
o

=

-

)

CPGCEIRL!
=9
[e]

7+

27N T =2 77 o

o

3

I

Yl o} flo] o
Agwe A

s

= A
) By

(o]

T

=

o

o]

T

LR, SRS BAY] 5 AABE R ol

7+

%

o

]

Ry

Lo T A,
g, 4985 A o g

I Aok

2HAZ
e A8 F8 457 o]F F A 29A =

o Zhzte] A

TAC, oA

) By

=

o

7h
=1}
©
ojFolaL, ITAE

AYHF A, AF=HF A, Asdoldd, =dTS A

=
=
T

=i

o olHY obHAAE T
AT kol A

[}
A

ﬂ,ﬂ

HA
B
)

o

TEg

o

H

2

ALS] A

Al el

1

9
pil

A 5 T

ZF

_94_

Azslol o] oj&aro] BAH Azsolgio] A

ZHE o] 3 40od whol 1007 & 4% ot ®E "otk 457) ol Fol Wigh

74l

= U

A

Al
-

A

| —

) Y

2]

°

Al
-

o] A

17}, o8 ar A, TAC A=, 71€3 FA, 297G FA, 4%

o

=
3

NZFT=



3} ojgeo] gasty Yo o shAe)

Y Apg] ol Lt el

2

o A

o] Mz AAIA ] flol

B

o
&

e

331 ZA Eof

AEiEol A&, A=

+ 3Gk (A3 A A S

A =4 Hol

), B EF (HAA), A

OO]:

o}

i
A
0

i)

ﬁo
o

M, HAF 5ol It} (Table 23).

/1\_]__

2=
T

ZAE wZofell

o

[
ﬂ,ﬂ
o)
o

<

)

b o Ae

OO =) =
H5S TP

Eis

Hlo

X

B
ol
ﬂ,ﬂ
'~

)

—
o

B

il

ﬂwﬂo

33.2. ¥4 - H7} £oF

37 ®oF

B

o
2

o
o]
lg

ﬂwﬂo

i

H

o

ol
%

)

0%

bo o

S|

2 7

_95_



Table 23. Education subjects and studies by survey

Detailed area . . .
Item o Training target Area of education and learning
(Characteristics)
University Statistics, Biology, Fish taxonomy, Fisheries resources dynamics, Meteorology,
Environmental science, Organization studies, Genetics
Research institute of local Statistics, Biology, Fish taxonomy, Fisheries resources dynamics, Meteorology,
Biology government Environmental science, Organization studies, Genetics
T Statistics, Biology, Fish taxonomy, Fisheries resources dynamics, Meteorology,
(Sustainability, NIFS Environmental science, Organization studies, Genetics
Biodiversity) Statistics Korea Statistics, Computer science
Suhyup Statistics, Fish taxonomy, Ethics
S FIRA Biology, Fish taxonomy, Statistics
Uurvey University Oceanography, Marine geology, Fishing gear engineering science, Environmental science,
Statistics, Water quality analytics, Organic chemistry
Research institute of local Oceanography, Marine geology, Fishing gear engineering science, Environmental science,
) government Statistics, Water quality analytics, Organic chemistry
Environment NIFS Oceanography, Marine geology, Fishing gear engineering science, Environmental science,
(Habitat) Statistics, Water quality analytics, Organic chemistry
KIOST Oceanography, Marine geology, Fishing gear engineering science, Environmental science,
Statistics
KOEM Oceanography, Marine geology, Fishing gear engineering science, Environmental science,

Statistics
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Table 23. Continued

Training target

Area of education and learning

Detailed area
Item L

(Characteristics)

Economy,

Management
Survey

(Socio—economic
benefit)

University

Research institute of local
government

NIFS

Suhyup
Statistics Korea
KMI

MOHW

Economics, Business
Economics, Business

Economics, Business
Economics, Business
Economics, Business
Economics, Business
Economics, Business

administration, Resource economics, Sociology, Welfare studies, Statistics
administration, Resource economics, Sociology, Welfare studies, Statistics

administration, Resource economics, Sociology, Welfare studies, Statistics
administration, Statistics
administration, Statistics
administration, Statistics
administration, Statistics

NIFS : National institute of fisheries and science
FIRA : Korea fisheries resources agency

KIOST : Korea institute of ocean science and technology

KOEM : Korea marine environment management corporation

KMI : Korea maritime institute
MOHW : Ministry of health and welfare
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Table 24. Education subjects and studies by analysis and assessment

