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Seasonal variation of fish species composition from Wolsong during
2005-2007

Sung-Jun Kim

Department of Marine Biology, The Graduate School,

Pukyong National University

Abstract

The present study investigated marine environment, fish species composition
and community structure of fishes collected from the adjacent waters of
Wolseong nuclear power plant in-Gyeongsangbuk-do between February 2005
and November 2007.

The surface water .temperature showed a common seasonal pattern during
the studying period, but the bottom water temperature (BWT) differed by
year. In 2005, the BWT was not much varied by season. However, in 2006,
the BWT was highest in May and November, but lowest in!August. In the
case of 2007, the BWT was the lowest in May, but reached peak in
November. Therefore, the North Korean Cold Current is thought to be
different by year.

A total of 69 fish'species were collected, of which five ‘species accounted
for 87.1%: Clupea pallasii, Lophius litulon, <Liparis -tesselatus, Trachurus
japonicus and Glyptocephalus -stelleri. Clupea pallasii appeared throughout
the year, may resulting from the strong North Korean Cold Current in this
area. Cluster analysis showed no significant grouping by stations as well as
seasons. Correlation analysis showed no significant correlation between

marine environmental factors and fish species composition.
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Table 1. The latitude and longitude of station in this study area.

Station Latitude and Longitude
Around intake N35 4130" E129 30°30”
Around discharge canal N35 43°30” E129-30°30"
Control site N85 42°30" E129 33'50"
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Fig. 1. Locations of sampling area in Wolseong, Korea from February 2005 to
November 2007(I: Intake; D: Discharge canal; WS NPP: Wolseong Nuclear Power
Plant).



Otter (A 7H%)

Fig. 2. Diagram of a trawl used for the collection of the fish samples in Wolseong
from February 2005 to November 2007.
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Table 2. Water temperature (C) at surface and bottom levels in Wolseong from
February 2005 to November 2007 (S: surface, B: bottom).

Station
Year Month 1 2 3
S B S B S B S B
Feb. 13.2 12.8 13.2 12.7 13.4 13.2 13.3 12.9
May 14.4 12.4 154 12.9 15.0 9.4 15.0 11.6

Mean

2005
Aug. 16.5 104 176 109 206 6.6 18.3 9.3
Nov. 173 13.1 174 114  16.8 9.5 172 11.3
Feb. 114 11.0 11.7 111 11.8 11.3 11.6  11.1
May 14.8 144 151 14.3 144 13.4 14.8 14.0
2006 Aug. 204 7.7 18.0 9.8 20.0 10.0 19.5 9.2
Nov. 18.0 167 185 15.1 17.9 12.2 18.1 14.7
Feb. 13.9 124140 §.5 13.9 12.4 13.9 104
May 12.8 6.5 14.7 640 13.5 5.6 13.7 6.1
2007 Aug. 226 124 224 111 18.9 10.7 21.3 114
Nov. . 20.1 16.0 2098 80~ 19.7 14.2 . 202 16.1
Mean 6.3 1280 SIGICH RIS 163 10.7 164 115

Table 3. Salinity (psw) at surface and bottom levels in Wolseong from February
2005 to November 2007 (S:"surface, B: bottom).

Station
Year Month 1 2 3
S B S B S B S B
Feb. 34.1  34.1 34.0 34.1 34.1 34.1 34.1  34.1
May 31.6 31.8 327 329 31.2 31.9 31.8  32.2

Mean

2005
Aug. 334 334 333 338 333 33.8 333 336
Nov. 334 341 335 337 334 341 33.4 34.0
Feb. 340 341 338 340 340 340 339 34.0
2006 May  33.7 340 338 340 334 340 336 34.0
Aug. 335 340 334 335 339 341 33.6 339
Nov. 333 334 328 337 333 33.8 331 336
Feb. 34.0 340 340 340 340 340 340 34.0
May 33.8 339 338 340 337 340 33.8 34.0
2007 Aug. 332 341 332 341 332 341 33.2 34.1
Nov. 332 341 332 341 335 341 33.3  34.1
Mean 334 337 335 338 334 338 334 338
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44 el 33 B F 27 12% 38% 69F9 oAFvl FdsLh FdHoT e A=
0] F(Chondrichthyes)?l Aol (Squalus acanthias)?} 1%, 7d&0]F(Osteichthyes)= 68
Fo] AREAY. o5 71dl FolE(Perciformes) o777} 183 25F o2 HA AT
36.2%% x}Aste] 71 Wol EdstYa, 1 theo 2= &Eujo]E(Scorpaeniformes) © &
7F 63 18F 2o & 26.1%, 7FA0]E (Pleuronectiformes) o157} 33 10522 14.5%% U
Efjo] o] & 3o &3l o] {77t 53T 2A A A T59 76.8%F AHAEA oM, A
o] Z(Clupeiformes) o157} 2% 402 58%, hTE(Gadiformes) o F7F 28 402
5.7%, oFAE(Lophiiformes) o1F7F 1# 2F02 29%, 1 ¢ WOl E(Anguilliformes),
vt o] Z(Osmeriformes), A% o] %(Stomiiformes), ©il7]E(Zeiformes) % Hoj=
(Tetraodontiformes) 177} 13 1522 1.4% =33 HTable 4).

HHE 2= FE2 I (Scorpaenidae)®}, 7FAH] ZH(Pleuronectidae)dl] 43l ol F7F 42 6
ol =48, HF/H#(Cottidae) o, #F X (Liparidae) ©olF 2 HIREAZAZ
(Acropomatidae) o177} 22k 4%, Wel¥(Macrouridae) ©]5, Wo]#(Sciaenidae) &
2 FA 3 (Cynoglossidae) o= 747 354 =dstHTable 4).

F MASF 2 AAZL 43462704, 2,631,974.7ge 2 ek} o] F Aol (Clupea
pallasi)7} 21,34970 A2 49.1%S Akl A AAs T 7 488, 1 sz
71 &7}V AWm)(Glyptocephalus ~stellerdZ¥ 7,2650 A& 16.7%, =d7|(Liparis tessellatus)=
2,820/ A= 6.5%, H70|(Trachurus japonicus)e 240170 A& 5.5%, ol (Lophius
litulon)7} 2,167 /W A2 5.0%, &7 0| (Hippoglossoides pinetorum)7k 4.1%% °]& 6% 2]
oAF7F HA A AMAT 87.1%= AASIUT. 3d g+ WA AS- FHolAvt
1,180,817.1g, AA A 44.9%=24 7H& ¥%aL, 1 t302 Hoj7} 562,856.4g8
2 21.4%, #X(Liparis tanakae)= 275,394.2g2 = 10.5%, =4v7] 2 7|E7FA0| 7}
140,205.2g, 138,217,3g2.2 ZtZ} 5.3%, S7FAM 7} 4.2%24 olE 6%< oF7F AA
=3 AAFY 91.6%5 HEFUAH(Fig. 7, Fig 8).

200549 AFE oF= T 75234 39FTCIULH, o] T FoE ofF{FIt 117 13F L
2 33.7%E AAste 7HE Wol EdsIGlal, o ® EHHWoliE ofF7l 33 10FoE
25.7%, 7FAH & o] 77} 33 8FoE 20.6%F AHAIEtH olF 359 o {7 ST
o Uittt 1 9] HojE olF 7.7%, T olF 5.2%, kA% olF 5.1%, ° =
ol 77t 2.6% Z@AsHtHTable 5).

PHZ = FEEY ofF7 53R MY B FHITTE Y S-S, FXH9 vt
Atu o] 77t 4%, W EAEA AL At ofF= 3F, AP Engraulidae) 3 o}
¥}(Lophiidae) o= 27t 2F¢] &3 tH(Table 5).

ZdMAT 2 AAFS 15,51270A, AAZF 485,723.1gS HErHo] 3 HA WA+
35.7%, BAZE 18.5%%5 A8kl 33t AR FF AWAlE TP =gkar, AR
7Hd Stk o] 5 o7k 13,4887 A17F Al AA ANAFY 87.0%F AAste] 74
AR AL, =v7IE 609MAZ 3.9%, 7IE7HA = 378/HAIR 2.4%, Fobl= 254704
2 1.6%, W7+ 2077022 1.3%S A skl A AJol7F 284,527.0g0.2 HA] 4
AFe] 58.6%5 AAskla, FolHrt 77,5631.8g02 16.0%, EWl7|7} 37,377.2g0.%
7.7%, #A7}F 31,399.5g0. 2 6.5%, 71&7FA0] = 15,311.8g0% 3.2% S 24383 tH(Fig.
9, Fig. 10).

-
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2006 90l= F 8% 26¥ 40T 0= ©] T Foj&E ofF7F 12¥ 18F o= 45.0%5 AA
sto] 7 wol EsklaL, #els o {7t 53 9F 12.5%, HolE R ZHAmE o] {7t
747} 23 4% 10.0%% olE 459 offF7F -4tk 1 & giFE ofF 5.0%, WHolE
o, Hol& ofF, ofAE ofF B Hol& o {7t A7 2.5% s tHTable 6).

HERE FESHY olF{Ut 4FoE 7P Wol Fdste] A, WHHEAZX Y, W
ojz 9 iRzt ojFrt zZzt 3%, 49X, HoJIHClupeidae), w1, #7¥o]x}
(Carangidae), 7% 3 (Uranoscopidae)d] £35t= oJ7FEL 77 23R =39 tHTable
6).

=d MAS 2 AAFES 15030704, 948,376.0go.2 33 AA MAG2] 34.6%, YA
o] 36.0%5 YESTE o T ZIE7HA7E 4,18170A AF =] HA AT 27.8%
5 A5t 7 -1sEelan, A7olrt 2,370/MAZ2 15.8%, Hol7F 1,8187MAZ 12.1%,
EEEol 9687/A, EwW7IE 963MAZ A7 6.4%5 AA st AAFS ol vt
344,483.0g0.% HA AAFEF] 36.3%= A5k, #A7F 171,985.0g0.% 18.1%, 71 &
ZFA ) 7 84,221.0g 0.2 8.9%,, 7|7} 72,486.0gC. % 7.6%, &7FA0]7F 70,815.0g 0 =
7.5%% A8t tH(Fig. 9, Fig.-10).

2007d9l= & 115 269 4059 olf7F EdsglEd o & s 107 11%, %
Wolko] 53} 11Fo % 242k 27.5%% AHAste] 71 wol ZdsaL, 7HAm & ol {7t 1
I 5F 12.5%% ol & 359 o F7L st oam, 1 9 -5 o[ 110.0%, FolE o F
7.5%, oI E o], ®Ao FolR, BTt Ee &, AT o] 51 ol5, ol E ojF H
a7 8 ojF77) 747k 2.5% &6 tH(Table 7).

FE 2= sz 5o R 71 2ol FdsIgla, ity 2 S350 47 3%,
AR, e, o IK(Triglidae), FX12Z 2 RIREA = X 3o &£31= o] {F= 242} 2% 0]
=3t tHTable 7).

