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Effects of Climatic Regime Shift on the Structure

of Marine Ecosystem in the Southwestern East Sea

Sang Cheol Yoon

URIP. of Fisheries and Oceanography, Graduate School

Pukyong National University

Abstract

The structure and abundance of species or species groups in the
East Sea ecosystem were compared between pre- and post-
Climatic Regime Shift (CRS) occurred in the mid 1970s using a
Ecopath model. Although the East Sea ecosystem consisted of
primary producers, primary consumers, secondary consumers and
terminal consumers, most species groups in the East Sea ecosystem

belonged to secondary consumers. The mean trophic level between



pre- and post-CRS increased from 3.09 during the pre-CRS period
to 3.28 during the post-CRS period. Total biomass of species
groups in the East Sea ecosystem declined by 9% due to the CRS,
while total catch increased by 48%. The most significant differences
between pre- and post-CRS models occurred at the mid-trophic
levels, characteristically occupied by fishes and cephalopods. The
relative contribution of the different species groups to the total flow
of energy was calculated for the trophic level M. As a result, the
status by dominant species in the East Sea ecosystem shifted from
cephalopods to walleye pollock due to the CRS. The relative
contribution of 5 species which were commercially important, such
as Pacific saury, Pacific sardine, filefish, walleye pollock and
sandfish, were also changed due to the CRS. Finally, the climatic
regime shift turned out to cause large variations in biomass and
catch of fisheries resources as well as the status and role of major

species.
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(semi-enclosed sea)&4] Ee}E  (Tartar), 2ok (Soya), 27}%

(Tsugaru) ¥ 3 (Korea)sh@oll €3] <1 witdel Eaxo i,

Bale wao] 1070x10° km® ol (Preller and Hogan, 1998) &=
FA1L 3700m, B4 L 1,350melth (Terazaki, 1999).
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1976 Se¥ Y HFeA AT FE2 dojyd HAow wad
71F A A% (Climatic Regime Shift, CRS)eltt (Korea Science and
Engineering Foundation, KOSEF, 1999).

AT7EA Wz 1976 ReiE G 7)1 FAA AL J)Fe v B
B e dFRAEE o ALHd &4 mrigte] FAHEH,
1976 olF2 ALE T (119 ~-39)9 SFAF A7|I¢de] Awgs] #
g=o} 7ol T 471 Ax WolAon, AI|Y FAYRE FFHO
2 olFatinh. olHF A wig do] o|Fo] AFL nHA,
AspH oz gty WYL wEsg o gHAde FPR ARl
2 o WHEde] TAs AT (PICES, 1994). 197613 -3 %
o ZFANAFE ZFRAURNEE F7MAZeH, de E85tE &
de WIAA ATy 2x9 EFFY A Bl 9L vy, =
AFe] dAATHFH AeA FERAAES of7|AZHY. B FdlA
ZIFAAD G ZAHAD AAF FHAN=E 1976/77d 7)1 F A A A
Boi T3 AuAL Fa Ay AAF HEs D AL
2 HT W3 AT (Zhang et al, 2000; Zhang and Lee, 2001; Zhang and
Gong, in press). $-elvtet sjgel Ueld 7| FAA RSB 197690 4
Aol 5Foz o] olFagen BT FAHFLE (SSTHI7F 571
St L, 19764 ol F FRAL IF FEEFE Frisded, =8 4S5
Fi EFEY Holdx & ¥WESL BAY (Zhang et al, 2000). ©]
T 7IFAANNEE T Fo AF g P T WIS oprPE

o 53 Folfel ¥, A, Held, o, 5ol FolA T WE A



Fe BAY (Fig. 1). FX8 =559 o8z asdn, A, A
ogl, HH Y oA FE T AT 53] ¥, A", nFo T 2
T FL 197637 19882 MNP ow o ofFe] HH7 WA
5t (KOSEF, 1999).

ols} Fo] AATHoRE JYFFQ ZIFUF W AFE= 7
e 243 A8Fely I A7 I3 vvd FEd £ o
gtA 2 dFtelAe AEA £4 Rdg o83 ol JNFAAA
ol T3l AeA Fx Fo FAAd ojHd JFE vHEAE

A el g 9kt (ecotrophical) 22 B4 8t4] v}
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Fig. 1. Variations in catches of (a) Pacific saury, filefish and Pacific
sardine, (b) walleye pollock and sandfish, during 1961-2000
(Zhang et al., 2000, Kang et al., 2000).
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L1 digsig # 713

B dFdAe $8vet T 8% A8 E AE3E R oFe
3 AA AGelM FME FAAG S AFez it (Fig. 2). °

AL THode =doRFE s (TEHFRAY, 1999),
2o AAE BYolz A4S, B39 AL THFAHFANA
FEstugs SA dEle AdAd 7zsd (FEFANEY,

2001). A il AAl WAL o 193,086 km” oIt} (Fig. 2).
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2. Area as defined for the ecosystem model in the
Southwestern East Sea. Thick line indicates each
boundary of offshore fishing ground. Dotted line indicates

the baseline of the territorial waters.

~ A40* N

[ 30°

i~ 377




4 A+A% (Trites et al, 19998 FHastd 1§ +8& T F 3¢
FAE AR oYFo] J|ZE HEFTE FH AMste Aoz
LT3t 2RI (taxon)d| wieh zpzhe] YEF o2 FH3IUG. 2 9
AEFLE oln 978 749 (#H, 1999 IZHrA7E Y, 1994b, 1999,
2000b; Park and Choi, 1997)& #1ste] Aeiety {AAd o 78
& A7 21700 AEZFH 149 HHERZ EFIFHTE (Table 1. 71%
AAAEoZ A& PP & WeE BPY T, Aojg, A, 3
H, EF5& J|FAAS 02 TL, AEILT 48 HES] 9
8 24zt shite] BT RFsI4T (Appendix 1)

Y F ARE AFFAE FAQE (FHFFAR, 1971-1985)0 7]
S8 dutalAeiql e ol PFE ALY o] T FAdEe FAEx
A 715" o gFe Tl A¥For TFIY HELII% FLY H
T AYFE VIFAA AF 2dd ARG HTE AELY o HHE A
B T3 HT ¥8Fe] oz T 2y dandge o F
g2 A A o g st vEhd U7 HWEe g Fe) 4
glo] F3jolA A& EHE Aor 7HAste Zk HE7To] iEd JFE o
BgS AE3l¥Y (Gong, 1981; 1988). AETE 8% Aue
Appendix ¢ Zo.

2.y
21 AEA 2d
2 AToAM AMEE AuA 222 fF YA JFaA £

- 10 -



Table 1. Species groups used in the ecosystem model in

southwestern East Sea

Group name

Sharks and Whales

Apex predator
Baleen whales
Small sharks

Birds

Sea bird

Fishes

Pacific saury
Pacific sardine
Filefish

Small pelagics
Large pelagics
Walleye pollock
Sandfish
Semi-demersal fish
Demersal fish

Cephalopods

Cephalopods

Benthics

Benthic feeders
Epifauna
Gastropods

Infauna

Plankton

Zooplankton
Phytoplankton

Others

Algae
Detritus

See appendix [ for details.
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A 85 Ecopath 29ZA Polovina (1984)el 9sia ALE A

=

Christensen and Pauly (1992), Christensen (1995)l] 2]3jA -5 @A
At FaAAde] Hrhg FA e #Hrkek Zol £F AuAe d
S&E ey £7, H2de §HEF A2 (farming system)2
2938 =dxe A8 H 9t} (Dalsgaard et al, 1995).

Ecopath 292 Z} ZF225HY FR%FS STl #dL ]
2& A%ty A%dd 292 (the mass-balance equation)®} oy

A @8 292 (the energy-balance equation)S 7|24 02 gt}

AgEy mdye

P,=Y,+B,-M;+E;+BA; +P; - 1—EE;)) - - - (D

K
i

B;+ (P/B); - EE; — 213,. (Q/B), - DC;— Y: —E; — BA, = 0

o7)14, P RET i FEANE, Y= i FA8%F, =
ie] A 2% A, EE £3F%F (o]F-019), BAx= i8] ¥
A%, P, (1-EE;) = M= id di& 71eatd, (P/B)= ¢l
A/ AAF b, (Q/B)= i AAF/AAZE] v, a2da DCy

= EAR () qelzy F A (e Bolch

-12 -



AU TE ZdAe
Aalek = A + FF + g F - - - - - - - - - - - (3)
Ecopath ol ¢l& AejA 2 dag 71E ¥Ass 4 1F
o e AAF, AP/ AAAZ v, HHF/AAAF 0, YHIFas F
A e Aget ) H ¥, Holxd Agrt Fastt Uu A shyel o
gulE e ATl 28 AlddEo
E AqUA BEL t-bn’year ' 2 EIHARAE A"

olt} (Ulanowicz, 1986). 2L Y 71X 3§ +

1e quR] 5F WEYAY vuE M okF FLE Fvy

)N

22. ¥ =etvE

RAeA B9 2doMe A48y, QA AL/ PAF 4, A
AF/AAF v, Helxy, A¥F T ZIgdHAsRE Ha=E ¥4
(Fig. 3).

221, A E A4
RETFo] NYdts FWA v2 FAAEY ZF A ddd g
Mt Aow B 18 HEder FAXNMTE, E5F, WAA
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Defining the farget ecosystem

'
Assembling the habitat species
!
Organism grouping
¥
[ | l I | |
tood hebit | | Fishing mortality (F) | | Catch (C) Nearato(A) | | Totd mortaity (Z) | | Growh rate (G)
| | | I
Congumption (Q)
Biomass (B)
N
y ] v
Diet composition (DC) || /B ratio || Biomass per Area(B/A) || Habitat area || Catch per Area ((/A) || P/B ratio

=G>

Ecosystem structure

Fig. 3. Flowchart of the steps and process for studying ecosystem

modeling.
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MEE, H2FY 25 A% 53 G710 HEAMD B 2 o g5
= Row Fste Asrld R ®E (9569 kmHE FBA

(193,086 km®ell tjate] YdrelE 00508 2835}

222. A F

AxFe didslgels FE2Te 99 WHT HT ATl
HF 71Fe AAF Aag o8 F AN Aoy, FEETHIAE,
HEZFHAEY AR 7| A7 I AR E oj&d A A
RAETY AAFE B = C/FY #AZRE A AT (Appendix ).
714, CE o1 8%, Fx o 8o we} 7tegda o gAeAs
ot}

223 AN/ BAF b

AFEAAAF v 4FEH} 2T (Mertz and Myers, 1998). me}
Ao olF AeTel AAF/AAY v FHTAIAETY (1994a, 20002)
o] AFARE, BEAAMNEFE, B[, WAAMEELE FAHRSGR
(1999, 2000)°] AFAEE AHEst 7 AEFY HFES 7 F 4
BT W 4 AETY oggoz AEYFstd 73AT (Appendix
).

2.2.4. BHB/AAF A

AR/ AAAZ v AFF AYFer 7t AEF AT 2 W)
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M

2H)SE7E e E Aoz S8 AuA A2 ois] AL 1%
Ag7t AL o=z AFgEH M4 gl I AT ARE A

_—

ks

2319} (Trites et al., 1999).

225 #eolzxA

Heolzgde AEEN IA-24 BAAE UeHdEe AezM, AE
o] AMA He) F HAxER WY HAEE v EE YERW T 19]
. AL E ALY o3 HolAE Fax7 JES FHE AEFT
faliMe 2 A4E IOl o] &33x, HolWE FaEr A
EFEHA &2 AEFA daliMs EdM ZALE HelgE FoA
7 AEste Holol F8E 28, AE3kE Rou 443 Held
qalA T2 18, A8 ¥ AEL FRE 08 FoAsdtd o8
o] e AETY dEAE o|AE YETUH HEFTH AgFez 7t
FH st 2 F§e) 10 HEE AN AFHoZ Yol Eo
H&& JRA9 F4os WHE &€ F&3UY (Appendix V).

23. 29 #3% =4

Ecopath7t 4988 W o943 oj&9 FH& °F7] AAA, EE
(ecotrophic efficiency, AHFF3HH B )Fe 2do FYS §43
7l 14 03 1Aole] Q=S 2ADT 714 Ooldh= ghe Axg )
oA of the AZTE HF ARTE AveA LS Judc @

W, 158 1o A @e AETo 2 TAYY e oj¥YYL
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3=

&% Yridth. 53], YA o] #&& 1& 2FHgAME <
t} (Christensen et al., 2000).

B AT H22 3 718 %o 2P 2dL #FS 9
FA F3r] QE, 229 dFE o] F7] A 7€ dHA&E =4
&t

231 71FAAAE o]d R FF

FAolFe BAF AAF 0.003 t/km’A 0011 tkm'®2 4.

c Aol F BMAR AAF (0058 t/kmdol WUF A FAHU
W] 2 AT melF Z|FAAAG ol A (1970-1975d)3 o]

#

b

F (1978-1984\d) 71bE<be] o g F vl && v|wd A} 7| FAA
A oL ZFAAAF olF o i 43% FEIU7] HEA <]
H s ANEAARE g dALdAFd FF 0280 (0651%
0.430=0280)2 £ ¥ 7% WA AAF 0136 t/km’2 4,

- AR/ YA SN/ AA G ¥))/28 BEY] YA qENFolR
o] HA /AR ¥F 3.145/yrol A 4500/yrE 54,

WA R WA AAF (0014 thkmdol UFE A FAEHU
Q&) Aol Fe AEF FolAM 71FAAAE ojHe] AF9 «
ol GAbEAS (0219417 Z1FAAAS o1F (0676/yr)) o
135l At (FHSLAAFY, 1988). walrd & HALGA £
1/3522 0.224/yr (0.672/3=0.224/y1) %€ T§ 0041 thkm’S $74.

- FEFY AAF/AAF 87t YR A 2@ EHelN 7)EY d74F
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s} (Trites et al, 1999)% #33}o] 0.899/yrol Al 3.200/yr& F4.

- A AHelAte WAT AAF (0007 tkmdol UF B FHEHU7
el 71Ee] A7 AT (Trites et al, 1999 e A A4 o] =2
EEE F3uste) EEE 099022 nAANAA T AT AAZH
0230 t/km’2 74,

AN Aol ALY AR/ AAATF B URE @A aEEH M 71E 4«
TA3} (Trites et al, 1999)& F313te 0.634/yroll A 3.320/yrE2 54.