Detailed area .. . .
Item (Characteristics) Training target Area of education and learning
University (Graduate school) Statistics, Fisheries resources dynamics, Organization studies, Genetics
FSiOlOgy il Institute of local government Statistics, Fisheries resources dynamics, Organization studies, Genetics
ustamability, .. . . . .. . .
Biodiversity) NIFS Statistics, Fisheries resources dynamics, Organization studies, Genetics
FIRA Statistics, Fisheries resources dynamics
. ! Oceanography, Environmental science, Marine geology, Water quality analysis,
Analysis, University (Graduate school) Organic chemistry, Fishing gear engineering science, Statistics
. Oceanography, Environmental science, Marine geology, Water quality analysis,
assessment Institute of local government Organic chemistry, Fishing gear engineering science, Statistics
Environment NIES Oceanography, Environmental science, Marine geology, Water quality analysis,
(Habitat) Organic chemistry, Fishing gear engineering science, Statistics
KIOST Oceanography, Environmental science, Marine geology, Water quality analysis,
Organic chemistry, Fishing gear engineering science, Statistics
KOEM Oceanography, Environmental science, Marine geology, Water quality analysis,

Organic chemistry, Fishing gear engineering science, Statistics

FEI : Fisheries economic institute
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Table 24. Continued

Item I()Ce}ﬁlrl ggteaéggcs) Training target Area of education and learning
University (Graduate school) Economics, Business administration, Social science, Social welfare, Statistics
Analysis, %a(;l;l;)gn;ﬁaent NIFS Economics, Business administration, Social science, Social welfare, Statistics
assessment g;l”eif?tgeconomc Suhyup (FEID) Economics, Business administration, Social science, Social welfare, Statistics
KMI Economics, Business administration, Social science, Social welfare, Statistics

FEI : Fisheries economic institute
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Table 25. Education subjects and studies by management

Detailed area . . .
Item Training target Area of education and learning

(Characteristics)

. . NIFS Social science, Resource economics, Fisheries resources dynamics, Statistics, Ethics
Policy establishment

and implementation Public officer of government Public administration, Social science, Resource economics, Fisheries resources dynamics,

Manage and local government Statistics, Ethics
ment Public officer of government y . ; . - . . ! . .
Public administration, Economics, Business administration, Fisheries resources dynamics
Tlegal fishing and local government
Fisherman Ethics, Economics, Business administration, Fisheries resources dynamics
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Table 26. Management strategies and tactics based on risk scores by target with the focus of purplish Washington clam

Objectives ORI Strategies Indicator Risk score Tactics
Inereasng blnmass 8 1.2 Management of catch by TAC,
Thoroughness of catch report
Sustainability 11  Decreasing fishing effort F 18 Reducing fishing vessels
Prohibition capture size TAOF |t 0.8 Legislation of prohibition capture size
Prohibition capture period MR 0.0 Legislation of prohibition capture period
Decreasing bycatch BC/C 15 Releasing at bycatch or small size
Blodiversity 15 Derfn?asing d]scarde-d rate D/C 11 Monitgr]ng dist;ard by an otfsewer on board
Training for person in charge Bi o Education for fish classification
of species classfication i by establishment of a new curriculum
Preventing habitat damage DH/H 3.0 Gy opment flSh_mg gea_r, ’
or crack down of illegal fishing gear
Hatitat = Decrea.smg plitisniE) PG/G 1.9 Environmental improvement of fishing ground
spawning and nursery ground
Restricting discarded wasted DWW 2.4 Prohibition of discarded waste
Socio- Increasing the revenues IPE 21 F Production of optimum catch
£Conomic 23 Maintaining variable production RPC 1.8 Increasing of expensive fish catch
benefit Supporting employment ER 3.0 Fishing on optimum fishing days
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Objectives or indicators
v

Data collection

Yes No
A4
Set reference Classification and
point investigation by
item
Yes I No
v Development of > Survey
—|  EBFA reference point A
! |
! | Forecasting by H| Assessment | !
1 ?|  IFRAME 7 [
| 1 I
1 Yes] o & % | B =" AL VT e . I
|
————————— - — = Education for EBFA & EBFM --- !
| P m—————— -
v 1
Policy <________________l
establishment

Implement
EBFM

Fig. 5. Flowchart of ecosystem-based fisheries assessment and management.
The blue line is a flow chart when sufficient data is available and the
black line is flow chart when there is not enough data with feedback. The

dotted red line refers to education in each area.
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Appendix 1. A survey for ecosystem-based fisheries assessment

diving fishery
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Appendix 1. Continued
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