2007 dl= 12,9200, 1,197,875.6g°1 A =l A WA=l 29:7%, BAZL 45.5%
£ A st AR 319 FoOASE 7P AR, AR A =9t o] 5 Aot
6,04370A 2 AA ATl 46.8% 5 AFA 5k 71 AR, 1 o VE7A
2,7067WA 2 20.9%, Zw 7|17} 1,24870A 2 9.7%, k717t 1,165701A12 9.0%Z2 YERNS
b AAFS ol 7t 758,802.3g0 % WA AAZFY] 63.3%F AASAIL, 1 thHoR
Aol7} 213,705.4g0.2 17.8%, w7} 72,009.7gC. 2 6.0%, 7157407} 38,684.5g0 2
3.2%, &7}A) 7} 37,565.0g0.% 3.1% A tHFig. 9, Fig. 10).
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3. A7, AdE 248 W3

200539 =&t F 39F 7Fdl Ao, E1|=A(Caelorinchus multispinulosus), = 7]
329 o]F7)l 4AA RTE Y9, oFA(Lophiomus setigerus), Y| (Scorpaena
neglecta), "3 (Alcichthys elongatus), ©}VANEW7](Liparis agassizi), X5
(Liparis sp), X 2|8(Sillago japonica), W=} X|(Pholis nebulosa), &7+ X (Cubiceps
squamiceps), 'YX (Pseudorhombus pentophthalmus), 7FAVu]F(Pleuronectes sp), &4
H(Cynoglossus abbreviatus), XN (Cynoglossus joyneri) 12ZFL 200535t &35S
THTable 8).

200630 = F EHE 40% 7Hdl Ao, solA, EE7telw(Apogon lineatus) 3& <]
o] FI7F AAE BF 33891, B (Conger myriaster), A o|(Konosirus punctatus), 73
tl(Chelidonichthys spinosus), Fx=@|V|(Hexagrammos otakiD, %YM 71(Hemitripterus
villosus),  7VeFA(Decapterus — maruadsi), #A78°1(Trachurus japonicus), 4&7}e
(Parascolopsis inermis), =742 °|(Collichthys niveatus), W¥|(Johnius grypotus), 37|
(Larimichthys polyactis), S3=% ¥ (Bathycallionymus kaianus), XX 17|(Sphyraena
pinguis), 2 (Scomberomorus-niphonius), ¥ *|(Stephanolepis cirrhifer) 15%&°] &2 &
datdedl F2 8 Ji} 1o FJHATE o] T 7o, A, FAx=dn], W7ol 45

A U A o] {FELZ 200617 A FEoIAH(Table 7).

200719] 7A-5- g?it?_ % 40% 4o, stekd, =171, &7k, £ 7RO 5F 9
o] F7F 4A1E EF =dstgon, FAo, AMWE(Glossanodon ' semifasciatus), .2 W E]
(Caelorinchus japonicus), Y=V]EX|(Caelorinchus Ilongissimus), %'@il7](Zenopsis
nebulosa),  %+71¥(Unimicus = japonicus), = S|MIAA W (Lepidotrigla = hime), =314
(Cottiusculus schmidt), T3 (Gymnocanthus herzensteini), 3N (Gymnocanthus
sp), B719-8(Malakichthys wakivae), T A(Leiognathus nuchalis), “s7V**|(Zoarces
gillin, Z7VA9)(Clidoderma asperrimum), =UFe](Pleuronichthys cornutus) 1539 o &
7t AR Fdslon, 22801124 F Y= AHTable” 8).

ZAZIZE E9F Holeo, spoy] 258 o {rh 3k Al dol A FdstH(Table 8).
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Table 4. The number of fish taxa in the Wolseong from 2005 to 2007.

Class Order Family Species (%)

Chondrichthyes Squaliformes Squalidae 1 1.4

Osteichthyes Anguilliformes Congridae 1 1.4

. Engraulidae 2 2.9
Clupeiformes .

Clupeidae 2 2.9

Osmeriformes Argentinidae 1 1.4

Stomiiformes Sternoptychidae 1 14

Gadiformes Macro-uridae 3 4.3

Gadidae 1 1.4

Lophiiformes Lophiiae 2 2.9

Zeiformes Zeidae 1 1.4

Scorpaenidae 6 8.7

Triglidae 2 2.9

: Hexagrammidae 1 1.4

Scorpaeniformes f

Cottidae 4 5.8

Hemitripteridae 1 1.4

Liparidae 4 5.8

Acropomatidae 4 5.8

Apogonidae 1 1.4

Sillagnidae an 1.4

Garangidae 2 2.9

Leiognathidae 1 1.4

Nemipteridae 1 14

Sciaenidae 3 4.3

Zoarcidae 1 1.4

Poritar e .Pholidida.e 1 1.4

Trichodontidae 1 1.4

Uranoscopidae 1 1.4

Callionymidae 2 2.9

Sphyraenidae 1 14

Trichiuridae 1 1.4

Scombridae 1 1.4

Centrolophidae 1 14

Nomeidae 1 1.4

Stromateidae 1 1.4

Paralichthyidae 1 1.4

Pleuronectiformes Pleuronectidae 6 8.7

Cynoglossidae 3 4.3

Tetraodontiformes Monacanthidae 1 1.4

Total 12 38 69 100.0
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Table 5. The number of fish taxa in the Wolseong from 2005.

Class Orders Family Species (%)

Osteichthyes _ Engraulidae 2 5.1
Clupeiformes .

Clupeidae 1 2.6

Stomiiformes Stemoptychidae 1 2.6

Gadiformes Macrouridae 1 2.6

Gadidae 1 2.6

Lophiiformes Lophiidae 2 5.1

Scorpaenidae 5 12.8

Scorpaeniformes Cottidae 1 2.6

Liparidae 4 10.3

Acropomatidae 3 7.7

Apogonidae 1 2.6

Sillagnidae 1 2.6

Pholididae 1 2.6

Trichodontidae 1 2.6

Perciformes Uranoscopidae i 2.6

Callionymidae 1 2.6

Trichiuridae 1 2.6

Centrolophidae 1 2.6

Nomeidae 1 2.6

Stromateidae 1 2.6

Paralichthyidae 1 2.6

Pleuronectiformes Pleuronectidae 4 10.3

Cynogloessidae 3 7.7

Total 7 23 39 100
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Table 6. The number of fish taxa in the Wolseong from 2006.

Class Orders Family Species (%)

Osteichthyes Anguilliformes Congridae 1 2.5

. Engraulidae 2 5.0

Clupeiformes .
Clupeidae 2 5.0
. Macrouridae 1 2.5
Cadiformes )

Gadidae 1 2.5

Lophiiformes Lophiidae 1 2.5

Scorpaenidae 4 10.0

Triglidae 1 2.5

Scorpaeniformes Hexagrammidae 1 2.5

Hemitripteridae 1 2.5

Liparidae 2 5.0

Acropomatidae 3 7.5

Apogonidae 1 2.5

Carangidae 2 5.0

Nemipteridae 1 2.5

Sciaenidae 3 7.5

] Trichodontidae 1 2.5
Perciformes ,

Uranoscopidae 1 2.5

Callionymidae 2 5.0

Sphyraenidae il 2.5

Trichiuridae 1 2.5

Scombridae 1 2.5

Centrolophidae Js 2.5

: Pleuronectidae % 7.5
Pleuronectiformes -

Cynoglossidae 1 2.5

Tetraodontiformes  Monacanthidae 1 2.5

Total 8 26 40 100
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Table 7. The number of fish taxa in the Wolseong from 2007.

Class Order Family Species (%)
Chondrichthyes Squaliformes Squalidae 1 2.5
Osteichthyes Anguilliformes Congridae 1 2.5
) Engraulidae 2 5.0
Clupeiformes .
Clupeidae 1 2.5
Osmeriformes Argentinidae 1 2.5
Stomiiformes Stemoptychidae 1 2.5
Gadiformes Macro.uridae 3 7.5
Gadidae 1 2.5
Lophiiformes Lophiidae 1 2.5
Zeiformes Zeidae 1 2.5
Scorpaenidae 3 7.5
Triglidae 2 5.0
Scorpaeniformes Hexagrammidae 1 2.5
Cottidae 3 7.5
Liparidae 2 5.0
Acropomatidae 2 5.0
Apogonidae 1 2.5
Carangidae 1 2.5
Leiognathidae 1 2.5
Phrciforiils Zoarcidae 1 2.5
Trichodontidae 1 2.5
Uranoscopidae 1 2.5
Trichiuridae 1 2.5
Centrolophidae 1 2.5
Stromateidae 1 2.5
Pleuronectiformes Pleuronectidae 5 12.5
Total 11 26 40 100
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B C/upez palfasi (49.1%)

C— Glypfocephalus stelleri (16 .7 %)
B iparis tesselatus (6 5%)

C—3 Trachurus japonicus (5.5 %)

B ophius litulon (5.0%)

B Hippoglossoides pinetorum (4.0%)
H Other species (12.9%)

Fig. 7. A total of number of individuals of dominant-. species. collected from the

Wolseong.

B [ ophius litulon (44 .9%)

L Clupea pallasii (21.4%)

B / /paris tanakai (10.5%)

1 Liparis tesselatus (5.3%)

B G/yptocephalus stelleri (5.3%)
B Hippoglossoides pinetorum (4.2 %)
Bl Other species (8-4%)

Fig. 8. A total of biomass of dominant species collected from the Wolseong.
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2005

W C/upea pallasii (87.0%)

3 Liparis tessellatus (3.9%)
B Glyptocephalus stelleri (2.4%)
3 Lophius litulon (1.6 %)

B Gadus macrocephalus(1.3%)
= Other species (3.6%)

2006

W Glyptocephalus stelleri (27.8%)
3 Trachurus japonicus(15.8%)
B Clupea pallasi(12.1%)

[ Arctoscopus japonicus (6:4 %)
B [iparis tessellatus (6.4%)

[ Other species (315%)

Fig. 9. The number of individuals of dominant species in Wolseong from 2005 to

2007.
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2007

W Clupea pallasii (46 8%)

3 Glyptocephalus stelleri(20.9%)
B [ jparis tessellatus (9.7%)

C= Lophius litulon (9.0 %)

B /ippogiossoides pinetorum (3.4%)
I Other species (10.2%)




2005

W Ciupea pallasii (58.6%)

3 Lophius litulon (16.0%)

@ iparis tessellatus (7.T%)
1 Liparis tanakai (6.5 %)

B Clyptocephalus stelleri (2.4%)
3 Other species (8.0%)

2006 2007

W ophius litulon (36.3 %) W L ophius lituion (633 %)

1 Liparis tanakai(18.1%) =1 Clupea pallasii (17.8%)

B Glyptocephalus stelleri (8 9%) B iparis tanakai (6.0%)

3 Liparis tessellatus (7.6 %) C= Glyptocephalus stelleri (3.2%)
B FHippoglossoides pinetorum (1.5 %) B Fippoglossoides pinetorum (3.1%)
D Other species (21.6%) [ Other species (6.6%)

Fig. 10. The biomass of dominant species in Wolseong from 2005 to 2007.



Table 8. The list of appearance fishes catched by otter trawl in the Wolseong from February 2005 to November 2007.