CEAAAFTE] BAF AAF (0370 tkmdol UFE A FAHY
71 W] 715 AAAE ojF o o FF v &L vuF A3} F
AA AP o)AL NFAARAY o}F Y "= 2% FEoIUV] #HE
o o] H &S ZIFAARE S HALEA T F3 0.200/yr (0475
x0.421=0200) 258 T AT PAF2 08719 tkm'2 F4.

AR EES] WA AAZ (0022 tkmbo] WE 2A FAHU
7] w&ol Z1FAAAS o] Fete) ojFF v &S vug AH JNF
AR ol de VFAALE o|F o o 10% FFoIA7] Wil
ol Hl&& 7|FAAAR oA G AT ST 0.07l/yr (0.707%
0.100-007DERE T8 | FAL 0219 tkm'E 3.

o] 24u)9 £4,

232. Z1ZAAAS o] F o 7Y
ol o] WMAR A 0001 t/km’lA 0.008 km’E 3.
- AYBo|Fe] WAY AAF (0175 tkmdo] HE @A AU
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&l 71EY AT A (Trites et al, 1999)e] Yehd 4ol 72
EES #xdle] EEE 099002 TAANAA 73 HAF A<
0.284 t/km’2 4.

AL/ A BS>(HAZB/AAFE v)/2 E w2r] A E R
o AAZ/AA 2 ¥E 3.145/yrel A 4500/yr2 53,

-HEA AR WAG QAF (0037 tkmd WFE WA FAEHAY
ol 2 FoiFe] AT AAF PN ALEE £ FAIUA

£

9 H&Q 62%E ] AR ASY HE 0.37/yr (0.609X
0616=0375)Z %8 7% 0061 km’E $34.

FEFY ANF/AAF v VFAARAE old Xl HEE W
W @bz 71 AFZAH (Trites et al, 1999)F s}
0.899/yrol A 3.200/yr2 434.

- A Aol A Y] WAG AN (0015 tkmHol WE Wil 2R
7ol ZIFAAAE o)A mde] HE&F WRH v stAE EEE
099022 IAXNAXN T 0685 km’E F34,

- AX Aol AL/ AAZE v UF @A g EoN & 4
FA (Trites et al, 1999)F Fidd 0634/yr oI 3.320/yr
2 F4.

CEAAASEY wAD AT (0045 thkmde] UFE FA FAHHY
7] wWEo] Z1FAAAG old B FAA WHRFG A 5
A 7o A AHZF ¥ &S FoFshd (0.879/0.370=2.375) °E

AAF A Re] FaelA FF 2140 thm’2 £,
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Table 2. Basic parameters for the pre-CRS model

Group name H:f;;at ﬁgﬁszrg ?roduction/ C-onsumption/ Catcl;
(fraction) (t/km®) biomass (/yr) biomass (/yr) (t/km")
Apex predator 1.000 0.003 0.020 11.156 -
Baleen whales 1.000 0.032 0.280 8.331 0.005
Small sharks 1.000 0.011 0.280 11.156 0.000
Sea bird 1.000 0.006 0.800 60.000 -
Pacific saury 1.000 0.239 1.554 3.650 0.152
Pacific sardine 1.000 0.117 0.928 3.650 0.000
Filefish 1.000 0.001 1.184 3.650 0.001
Small pelagics 1.000 0.136 0.882 3,650 0.038
Large pelagics 1.000 0.009 2.214 4500 0.006
Walleye pollock 1.000 0.427 0.928 5.4R7 0.196
Sandfish 1.000 0.151 1.554 5487 0.069
Semi-demersal fish  1.000 0.041 1.224 2640 0.009
Demersal fish 1.000 0.017 1.164 2.679 0.011
Cephalopods 1.000 0431 3.200 10.667 0.216
Benthic feeders 1.000 0.230 3.320 7.690 0.003
Epifauna 0.050 0.879 1.008 5777 0.009
Gastropods 0.050 0.827 1.130 5777 0.007
Infauna 0.050 0.219 1.302 12.000 0.001
Zooplankton 1.000 4,483 5546 22.000 -
Algae 0.050 3813 10.000 = 0.095
Phytoplankton 1.000 7.459 687.506 - -
Detritus 1.000 - - - -

_21_



Table 3. Basic parameters for the post-CRS model

Habitat Biomass in . .

Group name area habitat area Productlon/ Cf)nsumptmn./ Catcl;
(raction)  (t/km) biomass {(/yr) biomass (/yr) (t/km®)

Apex predator 1.000 0.003 0.020 11.156 -
Baleen whales 1.000 0.045 0.280 8.331 0.006
Small sharks 1.000 0.008 0.280 11.156 0.000

Sea bird 1.000 0.006 0.800 60.000 -
Pacific saury 1.000 0.086 1.554 3.650 0.055
Pacific sardine 1.000 0.310 0.928 3.650 0.017
Filefish 1.000 0.218 1.184 3.650 0.141
Small pelagics 1.000 0.284 0.980 3.650 0.120
Large pelagics 1.000 0.020 2.214 4.500 0.013
Walleye pollock 1.000 1.169 0.928 5.487 0.538
Sandfish 1.000 0.031 1.554 5.487 0.014
Semi-demersal fish  1.000 0.061 1.154 2.640 0.023
Demersal fish 1.000 0.046 1.129 2.522 0.029
Cephalopods 1.000 0.319 3.200 10.667 0.160
Benthic feeders 1.000 0.685 3.320 7.690 0.007
Epifauna 0.050 2.140 1.251 5.7717 0.019
Gastropods 0.050 2.260 1.110 .77 0.019
Infauna 0.000 0454 1.033 12.000 0.009

Zooplankton 1.000 5470 5.546 22.000 -
Algae 0.050 1578 10.000 - 0.039

Phytoplankton 1.000 7.081 724,179 - -

Detritus 1.000 - - - -
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4 3

L FAS 3 AdAY =
Ecopath €& AMg-3te] 43 FAF F3) AdA 972
7t REFTY LA FsAg, & /2 #A9 YA 552
Fig. 49} 2d. 7 dt=9] 2r]e AAFE Jehd, 3dse oy
7t el F 3ty WEaE BAF T3 AeHAdM] YA A 4
A = 13 AR, 13 &AL 23 A8)A 132 3 AR 1
2} AAbztel sjgete 4ETS HAE, AEZSHRAE A2, 1R
AUl FEERIE, WAAMTE, BE5F, ZAAATEINL, 2
A AHAE FE5F, AMOR, HAMAR, EF5, B, AT,
AR RAAF, FAX, Aojg, FA, v, FE2AHFAYt 2dn Hu
T UEdFo oluuFrt EFE Hu A LA

28
=
x

ZIFANARE Az Fo glo] T AHAY FFE v
(Figs. 5 and 6) %3 AeAY tifie PETFS AFdA 344,
& 27 AulRle] sFaldct. dgeA 3GA L 494 SR AETLLS

R Eoe] ANEAAAE o)F Adixoz AsFe] FrsAAL, AF
Aol F, FE5F, B, 25 AANZL 7IFAAAE o)l ws) 3

PN
ol
bt
£
od
ol

oA 29 2R AETS NFEAAAD olF BF A

Aol F7/AAAL, HAES Aty JFLA 1949 AT
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ZIFAA DG ol F A Fo] 2F AT

2. AAZH o GF] B}
2.1, AA e Wz}

AFAAAR oW olF AMFL vimsl B A}, JFAA
Ag o] F 67 AETY AAFe] Fasgon, 13/ ASTe] A F
o] I3t} (Table 6). A& o] AFFEANA & HEHE Hole F

rlo

5%clqom olge] AABFL TR LFFo] 247} 64%9 79%

!

Z2E HYon, Aole], AX, He= zH2h 165%, 21,700%, 174%
o] & F7hg JEehlle], dAA R F AAFL 9% LAY

22 @A AT of g Fe] W

Z1FAAAG o)A o|Fo] GRAT o IFE vlwy B Z
, NFAAAE o|F 57 AZTY @EHF ol FFo| AAdAL
W, 1270 ST GARAT o o] 713t (Table 7). @9
A ol F el WEIPNA S WsE molx FX, Aol FAx,

r&

ol

B, ©fEe] WsE 4¥RY A4 =55 T 64%9 80%9
A28, A8, AA, el 2+ 16,9009, 14,000%, 174%2 F7+E
He, AAHoR F GHAAG JHFL 8% F7HE 71§33 V]
FAADR o)Al E FEFI 7F 2 BuAT o BFE Yy
o AFAAAE ol Fele W7t A &g 71FSAt
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Table 6. Comparison of biomass between pre- and post-CRS models

Biomass (t/km®)

Group name Change (%6)
Pre-CRS Post-CRS

Apex predator 0.003 0.003 -
Baleen whales 0.032 0.045 41%
Small sharks 0.011 0.008 -27%
Sea bird 0.006 0.006 -
Pacific saury 0.239 0.086 -64%
Pacific sardine 0.117 0.310 165%
Filefish 0.001 0.218 21,700%
Small pelagics 0.136 0.284 109%
Large pelagics 0.000 0.020 122%
Walleye pollock 0.427 1.169 174%
Sandfish 0.151 0.031 -79%
Semi-demersal fish 0.041 0.061 49%
Demersal fish 0.019 0.046 171%
Cephalopods 0.431 0.319 -26%
Benthic feeders 0.230 0.685 198%
Epifauna 0.044 0.107 14395
Gastropods 0.041 0.113 173%
Infauna 0.011 0.023 1102
Zooplankton 4483 5470 22%
Algae 0.189 0.079 -98%
Phytoplankton 7.459 7.081 -5%

Total 17.702 16.164 -9%
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Table 7. Comparison of catch per area between pre— and post-CRS

models
Catch (t/km?) Change
Group name

Pre-CRS Post-CRS (%)

Apex predator - = -
Baleen whales 0.004 0.006 58%
Small sharks 0.0004 0.0002 -50%

Sea bird = - -
Pacific saury 0.152 0.055 -64%
Pacific sardine 0.0001 0.017 16,900%
Filefish 0.001 0.141 14,000%
Small pelagics 0.038 0.120 216%
Large pelagics 0.006 0.013 117%
Walleye pollock 0.196 0.538 174%
Sandfish 0.069 (.014 -80%
Semi-demersal fish 0.009 0.023 156%
Demersal fish 0.011 0.029 164%
Cephalopods 0.216 0.160 -26%
Benthic feeders 0.003 0.007 133%
Epifauna 0.009 0.019 111%
Gastropods 0.007 0.018 157%
Infauna 0.001 0.008 T700%

Zooplankton - - -
Algae 0.094 0.039 -59%

Phytoplankton - - -
Total 0.816 1.207 48%
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3 FGEAS daA FEEY ¥

7} 717k ik W FGA T V1FAAEGE old 3.099 4 71F
AANAE o|F 3282 F713+4 T (Table 8).

Z1FAARG o]HF o] Fe 3l 7HF 2 Aol F3H AEhAlA
NE2Y AFet FEF} St T LA NAM vdetd FAd
Zp BEC) g AGTA 32A delM Z AET 9 7= (relative
contribution)& Z]1FHAHNZE oI o]Fo HlwAM ZFAALE
olHe e FE£F 38.3%, WH 195%, AXAdelA 147%9 Tl x, 7]
FAANE o]Fole eI 329%, AAMHe|AZt 27.1%, FHFEF
175%9 oAt g o] ME P & WAstE Rol: 5% 7
AEE VFAAAG oA olF9 uwdA AHolzle ZIFHAAE
olA 3.6%lA ZlFAAAZ ol F 58% 2 63%2] TNE, AXE 7

FAAAE o)A 0.0%AM 41%E 16237%Y 71, = ZIFAA
A ol 195%°04 7| FAAAR o|F RI%Z 69%2] F7HE BY
o v, e 7IFAAEE old 7.3%AA ZIFAAEAG )%
16%2 78%° ZAE, EFEL 7|FAAAG ofH 69%M 71FA

A olF 09%= 87%° FAE BT (Fig. 7, Table 9).
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Table 8. Estimated trophic levels for the pre- and post-CRS model

Trophic level

Group name
pre-CRS post—-CRS

Apex predator 452 4.59
Baleen whales 3.90 3.89
Small sharks 4.30 4.29
Sea bird 3.50 3.54
Pacific saury 3.18 3.14
Pacific sardine 3.18 3.14
Filefish 3.07 3.07
Small pelagics 3.32 3.32
Large pelagics 4.03 3.94
Walleye pollock 334 3.35
Sandfish 3.30 3.57
Semi~demersal fish 4.04 4.05
Demersal fish 3.49 3.54
Cephalopods 359 391
Benthic feeders 3.18 3.12
Epifauna 2.07 233
Gastropods 2.00 2.00
Infauna 2.00 2.00
Zooplankton 2.18 2.14
Algae 1.00 1.00
Phytoplankton 1.00 1.00

Mean trophic level 3.09 3.28
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Pre—CRS

Cephalopods
Walleye pollock
Benthic feeders

Pacific saury

Sandfish
S.pelagics
Pacific sardine
Sea bird
Baleen whales
Demersal fish
Filefish

Post—-CRS

Walleye pollock
Benthic feeders
Cephalopods
Pacific sardine
S.pelagics
Filefish

Baleen whales
Sea bird
Pacific saury
Sandfish
Demersal fish |
L.pelagics

Fig. 7. Relative contribution (%) of species to the total flow of
energy (throughput) at trophic level I in the pre- and

post-CRS model.
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Table 9. Variations in relative contribution of five species for the

pre- and post-CRS model

Contribution (%)

Species Pre-CRS Post-CRS Change (%)
Pacific sardine 3.56 5.81 63
Increase  Filefish 0.02 4.08 16,238
Walleye pollock 19,51 32.94 69
Pacific saury 7.26 1.6} -78
Decrease g, dfish 6.90 0.87 &7
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o