Year/Month 2005 2006 2007

Species Feb. May Aug. Nov. Feb. May Aug. Nov. Feb. May Aug. Nov.

w4 Squalus acanthias
5-4+o] Conger myriaster P °
%9y Coilia nasus

W X| Engraulis japonicus
Aol Clupea pallasii

Aol Konosirus punctatus

A Glossanodon semifasciatus o
W5-ol Maurolicus japonicus ) °

=

W e Caelorinchus japonicus [ J [ J

o
iN

E Y& X Caelorinchus longissimus PY

5 X Caelorinchus multispinulosus )
Gadus macrocephalus
Lophiomus setigerus

H Lophius litulon o
<+317] Zenopsis nebulosa [ ]
= Helicolenus hilgendorfi
A Hypodytes rubripinnis [ [} [
Inimicus japonicus [ ]

L0 =
o
[ ]
(]
{ ]
(]

ox Yr or mx 4% 2 o r2 oot O o N

Enﬁm}mn;iﬁnﬁm; Oii—u

%] Scorpaena neglecta [ ]

Sabastes thompsoni [ J [ J

7= Sebastiscus albofasciatus ( [ )

“helidonichthys spinosus [ J [ J [ J
 Lepidotrigla hime o

u] Hexagrammos otakii [ [ ([ [ J
) Alcichthys elongatus [ J

 Cottiusculus schmidti [ J

) Gymnocanthus herzensteini (]

2
S

o o pE AN o
e I

7 Gymnocanthus sp. [ J

2

A

Hemitripterus villosus L

o
ﬁl:(n.xkﬂxkﬂm;éoi

H‘U

o
=
N
-

= 7] Liparis agassizii [ [
iparis tanakai [ J [ J [ J [ J [ J [ J [ J [ J [ J
W Liparis sp. [ J

pr

R
B

Ar o
AR - T

b‘

iparis tesselatus
|2 X Acropoma japonicum
Doederleinia berycoides

£ ot N Hu
ih
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Table 8(Continued).

Year/Month 2005 2006 2007

Species Feb May Aug Nov Feb May Aug Nov Feb May Aug Nov

B719-8] Malakichthys wakiyae °

A Y &5 X Synagrops philippinensis ([ )

A5 7+a) 5 Apogon lineatus [ ) [ ) [ ) [ ) [ ) [ ) [ ) [ )
B2 d Sillago japonica [

7}&}A] Decapterus maruadsi °

A 78| Trachurus japonicus ° PY

% *| Leiognathus nuchalis °

4|57}l Parascolopsis inermis °

7ol Collichthys niveatus ®

el Johnius grypotus [ J

H

-

RES 7]Lar1m1chthys polyactis L

B

~N
<

A Zoarces gilli ®
2| Pholis nebulosa [ J

Arctoscopus japonicus ] [ J [ L ®

79 Xenocephalus elongatus [ ] (] L ®

OO

b
1 Hn _vg

I
4

O

=% Bathycallionymus kaianus PY
Bl Repomucenus sp. ) ) ° °
al
T

O o o
o of o.,

N

7| Sphyraena pinguis [ J
richiurus lepturus [ ] () [ ) [
Scomberomorus niphonius [ J
¥ Psenopsis anomala [ J [ J [ J [ J
57 A %] Cubiceps squamiceps [ J
) Pampus echinogaster [ J [ J
[ J

K

ﬁﬁﬁ

@ offf >é ooy oM el = o
N

A pseudorhombus pentophthalmus
: 7V A7) Clidoderma asperrimum

N rL”N )

5 7FAv] Glyptocephalus stelleri [ [ [ J [ J
474 Hippoglossoides pinetorum ) ) ) ) [ [
=X 7}A] Pleuronectes yokohamae ) ) ) [ [
7}A ) Pleuronectes sp. [ J

=the] Pleuronichthys cornutus [ J
&A1 Cynoglossus abbreviatus )

A4 ) Cynoglossus joyneri Y

WAl Cynoglossus robustus [ [ [ J

F x| Stephanolepis cirrhifer (]
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3. AAE HE 2 AEHASF

AdE R Au i 20056 29 26F 07 7 B2 Fol Edala, 20051 299
9For Fd Tt 7HE Ay 2005W¢l= 2 28 F7F 280 11974 st
Rom, 20062 249l 547k S7F, g€l A Hisitk 1149l 21F°] &
S7FeFla, 20079 2€9% 2006 11€% 53 21522 el 2005 2€ o
2o Fo] Edn. 5¥0E HAEAS Holth 89K H 119744 S71d3S e
th A F JfASe A 20053 2¥€o] 504704, 44,231.4g0. 2 7 whokar,
AF7F 7P =9kd Ade 2005\ 11€92A4 94990412 vebgtar, A= 2007 11
del 721,510.7go= 7 Eokth JNAlT R AA ] WE FFS AERd JfASE 2
of i 59 F7}, 8¥el Asth 1190 F7hstes FAE Blon, 20073 11499
-5 o)Az whR A A 2005 290A 59 Flslth 8ol 7
, 11958 2006 897bA Z713k § 2007 5¥€7HA] 7HAadtc), 8€elA 119 B¢
7F FAE Bk 24 AT BAFS FARS S e A= Fdth(Fig. 11).
20059 29dl&= 265, 504704, 44,231.4g2. % 2005 HAFS) 3.2%, AAZFES 9.1%
kA ekednt. o] T Aoy 217/A E@ske] 2€ AMAFS 43.1%E AAst] A
dE 7k Eo] 57TANARE 11.3%, =FEF7F 5370AZE 10.5%; F X7t 4702 9.3% %
- AAFE oAb 27,072.9g0.2 29 AAFY 61.2%F AA| s A 3Hela, Ho
7} 7381.6gC.% 16.7%, %=X 7tA1] 7k 5,324.3g2:& 12.0% % HFig 12, Fig 13).

598 18%, 3,9887141, 216,355.0gC. % 2005K ZAAIGS] 25.7%, WAEFS 44.5%S 2+
A8ttt o] = Aozt 3,34670A =33t 59 AMAFS 83.9%= A st A,
T oveo 2 EHVI7E 521AIRE 18.1%, ZIEZFAEIZE 2970 A= 0.7%, tT7 2570 A=
0.6%9tt. AAZFS Hol7} 165,646.6g0. = 59 A= 76.6%2 A5t -Hs9 a1,
B 7]7} 28,876.3¢2% 13.3%, FelA7} 7,196.4g0 = 3.3%, o}H7F 5,502.1g0.% 2.5%
ATHFig. 12, Fig. 13).

8€e 16%, 1,521704], 70,033.0g2. 2 20053 MAGFY 9.9%, AAFE 14.4%S A
3hQlth. o] & Hol7t 66570A. @8k 89 AT 43.7%E AA st Ao, o
o2 JIE7HAM 7 349MAR 22.9%, UTF7E 1827 AE 12.0%, =77 80/MA =
5.3%%tF. AAFE Holrt 19,216.0g0.2 89 AAHY 27.4%S A de] MR
=27} 15,308.0g0. 2 21.9%, 7187kA17F 13,117.0gC.% 18.7%, =F50] 5441.0g%
2 7.8% vHFig. 12, Fig. 13).

119e 9%, 9,49970A), 155,103.7g2. 2 2005 WA+ 61.2%, BAZFES 31.9%= =+
AskAtt. o] F Aozt 9,26070A E&@ste] 119 MAF2 97.5%= AHAshe] -8k ar,
o2 ol 7t 201/0AR 2.1%AU k. AAFES o7t 92,282.8g0.2 11¥€ AAZF]
59.5%% =Rt -HER L, FolA 7l 42,983.5gC.F 27.7%, HX7F 15,348.0go. 2
9.9% A H(Fig. 12, Fig. 13).

20061 29l 115, 1,38070A], 201,945.0g0.& AA HAF 9.2%, WA HA
A 21.3%5 A 8ISTE o] F A7l 729704 Edste] 2¢¥ MAF] 52.8%F A
A8k om A7} 150702 10.9%, SFolA7F 12570 A& 9.1%, D57 elso] 122744 =
8.8%= A3ttt AAFS ol 7} 145,288.0g.2 29 AAFES 71.9%= A5 o
o Hol7} 27.695.0e 0% 13.7%, X 71407} 20340.0g22 10.1%QtHFig. 12, Fig.
13).

o gl d
ol
ol

= =

oN | o mo b

R
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592 17% 8,19070A, 291,511.0g2.2 AA /WAG2] 54.5%, AAZFS A YA ZFe]
30.7%%5 A&t o] F Z1E7FAM 7L 4,18170A] E& Y] 59 AR 51.1%5 ZA
stelom ®REo] 96871A, Ew|717F 963MAZ ZH2F 11.8%, Hol7F 7T98MAZ 9.7%E
22 ekt A S 7|27k 7L 84221.0g0. 8 59 WA 28.9%F AR on =
W 7]17} 72,486.0g0. 2 24.9%, Fo}77} 34,493.0g0F 11.8%, Hol7} 33,031.0g0 =
11.3% % v+ (Fig. 12, Fig. 13).

89E 13%F 2,06470A), 331,745.0g0.2 AA AAG5 13.7%, BAFS AA] A H2
35.0%% AAEFAT) o] T &7 7E 923702 Edste] 8¥€ MAF 44.7%E AA| )
o 71 A gdge® ol vt 3767MAR 18.2% %5 AHASH A A 7F 305/ A =
14.8%, “dol7F 287/HAIE 13.9%%th. AA=F2 #XA7F 159,812.0g0.52 8¢ AAZF9
418.2%% A8k aL 3ol 7t 97692.0g0F 29.4%, &71A4n]7} 53,728.0g0.F 16.2%,
A 7FA)7F 12,232.0g 0% 3.7% % tHFig. 12, Fig. 13).

119% 21% 3,39670A), 123,175.0g2.2 A MAGFe 22.6%, BAZFS 13.0%S =14
st o] 5 #A7Yol7k 237070 AEA 11€ JMAG2 69.8%5 AR o thgoz Al
Eol 304/MAE 9.0%, BRI 7 275WAZE 8.1%, FolA - 153MAZ 4.5%F cF. AA=HFS
ol 7t 67,010.0g0.2 119 AAHS] 544%5 A ERoH vgoz  #A7Yelr)
15,768.0g0.% 12.8%, W=7k 7} 9,324.0g 0.2 7.6%, MEo] 9,158.0gC.2 7.4%S =}
2|8} tH(Fig. 12, Fig. 13).

200739 A9 9d FxA2 294 21F, 1,58570A, 77,306.5g0. 2 20073 AA| 74
A2l 12.3%, AAZFE AA BAZFS] 6.5%E AT o] 5 Fol7) 81070A] =36t
of 29 MAF 51.1%E Ao BV o] 2437/MA 2 15.3%, &7Fxpn]7}F 23570
AR 14.8% At BAZFEL ol 7} 39,976.0gC2 29 AAF| 51.7%5 A e+ o™
Hol7} 17,603.0g 0.2 22.8%, &7kA1] 7} 9,235.9g0 2 11.9% % tH(Fig. 12, Fig. 13).

59L& 13%, 1,88470A, 61,680.2¢0. 2 AA NAFo 14.6%, WAHFE A4 AA
5.1%5 AA8H3T). o] 5 Holzk 9647/MA Zdste] 58 MAG]51.2%5 A8 7]
E7 A7 467NAE 24.8%, EW7I7E A70AMAZ 9.0%% . AATES  FopH st
19,600.2g0. % 59 A= 31.8%= Ak om Hol7} 17,655.2g0 2 28.6%, &7
7} 8,426.7g0 2 13.7% % tHFig 12, Fig 13).

8€2 18%, 7,99570A), 337,378.2g2.2 AA| MAG2 61.9%, AAHFS DA YA o]
28.2%2 A 3FATE o] F Holrb 424370 A2 8 AMAG] 53.1%F AAEI L 7B}
24 7F 2,238 70A &2 28.0%, E|7]7F 101570A 2 12.7%S Ve =S o7t
178141.3go. 2 89 AAZF] 52.8%E #Astlon, Fol77F 64,711.0g2.% 19.2%, 7|
E7kAm 7} 31,134.8g2. % 9.2% < tH(Fig 12, Fig 13).

1192 193, 1456704, 721,510.7g. 2 A MAG2] 11.3%, AAFS DA AAF
9] 60.2%2 ATt o] = SolA7F 1,017/HA = 11¥€ HAS9 69.8%S *}A8F% oL
FHEA7F 17370A2 11.9%, ZA7F T1UHA2 4.9%5 YR Aot A ZFe ol 7}
634,515.1g2= 11¥ AAZFe] 87.9%5 =t om #X]7F 60,091.8g2.% 8.3%, 4
4R 7F 9,201.9g 0% 1.3%, 27} 6,268.5¢0.% 0.9%%tHFig 12, Fig 13).

Ae A4 TS =ASTE 3d 7F 7P B2e 2689 ofF7F vay nE2A Ede
2005 2€¥€e 2.0528% 7F¢ =A UEW oW EdFY 7 3d F 7P AU Aol
Z3do] 97.5%% AthAH o Egkd 2005 11¥€e] 0.1344%2 71 @& ks B =
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TGYEAGE 20059 29004 595t SHF] Aok $A Holrt HAG 83.9%%=
=538k *DMC A4 0.5861%2 7HAsta, 8¥olE ofF7F i 12A Fds
1.6852% 27}0}4 11 Fastelth. 20061 290 89 Fete] FUY=AGTE
1.5791~1.6301% dAg 225 vebdtt 119 A7el7t 69.8% = 9-Hste] TTHYFEA
7F 1.2142%2 TAa }MD}. 2007 299 A9 EAFFE 21502 2006 1193} At
Aot ATl o SHAYE st FUFEATTE 1.6367%2 SUksitr 52 o
o} 717 A 7} 242y 51.2%, 24.8% % FUSEATFE 1.4170, 8€o] Aol 53.1%, 71E
VA4 28.0%, EW7] 12.7%% 37 o]&Fo] AA MAGY 93.8%F A|ste] Er}E A
F7F 1.2456, 1149l FolA7t 69.8%=2 59335k 1.21952 7Hasolth(Fig. 11).

D
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Fig. 11. Seasonal variation of number of species, number of individuals, biomass,
and diversity index in Wolseong from 2005 to 2007.
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(2]
. il (43.1%) B CVupea pallasif(83.9%) W Clupea pallasif (43.7%) I =
—— i 3 Liparis. tesseiatus (13.1%) 0 Glvptocephalus stelieri (22.9%) L U
B Roramucoms o (10.5%) B Giyptocephalus stelleri (0 1%) B Giadus macrocephatus (12.0%) S Lopidus Litulon (2.1%)
[ Liparis tanakai (9 'i"a’;) =1 Gadus macrocephalus (0.6%) E551 Einayi's tefceldtus (Sy%) W et el 4%
— (‘)ther-spccies (2‘5-‘8%) I Other species (1.7%) I Other species (16.1%)
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o

=

(o]

W Clupea pallasii (51.1%) W Clupes pallasi(51.2%)

[ Malakichthys wakiyae (15.3%)
Bl Hippoglossoides pinetorum (14.8%)
[ Other species (18.7%)

Fig. 12. Seasonal variation of number of individuals of dominant species in Wolseong from February 2005 to November 2007.
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. ?;pfws i jluion( 13 61 ?;’)) 0 Liparis tesselatus (13.3%) = Lipars.tanakai (21 8%) 0 Lophius litulon (27.7%)
— Pjuoeapa fm i h T B Lobhius Ftulon (3.3%) Bl Glyvptocephalus stelleri (18.7%) B Lipards tanakai (9.9%)
B Fleuronectes yokohamae (12.0% T3 Lophius sebigerus (2.5%) | £ Arctoscopus japonicus (1.8%) [ Other species (2.9%)
[ Other species (10.1%) | B Other spocies (4.3%) | B Other species
w
(-] b
=)
N ‘
W Lophius litulon (71.9%) W Giyptocephalus stellers (28.9%) W Lipars tanakai (48 .2%) W Lophius litulon (54.4%)
3 Clupea pallasii (13.7%) [ Lipans tesselatus (24.9%) Lophius litulon (29.4%) Trachurus japonicus (12.8%)
B Plewronectes yokohamae (10.19) B Lophius litulon (11.8%) B ippogiossoides pinetorum (16 .2%) SN Plsuronecies yokahsmse (1.6%)
1 Gadus macrocephal us (2.4%) [ Clupea paliasit(11.3%) Pleuronectes yokohamae (3.7%) -:1 (i)t S;-'ﬂapsﬁ _ﬂmmlaé gid%)
B Other species (1.9%) EE Other species (23:1%) B Other species (2.5%) er species (17.
I~
o
=]
=]

W Lophius fitulon (51.7%) N Lophius litulon (31.8%) W Clupea pallasii (52.8%) W Lophius fitulon (87.9%)

[0 Clupea pallasii (22.8%) [ Clupea pallasir (28 6%) [ Lophius litulon (19 .2%) Liparis tanakai (8.3%)

B Hippoglossoides pinetorum (11.9%) B Liparis tesselatus (13.7%) B Glyplocephalus stelleri(9.2%) B Pleuronecites yokohamae (1.3%)

[ Other species (13.6%) T Glyptocephalus stelleri (11.9%) 1 Hippoglossoides pinetorum (6.3%) C Trichiurus lepturus (0 .9%)
I Other species (14.0%) N Other species (12.5%) N Cther species (1.6%)

Fig. 13. Seasonal variation of biomass of dominant species in Wolseong from February 2005 to November 2007.
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) AdE ¥Es 2 AeAF

2005~2007 &<t 20051 AA 2004 33Fow 7PF Be Fo] HFsP o, 20064
A7 3AdAM 24FoR ATV 7HE Ak AAS 2 AARS 20059 A
10,348704], 2007 AA 204 656,841.4g0 % 7P =gtomn 20059 ABAH 204
1,121704), 58,098.1g0. = 714 A el th(Fig. 14).

2005 AW FXAS AHRE, AH 1dAM= 25%0] Edston, JAlSFE 4,043
MAZ AA MAG] 26.1%5 A AL, BAFS 224,612.7g02 F AYAF] 46.2%
E AAst] Al A T 7FE E=SdTh o] F A7)k 3,29670A = A A 81.5%F
A8k TP HE AL, tgo® BwW |7 470 AR 11.6%, 7187FA 7 67HA &=
1.7%, W77k SI/HAIR 1.3%5 Wehldrh. BAFAM = Fol7t 161,709.1g8= 72.0%
2 A 8P, Ev7]17) 25,978.9g0 2 11.6%, Fol#l7F 13,121.8g0.2 5.8%5 YERRA
t}(Fig. 15, Fig. 16).

A 20| 4= 33Fo] EFsIgl o AAFE 11210 = AA ALY 7.2%5 248t
Rar, AAFE 58,098.1g02 F A 12.0%5 AAste] 2005 Al AW F 7P o
UTE o] F AFoj7b 480/NAZE-AFA 244 EAMAT T 42.8%F AAEt] 7MY A
slar, Lo 2 7|57 7 16470 A2 14.6%, H+7F 10970 2 9.7%, &= 717} 7070
AZ 6.2%5 YEFUNSITE AA A= Ho]7F 19,548.6g0.F 33.6%F AAet 3L 3ol
7} 9066.6g2.% 15.6%, A7t 6,264.582. % 110.8%, 71 & kA 7F 6,153.2g2% 10.6%
A THFig. 15, Fig. 16).

A 3ol 2650 EdEa MASFE 10,348AA =2 A MAFY 66.7%5 x| 3}
of, Al A4 F 7b4 =gton] AR 203,012.3g0% & BAFEY 41.8%2 JefAt
o] T o7} 9712702 FAAAST T 93.9%= ARG M $HEAR L gLgoew FF
o} A7} 212MAZ 2.0%, 71E7HAR7F 147MAZ 1.4%S JEPQTH AA =)A= H o]
7} 103,269.3g2.2 50.9%% A atglom ol 7t 55,343.3g0 2 27.3%, X7t 7}
7,019.8g0.% 3.5%, 71E7FA4H7L 6,807.6g2 2 3.4%= WekU1vH(Fig. 15, Fig. 16).

200619 A9 AA 1A= 27Fc) =@slom Al 7= 4,5310A = AA JNAF]
30.1%5 A8+, BAFS 304,769.0g0 2 F AAF] 32.1%5 A ste] A AH F
7bg Sekth o) & V1B AL 125670 A2 WAl AT 27.7%5 AA s 7H $-F
stglom, tgom &r7tAm 7t 9767/MAE 21.5%, E=FEo] 4507/HAZE 9.9%, H7Pol7}
385702 8.5%, Hol7b 376701AZ  8.3%F UEUAG. A FZFANAE ol vt
74,729.0g0.2 24.5%% AA|EF AL, A 7F 68,651.0g90. 2 22.5%, &7HA]7F 57471.0¢
© & 18.9%, 71&7FA| 7} 30,115.0gC. 8 9.9%= Feblth(Fig. 15, Fig. 16).

A 204 29%0] &I o MASE 6,630/ DA MAGFe] 44.2%F 2HA
ato] Al AH F 7P =ga, AAFEE 314,887.0g0% 33.5%2 AT o F 73
ol7} 1,778/MAZ A MAF2 26.8%5 A5t M Al on, oz 757k}
v 7b 1,750/ A2 26.4%, =F50] 518714, Ev7]7} 514MA = 242 7.8%, Ho17}F 461
MAZ 7.0%5 JeEPNATE. A oAM= Fol77F 105,825.0g0.2 33.6%5 A5 a1,
7157 A 7} 45,697.0g2.2 14.5%, E7]7F 41,006.0g2.2 13.0%, #x7} 33,570.0g2
% 10.7%, o7} 17,613.0g2.% 5.6%= LeEbth(Fig. 15, Fig. 16).

A4 3elM = 24F0] FdsIlem MASTE 3,869/MAZ DA MNAF 25.7%F AHA
st Al AH F 7Pg dekow AAEE 328,720.0gC % 34.7%= AAEte] Al AH F
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7V =tk ol = ZIE7HAIZE 1L175/MAIR HA JNAFE] 30.4%F A sk 7P A
stglom, S o g Holrt 981/HA R 25.4%, o7t 3407HA = 8.8%, -7t 2887HA)
2 7.4%Z Jefdnt. Ao stolF b 163,929.0g0.% 49.9%, =37} 69,764.0g
o 21.2%, Hol7} 32,857.0g0. 2 10.0%, FX7FA0] 7} 188,42.0¢0. % 5.7%2 YERS
tHFig. 15, Fig. 16).