1976/779 B el dojdt JIFAAMAB] HZ AFE T
o GHAAAA EMAAE 1976/774 ©|F AuiAS Fa LAY
o] Asteke] Wyt vebgttt (Zhang et al, 2000). 53] FolFed F
A, Aoja), 25 SA & BT AFE 2yEd oHF 254 o
Fo| oJ¥F wAE dE HAddMxE 19763F 1Pz 1599 o
gape gadts AL Rol: vhd, Aol o gFE F43] Tt
= AL Byt (Fig. 8). AFAA 71FAAR L] AHAE 74
Fga Qe ARAYe W FdFE vizeAd B 7EY d+4=
ZTPRIE 2 oFAYY FHe B 37t Aol A AW
& FAaxre F7HE olg FA/EAY BAE 231 Ye OE V2T
% ojWE Aeg mXA Ak 4IFE WA F Aol AdLe A
A oju Aez ® du} B JFE XA HeAE BFH
oz BNy R AF 4& do] oty

weld B AfdAl: AHAE $Asie AFTPEEdy sdud
Ecopath =d& Al&3te] AeiA o EAss ddF (F2 T18)

of g & AEls} 7 o W e FANA, of deist UsE AA

rl

Yy Fold slzkel Ga AmAL Aest wne g¥How dYs

249 B3 AeA FRE 1A AR, 12 &AL, 23 2R
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Catch (x10%)

0 Do - ' e
1965 1970 1975 1986 1985 1990 1995

Year
—a— Pagific —&— Common -0 Pacific
sardine mackerel saury

Fig. 8 Variations in catches of Pacific sardine, common mackerel

and Pacific saury (modified from Tsutomu and Fujise, 2002).
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Hu xvAs FAHAEY 53 AHAY gy YECS 9
A 3GA, & 23 2uiAe ABde AL ¢ F AR A 71zl o
F By LA FAARE o) 30990 ZIFAARR o) F
3282 Z7Mslgoh o] B FFeAE oFES BE JYSAE 9

njatE Ao ZIFEAANAS olHd] wis] FAHe2 & FEaA

-

2 e AET L& ¥EE AAI}ASA A =¥
Ecopath T2 IadcjMe HE FYDAE FHTA Ao ¥ZFE 7}
FAE sed S0 AFdA &ae Aold, HA, W 9 o
ZF ZrldE 7108 HAZES AR} F 2170 BETY 7 FAA ]
Ax} o] Fo) HAFS vlus B A3 AFAAREG o|F 137 AET
ol AAgo] FrsHa, 670 AEF AAF] FH2eAY. °lF H
anEAzre} vloAl el AAFE JFAA ol o] F4 g& T
3 7Sz WEe MM A=A AAZe] FIE VISE
AETol ¥ BRoy F AAFL 9% AL oA F AA
Fo A & FEE ANt AEEFIAE, Hxi YEILH FA, EF
o] AAFY Fao 7jQ@t FdHez olgHe F 1R AET
of i old=e ANFAAAS old I o] F o wimAA JFAA AR
ol F 127} AEZY ogFo| FIaAAUL, 5/ FETH AF%Fe) S
gtk & o) P B 48% FUEtPEd oL ofFFeH 2 FE&
Xt de) ojgHe) F Fulek IFAAAR ol o FHel
ou) s x|t o] F 2 Fog e FHA oFF I Frl JAw

.
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T8 Ry AETel i dEeA 3dAd M FAUXA
ZE g 2 ABETY rdEs JFAAAY olHel FEF,
B, Aol weldo 71FARADE o|Folls Fel, AMHIA,

79 wolAt. ole AHA W $AHFA ¥ AN FHEFAA

GE

ez ABHRS L Uhith £¢ 0N MEPPAA 2 A%E
wole 529 7|GdEE AFAANR o™ olFe] glo] was)
23 ol8% Z7e) AT 2ol AdLE FHAAL. ol o YF
371, & ¥l WS AHA W F AudA BBAHE WakE o}yl
AA olSo] QA WA 2 A% JLE WaAEL HEA
o2 Z9d Eoh 49 AHE FAARA AFAAARL FARL
A 9 o YWY o2 AUAS FHFE T8 AEEY A9
o gl WaE 2 AoT AHT & vk

Teg 99 Ans oedt 2o adew gt A felser
B B A7) AHEE AAFE AR FHLB Aste] YRR o)y
27 SR YAFASY) BAZEE AT & ol YPed F4
of A€ 7 o5 AAAHRY SHAE 7] FHE AR2ZA FY
@ slol #RE Aol olse EARE AARL A

Aol R, SERAT, oS 2 APA YA S3he A
2o Qo Ed AdAd dd 44, YAB/AAL 8 S
Ansh Arstgch A9 A4S AuA A T 49 e
A 7HAE FE2A M AL 99w THANE e
FHA Utk o) Fe 9 FFUAN Fie F5Y Fud) 2

)

B=
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QgL vAA " B ATFAAE o5l U@ AR FFo2 A%
A NFAARE o} HFH ool o] FUshm AFFAL.

2 A7oldE AUAT P Pt HREN JeiH
@A HEs} B HolzgAtas 484l Aeisol ok BAY
2 A3 Atk @ A%A Z Fol Tl AuwIe vgm T4
seAel Be Ao EW Stk WA AWEE EA} o3
AR e Fol delAE TRl desA ANl dE Fa ol
2o 2258 Pojste] AHgat

MaA olelg BARE Ay AdAE F8 olF B ohz
A9 ZAAA Hakie AolF, FILAF, vl e AusE &
el AR A% ARE 5o BY BAAT AT FPslojo @
o E@ Ogd ojFel WY ANEE 2AARE P NA/FAE
Uehie Bo|2Ad AEAA Btk RBY e FFAFHY A

o

fujt
Mo
=
2

(23
9
i
P
L
R

B d7xe 2%Ry 299 Ecopath ZEE AHg3te] 7] %3 A
AG oA} o] F9 Fa& AeAd s EAHE e 7FAALR
o] gakg A& wIUsds pED FEoITh aAZAR AT 1 F
f40] g¥EI 3= AHAN 72T F4AD FHAE AF 712
A ATEA T3 YA F2E sosn AdAE FASAL e
BEE 9 AETY FL9TRY BAE H3E A AxEFGeEH 9

9 5 & Aok
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2 o

A2#d Ecopath RE9& A3t S-Evet G4 F3l& dide
2 71EANARG o)AF o]F T3 AuA Fxo AHAE T3
I Pe AEF L AETY HIE A8t

T3l AeAY FEe 1A A, 17 L6, 23 4H3 0 4
HiZLE FAHAT B AREE 23 A6z FFEA 2F9Y
GAlE ANFAAAZ o)A 30904 ANFHAAE o] F 3288 F713}
Gk Z1FAA A oA o]F g 217 AETE AAFS 134 A&
T8 AAF] NFAAAR olF FEAL, 671 YETS] AAFLS
Aadges F AAZFS 9% FAEYY F2 17 FETLY GHY
A o] FL 71FAANARY ol F 127] AETY oJFFo| Tl
5 AETFY ol ¥ Fo] ARt F GHEHT ol HFL2 48% HAa
shsith

AR i AuAY 2 AETe &£3v ASDA 304 Fol

WA g did 24 AETY Az $HF] Z1FAALARE o

F2)9 7ldEE ZIFANAAE o]@dH ojF e ojFF Fie] weg )
Adex FEIA

Svel AR T QA NFAAAGeR fAkde] AA
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Appendix 1. AET9 &5

1. ¥ A (Apex predator)
3 AeAY A FAAE dBNIFY ol@uHyFLE Aol 7t

A FTt (H, 1999; FHEARE QA 2000b).

Scientific name English name
Carcharodon carcharias Great white shark
Isurus oxyrinchus Shortfin mako
Sphyrna lewini Scalloped hammerhead
Sphyrna zvgaena Smooth hammerhead
Galeocerdo cuvier Tiger shark
Physeter macrocephalus Sperm whale
Grampus griseus Risso’s dolphin
Berardius bairdii Baird’s beaked whale

2. ¥4 5 (Baleen whales)
Zao] AAsE FALYFE S Zo] EFIFAY (@t

Z21E-4, 2000b).

Scientific name English name
Balaenoptera musculus Blue whale
Balaenoptera physalus Fin whale
Balaenoptera borealis Sei whale
Blaenoptera edeni Bryde's whale
Balaenoptera acutorostrata Minke whale
Eubalaena glacialis Northern right whale
Eschrichtius robustus Gray whale
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3. A28 4olF (Small sharks)
SFFAL BAQR (SW5FAR 1971-1985) o H #e] JISHA
d FAgade], Faols 2300 E ARG (H, 1999).

Scientific name English name
Prionace glauca Blue shark
Squalus acanthias Spiny dogfish
Notorhynchus cepedianus Broadnose sevengill shark

4. BF}A} (Sea bird)

Scientific name English name
Larus crassirostris Black-tailed gull
Sterna hirundo Common tern
Larus saundersi Sander’s gull
Larus schistisagus Slaty-backed gull
Melanitta nigra Black scote
Phalacrocorax filamentosus Temminck’s Cormorant

5. %A (Pacific saury)

Scientific name English name

Colorabis saira Pacific saury

6. Ao)8] (Pacific sardine)

Scientific name English name

Sadinops melanostictus Pacific sardine
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7. A (Filefish)

Scientific name

English name

Stepanolepis cirrhifer

Filefish

R A¥HRo]HF (Small pelagics)

Scientific name

English name

Scomber japonicus
Trachurus japonicus
Engraulis japonica
Hemiramphus sajort
Lateolabrax japonicus
Sillago sthama

Mugil cephalus Linnaeus
Clupea pallasii
Scomberomorus niphonius
Ammodytes personatus Girard
Clupanodon punctatus

Common mackerel
Horse mackerel
Anchovy
Halfbeak

Sea bass

Sand smelt

Grey mullet
Herring

Spanish mackerel
Pacific sand lance
Gizzard-shad

Puffers
9 & R o|HF (Large pelagics)
Scientific name English name
Seriola quinqueradiata Yellowtail
Tunas
Trouts
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10. "8 (Walleye pollock)

Scientific name English name

Theragra chalcogramma Walleye pollock

11. 255 (Sandfish)

Scientific name English name

Arctoscopus japonicus Sandfish

12. A A | F (Semi-demersal fish)

Scientific name English name
Trichiurus lepturus Linnaeus Hairtail
Cradus macrocephalus Pacific cod
Herklotsichthys zunasi Big eved herring
Enedrias nebulosus Blenny
Milchthys miiuy Brown croaker
Doderleinia berycoides Blackthroat seaperch
Epinephelus septem fasciatus Sevenband grouper
Pampus argenteus Pomfret
Muraenesox cinereus Sharp toothed eel
Conger myriaster Common conger
Acanthopagrus schlegeli Black sea breamn
Pagrus major Red sea bream
Sebastes inermis Cuvier Rock fish
Chelidonichthys spinosus Bluefin searobin
Pleurogrammus azonus Atka mackerel
Gobies

Other breams
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13. AAA o} F (Demersal fish)

Scientific name

English name

Lophiomus setigerus

Angler fish
Flounders
Flatfishes
Tonguefishes
Skates

14. ¥ 5 (Cephalopods)

Scientific name

English name

Todarodes pacificus
Sepia esculenta
Paroctopus dofleini
Octopus ocellatus

Common squid
Cuttlefish
Qctopus

Webfoot octopus

15. A4 o)At (Benthic feeders)

Scientific name

English name

Portunus trituberculatus
Chionoecetes opilio
Ponulirus japonicus
Penaeus orientalis
Marsupenaeus japonicus
Acetes japonicus
Metapenaeus joyneri

Blue crab

Queen crab

Japanese spiny lobster
Large shrimp

Kuruma prawn
Akiami paste shrimp
Medium shrimp

Other crabs

Other shrimps
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16. 38 A% & (Epifauna)

Scientific name

English name

Crassostrea gigas
Echinoidea
Halocynthia roretzi
Aspidochirotida

Oyster

Sea urchin

Sea squirts

Sea cucumber

Other aquatic animals

17. £ % (Gastropods)

Scientific name

English name

Triton fossatum Gould

Neapolitan triton
Snails
Abalones

18. A AAMFE (Infauna)

Scientific name

English name

Mactra chinensi
Atrina pectinata
Scapharca broughtonii
Mytilus coruscus

Chinese mactra

Comb pen shell
Broughton’s ribbed ark
Hard shelled mussel
Scallops

Poker-chin venus
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19. SEE33E (Zooplankton)

Park and Choi (1997)° Wehd 87t&, 2458, 424+,

E3e FEEFIELR Heh

Scientific name

English name

Copepoda
Chaetognatha
Decapoda
Amphipoda

20. 3|ZF (Algae)

Scientific name

English name

Porphyra pseudolinearis
Laminaria japonica
Undaria pinnatifida
Codiaceae adhaerens

Laver

Sea cabbage
Sea mustard
Sea staghorn
Agar

Typicus

Sea duck weed
Sea lettuce
Fusiforme

21. 4E &% 2F (Phytoplankton)

22. 33 E (Detritus)
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Appendix 1. A&7 o &

1. 93 F (Baleen whales)

O NFAARE o)A

1975  Total Average

Species/yr 1970 1971 1972 1973 1974
Minke whale 835 853 896 1,030 388 696 5197 866
Sum 835 853 896 1,030 888 696 5,197 866

@ ANFAARY o) F

Species/yr 1978 1979 1980 1981 1982 1983 1984 Total Average

Minke whale 1027 917 1762 1448 1711 824 720 8,507 1,215
1,027 917 1,762 1,448 1711 824 720 8507 1,215

Sum

9. 28 Ao]F (Small sharks)

D 715 A AE ol A

1970 1971 1972 1973 1974 1975  Total Average
b'e) 31 23 75 474 79
23 75 474 79

Species/yT
Small sharks 160 100
160 100 25 31

Sum

@ NFAAAGR o) F

1979 1980 1981 1982 1983 1984 Total Average
17 42 41 81 34 240 34
41 81 34 240 34

Species/yr 1978

Small sharks 8 17
Sum 8 17 17 42
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3. 2% (Pacific saury)

O 7N1FAALE o)A

Species/yr 1970 1971 1972 1973 1974 1975  Total Average
Pacific saury 22,281 28762 36752 32883 30,772 25052 176508 29418
Sum 22281 28,762 36752 32,889 30,772 95,052 176508 29,418

@ 7| FAAAZ o) F

Species/yr 1978 1979 1980 1981 1982 1983 1984 Total Average
Pacific sawry 21,626 16,932 12256 10,754 7312 4164 1,443 74487 10641
Sumn 21,626 16932 12,256 10,754 7312 4164 1443 74487 10641