200739 A9 AH 1M 26%F0] s o JMASFE 5652702 AA A2
413.7%5 At Al AR T 7PE mskow, AAFS 293,861.0g02 F AT
24.5%5 AAERt. o] F A7} 4 77T9NAR A NAFY 84.6%F AAE 7HF -
AetRar oz Br)9-go] 197/MAZ 3.5%, 7187 A7} 184702 3.3%, FolH7}
1I51MARE 2.7%5 YeERNATE. A Fol = AHol7) 163,655.4g0 2 55.7%E xHA]31% AL
ol 7} 76,396.2g0 % 26.0%, =7} 31,744.4g0. % 10.8%= YeEFNAH(Fig. 15, Fig.
16).

AR 201 26F0] EdsA o JAIGE 4426702 DA AT 34.3%5 A
shQlaL, WA FS 656,841.4g0 2 WA WA ZF] 54.8%5 AHAste] Al B8 F 7 =%
th o] F V7P 7F 198102 AA ANAGe] 44.8%= 2HAske] 7 45 o)
wo® Hol7t 850MANZT 19.2%, FolArt 761MAE  17.2%, &7FAR7E 2567HA =
5.8%2 UEIHATE. AA| Bk A= Stol7] 7} 542,461.0g0.2 82.6%= A8t Holr}
33,779.4g2. 2 5.1%, 71E7FAn] 7} 26,380.1g & 4.0%= YeRAtk(Fig. 15, Fig. 16).

AA 3 E 27F0] Fdsie MAG 2,84270A = AA NAF2 22.0%, BAF
& 247,173.2g0. % AA AAFE 20.6%5 Aok Al AA T 7P Wk o] F =
717F 1,06870A 2 AA HA8] 37.2%5 A8t 7bd s tgo =2 7|57k
7} 5410A 2 19.0%, 817} 414WA2 14.6%, o7k 2537042 8.9%= VeI
AN M= FokA7E 13994512 56.6%= AR #A7F 30,415.1g0 %
12.3%, =v|7]7} 21,765,4g0 2 8.8%, o7} 16,270.6gC.2 6.6%= eI tH(Fig. 15,
Fig. 16).

AAE FOSEAFE 200610 AH 10] 2123297 M =L IS yehdien o1 9
20061 A 2014 2.1923, 20069344 30] 2.0938, 2005 AH 2% 2.0532°.2 &4
o] A=A FJste] HAWbH o Eokom, Holo EFo] HdiHow HUd 2005¢ A
7 3(93.9%)°1 4 0.3580°2.% 39 FF 7HE w2 ke B, 20059 FH 1(81.5%)°
A 0.7588, 2007 AF 1(84.6%)2] A% 0.7779%2 o7} F9-Hste] Antx oz v
e JeEh AT Fig. 14).
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Fig. 14. Local variation of number of species, number of individuals, biomass, and

diversity index from the three stations in Wolseong.
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Fig. 15. Local variation of number of individuals of dominant species from
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Station 1 Station 2 Station 3

- ®

2005

B Cupes pallssi (T2.0%) W O upea pallasi (33 .6 % N e pollesii (50 .9 %)

C fipards sefafus (11 6%) 1 Lophius twlors (15 65 = Lopfiius fituwlon (27 .3%)

B Lontvos ifahon (5 B9%) R L paris tanakap 00 8% N Flouwronoctes yokohamese (3.5 %)
1 Other species (10.69%) 3 Glivptocephalus stelleri (10.6%) O Givprtocaphalus stelleri(3.4%)

B Other spetios (29.49%) N Other species (14.9%)

2006

® “®

. [ ootvios Siuon (24,5 N L opfiis Btulon (3306 %) B Lophius fitulon (49 .99)
—3 i.'.riun.‘s .'.'f.rk::k.wg??_h%:; [ G.l!'y.r;h:_&'t_::u’mufu.s stallors (14.5%) == Liparis tansksi (21 2'%)
N Hiopogiossondes pineforum (18.99%) — Liparis tessolatus f,ilﬂ.ﬂ ) B CVupes pallasd (10 0%)
3 Gholocechalus stellerf[9.9%) 3 Liparis tanakai (10.7 %) 1 Flowghectas yokéhamae (5.7%)
R Other species (24.29%) . Cupos palissii (5 .69%) B Other species (13.29)
BN Gther specjes{22.6%)

2007

< ®

e R [ophius dtufon (56 6 9%)
R O upes pallasi (55 .T%) R [ ophius brolor (82 69%) O Lipris tarakar (12.39%)
1 Lophius fituwlon (26.0%) 0 Clupes pallasi (5.1%) B |.ineris tesselatus (8.89%)
B [.iparss tanaka (10 895) B Clyptocephalus stellers (4.0%) CO Clupes pellasii (6.69%)
[ Other species (T.5%) 1 Other spe 2 (B.3%) B Other species (15.7 %)

Fig. 16. Local variation of biomass of dominant species from the three stations in Wolseong.
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5. ZHEA R TAEA
3dz7r 9 o F 9 SAIE BAAT 452% FAME FEol A 20059 29, 20064
249, 2007 29, 2006 8¥e] 1w 12 FF 3k, 37.9% FAHE FolA 20059 5

4, 2005 84, 2005 11€¥, 2006 59, 2007 59, 2007 8¥o] ¥ 2= fHat
o 2719 #He g FREJGFig. 17). 17 19 7Tz Hof, Fobq, ¥4, A&7t
Y, XA, &7k, EE7] 7EIlaL, T 29] V|FoRE Ao, 7|7k,
Ed7], ol &7k, i, ¥4, EF5 8F 2% YERTHTable 9).

AH 3 FAERE AHEE 58.3% FAME oA 20079 AH 1S AlQd 20061 7,
200799 AFEC] IF 12 FH838t9L, 67.3% FAE ol s 20059 A4 1, 2005
| A 3, 20079 A 12 1F 28 3 sHvhFig. 18). 1w 19 7AFoR2E VE
7pApm] Aoy, EHl7], et tiT, &7 A, #BA|, et s, BFE, £ 7], 3 A,
SHEA 12F0)Qa, F 29 7|gForE Ao, 71E7MA], Eu7], FolH, ul, #
2], 42, d57telE, 87040 9% o2 yERStH(Table 10).

B4 o] Axp MDSskelA €2 20060 1193, 20079 1198 A9etus
=] JEb=E 20061 1199 A9, A7elet Ame]l 4 st= A oIl en, 2007
W 11¥0= ol EHEA7E Ao Holo] FdFe] hasgivhFig. 19, Fig.

3d EoF AHE o]Fe] WME gelS ctolr ) Yl AA ZHELS A ow FAHE A
S AAE Ay A AEE O] IS 147, AR 19 163 10602 2 B
o] 21.3%, 15.4%= Z7h 2HA 8k o] F 79 Fo] A 9] 36.7%5 AR o, AHE
AEE 19 ke 158, AES 119 @S 1212 & B2k 22.9%, 17.6%= zHzt
2pAEFe] o] F 9] FHo] HA e 40.5%= A SATHTalbe 11, Tabl3 12).

A FAE BAo) X 20 =9t 20079 11€0] ko] Wgkow dWa wolx gl
Rom, 2006 1192 g w3l =

.

Fog ORtell, UH A A7)z 0-54 o]0 9% 83 th(Fig.
=

2D). AAE FAAE 249 X+ 20061 FE 3,2007 @A 29, 20073 AAH 3°] &
of wekow e Wojx YERWAL 2006 AH 17 204 = 2o WES YERit
(Fig. 22)

3d 2+ 99 2 AHER AAAR(RTT, ASTFS, EST9E, ASID)e 454,
MAGFE didoz AREAs A 27 AJaaArE gldlen, A 4 Add
ARZ I 4ed ASFIEIY F98 #AAP<0.05F YERNATHTable 13, Table 14,

Table 15, Table 16, Table 17, Table 18).
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Fig. 17. Dendrogram based on the cluster analysis of individuals collected by otter trawl in Wolseong, February 2005 to November
2007.
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Fig. 18. Dendrogram based on the cluster analysis of individuals collected by otter trawl at three stations in Wolseong, February
2005 to November 2007.
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Table 9. Average abundance, Contribution, Community contribution of the

components determined by principle component analysis by sampling units in the
Wolseong, February 2005 to November 2007.

Group Species name ‘A\-/e‘rage Contribution  Com.Contribution

individuals (%) (%)

1 Clupea pallasii 2,442 56.3 56.3
Lophius litulon 133 12.6 68.9
Liparis tanakai 86 5.5 74.4
Apogon lineatus 45 5:5 79.9
Pleuronectes yokohamae 30 2 85.1
Hippoglossoides pinetorum 194 2.6 87.7
Liparis tesselatus 98 2.6 90.2

2 Clupea pallasii 1,117 25.1 25.1
Glyptocephalus stelleri 1,206 20.1 45.2
Liparis tanakai 372 12.7 57.8
Lophius litulon 228 10.6 68.4
Hippoglossoidés, pinétorum 105 L5 75.5
Gadus macrocephalts 23 6.8 82.5
Liparis tanakai 56 4.6 87.1
Arctoscopus japonicus 192 3.5 90.5
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Table 10. Average abundance, contribution, community contribution of the
components determined by principle component analysis by sampling units at three
stations in the Wolseong, February 2005 to November 2007. in the Wolseong,
February 2005 to November 2007.

Group Species name 'A\'/e'rage Contribution  Com.Contribution

individuals (%) (%)

1 Glyptocephalus stelleri 1,145 194 19.4
Clupea pallasii 594 17.5 36.9
Liparis tesselatus 367 9.7 46.6
Lophius litulon 296 8.8 55.3
Gadus macrocephalus 120 [ 62.5
Hippoglossoides pinetorum 291 5.2 67.7
Liparis tanakai 127 5.1 72.8
Apogon| lineatus 76 4.3 77.1
Arctoscopus japonicus 186 4.3 81.3
Pleuronectes yokohamae 33 3.6 84.9
Engraulis japonicus 54 2.8 87.8
Caelorinchus multispinulos 38 2.8 90.5

2 Clupea pallasii 5,929 53.8 53.8
Glyptocephalus stelleri 133 8.3 62.1
Liparis tesselatus 206 7.5 69.6
Lophius litulon 130 6.6 76.2
Gadus macrocephalus 38 4.5 80.7
Liparis tanakai 31 4.2 84.9
Engraulis japonicus 19 2.2 87.1
Apogon lineatus 24 2.2 89.3
Hippoglossoides pinetorum 16 2.0 91.3
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Fig. 19. Multidimensional scaling ordination plot of samples taken from caught with a otter trawl in the Wolseong from February
2005 to November 2007.
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Fig. 20. Multidimensional scaling ordination plot of samples taken from caught with a otter trawl at three station in the Wolseong
from February 2005 to November 2007.
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Fig. 21. A scattered diagram showing the year, month, station on the principal axes determined by principal component analysis of

the species composition of fishes caught with a otter trawl in the Wolseong February 2005 to November 2007.
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Fig. 22. A scattered diagram showing the year, month, station on the principal axes determined by principal component analysis of

the species composition of fishes caught with a otter trawl at three stations in the Wolseong February 2005 to November 2007.
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Table 11. Eigen value, variance and cumulative variance of the components
determined by principle component analysis by sampling units of the Wolseong
February 2005 to November 2007.

Components Eigen values Variance(%) Cumulative variance(%)
1 14.71 21.3 21.3
2 10.63 15.4 36.7
3 9.6 14.0 50.7
4 7.7 11.1 61.8
5 6.2 8.9 70.7

Table 12. Eigen value, variance and cumulative variance of 'the components
determined by principle component analysis by sampling units at three stations in
the Wolseong February 2005 to November 2007.

Components Figen values Variance(%) Cumulative /variance(%)
1 15.77 22.9 22.9
2 12.14 17.6 40.4
3 10.2 14.8 55.3
4 9.5 13.8 69.1
5 7.1 10.2 79.3

- 44 -



Table 13. The relationship between PC scores 1 and surface water temperature,

bottom water temperature, surface salinity and bottom salinity (Seasonal variation).

PC score |
Response : : 2
Regression equation p r° value
Surface water temperature y=-0.1516x+ 2.4863 0.704 0.015
Bottom water temperature y=-0.5188x+ 5.8546 0.277 0.129
Surface salinity y=1.1031x-36.8759 0.638 0.026
Bottom salinity v=0.9633x-32.5596 0.683 0.017

Table 14. The relationship between PC scores 2 and surface water temperature,

bottom water temperature, surface salinity and bottom salinity (Seasonal variation).

PC score 1I
Response - : 2
Regression equation D r° value
Surface water temperature yv=-0.4357x=7.1466 0.180 0.172
Bottom water temperature v=0.4628x+5.3271 0.220 0.146
Surface salinity y=-0.6492x-21.7088 0.715 0.013
Bottom salinity yv=0.6594%x-22.2887 0.743 0.011
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Table 15. The relationship between PC scores 1 and surface water temperature,

bottom water temperature, surface salinity and bottom salinity (Station variation).

PC score |

Response Regression equation D % value
Surface water temperature y=1.412x-23.1900 0.450 0.084
Bottom water temperature y=-2.2660x+ 26.1101 0.110 0.324
Surface salinity y==7.0060x-234.4172 0.253 0.181
Bottom salinity y==3.5938x-121.5246 0.514 0.063

Table 16. The relationship between PC scores 2 and surface water temperature,

bottom water temperature, surface salinity.and bottom salinity (Station variation).

PC score 11
Response ; r 2
Regression equation D r° value
Surface water temperature y=2.5703x-42.2098 0:087 0.360
Bottom water temperature y=-1.3607x+15.6816 0.300 0.152
Surface salinity yv=9.4362x-315.7282 0.056 0.427
Bottom salinity y=10.5417x-356.4683 0.005 0.706
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Table 17. The relationships between environmental characters(surface water
temperature (S.T)), bottom water temperature (B.T), surface salinity (S.S), bottom
salinity (B.S) and total number of all fish species and individuals in the Wolseong
February 2005 to November 2007.

Response N.species N.individuals

Pearson Correlation -0.007 0.290

S.T
Sig. (2-tailed) 0.984 0.360
Pearson Correlation 0.473 0.166

B.T
Sig. (2-tailed) 0.121 0.605
Pearson Correlation 0.008 -0.276

S.S
Sig. (2-tailed) 0.981 0.401
Pearson Correlation -0.064 0.018

B.S
Sig. (2-tailed) 0.843 0.955
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Table 18. The relationships between environmental characters(surface water
temperature (S.T)), bottom water temperature (B.T), surface salinity (S.S), bottom
salinity (B.S) and total number of all fish species and individuals at the three
stations in the Wolseong February 2005 to November 2007.

Response N.species N.individuals

Pearson Correlation 0.003 0.234

S.T
Sig. (2-tailed) 0.993 0.545
Pearson Correlation 0.362 -0.291

B.T
Sig. (2-tailed) 0.338 0.448
Pearson Correlation 0.319 -0.349

S.S
Sig. (2-tailed) 0.403 0.357
Pearson Correlation 0.114 -0.127

B.S
Sig. (2-=tailed) 0.771 0.745

_48_



1962d 3¢9 f-Elygtol A Hx9 A+E YAE TRIGA Mark-1I =& Ao & 1978
W49 17 13718 Ao AdE daEddLE dA SElietds €4 471E v)Ee
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Appendix 1. The number of individuals and biomass of fishes collected with Otter trawl in Wolsong from 2005 to 2007 (N:Number of
individuals, W:Weight).

Year 2005 2006 2007 Total Abundance(%)

Species N W(g) N W(g) N W(g) N W(g) N W

F740] Squalus acanthias 0 0.0 0 0.0 2 147.2 2 147.2 0.0 0.0
840l Conger myriaster 0 0.0 28 4,290.0 5 823.5 33 5,113.5 0.1 0.2
59| Coilia nasus 6 267.0 T4 328.0 27 1,285.0 45 1,880.0 0.1 0.1
82| Engraulis japonicus 18 246.2 307 2,509.0 57 797.6 382 3,552.8 0.9 0.1
4ol Clupea pallasii 13,488 284,527.0 1,818 64,624.0 6,043 213,705.4 21,349 562,856.4 49.1 21.4
ol Konosirus punctatus 0 0.0 89 7,546.0 0 0.0 89 7,546.0 0.2 0.3
A Glossanodon semifasciatus 0 0.0 0 0.0 1 14.4 1 14.4 0.0 0.0
A%g ol Maurolicus japonicus 2 2.4 0 0.0 5 BY 7 5.6 0.0 0.0
nEWe) Caelorinchus japonicus 0 0.0 0 0.0 45 1,386.0 45 1,386.0 0.1 0.1
F-ZEW)5X| Caelorinchus longissimus 0 0.0 0 0.0 5 ) 5 75.2 0.0 0.0
W53 Caelorinchus multispinulosus 20 215.3 40 314.0 202 3,878.5 262 4,407.8 0.6 0.2
-+ Gadus macrocephalus 207 3,104.5 409 9,942.0 220 3,4577 836 16,504.2 1.9 0.6
o} Lophiomus setigerus 50 7,553.1 0 0.0 0 0.0 50 7,553.1 0.1 0.3
o} Lophius litulon 254 77,531.8 748 344,483.0 1,165 758,802.3 2,167 1,180,817.1 5.0 44.9
WIei17] Zenopsis nebulosa 0 0.0 0 0.0 3 849.9 3 849.9 0.0 0.0
&%+9 Helicolenus hilgendorfi 4 134.0 8 446.0 5 390.3 17 970.3 0.0 0.0
v X Hypodytes rubripinnis 1 1.9 4 15.0 1 4.1 6 21.0 0.0 0.0
22719 Inimicus japonicus 0 0.0 0 0.0 1 311.2 1 311.2 0.0 0.0
4Hak2) Scorpaena neglecta 1 204.0 0 0.0 0 0.0 1 204.0 0.0 0.0
E&2 Sebastes thompsoni 1 108.6 4 749.0 0 0.0 5 857.6 0.0 0.0
532 Sebastiscus albofasciatus 3 82.0 4 81.0 0 0.0 7 163.0 0.0 0.0
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Appendix 1(Continued).

Year 2005 2006 2007 Total Abundance(%)

Species N W(g) N W(g) N W(g) N W(g) N W

Adl Chelidonichthys spinosus 0 0.0 12 2,404.0 16 2,432.0 28 4,836.0 0.1 0.2
3|l A N Lepidotrigla hime 0 0.0 0 0.0 1 16.2 1 16.2 0.0 0.0
HAx=v] Hexagrammos otakii 0 0.0 24 5,546.0 1 304.0 25 5,850.0 0.1 0.2
W28 Alcichthys elongatus 3 404.0 0 0.0 0 0.0 3 404.0 0.0 0.0
AE 3 Cottiusculus schmidti 0 0.0 0 0.0 I 9.9 1 9.9 0.0 0.0
*3lt Gymnocanthus herzensteini 0 0.0 0 0.0 4 213.3 4 213.3 0.0 0.0
3% Gymnocanthus sp. 0 0.0 0 0.0 1 81.5 1 81.5 0.0 0.0
271 Hemitripterus villosus 0 0.0 12 85.0 0 0.0 12 85.0 0.0 0.0
VWM EW 7] Liparis agassizii 23 2,397.3 0 0.0 0 0.0 23 2,397.3 0.1 0.1
A Liparis tanakai 133 31,399.5 666 171,985.0 152 72,009.7 851 275,394.2 2.0 10.5
FA§ Liparis sp. 2 187.0 0 0.0 0 0.0 2 187.0 0.0 0.0
Evl7] Liparis tesselatus 609 37.377.2 963 72,486.0 1,248 30,342.0 2,820 140,205.2 6.5 5.3
WS B A 2] Acropoma japonicum 2 3.8 20 51.0 0 0.0 22 54.8 0.1 0.0
=8 Doederleinia berycoides 5 9.2 4 139.0 1 24.6 10 172.8 0.0 0.0
2719 Malakichthys wakiyae 0 0.0 0 0.0 243 3,001.7 243 3,001.7 0.6 0.1
LAY FF=FA Synagrops philippinensis 1 3.7 4 13.0 0 0.0 5 16.7 0.0 0.0
A5 7tels Apogon lineatus 58 209.8 320 1,711.0 148 696.9 526 2,617.7 1.2 0.1
B2 d Sillago japonica 1 9.1 0 0.0 0 0.0 1 9.1 0.0 0.0
7Ve}Al Decapterus maruadsi 0 0.0 69 782.0 0 0.0 69 782.0 0.2 0.0
78 o] Trachurus japonicus 0 0.0 2,370 15,768.0 31 241.7 2,401 16,009.7 5.5 0.6
%A Leiognathus nuchalis 0 0.0 0 0.0 1 24.3 1 24.3 0.0 0.0
d°s 712l Parascolopsis inermis 0 0.0 4 259.0 0 0.0 4 259.0 0.0 0.0
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Appendix 1(Continued).