4. Ao} (Pacific sardine)

@ 71FAAAE o]

Species/yr 1970 1971 1972 1973 1974 1975  Total Average

Pacific sardine 1 - 2 4 - 93 100 17
Sum 1 - 2 4 - 93 100 17

@ NFAADE o F

Species/yr 1978 1970 1980 1981 1982 1983 1984 Total Average
Pacific sardine 561 484 B30 815 4130 4627 11,663 22819 3260
Sum 561 484 530 815 4,139 4627 11663 22819 3260

5 #AA (Filefish)

D NFAAHZ ol A

Species/yr 1970 1971 1972 1973 1974 1975  Total Average
Filefish - - - - - 758 758 126
Sum - - - - - 758 758 126
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@ 7VFAAAE o] F-

Species/yr 1978 1979 1880 1981 1982 1983 1984 ‘Total Average
Filefish 45,185 64,269 36,209 5295 14,994 9,017 15205 190,264 27,181
Sum 45185 64,269 36,298 5295 14994 9017 15205 190,264 27,181

6. 2% o}F (Small pelagics)

O 71FAAAE 1A

Species/yr 1970 1971 1972 1973 1974 1975 Total Average
Common mackerel 650 408 720 1217 1,012 1930 5937 990
Horse mackerel 21 1 34 195 26 4 281 47
Anchovy 3418 344 3654 6029 5563 9,158 31,266 5211
Halfbeak 11 - 24 29 13 5 32 14
Sea bass 5 2 1 1 1 7 17 3
Sand smelt - - - - - - - -
Puffers 28 35 117 169 97 288 734 122
Grey mullet 3 8 7 6 3 1 28 5
Herring 13 11 5 - 3 - 1 5
Spanish mackerel 189 50 47 32 181 43 542 90
Pacific sand lance 1,405 385 450 647 639 992 4,518 3
Gizzard-shad 19 338 9 36 5 199 606 101

Sum 5762 4682 5068 8631 7543 12627 44043 7341
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@ 71FAARE ol F

Species/yr 1978 1979 1980 1981 1982 1983 1984 Total Average
Common mackerel 2,882 1744 830 1878 3883 1,183 783 13252 1,893
Horse mackerel 2607 98 94 2084 6194 38 3671 14,786 2,112
Anchovy 8782 7,149 8852 15544 15339 6334 11,654 73654 10,522
Halfbeak 150 175 84 149 327 69% 119 1,700 243
Sea bass 4 7 9 5 2 15 - 42 6
Sand smelt 43 - 276 - - - 4 323 46
Puffers 501 332 52 23 4439 71 67 548> T84
Grey mullet 54 99 665 598 190 58 83 3,045 435
Herring - 3 22 52 397 351 381 1,206 172
Spanish mackerel 132 I71 184 33 138 615 725 2,003 286
Pacific sand lance 4,172 7,302 3860 4785 6597 7235 2392 36883 5269
Gizzard-shad 873 656 952 1448 1697 2405 1,380 9411 1344

Sum

20,545 17,736 15,939 26,599 39,208 19,529 22,034 161,790 23113

7. QB R o) F (Large pelagics)

O 7NFAAAEZ oA

Species/yr 1970 1971 1972 1973 1974 1975  Total Average
Tunas 265 43 35 56 36 667 1,102 184
Yellowtail 1,329 368 608 591 694 969 4,559 760
Trouts 41 61 346 100 179 131 358 143

Sum 1,635 472 9839 747 909 1767 6,519 1,087
@ NEAAAE o] F
Species/yr 1978 1979 1980 1981 1982 1983 1984 Total Average
Tunas 156 67 223 20 3% 1,425 830 3117 445
Yellowtail 847 1,182 927 299 1115 2032 1,199 7601 1,086
Trouts 52 45 113 2466 366 1,652 1980 6,674 953
Sum 1,055 1,294 1263 2785 1,877 5109 4,009 17,392 2,485
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8. W&l (Walleyve pollock)

© 71FAADE o1

Species/yr 1970 1971 1972 1973 1974 1975 Total Average

Walleve pollock 11411 10407 39,184 42616 64512 59444 227574 37929

Sum 11411 10407 39184 42616 64512 59444 227574 37,929

@ 71FAAHE o 3

Species/yr 1978 1979 1980 1981 1682 1983 1984 Total Average
Walleye pollock 100,602 77,480 92,130 157,094 126,822 74,866 98,014 727,008 103,858
Sum 100,602 77,480 92,130 157,094 126,822 74,866 98,014 727,008 103,858

9. = F & (Sandfish)

O NFAAHE oA

Species/yr 1970 1971 1972 1973 1974 1975  Total Average

Sandfish 13,767 22,837 7910 18287 11607 5811 80218 13370

Sum 13,767 22837 7910 18287 11607 5811 80219 113370

@ NFAARS o) F

Species/yr 1978 1978 1980 1981 1982 1983 1984 Total Average

Sandfish 1525 841 3316 1378 2615 5425 4324 19424 2775

Sum 1525 841 3316 1,378 2615 5425 4324 19424 2770
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10. W4 o1 F (Semi-demersal fish)

O NFAA A oA

Species/yr 1970 1971 1972 1973 1974 1975 Total Average
Hairtail - - 141 540 600 733 2014 336
Gobies - - - - - - - -~
Pacific cod 512 230 148 106 180 139 1315 219
Big eyed herring - - - - - - - -
Blenny - - - - - - - -
Brown croaker - - - - - - - -
Blackthroat seaperch 17 87 22 1 7 4 138 23
Sevenband grouper - 2 - - - - 2 0
Pomfret - - 4 - - - 4 1
Sharp toothed eel - - - - - 1 1 0
Common conger 40 66 62 14 - - 182 30
Black sea bream - - - 5 - 12
Red sea bream 14 - 3 14 18 56 (
Other breams 8 20 54 84 62 76 304 51
Rock fish 246 378 74 8 31 677 1417 236
Bluefin searobin - - - - - - - -
Atka mackerel - - - - 1,001 4,155 5156 859

Sum 837 783 508 772 1,899 5799 10598 1,766
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@ AFAAAEH %

Species/yr 1978 1979 1080 1981 1982 1983 1984 Total Average
Hairtail - 262 365 320 235 44 151 1,377 197
Gobies 2 - - 2 24 81 21 130 19
Pacific cod 158 106 125 101 352 303 313 1458 208
Big eyed herring 5 - - - - - - 5 1
Blenny 1 2 - - 2 - - 5 1
Brown croaker - - - - - - 21 21 3
Blackthroat seaperch 5 3 3 - - 15 A0 66 9
Sevenband grouper - - - - - i3 - 13 2
Pomfret - 3 5 17 4 31 4
Sharp toothed eel 3 25 7 3 129 403 438 1,036 148
Common conger 31 41 39 24 89 207 204 635 91
Black sea bream 5 - - - 2 1 1 9 i
Red sea bream 36 12 26 5l 1 27 14 167 24
Other breams 71 8 124 207 217 98 &7 393 128
Rock fish 1,659 748 438 339 406 2,123 98 6,699 957
Bluefish searobin - 7 - - - 1 4 12 2
Atka mackerel 3429 943 953 1,182 7,723 1541 2,494 18,265 2,609

Sum 5,433 2,241 2,081 2,230 9,185 4874 4,778 30,822 4,403
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11. A4} F (Demersal fish)

@ 71FAARE oA

Species/yr 1970 1971 1972 1973 1974 1975 Total Average

Flounders 2972 1219 B3 488 692 915 7123 1,187
Flatfishes 64 307 240 1,097 28 264 2,257 376
Tonguefishes - - - - - - - -
Skates 504 496 629 386 578 794 3,387 565
Angler fish - - - - - - - -
Sum 3540 2022 1706 1971 1555 1,973 12767 2,128

@ NFAAAR o F

Species/yr 1978 1979 1980 1981 1982 1983 1984 Total Average

Flounders 1,527 1,739 1940 1901 1,892 3246 2449 14,694 2,099
Flatfishes 544 261 718 639 303 35 573 3,393 485
Tonguefishes 2 - - - 2 - - 4 1
Skates 1517 3156 3172 2568 3108 4563 3,147 21,221 3,032
Angler fish 61 3 18 16 56 33 33 220 31
Sum 3651 5150 5848 5124 5361 8187 6202 39532 5,647

12. &5 (Cephalopods)

@ 71FAAAE o)A

Species/yr 1970 1971 1972 1973 1974 1975 Total Average
Common squid 67,022 34,777 47715 34,764 27,034 33,070 245,282 40,880
Cuttlefish - - - 1,078 484 107 1,669 278
Octopus 127 358 513 328 436 1,038 2,800 467
Webfoot octopus 129 7 15 17 3 6 177 30

Sum 68,178 35,142 487243 36,187 27,957 34,221 249,928 41,655
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@ Z1EANAG ol F

Species/yr 1978 1979 1980 1981 1982 1983 1984 ‘Total Average

Common squid 16437 23981 41,192 30,248 34,029 23,471 22970 192,328 21475

Cuttlefish 113 1091 452 120 761 948 505 3,990 570

Octopus 2057 2311 2695 3036 2560 3,466 3047 19,162 2,137

Webfoot octopus 93 6 - 3 - - 1 103 15
Sum 18,700 27,330 44,339 33,407 37,350 27,875 26,523 215,583 30,798

13. A x4 olat (Benthic feeders)

@ 7VFAAAF oA

Species/yr 1970 1971 1972 1973 1974 1975  Total Average

Blue crab - - - - - - - -

Queen crab 72 15 53 177 178 5 500 83
Other crabs 202 475 171 78 97 158 1,181 197
Japanese spiny ~ _ B
lobster B ) ) ) B
Large shrimp 4 2 - - - - 6 1
Kuruma prawn - = - - - - - -
ﬁﬁ;‘;ﬂ“g paste - - - - - 30 30 5
Medium shrimp 65 - 2 2 - - 70 12
Other shrimps 453 119 254 424 218 374 1,842 307
Sum 796 612 480 631 493 567 3,629 605
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@ 71FAA AR o] %

Species/yr 1978 1979 1980 1981 1982 1983 1984  Total Average
Blue crab 11 3 22 37 44 27 21 165 24
Queen crab 9 22 120 89 62 - - 302 43
Other crabs 427 193 799 735 642 571 660 4,027 575
Japanese spiny
lobster ) ) ! 10 ) ) 11 2
Large shrimp - - 21 - 1 - - 22 3
Kuruma prawn - 39 3 10 14 23 1714 263 38
Akiami paste B B B _ _ B B ~
shrimp
Medium shrimp 1 2 6 8 8 1 - 24 4
Other shrimps 332 415 1,475 567 583 808 793 4973 710

Sum 780 674 2446 1,447 1364 1430 1648 9,789 1,398
14. A A A FE (Epifauna)

D 7N1FAA A of A

Species/yr 1970 1971 1972 1973 1974 1975 Total Average
Qyster - - 4 - 19 1 24 4
Sea urchin 2980 1,263 8347 1,348 1,38 1,007 8830 1,472
Sea squirts - - - - - - - -
Sea cucumber 92 94 152 81 73 80 572 95
Sﬁ;gl:q“a“c 196 92 13 184 2% 51 662 110

Sum 3,268 1,449 1,116 1,613 1,503 1,139 10,088 1,681
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@ 71FEAAE o F

Species/yr 1978 1979 1980 1981 1982

1983 1984  Total Average

Oyster 2 13 16
Sea urchin 1,367 1474 1506 2,075
Sea squirts 288 158 222
Sea cucumber 769 552 761

Other aquatic
animals

283 134 138

8 8

3,250
363 266
689 675
152 151

30 43 120 17
3082 2470 157223 2,175
994 1,151 3442 492
1230 917 5,593 799

389 27 1,274 182

Sum 2,709 2,331 2642 3287

4,350

5725 4,608 25652 3,665

15. &% (Gastropods)

D 71FAA LG o]

Species/yr 1970 1971 1972 1573 1974 1975 Total Average
Neapolitan triton - - - - 2016 1011 3117 520
Snails 3R 187 1,302 2,898 77 45 4547 758
Abalones 34 25 52 25 17 20 173 29

Sum 72 212 1,354 2923 2110 1,166 7837 1,306
@ 71T AA NG o) F
Species/yr 1978 1979 1980 1981 1982 1983 1984 Total Average

Neapolitan triton 2,646 1,200

3083 3703 4,149 4,617 3,695 23,093 3,299

Snails 38 47 28 141 504 361 220 1339 191
Abalones 50 114 94 77 65 86 61 547 78
Sum 2734 1,361 3205 3921 4,718 5064 3976 24979 3,568
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16. WA A %5 E (Infauna)
D Z1FAAAZ o] A

Species/yr 1970 1971 1972 1973 1974 1975 Total Average

Scallops - - - - - - - -

Chinese mactra  — - - - - - _ _

Poker-chin 9 _ - - 63 70 12
venus
Comb pen
_ 516 . - - - 516 86

shell
Broughton’s _ _
ribbed ark 1z 5 o o 46
Hard shelled 9 1 6 19 _ - 28 5
mussel

Sum 2 661 88 71 - 68 890 148

@ NFAARE ol F

Species/yr 1978 1979 1980 198%F 1982 1983 1984 Total Average

Scallops - 38 - - - - - 33 5
Chinese mactra 575 863 767 382 750 1007 1851 6195 85
Poker-chin 934 555 816 365 887 332 491 4440 634
venus
Comb pen _ _ _ ~ _ -
shell 4 ! '
Broughton's _ B B _ _ _ _ _ -
ribbed ark
Hard shelled o4 99 435 212 124 37 105 766 109
mussel

Sum 1632 1545 1719 959 1761 1380 2447 11443 1685
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17. &5 (Algae)

O 71FAARGE oA

Species/yr 1970 1971 1972 1973 1974 1975 Total Average

Laver 45 35 29 28 49 10 196 33
Sea cabbage 780 399 682 239 455 890 3,445 574
Typicus - - - 97 256 189 542 90
Sea duck weed - 978 - - - - 978 163
Sea mustard 24,663 17,074 13,233 19,762 15914 9443 100,089 16,682
Sea lettuce 676 478 493 667 1,172 733 4,219 703
Sea staghorn - - - - - - - -
Fusiforme - - - - - - - -
Agar - - - - - - - -
Sum 26,164 18,964 14,437 20,793 17846 11,265 109469 18245

@ 71FAARE ol F

Species/yr 1978 1979 1980 1981 1982 1983 1984 Total Average

Laver 89 76 87 58 21 14 34 379 54
Sea cabbage 560 341 2358 310 72 440 34 479% 68
Typicus 48 7 4 1 1 37 3 101 14
Sea duck weed - - - - - 37 - 37 5
Sea mustard 10,269 3891 7366 8784 2752 3,684 2,823 35569 5603
Sea lettuce 808 1,051 1,163 935 565 1450 991 6,963 995
Sea staghorn 67 77 70 150 408 95 7 875 125
Fusiforme 3 1 - - 2 35 41 6
Agar 15 14 27 13 5 3 3 80 11
Sum 118539 5457 11,077 10251 4505 5762 3930 52,841 7,549
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Appendix M. A

v AAF
At

).
=
Ark/ A A F 1)

1. 3 ¥ 2R (Apex predator)

o] AEFo WHME AT ARSE T F fdslenz AAD
< 0003 tkm’E 1A G, A/ BAF vE 71&9 8 (Trites
et al, 1999)2 Fmsle] 0.020/yr2 H&35ith o & ANFAAANEG
o] A} o] Fo gl FAdaA A&t

2. ¥4+ (Baleen whales)

MAZe Wane] oj¥H A= (Gong, 1981; 1988)%} «3tol¥
ArRAFee] BAZRE FASAT AT S JAEA ST
g 7 4 Aoz FAE Austd 5E4& sk AdolRe) e
gAY AS (Holden, 19748 AHgstAh Z1FAAAGE ol del gloA,
B/A = 866t / 0.140 / 193086 km® = 0.032 t/km'E FASHD, ¥

i

AA A olFeo) holM, B/A = 1,215t / 0.140 / 193,086 km® = 0.045
VkmPe HA90. wEw sdmdARe o¥Fe Bandd o
Aol AR ARG AAF/AAE vl AFE ARE TE 7
gglomz Aaa/RANE vE By AeHdlA Z (total mortality)2h
2th= Allen (1976)ell Wt £DAAA G A S ERAGATAFE 2
oz 7pgste] 028041 Hesgich & MF = L o] &2 7I5AAd
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g ol" 7 o] Fof SlojA FUsA A&t

3. 2840l % (Small sharks)

AAT AEE o]&T F o FEuAFY RAYF =47
s drgow | FAA-RSE o|Ad elA, B/A = 79t / 0140 /
193086 km® = 0.003 t/km’Z FAs L, 7|FAAAE o Fo gloA
B/A = 34t / 0140 / 193,086 km® = 0001 vkm’Z FA U FdL
A7l mAstAZ AL/ AAH vl 0280/yrS HEHT o @2
A FAAAL ol A3} o] Fol gleid FdstA A&

4. v}ehA) (Sea bird)

AAF Ee AN/ AR E TE F UULEE VEY &
# (Trites et al, 1999¢ Fadted ztz} 0006 t/km®, 60.000/yro.2
Hastgieh o] e NFAADH o)At ool oiA FUsA A
£t

5. B (Pacific saury)

AAZ At NG 71 o PF AR} £ HAFAT )
BAZREH FA39Y 27N RAFE T F YReEE {4
3 AEsd 548 b )% Fold, nEel, Aeld £ YA
AR E AEgde ZA9 F o= 06374rol Ak ek 1S AANE
ol el QolM B/A = 29,148t / 0.637 / 193086 km’ = 0239 tkm’2

ARG, JNFAADG o) Fol dolA, B/A = 10641t / 0637 /
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193,086 km® = 0086 t/km’Z FAsch YA/ AAF vl FTHS
AP E L (1994a)el 2% AMFASZREY AL AFED 1554/yre
gtk o] & JIFAADE o]HH o|Fo oM FUsA A
£3tsich

6. Aol®l (Pacific sardine)

Kim and Kim (1998)¢] 5288 AAZ A8E Fatd YAF
& A A3 ZFAA DG ol Ao oA B/A = 22,680t / 193,086
km? = 0.117 tkm’s FAsAD, 71 FAAAR ol Fol Aol B/A =
59,020t / 193,086 km® = 0310 tkm*Z F A3t BAF/AAZE v
B ZEFANETY (19%4a)el o AFAEZEE A YFEQ
0928/yr& AHgaoh o & JFAAAFE oA oo glolA
FYstA H &t

7. % (Filefish)

BAF Ane D 7109 AFF Azet T YAPGAT ety
BAZRE AT =RAYALASE FTHPIAFTL (1988)2
2RE F = 0646/yrg A3t WA 71 FAAHE o) "ol glo]
A WA= B/A = 126t / 0646 / 193,086 km® = 0.001 t/km’E 4
#91, AFARAGE olFo glolMd, B = 27181t / 0646 / 193,086
km® = 0218 t/km’Z FAsHH A/ AANG vl TEFITEL

(1994a)2] AMEARZEE A 425 1.184/yrg A LAY, o
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ge NFAANAG ol AT o] Fo] holM FUA HE3HH,

8. A% X.0]HF (Small pelagics)
D 71FAAFDZ oA
AR AgE D 717ty ojFF zAmeh EIto] AR A
BAZEEY FAAT AETZY 0o FATAFE nFY £33
A A4 (Hwang, 1999), @709 &t gAGA S (Lee, 2000),

MHr

wx) o] 47ro} AN AIS (Iverson et al, 1992), A2 &3kl FAY
A% (NFFAE, 200008] £ PABASFE o FFe] wet 7T
¥ 0.651/yr ol o) F WX 9 #ho] AR A S E Lverson et al
(1992)e] vhehd RArrgASEe} =t HAg Al 2o 7HA §

of =AY otk AAH/AAAF v LT, AAe], BA, HA=
FPFANEY (19Ma)e]l AFABZRE, Bojsh Holz FHPgatzl

39 (19%)¢] MEFAZZRE, Fot FAUSR (200009 AFTAE
B AdEL TR

e
4
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Species Catch (t) F P/B ratio

Common mackerel 990 0.770 1.260
Horse mackerel 47 0.909 1.158
Anchovy 5211 05630 0.775
Half beak 14 - -
Sea bass 3 - -
Sand smelt - - -
Puffers 122 - 1.704
Grey mullet 5 - 2.085
Herring 5 - 1.198
Spanish mackerel 90 0.400 1.562
Pacific sand lance 73 - -
Gizzard-shad 101 - -
Weighted mean 0.651 0.882
Total 7,341

- ! not available
QA ere B/A = 7341t / 0651 / 193,086 km® = 0.058 t/km’Z F
Astgieh AgS/AAZE ve QBTN 2 AET 4FEE 97
of 715H @3 0.882/yrE A E3tArTh
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@ 71FAAAR o] F

FAYHLE NFAARNE o|Hd 7 FHs

Species Catch (1) F P/B ratio
Common mackerel 1,893 0.770 1.260
Horse mackerel 2,112 0.909 1.158
Anchovy 10,522 0.630 0.775
Half beak 243 - -
Sea bass 6 - -
Sand smelt 46 - -
Puffers 784 - 1.704
Grev mullet 435 - 2.085
Herring 172 - 1.198
Spanish mackerel 286 0.400 1.562
Pacific sand lance 5,269 - -
(izzard-shad 1,344 - -

Weighted mean 0.683 0.980
Total 23113

- not available

A e B/A - 23113t / 0683 / 193086 km® = 0.175 tkm’Z
=R ch A/ AAG dle AT Z BEFY 4FES o
K

of 7}EH T3 0.980/vre L3

9. dg R F (Large pelagics)
D 71FAAAS o)A
EH] AN ASE T F e nE, 2FFRY £330 F
AP AG (0651/yr)9 BEAA T @t PAgAlT (0.672/ynE A
R T 0661/yrits AEetdeh. A/ AAF vl SPEAEY

(1994a)9] AFAazie 4FES Fstach
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Species Catch (t) F P/B ratio

Tunas 184 - -
Yellowtail 760 - 2.214
Trouts 143 - -
Weighted mean 0.661 2.214
Total 1,087

~ . not available

AL B/A = 1,087t / 0661 / 193,086 km® = 0.009 t/km’E 3
Atk AT/ AAG e YETW FLIA AFES 7E + A
Q@ Wolo ARES AEF 4AFo|d Ao olF H &3

FAdH e 15 AAAE oA FY3et
Species Catch (t) F P/B ratio
Tunas 445 - -
Yellowtail 1,086 - 2.214
Trouts 953 - -
Weighted mean 0.646 2214
Total 2,485

- I not available

RA S B/A = 2,485t / 0646 / 193,086 km® = 0020 tkm’® F
Q. A/ AT s AN o)dH LT FE HAE
s,

10. 48 (Walleye pollock)
7] AL ASE Lee ef ol (1995)9) A BZFE F = 0460/yr

& olgstglth welA, 71FAAAG olde glelA B/A = 37929t /
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0460 / 193086 km® = 0427 t/km’2 FAdAR 71 FAAADG o Foj
3o}, B/A = 103,858t / 0.460 / 193,086 km® = 1.169 t/km’%® 433
o, A/ v ZHFAAEY (1994a)0) o AFASER
B A YAEQ 0928/yre HEsAh o] e IFAAAR of
A7} o] F o glolr FUdFA A L&A

11. E%% (Sandfish)

FRgARASE T8 & gdons AU 530 faw
Pes 2 EgolAARAFE AR ol s el Exte)
A ASel F = 0460/yre HE3ch 71FAAAL o) Hl Qi

B/A = 13370t / 0460 / 193,086 km® = 0151 t/km’Z FHsAn 7]
sRAAR oo glolA B/A = 2775t / 0460 / 193086 km’ =
0031 t/km’E 24Pk AAFAAGF v FHFALEY (199%94a)
o o ASARZRE ANG AFEYN 1554/yrE HE{AH
Fe ANFAAAE ol AT o) Fe] gloln FIsHA &

12. ¥rA A o] F (Semi-demersal fish)

@ Z1FAAAE oA

AA% AzE A% 7109 A9F AR T GAYAF L
pAZRE A5G AT £ RAFE EA e &

—

AVabAlZ (Zhang, 1996), #HolFe «o]AIEAS (Kim et al,

1989), Aole] =7t} HA}AS (Zhang et al, 1998), FF] w7
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YA (FPFANEA, 1988), ddFold & HATASr
(Lee, 1985)2 o} 8o wal 75T & 0672/yrol At A3 At /A3 A
# onj= A 2AYER (200008 AFAEZEH, O ST

ZYPEAATY (199a)2] AFARZPEH AFEL T

Species Catch (t) F P/B ratio

Hairtail 336 0.843 1.260
Gobies - - -
Pacific cod 219 - 1.158
Big eved herring - - -
Blenny - -
Brown croaker - 1.055
Blackthroat seaperch 23 1.184
Sevenband grouper 0 -
Pomfret 1 0.924 1.458
Sharp toothed eel 0 0.255 0.904
Common conger 30 - 1.286
Black sea bream 2 - 1.910
Red sea bream 9 0.219 1.209
Other breams bl - -
Rock fish 236 - ~
Bluefin searobin - - -
Atka mackerel 355 0.610 -

Weighted mean 0.672 1.224

Total 1,766

- @ not available

A A e B/A = 1,766t / 0672 / 193086 km® = 0014 v/km’2
Qo ARG e AETH T AEFY ARES Sk

o

o F4=HAa 1.224/yrE HE43Q0
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@ NFAAAR o F

FARAWRL 7| FAAAE o)A T3

Species Catch (t) F P/B ratio

Hairtail 197 0.843 1.260
Gobies 19 - -
Pacific cod 208 - 1.158
Big eved herring 1 - -
Blenny 1 -
Brown croaker 3 1.055
Blackthroat seaperch 9 1.184
Sevenband grouper 2 -
Pomfret 4 0.924 1.458
Sharp toothed eel 148 0.255 0.904
Common conger 91 - 1.286
Black sea bream 1 - 1.910
Red sea bream 24 0.219 1.209
Other breams 128 - -
Rock fish 957 - -
Bluefin searobin 2 - -
Atka mackerel 2,609 0.610 -

Weighted mean 0.609 1.154

Total 4,403

~ I not available

AR FEL B/A = 4403t / 0.609 / 193,086 km® = 0.037 t/km’Z &
Aetgrd. s/ AANG e AESW 4 AEFY AFES AAHF
o 7tEH w3 1.154/yrE A &34

13. AAMel5F (Demersal fish)

O 7IFAARE o)A

AAE AaE AT 717 F8F Asd £ YAYA TR
BAZRE FAs AT S AGALE LA F
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d3tA & F ARG FotA ] &R HAFA s (Cha et al, 1998)
& ol &&Ach AN/ AAF dlE tAuF YA SEHFARETL
(1994a)8] AFTARZHEE, or7E Cha et al (1998)8] AF3E4<E
ol gdted AR AFE 7 F AL-ATAAHE ol Estd AFHE

AFe TN AegTe) 4BEL FHsAT

Species Catch (t) F P/B ratio
Flounders 1187 - 0.978
Flatfishes 376 - 1.751
Tonguefishes - - -
Skates 565 - -
Angler fish - 0.640 1.643

Weighted mean 0.640 1.164
Total 2,128

- not available

A e B/A = 2,128t / 0.640 / 193,086 km® = 0017 t/km’Z
Fagey, AN/ AAYE ve A2 4 AEFTY AFes o9F

o] 715H g 1.164/yrE A &3

@ 71FAANRE o] F

FHANP L ) FAAAG ojHH T3

Species Catch (t) F P/B ratio
Flounders 2,099 - 0.978
Flatfishes 485 - 1.751
Tonguefishes 1 - -
Skates 3,032 - -
Angler fish 3l 0.640 1.643

Weighted mean 0.640 1.129

Total 5,647

-~ not available
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AAFE B/A = 5647t / 0640 / 193,086 km® = 0.046 t/km’Z F
Astgch A/ AAG vE AREW 2 AT PFEL o8P

o] 7= 3t 1.129/yrE A &3tk

14. %% (Cephalopods)

O ANFAAHG oA

A s AT e A9F Aash EoHAEA TS
BAZREY FAsA R PARAFE 7L 7 UAJALEEF =
0500/yr= 7t stglch Aas/AAF ve TEFAAEL (1994a)9

ANFAg 2Ry 4FES FIAT

Species Catch (1) F P/B ratio
Common squid 40,880 - -
Cuttlefish 278 - 0.899
Octopus 467 - -
Webfoot octopus 30 - -

Weighted mean 0.500 0.899
Total 41,655

- : not available

yAFe B/A = 41,655t / 0500 / 193,086 km® = 0431 tkm'Z
AU ANF/AANGE v BETW FAdSA 4FES T T
Jud el AFEL o AT AFEIH HHINA olE
2530tk
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@ 71FAARE o] F

A e NFAAAE oA} Ttk

Species Catch (t) F P/B ratio
Common squid 27475 - -
Cuttlefish 570 - 0.899
Octopus 2737 - -
Webfoot octopus 15 - -

Weighted mean 0.500 0.899
Total 30,798

- ! not available

AL B/A = 30798 t / 0500 / 193,086 km® = 0.319 t/km’E
2R AN/ AAG v 7S AAN oW G FAY & !