Year 2005 2006 2007 Total Abundance(%)

Species W(g) N W(g) N W(g) N W(g) N W

7ol Collichthys niveatus 0 0.0 4 109.0 0 0.0 4 109.0 0.0 0.0
WEl Johnius grypotus 0 0.0 4 69.0 0 0.0 4 69.0 0.0 0.0
%+%7] Larimichthys polyactis 0 0.0 61 2,387.0 0 0.0 61 2,387.0 0.1 0.1
WA Zoarces gilli 0 0.0 0 0.0 2 273.9 2 273.9 0.0 0.0
W =2} Pholis nebulosa 2 123.3 0 0.0 0 0.0 2 123.3 0.0 0.0
=55 Arctoscopus japonicus 75 5,824.1 968 28,437.0 113 4,853.3 1,156 39,114.4 2.7 1.5
F9 %74 Xenocephalus elongatus 5 486.5 4 73.0 1 25% 10 585.2 0.0 0.0
W= Bathycallionymus kaianus 0 0.0 4 41.0 0 0.0 4 41.0 0.0 0.0
EYEF Repomucenus sp. 66 645.9 28 391.0 0 0.0 94 1,036.9 0.2 0.0
WX i17] Sphyraena pinguis 0 0.0 16 1,101.0 0 0.0 16 1,101.0 0.0 0.0
42| Trichiurus lepturus 14 864.2 8 79.0 71 6,268.5 93 7,211.7 0.2 0.3
A Scomberomorus niphonius 0 0.0 4 2,625.0 0 0.0 4 2,625.0 0.0 0.1
M35 Psenopsis anomala 1 118.1 304 9,158.0 6 389.9 311 9,666.0 0.7 0.4
E7AA Cubiceps squamiceps 1 807.2 0 0.0 0 0.0 1 807.2 0.0 0.0
Yol Pampus echinogaster 3 90.1 0 0.0 1 242.8 4 332.9 0.0 0.0
AY A Pseudorhombus pentophthalmus 3 317.6 0 0.0 0 0.0 3 317.6 0.0 0.0
7 A1) Clidoderma asperrimum 0 0.0 0 0.0 5 98.3 98.3 0.0 0.0
715 7YAM) - Glyptocephalus stelleri 378 15,311.8 4,181 84,221.0 2,706 38,684.5 7,265 138,217.3 16.7 5.3
|7}2u| Hippoglossoides pinetorum 13 2,757.4 1,344 70,815.0 435 37,565.0 1,792 111,137.4 4.1 4.2
A 7¥AH| - Pleuronectes yokohamae 44 11,717.0 141 41,896.0 44 14,056.9 229 67,669.9 0.5 2.6
7}Am] 5+ Pleuronectes sp. 3 58.1 0 0.0 0 0.0 3 58.1 0.0 0.0
=v}2] Pleuronichthys cornutus 0 0.0 0 0.0 1 87.5 1 87.5 0.0 0.0
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Appendix 1(Continue).

Year 2005 2006 2007 Total Abundance(%)

Species N W(g) N W(g) N W(g) N W(g) W
&A1 Cynoglossus abbreviatus 5 235.8 0 0.0 0 0.0 5 235.8 0.0 0.0
AWl Cynoglossus joyneri 5 248.7 0 0.0 0 0.0 5 248.7 0.0 0.0
MM Cynoglossus robustus 2 138.9 4 154.0 0 0.0 6 292.9 0.0 0.0
F A Stephanolepis cirrhifer 0 0.0 16 264.0 0 0.0 16 264.0 0.0 0.0
Total 15,512 485,723 15,030 948,376 12,920 1,197,876 43,462  2,631,974.7 100 100

Abundance(%) 35.7 18.5 34.6 36.0 29.7 45.5 100 100
Number of species 39 40 40 69
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Appendix 2. Seasonal composition of the number of individuals and biomass of fishes collected with Otter trawl in Wolseong from
2005 (N:Number of individuals, W:Weight).

2005
Year Total Abundance (%)
Species February May August November
N W(g) N W(g) N W(g) N Wi(g) N W(g) N W
F740l Squalus acanthias
%4l Conger myriaster
&l Coilia nasus 6 267.0 6 267.0 0.0 0.1
B 2| Engraulis japonicus 14 181.4 4 64.8 18 246.2 0.1 0.1
4ol Clupea pallasii 217 7,381.6 3,346 165,646.6 665 19,216.0 9,260 92,282.8 13,488  284,527.0 87.0 58.6
o] Konosirus punctatus
AN Glossanodon semifasciatus
W%G°| Maurolicus japonicus 2 2.4 2 2.4 0.0 0.0
w2 e Caelorinchus japonicus
S-ZW)EX Caelorinchus longissimus
EH| 5 X Caelorinchus multispinulosus 15 158.6 1 9.0 2 16.0 2 31.7 20 215.3 0.1 0.0
-+ Gadus macrocephalus s 144.5 182 2,960.0 207 3,104.5 1.3 0.6
o} Lophiomus setigerus B 5,502.1 47 2,051.0 50 7,5653.1 0.3 1.6
ol 7 Lophius litulon 32 27,072.9 10 7:196.4 11 279.0 201 42,983.5 254 77,531.8 1.6 16.0
W2 317] Zenopsis nebulosa
Z%+9 Helicolenus hilgendorfi 3 105.0 1 29.0 4 134.0 0.0 0.0
w9 x| Hypodytes rubripinnis 1 1.9 1 1.9 0.0 0.0
2:719] Inimicus japonicus
22X Scorpaena neglecta 1 204.0 1 204.0 0.0 0.0
=82 Sebastes thompsoni 1 108.6 1 108.6 0.0 0.0
532 Sebastiscus albofasciatus 3 82.0 3 82.0 0.0 0.0
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Appendix 2(Continued).

2005
Year Total Abundance (%)
Species February May August November
N W(g) N Wi(g) N W(g) N Wi(g) W(g) N W
Addl Chelidonichthys spinosus
S| A ™ Lepidotrigla hime
Awelv Hexagrammos otakii
W23 Alcichthys elongatus o 404.0 3 404.0 0.0 0.1
HAE3 ) Cottiusculus schmidti
3t Gymnocanthus herzensteini
% Gymnocanthus sp.
271 Hemitripterus villosus
VWM EW 7] Liparis agassizil 1 17.3 22 2,380.0 23 2,397.3 0.1 0.5
A Liparis tanakai 47 743.5 71 15,308.0 i 15,348.0 133 31,399.5 0.9 6.5
A5 Liparis sp. 2 187.0 2 187.0 0.0 0.0
=W 7] Liparis tesselatus 6 92.2 521 28,876.3 80 4,992.0 2 3,416.7 609  37,377.2 3.9 7.7
WS B A 22X Acropoma japonicum 1 2.4 1 1.4 2 3.8 0.0 0.0
=2l Doederleinia berycoides 5 9.2 5 9.2 0.0 0.0
27199 Malakichthys wakiyae
LAY FF=FA Synagrops philippinensis 1 3.7 1 3.7 0.0 0.0
45 71e8ls Apogon lineatus 57 204.0 1 5.8 58 209.8 0.4 0.0
AR 2H Sillago japonica 1 9.1 1 9.1 0.0 0.0

7}2}A Decapterus maruadsi
ZA780] Trachurus japonicus
F% A Leiognathus nuchalis

yl5 7}l Parascolopsis inermis
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Appendix 2(Continued).

2005
Year Total Abundance (%)
Species February May August November
N W(g) N Wi(g) N W(g) N Wi(g) N W(g) N W
7ol Collichthys niveatus
Wl Johnius grypotus
%k27] Larimichthys polyactis
S7WA A Zoarces gilli
W= 2}X] Pholis nebulosa 2 123.3 2 123.3 0.0 0.0
L=55 Arctoscopus japonicus 2 383.1 73 5,441.0 75 5,824.1 0.5 1.2
FH %Y Xenocephalus elongatus 4 474.6 1 11.9 5 486.5 0.0 0.1
S5 Bathycallionymus kaianus
EYEF Repomucenus sp. 53 475.0 13 170.9 66 645.9 0.4 0.1
WX 317] Sphyraena pinguis 0.0 0.0
42| Trichiurus lepturus 1 Tl 13 856.7 14 864.2 0.1 0.2
A Scomberomorus niphonius
M35 Psenopsis anomala 1 118.1 1 118.1 0.0 0.0
E7AA Cubiceps squamiceps 1 807.2 1 807.2 0.0 0.2
Yol Pampus echinogaster 3 90.1 3 90.1 0.0 0.0
AY A Pseudorhombus pentophthalmus 3 317.6 3 317.6 0.0 0.1
ZE7 A Clidoderma asperrimum
715 7YAM) Glyptocephalus stelleri 29 2,194.8 349 13,117.0 378 15,311.8 2.4 3.2
272 Hippoglossoides pinetorum 7 952.4 6 1,805.0 13 2,757.4 0.1 0.6
=X 7}A] Pleuronectes yokohamae 22 5,324.3 17 4,643.7 5 1,749.0 44 11,717.0 0.3 2.4
7}ARl 5 Pleuronectes sp. 3 58.1 3 58.1 0.0 0.0

=t}e] Pleuronichthys cornutus
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Appendix 2(Continued).

2005
Year Total Abundance(%)
. February May August November
Species
N W(g) N W(g) N W(g) N W(g) N W(g) N W

4 Cynoglossus abbreviatus 5 235.8 5 235.8 0.0 0.0
kA ) Cynoglossus joyneri 5 248.7 5 248.7 0.0 0.1
WA W Cynoglossus robustus 1 79.4 1 59.5 2 138.9 0.0 0.0
# A Stephanolepis cirrhifer

Total 504 44,2314 3,988 216,355.0 1,521 70,033.0 9,499 155,103.7 15,5612  485,723.1 100 100

Abundance(%) 3.2 9.1 8.7 44.5 9.8 14.4 61.2 31.9 100 100
Number of species 26 18 16 9
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Appendix 3. Seasonal composition of the number of individuals and biomass of fishes collected with Otter trawl in Wolseong from
2006 (N:Number of individuals, W:Weight).

2006
Year Total Abundance(%)
) February May August November
Species
N W(g) N W(g) N W(g) N W(g) N W(g) N W
F740] Squalus acanthias
840l Conger myriaster 8 1,564.0 20 2,726.0 28 4,290.0 0.2 0.5
€] Coilia nasus 12 328.0 12 328.0 0.1 0.0
W] Engraulis japonicus 32 508.0 275 2,001.0 307 2,509.0 2.0 0.3
4ol Clupea pallasii 729 27,695.0 798 33,031.0 287 3,744.0 4 154.0 1,818 64,624.0 12.1 6.8
ol Konosirus punctatus 89 7,546.0 89 7,546.0 0.6 0.8
M Glossanodon semifasciatus
W%G°| Maurolicus japonicus
w2 e Caelorinchus japonicus
S-ZW)EX Caelorinchus longissimus
EH 5] Caelorinchus multispinulosus 4 112.0 32 157.0 1 45.0 40 314.0 0.3 0.0
-+ Gadus macrocephalus 73 4,860.0 336 5,082.0 409 9,942.0 2.7 1.0
o} Lophiomus setigerus
o} Lophius litulon 125  145,288.0 94 34;498.0 376 97,692.0 153 67,010.0 748 344,483.0 5.0 36.3
W2 317] Zenopsis nebulosa
&34 Helicolenus hilgendorfi 8 446.0 8 446.0 0.1 0.0
w9 x| Hypodytes rubripinnis 4 15.0 4 15.0 0.0 0.0
2:719] Inimicus japonicus
222 Scorpaena neglecta
=82 Sebastes thompsoni 4 749.0 4 749.0 0.0 0.1
532 Sebastiscus albofasciatus 4 81.0 4 81.0 0.0 0.0
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Appendix 3(Continued).