883t

15. A 4ol (Benthic feeders)

@ 71 FAAADE oA

AAG ArE AF V7o AgF Aast £ YAE AT
BAZRE AP £ FAYAFE 7T F UN2ER F =
0480/yrs ZyAE . A S/AAZE vE ZA, dA, ddte I¥8T
AAEY (194a)e) AFATZRE, BT FAUD (2000)9]

AFAzzRE 43EL T
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Species Catch (t) F P/B ratio

Blue crab - - 1.484
Queen crab 83 - 0.634
Other crabs 197 - -
Japanese spiny lobster - - -
Large shrimp 1 - 0.718
Kuruma prawn - - 0.682
Akiami paste shrimp 5 - -
Medium shrimp 12 - -
Other shrimps 307 - -
Weighted mean 0.480 0.634
Total 605

- not available

QA e B/A = 605t / 0.480 / 193,086 km® = 0.007 Vkm'E 334
s AR/ A S v JETY 4 YEFY AAEEL o3

745 F 3 0634/yrE A8t

Species Catch (t) F P/B ratio
Blue crab 24 - 1.484
Queen crab 43 - 0.634
Other crabs 575 - -
Japanese spiny lobster 2 - -
Large shrimp 3 - 0.718
Kuruma prawn 38 - 0.682
Akiami paste shrimp - - -
Medium shrimp 4 - -
Other shrimps 710 - -

Weighted mean 1,398 0.480 0.840
Total

- not available
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AAEE B/A = 1,398t / 0480 / 193,086 km® = 0015 t/km’E F
Astach AN/ AA G vE AETH F AT AAEES A
o 1&g 0.840/yr& A&t

16. EAAHAMFE (Epifauna)

@ 71 FAARE oA

B Are AT 717 % A5 &te] HArdAF o
BAREE 2AR5A. 4EFY £RAHATAFE 2 U HA
A% (RAWSIL 200008 AA, $RDol, Ak EDAHALAS
sAYelm, 1999)8 ol & el wet 7FFFTY 0475/yrol Ak A

g/ v= e RAYER (20009 AFARZYEH, GE e

zo BAYE (1999)°] AFAR2YH AFES T4
Species Catch (1) F P/B ratio

Qyster 4 0.479 0619

Sea urchin 1,472 0.495 0.963

Sea squirts - 0.508 1.785

Sea cucumber 95 0.167 1.720

Other aguatic animals 110 - -

Weighted mean 0475 1.008

Total 1681

- ! not available
AR FE B/A = 1681t / 0475 / 193086 km® = 0018 t/km’Z *
Aagch AAS/AAR e ABETR 4 AeT YEEL 9F
o 74FHFFI 1.008/yrs AE3ATT
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@ NAFAAAR o) F
24N e AFAADS o)A SUsrh

Species Catch (t) F P/B ratio
QOyster 17 0.479 0.619
Sea urchin 2,175 0.495 0.963
Sea squirts 492 0.508 1.785
Sea cucumber 799 0.167 1.720
Other aquatic animals 182 - -
Weighted mean 0.422 1.251
Total 3,665

- © not available

BB B/A = 3665t / 0422 / 193086 km’ = 0.045 t/km? 2
Aotk WA/ AAZE Hle AETW 4 BEF JEEL Y

of 7yER T 1.251/yrS A8t

ot M

17. &% (Gastropods)
@ NFAARE oA
AL ArE A 71zre o BF Ame A FAEA S

#ASRE 2Asd HEEF AR ST HARASF (FAEANG

310007 78 & AN AR/ AAF e FANLL (19999
Az=ARZRE AZES FIHAH.

Species Catch (t) F P/B ratio
Neapolitan triton 520 - -
Snails 758 - 1.133
Abalones 29 0.165 1.052

Weighted mean 0.16b 1.130

Total 1,306

— ! not available
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AAEE B/A = 1306t / 0165 / 193086 km® = 0.041 tkm’2 F
Aot AN/ AAF v= AETW 2 42T 4FES AP

of Z}ZEWFE 1.130/yr& HE3Ah

@ ZNFAARNE o] F
FAuge 71 FAANE oW Fd3iTth

Species Catch (t) F P/B ratio
Neapolitan triton 3,299 - -
Snails 191 - 1.133
Abalones 78 0.165 1.052

Weighted mean 0.165 1.110
Total 3,968

- ! not available

AAEEe B/A - 3568t / 0.165 / 193,086 km® = 0.112 t/km’Z F
Ay, g/ AA vE AW 2 4EFY APES AT

o] Z}ERFE L110/yr& HEssio.

18. HAAMEE (Infauna)

O NFAAAL o)A

AAE AaE A 710 g AEe £RAYALAFL
BAAZEE AT YET A ARAFE 712H9 Ti
gAAS (AR, 2000, FE=A, FEY sTAGATAT
Aun, 19998 o FFel wet FAFH T 0.707/yr oITh BT/
A v AEaRs ¥ FAUESE (19999 AFARZLH,

A} HEAE 2AGEE (200009 AFAgZRE, RGFe @

_89_



FrAbR (1994)Z%E 4FES T

Species Catch () F P/B ratio
Scallop - - -
Chinese mactra - - 1.065
Poker—-chin venus 12 - 0972
Comb pen shell 36 0.625 1.427
Broughton's ribbed ark 46 0.894 1.171
Hard shelled mussel 5 0.375 1.120

Weighted mean 0.707 1.302
Total 148

- ! not available

RAZES B/A = 148t / 0707 / 193,086 km® = 0.001 tkm’Z 7

gttt AAE/AAE vl AEFW 4 AEFY HHES 12l

NERTE 1.302/yre A E&FA

@ NFAARDE oI F

g e N EAANE oW FAF

Species Catch (t) F P/B ratio
Scallop 5 - -
Chinese mactra 885 - 1.065
Poker—chin venus 634 - 0.972
Comb pen shell 1 0.625 1.427
Broughton’s ribbed ark - (0.894 1.171
Hard shelled mussel 109 0.375 1.120

Weighted mean 1,635 0.376 1.033
Total

- : not available
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of 71583 1.033/yr& A8t

19. s} F (Algae)

@ 71FAAALE oA

AAF ABE AT 717 WG Aget &T YR AT
FAzZRE FAHRAYG XA GALYATE 7 ¢ UULBE F =
0500/yr= 74 st ATt

Species Catch (t) F P/B ratio
Laver 33 - -
Sea cabbage 574 - -
Typicus 90 - -
Sea duck weed 163 - -
Sea mustard 16,682 - -
Sea lettuce 703 - -
Sea staghorn - - -
Fusiforme - - -
Agar - - -

Weighted mean 0.500 10.000
Total 18,245

- © not available

AAFL B/A = 18245t / 0500 / 193,086 km® = 0.189 t/km’ZE F
Aatanh A/ A 8= 10.000/yr2 7HA s
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@ NFAAAR olF
2xwae 1EAAAS o\ Sk

Species Catch (t) F P/B ratio
Laver %! - -
Sea cabbage 685 - -
Typicus 14 - -
Sea duck weed 5 - -
Sea mustard 5,653 - -
Sea lettuce 995 - -
Sea staghorn 125 - -
Fusiforme 6 -
Agar 11 - -
Weighted mean - 0.500 10.000
Total 7,549

- ! not available

AATL B/A = 7549t / 0500 / 193,086 km® = 0.078 tkm'® F
Retan AN/ AL vE AFAAAE oA T FE AE
[aia=g

20. 3 EZF3E (Zooplankton)

Kang et al (2000) ¢ Az zaie 71 FAAAG oldel oM 3
FAAD AAD 4483 me/m'E AAT mg/m’ & tho' I @7
popz ARF AT WAT AMFos FAEY) fsd ¥
A 24 100m OIkm)E o k) FatelA 4883 vkm'Z FH3t
At 71 AAG ol T it HEMAF AAFL 54700 mg/m’
A o] o AR mE AR FAL 01 & FadA 5470
tkm? & =ASAY. TESGAEL] YAW/AAF A& V&S 2
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(Trites et al, 1999)& #nste] 5545/yrE HEAH of g2 71F
AAAZ o] AT o]Fel JojH FTL3A H LA

21. A E=33% (Phytoplankton)

Kang et ol (2000) ¢ Az28e 484 ZFFAEY AANFE
Chlorophyll-a %% (concentration)®t 2tk 7HAste] 7134 A A
ojAd] th3led B F Chlorophyll-a F=¢ 0.957 mg/m*S ek AH
9 AAFe dHG PAToT sty s HF FEE ol
(transparency depth) ¢! 12995 mE H3stelA 1243 mg/m'2 FA s
Aty 71Z=e 5§ (Fisheries centre, 1996)& Fx 3t FFF22 B
Ma)7o) gstel 068 FodM AFHoR AAFL 745 vkm'E
2R3 A0, /1FAANE o)Fo Wil FF Chlorophyll-a X2
0858 mg/m*e AUTh ARZ AAMFE B9HF APz AT
7] 9lstel W =W zlo] (transparency depth) ¢ 13749 m= =3}
A 11802 mg/m’® FAsRDG 71&2 £% (Fisheries centre,
1996)2 A Tstel H£EFoz FAAF7] At 062 w3 HFE
Hoz PAFL 7081 tkm'2 FAACE FIFAAAG oAl gl
A ARR/AAGE v Fde 4 A 9P &) dA7ERH
(Chung et al, 1989; Shim and Park, 1986) & o]83tc] o]& +&%
#§ 5128250 meC/mY/daye BRL °l2& AMFER WFAT
687.506/yr2 At JFAARE o Fol AeIH BAF/ YA F

Hle Zolel 12 AAE 5128250 mgC/m’/day g AHFLR T
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F 724179yrE FA3 A,
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Appendix IV. Qo] %A

Fsh ANEES) A9E URY 54 oF T ANFEE AFA
o1 AFHAI] WPl oW ABFL AuwF TAFEAE FFH
7] olafly]l Bl ¥AuEe 7 AT AT weh ¥
At

1. 1 ¥ 243} (Apex predator)
@D 71FAA A o)A
AojEeol AL H (1999)9 WEE olwuIF HALE FHTF

A2 E4 (2000b)e] &S Fudid

Importance
Species BW SS FI CE BF ZPp  SUM
Great white shark 1 0 2 0 1 0
Shortfin mako 0 0 2 1 0 0
Scalloped hammerhead 0 1 2 1 1 0
Smooth hammerhead 0 1 2 1 1 0
Tiger shark 1 1 2 i 1 0
Sperm whale 0 0 1 2 0 0
Risso’s dolphin 1 0 1 2 0 0
Baird's beaked whale 1 0 2 1 0 0
Weighted importance 0500 0375 1750 1125 0500 0.000 4.250
Proportion 0118 0088 0412 0265 0118 0000 1.000

BW: Baleen whales, S$: Small sharks, FI: Fishes, CE: Cephalopods, BF: Benthic
feeders, ZP: Zooplankton
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Biomass Proportion

Fish Proportion

{t/km") on fish

Pacific saury 0.239 0.232 0.085
Pacific sardine 0.117 0.113 0.047
Filefish 0.001 0.001 0.0004
Small pelagics 0.058 0.057 0.023
Large pelagics 0.009 0.008 0.003
Walleye pollock 0.427 0414 0.170
Sandfish 0.151 0.146 0.060
Semi-demersal fish 0.014 0.013 {(.005
Demersal fish 0.017 0.017 0.007
SUM 1.032 1.000 0.412

@ 71 FAAAE o) F

FARe AFAARE oldn BUsch €, olFE EAde

Fish Biomass Proportion Praportion
(t/km”) on fish
Pacific saury 0.086 0.041 0.017
Pacific sardine 0.310 0.148 0.061
Filefish 0.218 0.104 0.043
Small pelagics 0.175 0.084 0.034
Large pelagics 0.020 0.010 0.004
Walleye pollock 1.169 0.559 0.230
Sandfish 0.031 0.015 0.006
Semi-demersal fish 0.037 0.018 0.007
Demersal fish 0.046 0.022 0.009
SUM 2.092 1.000 0.412
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2. 931857 (Baleen whales)
D 7)FAAAE o)A

FADYFY A4S FTPFAAFL (20000)8) HEE FuS.

Importance
Species Fi BF ZP SUM
Blue whale 0 0 2
Fin whale 1 1 2
Sei whale 1 1 0
Bryde’'s whale 2 1 0
Minke whale 2 1 1
Northern right whale 0 1 2
Gray whale 2 2 0
Weighted importance 1.143 1.000 1.000 3.143
Proportion 0.364 0.318 0.318 1.000
FL: Fishes, BF: Benthic feeders, ZP: Zooplankton
Fish Biomass Proportion Proportion
(t/km”) on fish
Pacific saury 0.239 0.232 0.084
Pacific sardine 0.117 0.113 0.041
Filefish 0.001 0.001 0.0003
Small pelagics 0.058 0.057 0.021
Large pelagics 0.009 0.008 0.003
Walleye pollock 0.427 0.414 0.150
Sandfish 0.151 0.146 0.053
Semi-demersal fish 0.014 0.013 0.005
Demersal fish 0.017 0.017 0.003
SUM 1.032 1.000 0.364
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Hlg-e AA B whe o)z s g 2ol FAHAMU

. Biomass . Proportion

Fish 5 Proportion i
(t/km") on fish
Pacific saury 0.086 0.041 0.015
Pacific sardine 0.310 0.148 0.04
Filefish 0.218 0.104 0.038
Small pelagics 0.175 0.084 0.030
Large pelagics 0.020 0.010 0.003
Walleye pollock 1.169 0.559 0.203
Sandfish 0.031 0.015 0.005
Semi-demersal fish 0.037 0.018 0.006
Demersal fish 0.046 0.022 0.008
SUM 1.032 1.000 0.364

3. 284l F (Small sharks)
@ NFAAAE oA
Aol AL H (19990 W&, Fdole AAdol 4
a3t

Re TAAANNN (www.encyber.com)E

3

Importance
Species Fl CE BF BE SUM
Blue shark 2 1 0 0
Spiny dogfish 2 0 1 1
Broadnose sevengill shark 2 1 0 0
Weighted importance 2.000 0.667 0.333 0.333 3.333
Proportion 1.600 {.200 0.100 0.100 1.000

FL: Fishes, CF: Cephalopods, BF: Benthic feeders, BE: Benthics
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Fish Biomass Proportion Proportion
(t/km®) on fish
Pacific saury 0.239 0232 0.139
Pacific sardine 0.117 0.113 0.068
Filefish 0.001 0.001 0.001
Small pelagics 0.058 0.057 0.034
Large pelagics 0.009 0.008 0.005
Walleye pollock 0.427 0.414 0.248
Sandfish 0.151 0,146 0.087
Semi-demersal fish 0.014 0.013 0.008
Demersal fish 0.017 0.017 0.010
SUM 1.032 1.000 0.600
Benthics Biomass Proportion Proportion
(t/km"®) on benthics
Epifauna 0.018 0.299 0.030
Gastropods 0.041 0.669 0.067
Infauna 0.002 0.033 0.003
SUM 0.061 1.000 0.100
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Fish Biomass ) Proportion
(t/km"®) Proportion on fish
Pacific saury 0.086 0.041 0.025
Pacific sardine 0.310 0.148 0.089
Filefish 0.218 0.104 0.063
Small pelagics 0.175 0.084 0.050
Large pelagics 0.020 0.010 0.006
Walleye pollock 1.169 0559 (.335
Sandfish 0.031 0.015 0.009
Semi-demersal fish 0.037 0.018 0.011
Demersal fish 0.046 0.022 0.013
SUM 1.032 1.000 0.600
Benthics Biomass Proportion Proportion
(t/km”) on benthics
Epifauna 0.045 0.251 0.025
Gastropods 0.112 0.624 0.062
Infauna 0.023 0.125 0.013
SUM 0.180 1.000 0.100
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4. v A (Sea bird)
@ 71FAAAS o)A
vl o] A2 FEY £2F (http://bric.postech.ac kr/species/bird/

indexhtml) $Alo]EE Fusth

Importance

Species FI BF BE P SUM
Black-tailed gull 2 1 0 0
Common tern 1 1 0 2
Sander’s gull 0 1 i 2
Slaty-hacked gull 1 0 2 1
Black scote 1 0 0 2
Temminck’s Cormorant 1 0 0 2

Weighted importance 1.000 0.500 0.500 1.500 3.500

Proportion 0.286 0.143 0.143 0.429 1.000

FL: Fishes, BF: Benthic feeders, BE: Benthics, ZF" Zooplankton

Fish Biomass Proportion Proportion
(t/km?) on fish
Pacific saury 0.239 0.577 0.165
Pacific sardine 0.117 0.282 0.081
Small pelagics 0.058 0.141 0.040
SUM 0.415 1.000 0.286
Benthics Biomass Proportion Proportion
(t/km?) on benthics
Epifauna 0.018 0.299 0.043
Gastropods 0.041 0.669 0.096
Infauna 0.002 0.033 0.005
SUM 0.061 1.000 0.143

- 101 -



@ AFAARE ol F
2Ry e FAAAR o)A FAsh B, SRt ANEEL
LA vse AT ©E Aoz Aa) Thed 2ol FAHAT

Fish Biomass Proportion Proportion
(t/km®) on fish
Pacific saury 0.086 0.151 0.043
Pacific sardine 0.310 0.543 0.155
Small pelagics 0.175 0.306 0.088
SUM 0.571 1.000 0.286
Benthics Biomars S Proportion Proportion
(t/km”) on hbenthics
Epifauna 0.045 0.251 0.036
Gastropods 0.112 0624 0.089
Infauna 0.023 0.125 0.018
SUM 0.180 1.000 0.143

5. &) (Pacific saury)

2R 4o FUFAVED (1994a, 19040)8] AR Fmotdch

Species zr SUM
Pacific saury 100 100
Proportion 1.000 1.000

ZP: Zooplankton

o] gr& FFAAAD o)A o] Fol UM FI3A ALt
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6. 4ol¥) (Pacific sardine)
RAojgle] ANe ZYPFANEY (19%4a, 1994b)9] ARE HE

¥4 "gg EIssith

Species EP GA IN ZP SUM
Pacific saury 0.161 0.125 0.014 99.700 100
Proportion 0.002 0.001 0.000 0.997 1.000

EP: Epifauna, GA: Gastropods, IN: Infauna, ZP: Zooplankton

o] e Y FAAAR oA o Fol oA FLEA AL

7. A A (Filefish)
Ax e A ZPFANEY (1994a, 1994b)e] AEE FIE ¥

A4 uge IR,

Species EP GA P PP SUM
Filefish 0.077 0.077 0.769 0.077 100
Proportion 0.077 0.077 0.769 0.077 1.000

EP: Epifauna, GA® Gastropods, ZP: Zooplankton, PF* Phytoplankton

ol 72 Z1ZAAMAL ol A o Fo glold TUsA HEHA
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8. A¥Fo|HF (Small pelagics)

O 71FHAAR o)A

T50jel NAHL Park et al (1973)9) W&&, A7gole] A&
Huh and Cha (1998)¢} W&, dx¢] 242 Park and Cha (1995)9]

&g Aolel A& Park and Cha (1996)9] W& FastAot.

Species Catch F1I CE ZP Al PP DE SUM
Common mackerel 930 10 965 8035 100
Horse mackerel 47 9%9 09 22 100
Anchovy 5,211 97.9 2.1 100
Halfbeak 14 - - - - - - -
Sea bass 3 - - - - - - -
Sand smelt - - - - - - - -
Puffers 122 - - - - - - -
Grey mullet 5] - - - - - - -
Herring 5 - - - - - - -
Spanish mackerel 90 - - - - - - -
Pacific sand lance 753 - - - - - - -
Gizzard-shad 101 99.2 0.8 100

SUM 7,341
Weighted proportion 10.000 9650 95.113 0.900 2.100 2.200 119963
Proportion 0083 0.080 0.793 0.008 0.018 0.018 1.000

- ! not available

FI: Fishes, CE: Cephalopods, ZP: Zooplankton, AL: Algae, PP: Phytoplankton, DE:
Detritus
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Biomass Proportion

Fish Proportion

(t/km?) on fish

Pacific saury 0.239 0.576 0.048
Pacific sardine 0.117 0.282 0.023
Filefish 0.001 0.002 0.000
Small pelagics 0.058 0.141 0.012
SUM 0.415 1.000 0.083

@ AFAAAR o F

aguae AFAAAS o)A T vio|2AL XA &
R eate) AEHRoz A8l AFAAAE ol AT izt ATk ol
29 ANERL TASE HEe AAZgel g Aoz Ad ohe

Zo] FAFAL

Species Catch FI CE ZP Al. PP DE SUM
Common mackerel 1893 10 965 8035 100
Horse mackerel 2,112 96.9 0.9 2.2 100
Anchovy 10,522 97.9 2.1 100
Halfbeak 243 - - - - - - -
Sea bass 6 - - - - - - -
Sand smelt 46 - - - - = -
Puffers 784 - - - - - - -
Grey mullet 435 - - - - - - -
Herring 172 -~ - - - - - -
Spanish mackerel 286 ~ - - - - - -
Pacific sand lance h269 - - - - - - -
Gizzard-shad 1,344 99.2 0.8 100

SUM 23,113
Weighted proportion 10,000 9.650 95.468 0.900 2.100 2.200 120.318
Proportion 0.083 0.080 0.793 0.007 0.017 0.018 1000

- not available
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FI: Fishes, CE: Cephalopods, ZP: Zooplankton, AL: Algae, FP: Phytoplankton,
DE: Detritus

Fish Biomass Proportion Proportion
(t/km”) on fish
Pacific saury 0.086 0.109 0.009
Pacific sardine 0.310 0.393 0.033
Filefish 0.218 0.276 0.023
Small pelagics 0.175 0.222 0.018
SUM 0.789 1.000 0.083

9. th¥HE ol (Large pelagics)

@ 71FAAHE o)A

7+ AEFo] AHL FPFANEL (1994a, 1994b)9] ARE F2d}
k.

Importance
Species Catch FI CE BF ZpP SUM
Yellowtail 184 2 1 1 1
Tunas 760 2 1 1 i
Trouts 143 1 0 0 2
SUM 1,087
Weighted importance 1.868  0.868 0.868 1.132 4737
Proportion 0394  0.183 0.183 0.239 1.000

FI. Fishes, CE: Cephalopods, BF: Benthic feeders, ZP: Zooplankton
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Fish Biomass Proportion Proportion
(t/km”) on fish
Pacific saury 0.239 0.564 0.222
Pacific sardine 0.117 0.276 0.109
Filefish 0.001 0.002 0.001
Small pelagics 0.058 0.138 0.064
Large pelagics 0.009 0.020 0.008
SUM 0.415 1.000 0.394
@ 1EAAAF ol F
A AFAAAR oM} FYdsioh
Importance
Species Catch FI CE BF ZP SUM
Yellowtail 445 2 1 1 1
Tunas 1,086 2 1 1 1
Trouts 953 1 0 0 2
SUM 2,485
Weighted proportion 1616 0616 0616 1.384 4.233
Proportion 0382 0146 0.146 0.327 1.000
FI: Fishes, CE: Cephalopods, BF: Benthic feeders, ZP: Zooplankton
Fish Biomass Proportion Proportion
(t/km®) on fish
Pacific saury 0.086 0.106 0.041
Pacific sardine 0.310 0.383 0.146
Filefish 0.218 0.269 0.103
Small pelagics 0.175 0.216 0.083
Large pelagics 0.020 0.025 0.009
SUM 0.809 1.000 0.382
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10. =¥ (Walleye pollock)
@D 71FAAAE ol H

wE|e] A48 Trites ef al. (1999)¢] ARE Fastsch

Species F1 BF EP IN AN SUM
Walleye pollock 0151 0031 0001 0010 0.807 1.000
Proportion 0151 0031 0001 0010 0807 1000

FI: Fishes, BF: Benthic feeders, EP: Epifauna, IN: Infauna, ZF: Zooplankton

Fish Biomass Proportion Proportion
(t/km”) on fish
Pacific saury 0.239 0.238 0.036
Pacific sardine 0.117 0.116 0.018
Filefish 0.001 0.001 0.000
Smail pelagics 0.058 0.058 0.009
Walleye pollock 0.427 0.424 0.064
Sandfish 0.151 0.150 0,023
Semi-demersal fish 0.014 0.013 0.002
SUM 1.006 1.000 0.151
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@ NFAAAE ol %

ZFRWH e 7| ZAAAR ol T

Fish Bioma§ > Proportion Proportion
(t/km") on fish
Pacific saury 0.086 0.042 0.006
Pacific sardine 0.310 0.153 0.023
Filefish 0.218 0.108 0.016
Small pelagics 0.175 0.086 0.013
Walleye pollock 1.169 0577 0.087
Sandfish 0.031 0.015 0.002
Semi-demersal fish 0.037 0.018 0.003
SUM 2.026 1.000 0.151

11. £%%5 (Sandfish)
© AFAARL oA
cezo A4S FPFANEY (1994a, 1004b)9) AEE F3

.

Importance
Species F1 CE P AL SUM
Sandfish 1 1 2 1
Weighted importance  1.000 1.000 2.000 1.000 5.000
Proportion 0.200 0.200 0.400 0.200 1.000

FT: Fishes, BF: Benthic feeders, EP: Epifauna, IN: Infauna, ZP: Zooplankton
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Biomass Proportion

Fish Proporti
® (t/km?) roporton on fish
Sandfish 0.151 0.918 0.184
Semi-demersal fish 0.014 0.082 0.016
SUM 0.164 1.000 0.200
@ 71%A A A8 o] F
zRu e S| FHAAF ol dH FHsITh
Fish Biomass p " Proportion
is roportion
(t/km®) portt on fish
Sandfish 0.031 0.456 0.091
Semi-demersal fish 0.037 0.544 0.109
SUM 0.068 1.000 0.200
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12. WA Aol F (Semi-demersal fish)

@ 71 FAAAS ol d

7t J2Zo A TUSFAIEL (19%4a, 1994b)9] A5 E F1
& AT

Importance

Species Catch FI CE BF BE ZP AL DE SUM
Hairtail 336 2 1 1 0 1 0 0
Gobies - 1 0 2 0 2 0 1
Pacific cod 219 2 1 1 0 1 0 0
Big eyed herring - 0 0 0 0 2 0 4]
Blenny - 0 0 0 0 0 0 0
Brown croaker - 2 1 2 0 0 0 0
Blackthroat seaperch 23 2 1 0 0 2 0 0
Sevenband grouper 0 2 0 2 0 0 0 0
Pomfret 1 0 0 0 0 2 1 0
Sharp toothed eel 0 2 1 2 0 0 0 0
Common conger 30 1 1 1 0 2 0 0
Black sea bream 2 0 0 0 0 0 0 0
Red sea bream 9 2 1 2 2 i 0 0
Other breams 51 0 0 0 0 0 0 0
Rock fish 236 1 0 1 0 2 0 0
Bluefin searobin - 1 0 2 0 1 0 0
Atka mackerel 89 2 1 1 1 0 0 0

SUM 1,766
Weighted importance 1.789 0.836 0.962 0.497 0.647 0.000 0.000 4.732
Proportion 0.378 0.177 0.203 0.105 0.137 0.000 0.000 1.000

FI: Fishes, CE: Cephalopods, BF: Benthic feeders, BE: Benthics, ZP: Zooplankton,
AL: Algae, DE: Detritus
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Fish Biomass Proportion Proportion
(t/km?) on fish
Pacific saury 0.239 0.238 0.088
Pacific sardine 0.117 0.113 0.043
Filefish 0.001 0.001 0.0003
Small pelagics 0.058 0.057 0.021
Large pelagics 0.009 0.008 0.003
Walleye pollock 0.427 0.414 0.156
Sandfish 0.151 0.146 0.055
Semi-demersal fish 0.014 0.013 0.005
Demersal fish 0.017 0.017 0.006
SUM 1.032 1.000 0.378
. Biomass . Proportion
Benthics 9 Proportion )
(t/km”) on benthics
Epifauna 0.018 0.299 0.031
Gastropods 0.041 0.668 0.070
Infauna 0.002 0.033 0.003
SUM 0.061 1.000 0.105
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@ 71FAALR ol F

ZRu e A FAARAE o] FAdsth

Importance

Species Catch F CE BF BE ZP AL DE S5UM
Hairtail 197 2 1 1 0 1 0 0
Gobies 19 0 2 0 2 0 1
Pacific cod 208 2 1 1 0 1 0 0
Big eyed herring 1 0 0 0 0 2 0 0
Blenny 1 0 0 0 0 0 0 0
Brown croaker 3 2 1 2 0 0 0 0
Blackthroat seaperch 9 2 1 0 0 2 0 0
Sevenband grouper 2 2 0 2 0 0 0 0
Pomfret 4 0 0 0 0 2 1 0
Sharp toothed eel 148 2 1 2 0 0 0 0
Common conger 91 1 1 1 0 2 0 0
Black sea bream 1 0 0 0 0 0 0 0
Red sea bream 24 2 1 2 2 1 0 0
Other breams 128 0 0 0 0 0 0 0
Rock fish 957 1 0 1 0 2 0 0
Bluefin searobin 2 1 0 2 0 1 0 0
Atka mackerel 26089 2 1 1 1 0 0 0

SUM 4,403
Weighted importance 1.696 0.747 1.012 0603 0.589 0.001 0.004 4.653
Proportion 0.365 0.161 0.218 0.130 0.127 0.000 0.001 1.000

FI Fishes, CE: Cephalopods, BF: Benthic feeders, BE: Benthics, ZP: Zooplankton,
AL: Algae, DE: Detritus
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Biomass Proportion

Fish (/kmd) Proportion on fish
Pacific saury 0.086 0.041 0.015
Pacific sardine 0.310 0.148 0.054
Filefish 0.218 0.104 0.038
Small pelagics 0175 0.0&4 0.030
Large pelagics 0.020 0.010 0.003
Walleye pollock 1.169 0.559 0.204
Sandfish 0.031 0.015 0.005
Semi-demersal fish 0.037 0.018 0.006
Demersal fish 0.046 0.022 0.008
SUM 2.092 1.000 0.365
Benthics Biomass Proportion Proportion
(t/km®) on benthics
Epifauna 0.045 0.251 0.033
Gastropods 0.112 0624 0.081
Infauna 0.023 0.125 0.016
SUM 0.180 1.000 0.130

13. AM eI F (Demersal fish)

@ 71FAA R oA

o} 2] MM L Cha et ol (19972 AEE, 7hegle] A& Yeon
of ol (1999)9) A2E, o0& AEF9 A4e FHFIUF (1994,

1994b)8) A sE Fa3AC
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Importance

Species Catch FI CE BF BE ZP DE SUM
Flounders 1,187 1 1 2 1 2 1
Flatfishes 376 2 1 2 1 1 1
Tonguefishes - 0 0 1 1 2 1
Skates 565 1 1 1 1 2 1
Angler fish - 2 0 ¢ 0 0 1

SUM 2,128
Weighted importance 1177 1.735 1000 1.000 1.823 1.735 8470

Proportion 0.139 0205 0.118 0.118 0.215 0.205 1.000

FL: Fishes, CE: Cephalopods, BF: Benthic feeders, BE: Benthics, ZF Zooplankton,
DE: Detritus

Fish Biomass Proportion Proportion
(1/km”) on fish
Filefish 0.001 0.004 0.001
Small pelagics 0.058 0.243 0.034
Sandfish 0.151 0.626 0.087
Semi—demersal fish 0.014 0.056 0.008
Demersal fish 0.017 0.072 0.010
SUM 0.241 1.000 0.139
Benthics Biomass Proportion Proportion
(t/km?) on benthics
Epifauna 0.018 0.299 0.035
Gastropods 0.041 0.668 0.079
Infauna 0.002 0.033 0.004
SUM 0.061 1.000 0.118
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ZRRW e NFAAAR ojHdt L3

Importance

Species Catch FI CE BF BE Zp DE SUM
Flounders 2009 1 1 2 ] 2 1
Flatfishes 485 2 1 2 1 1 1
Tonguefishes 1 0 0 1 1 2 1
Skates 3032 1 1 1 1 2 1
Angler fish 31 2 0 0 0 0 1

SUM 5,647
Weighted importance 1.091 1452 0994 0994 1903 1.452 7.890

Proportion 0.138 0184 0.126 0126 0241 0.184 1.000

FI: Fishes, CE: Cephalopods, BF: Benthic feeders, BE: Benthics, ZP: Zooplankton,
DE: Detritus

Fish Biomass Proportion Proportion
{t/km”) on fish
Filefish 0.218 0.430 0.059
Small pelagics 0.175 0.345 0.043
Sandfish 0.031 0.061 0.008
Semi-demersal fish 0.037 0.073 0.010
Demersal fish 0.046 0.091 0.013
SUM 0.607 1.000 0.138
. Biomass . Proportion
Benthics kD) Proportion on benthics
Epifauna 0.045 0.251 0.032
Gastropods 0.112 0.624 0.079
Infauna 0.023 0.125 0.016
SUM 0.180 1.000 0.126
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14. %% (Cephalopods)
D 71FTAADE ol H
2. Ao} Kim and Kang (1908pYe] QWL E ZAEFAE, e A

gz A4e FTYFAVEN (19429 A2E FRFHAT

Importance

Species Catch FI CE BF BE ZP SUM
Common squids 40,880 1 i 2 0 1
Cuttlefish 278 2 1 1 i 1
Octopus 467 0 2 0 1
Webfoot octopus 30 - - - -

SUM 41,6055

Weighted importance 1010 0990 1.990 0010 1.000 5.000

Proportion 0202 0.198 0399 0001 0200 1.000

- 1 not available

FL Fishes, CE: Cephalopods, BF: Benthic feeders, BE: Benthics, ZP: Zooplankton

Fish Biomass Proportion Proportion
(t/km?) on fish
Pacific saury 0.239 0.576 0.116
Pacific sardine 0.117 0.282 0.057
Filefish 0.001 0.002 0.000
Small pelagics 0.058 0.141 0.028
SUM 0.415 1.000 0.202
. Biomass . Proportion
Benthics 0 Proportion .
(t/km") on benthics
Epifauna 0.018 0.299 0.000
Gastropods 0.041 0.669 0.001
Infauna 0.002 0.033 0.000
SUM 0.061 1.000 0.001
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>

ZRue e 7| ARG o) AR TS

Importance

Species Catch Fl CE BF BE 7P SUM
Common squids 2147 1 1 2 0 1
Cuttlefish 570 2 1 1 1 1
Octopus 2,737 0 2 0 1
Webfoot octopus 15 - - - - -

SUM 30,798

Weighted importance 1.010 0990 1.990 0.010 1.000 5.000

Proportion 0202 0.198 0399 0.001 0200 1.000

- ! not available

FI: Fishes, CE: Cephalopods, BF: Benthic feeders, BE: Benthics, ZP: Zooplankton

Fish Bioma§ © Proportion Proportion
(t/km®) on fish
Pacific saury 0.086 0.109 0.022
Pacific sardine 0.310 0.393 0.079
Filefish 0.218 0.276 0.056
Small pelagics 0175 0.222 0.045
SUM 0.789 1.000 0.202
Benthics Biomass Proportion Proportion
(t/km’) on benthics
Epifauna 0.045 0.251 0.000
Gastropods 0.112 0.624 0.001
Infauna 0.023 0.125 0.000
SUM 0.180 1.000 0.001
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15. J A4 o]} (Benthic feeders)

@ NFAADE o)A

7+ gEEe AL FPFANEL (1983, 1994a)¢] ARE I
&t

Importance
Species Catch BE VAY FP SUM
Blue crab - 2 1 0
Queen crab 83 0 2 0
Other crabs 197 - - 0
Japanese spiny lobster - 2 1 0
Large shrimp 1 2 2 1
Kuruma prawn - - - 0
Akiami paste shrimp 5 - - -
Medium shrimp 12 - - 0
Other shrimps 307 - -
SUM 605
Weighted importance 0.003 0.279 0.002 0.284
Proportion 0.012 0.982 0.006 1.000
- : not available
BE: Benthics, ZP: Zooplankton, PP Phytoplankton
Benthics Biomass Proportion Proportion
(t/km?) on benthics
Epifauna 0.018 0.299 0.003
Gastropods 0.041 0.669 0.008
Infauna 0.002 0.033 0.0004
SUM 0.061 1.000 0.012
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ZAWWE 7| FAAAD o|H} FdsTh

Importance
Species Catch BE ZP PP SUM
Blue crab 24 2 1 0
Queen crab 43 0 2 0
Other crabs 575 - - 0
Japanese spiny lobster 2 2 1 0
Large shrimp 3 2 2 i
Kuruma prawn 38 - - 0
Akiami paste shrimp - - - -
Medium shrimp 4 - 0
Other shrimps 710 - - 0
SUM 1,398
Weighted importance 0.040 0.084 0.002 0.127
Proportion 0.319 0.663 0.018 1.000
- @ not available
BE: Benthics, ZP: Zooplankton, PP! Phytoplankton
Benthics Biomass Proportion Proportion
(t/km’) on benthics
Epifauna 0.045 0.251 0.080
Gastropods 0.112 0.624 0.199
Infauna 0.023 0.125 0.040
SUM 0.180 1.000 0.319
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16. B4 AX%F%E (Epifauna)

@ 71FAA A oA

Tze) AAe AFEgsta AGHENE YatelE (hitp//shellfish.c
heju.ac.kr/invt98/feed-organisms.htm) &, AAe Hde st 3
A APA YAolE (http://knusun.kangnung.ac kr/ marp
v/maphy-data/120E £ /120-3frhtm) &, $@4ole) A& oJFuisiu
Qr}ol & (http://webserver.yosu.ac.kr/ ~mobidic/meongge.htm)E, {4t
o] Ao AFuvhe]nA] Yrte]lE (http)/www.scubadc.com

/scuba/eco-bmhtm)E F I3

Importance
Species Catch IN 7ZP AL PP DE sSUM
Oyster 4 0 0 0 1 2
Sea urchin 1,472 1 0 2 0 0
Sea squirts 0 2 0 1 0
Sea cucumber 95 0 p/ 0 0 2
Other aquatic animals 110 = - - -
SUM 1,681
Weighted importance 15.437 2.000 30.874 0.042 2.084 50.437
Proportion 0.306 0.040 0.612 0001 0.041 1.000

- : not available

IN: Infauna, ZP: Zooplankton, AL: Algae, PP Phytoplankton, DE: Detritus
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Importance
Species Catch IN 7P AL PP DE SUM
Qyster 17 0 0 0 1 2
Sea urchin 2,175 1 0 2 0 0
Sea squirts 492 0 2 0 1 0
Sea cucumber 799 0 2 0 0 2
Other aguatic animals 182 - - - - -
SUM 3,665
Weighted importance 9799 3931 5444 0637 2.043 14.076
Proportion 0.193 0.230 0387 0045 0145 1.000

- : not available

IN: Infauna, ZP: Zooplankton, AL: Algae, PP Phytoplankton, DE: Detritus

17. 2=F (Gastropods)
@D 7)1 FAAAZ o] A
7t

MEF A4S ZAFADET (1999)e) A5 E Fusach

Importance
Species Catch AL PP DE SUM
Neapolitan triton 520 - - -
Snails 758 1 1 1
Abalones 29 2 1 1
SUM 1,306
Weighted importance 1.076 1.038 1.038 3.1652
Proportion 0.341 0.329 0.329 1.000

- ! not available

AL: Algae, PP: Phytoplankton, DE: Detritus

- 122 -



@ 7N1FAAAR ol F

2R e 7| FAAAE 1A T3

Importance
Species Catch AL PP DE SUM
Neapolitan triton 3229 = - -
Snails 191 1 1 1
Abalones 73 2 1 1
SUM 3,068
Weighted importance 1.817 1.409 1.409 4.634
Proportion 0.392 0304 0.304 1.000

- @ not available

AL: Algae, PP: Phytoplankton, DE! Detritus

18. YA A %5E (Infauna)
D 715 Ag o] A

7} HEF NAS FPFARNTA (19998 AEE ZastAo

Importance
Species Catch PP DE SUM
Scallop - 1 2
Chinese mactra - - -
Poker-chin venus 12 - -
Comb pen shell 86 - -
Broughton's ribbed ark 46 1 2
Hard shelled mussel 5 - -
SUM 148
Weighted importance 0.309 0.619 0.928
Proportion 0.333 0.667 1.000

- not available

PP: Phytoplankton, DE: Detritus
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Importance
Species Catch PP DE SUM
Scallop 5 1 2
Chinese mactra 885 - -
Poker—-chin venus 634 - -
Comb pen shell 1 - -
Broughton's ribbed ark - 1 2
Hard shelled mussel 109 - -
SUM 1,635
Weighted importance 0.003 0.007 0.010
Proportion 0.333 0.667 1.000

- : not available

PP: Phytoplankton, DE! Detritus

19, 2224 A% (Zooplankton)

sezanEe A4 Trites et al (19992 A2E FRAT.

Species ZP PP DE SUM
Zooplankton 0.216 0.676 0.108 1.000
Proportion 0.216 0.676 0.108 1.000

ZP: Zooplankton, PP: Phytoplankton, DE: Detritus

o) e AFAAAD ol ol Tl glold FAGA HEIHAT
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