2006
Year Total Abundance(%)
. February May August November
Species
N W(g) N W(g) N W(g) N W(g) N W(g) N W
A Chelidonichthys spinosus 12 2,404.0 12 2,404.0 0.1 0.3
S|l A ™ Lepidotrigla hime
HAx=v] Hexagrammos otakii 8 Tl B 4 729.0 12 3,686.0 24 5,546.0 0.2 0.6
W23 Alcichthys elongatus
HAE3 ) Cottiusculus schmidti
3t Gymnocanthus herzensteini
% Gymnocanthus sp.
271 Hemitripterus villosus 12 85.0 12 85.0 0.1 0.0
o}Z} N & 7| Liparis agassizii
A Liparis tanakai 150 2,346.0 211 9,827.0 305 1569,812.0 666 171,985.0 4.4 18.1
X5+ Liparis sp.
EW7] Liparis tesselatus 963 72,486.0 963 72,486.0 6.4 7.6
WS B A 22X Acropoma japonicum 20 51.0 20 51.0 0.1 0.0
=2l Doederleinia berycoides 4 139.0 4 139.0 0.0 0.0
27199 Malakichthys wakiyae
LAY FF=FA Synagrops philippinensis 4 13.0 4 13.0 0.0 0.0
A5 718l s Apogon lineatus 122 453.0 158 953.0 28 244.0 12 61.0 320 1,711.0 2.1 0.2
AR 2H Sillago japonica
7V} Al Decapterus maruadsi 69 782.0 69 782.0 0.5 0.1
78 o] Trachurus japonicus 2,370 15,768.0 2,370 15,768.0 15.8 1.7
%X Leiognathus nuchalis
d°s7te] Parascolopsis inermis 4 259.0 4 259.0 0.0 0.0
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Appendix 3(Continued).

2006
Year Total Abundance(%)
. February May August November
Species
N W(g) N W(g) N W(g) N W(g) N W(g) N
=7ol Collichthys niveatus 4 109.0 4 109.0 0.0 0.0
Wel Johnius grypotus 4 69.0 4 69.0 0.0 0.0
Z%7] Larimichthys polyactis 61 2,387.0 61 2,387.0 0.4 0.3
S7WA A Zoarces gilli
WX 23] Pholis nebulosa
=55 Arctoscopus japonicus 968 28,437.0 968 28,437.0 6.4 3.0
FH %79 Xenocephalus elongatus 4 73.0 4 73.0 0.0 0.0
S EFE| Bathycallionymus kaianus 4 41.0 4 41.0 0.0 0.0
E=Y 8 Repomucenus sp. 24 310.0 4 81.0 28 391.0 0.2 0.0
WX 317] Sphyraena pinguis 16 1,101.0 16 1,101.0 0.1 0.1
42| Trichiurus lepturus 8 79.0 8 79.0 0.1 0.0
A+ Scomberomorus niphonius 4 2,625.0 4 2,625.0 0.0 0.3
M35 Psenopsis anomala 304 9,158.0 304 9,158.0 2.0 1.0
E7 A Cubiceps squamiceps
Yol Pampus echinogaster
AY A Pseudorhombus pentophthalmus
ZE7 A Clidoderma asperrimum
715 7YAM) - Glyptocephalus stelleri 4,181 84,221.0 4,181 84,221.0 27.8 8.9
2 7}2v] Hippoglossoides pinetorum 421 17,087.0 923 53,728.0 1,344 70,815.0 8.9 7.5
A 7¥AH| - Pleuronectes yokohamae 93 20,340.0 32 12,232.0 16 9,324.0 141 41,896.0 0.9 4.4

7}A v 5 Pleuronectes sp.

=t}e] Pleuronichthys cornutus
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Appendix 3(Continued).

2006
Year Total Abundance(%)
. February May August November
Species
N Wi(g) N Wi(g) N W(g) N Wi(g) N W(g) N W

4 Cynoglossus abbreviatus
Al Cynoglossus joyneri
WA Cynoglossus robustus 4 154.0 4 154.0 0.0 0.0
F A Stephanolepis cirrhifer 16 264.0 16 264.0 0.1 0.0

Total 1,380  201,945.0 8,190 291,511.0 2,064  331,745.0 3,396 123,175.0 15,030 948,376.0 100 100

Abundance(%) 9.2 21.3 54.5 30.7 13.7 22.6 13.0 100 100
Number of species 11 17 13 21
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Appendix 4. Seasonal composition of the number of individuals and biomass of fishes collected with Otter trawl in Wolsong from
2007 (N:Number of individuals, W:Weight).

2007
Year Total Abundance (%)
Species February May August November
N W(g) N Wi(g) N W(g) N W(g) N W(g) N W

F730] Squalus acanthias 2 147.2 2 147.2 0.0 0.0
87 Conger myriaster 2 496.8 3 326.7 5 823.5 0.0 0.1
%9 Coilia nasus 4 86.5 23 1,198.5 27 1,285.0 0.2 0.1
A 2| Engraulis japonicus 19 172.8 38 624.8 57 797.6 0.4 0.1
o] Clupea pallasii 810 17,603.0 964 17,655.2 4243 -178,141.3 26 305.9 6,043 213,705.4 46.8 17.8
o] Konosirus punctatus 0.0 0.0
A Glossanodon semifasciatus 1 14.4 1 14.4 0.0 0.0
A% o| Maurolicus japonicus 5 .2 5 3.2 0.0 0.0
n @) We| Caelorinchus japonicus 24 1,009.9 21 376.1 45 1,386.0 0.3 0.1
§-Z¥) 5 X Caelorinchus longissimus 5 752 5 75.2 0.0 0.0
245X Caelorinchus multispinulosus 20 425.3 9 171.5 17% 3,281.7 202 3,878.5 1.6 0.3
Y+ Gadus macrocephalus 90 490.9 130 2,966.8 220 3,457.7 1.7 0.3
o} Lophiomus setigerus 0.0 0.0
o} Lophius litulon 55 39,976.0 35 19,600.2 58 64,711.0 1,017 634,515.1 1,165 758,802.3 9.0 63.3
WIek317] Zenopsis nebulosa 3 849.9 3 849.9 0.0 0.1
& %+9 Helicolenus hilgendorfi 1 37.8 4 352.5 5 390.3 0.0 0.0
w9 X| Hypodytes rubripinnis 1 4.1 1 4.1 0.0 0.0
2719 Inimicus japonicus 1 311.2 1 311.2 0.0 0.0
22X Scorpaena neglecta 0.0 0.0
&2 Sebastes thompsoni 0.0 0.0
Fik* Sebastiscus albofasciatus 0.0 0.0
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Appendix 4(Continued).

2007
Year Total Abundance (%)
Species February May August November
N W(g) N Wi(g) N W(g) N Wi(g) N W(g) N W

39l Chelidonichthys spinosus 1 50.1 15 2,381.9 16 2,432.0 0.1 0.2
3|l /3 vl Lepidotrigla hime 1 16.2 1 16.2 0.0 0.0
A=) Hexagrammos otakii 1 304.0 1 304.0 0.0 0.0
w-2v 81| Alcichthys elongatus 0.0 0.0
AZ 3 Cottiusculus schmidti 1 9.9 1 9.9 0.0 0.0
o=+ 31t Gymnocanthus herzensteini 4 213.3 4 213.3 0.0 0.0
319 % Gymnocanthus sp. 1 81.5 1 81.5 0.0 0.0
2HA 71 Hemitripterus villosus 0.0 0.0
oWy AN B 7] Liparis agassizii 0.0 0.0
X Liparis tanakai 1 35.8 20 11,882.1 31 60,091.8 52 72,009.7 0.4 6.0
%] Liparis sp. 0.0 0.0
=l 7] Liparis tesselatus 58 1,984.5 170 8,426.7 1,015 19,739.5 5 191.3 1,248 30,342.0 9.7 2.5
WS B A| 2 X Acropoma japonicum 0.0 0.0
=8t Doederleinia berycoides 1 24.6 1 24.6 0.0 0.0
571 9% Malakichthys wakiyae 243 3,001.7 243 3,001.7 1.9 0.3
A SF= A Synagrops philippinensis 0.0 0.0
45712l 5 Apogon lineatus 59 183.7 89 513.2 148 696.9 1.1 0.1
B 2|4 Sillago japonica 0.0 0.0
7}e} A Decapterus maruadsi 0.0 0.0
78 o] Trachurus japonicus 31 241.7 31 241.7 0.2 0.0
5% A Leiognathus nuchalis 1 24.3 1 24.3 0.0 0.0
W57}l Parascolopsis inermis 0.0 0.0
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Appendix 4(Continued).

2007
Year Total Abundance (%)
Species February May August November
N W(g) N Wi(g) N W(g) N Wi(g) N W(g) N W

=7 &ol Collichthys niveatus 0.0 0.0
W elJohnius grypotus 0.0 0.0
%2 7] Larimichthys polyactis 0.0 0.0
7V A Zoarces gilli 2 273.9 2 273.9 0.0 0.0
W %= 242 Pholis nebulosa 0.0 0.0
=55 Arctoscopus japonicus 1 92.5 112 4,760.8 113 4,853.3 0.9 0.4
% % 7Y Xenocephalus elongatus 1 25.7 1 25.7 0.0 0.0
S5l Bathycallionymus kaianus 0.0 0.0
E e Repomucenus sp. 0.0 0.0
X 317 Sphyraena pinguis 0.0 0.0
42 Trichiurus lepturus 71 6,268.5 71 6,268.5 0.5 0.5
2| Scomberomorus niphonius 0.0 0.0
35 Psenopsis anomala 3 82.8 3 307.1 6 389.9 0.0 0.0
&7 A Cubiceps squamiceps 0.0 0.0
Gt Pampus echinogaster 1 242.8 1 242.8 0.0 0.0
A 2| Pseudorhombus pentophthalmus 0.0 0.0
Z7}2H| Clidoderma asperrimum 5 98.3 5 98.3 0.0 0.0
715 7VA) Glyptocephalus stelleri 1 239.0 467 7,310.7 2,238 31,134.8 2,706 38,684.5 20.9 3.2
&7} A Hippoglossoides pinetorum 235 9,235.9 57 5,509.7 110 21,294.2 33 1,525.2 435 37,565.0 3.4 3.1
A 7}AH| Pleuronectes yokohamae 13 2,181.3 1 1,400.6 2 1,273.1 28 9,201.9 44 14,056.9 0.3 1.2
7}A R 53 Pleuronectes sp. 0.0 0.0
=v}2] Pleuronichthys cornutus 1 87.5 1 87.5 0.0 0.0
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Appendix 4(Continued).

Year Total Abundance(%)
. February May August November
Species

N W(g) N W(g) N W(g) N W(g) N W(g) N W
4 Cynoglossus abbreviatus 0.0 0.0
At} Cynoglossus joyneri 0.0 0.0
WA Cynoglossus robustus 0.0 0.0
F A Stephanolepis cirrhifer 0.0 0.0
Total 1,585 77,306.5 1,884 61,680.2 7,995  337,378.2 1,456 721,510.6 12,920 1,197,875.6 100 100.0

Abundance(%) 12.3 6.5 14.6 5.1 61.9 28.2 11.3 60.2 100 100
Number of species 21 13 18 19
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Appendix 5. Local composition of the number of individuals and biomass of fishes collected with Otter trawl in Wolsong from 2005
(N:Number of individuals, W:Weight).

2005
Year Total Abundance (%)
Species St. 1 St. 2 St. 3
N W(g) N Wi(g) N Wi(g) N Wi(g) N W
7d0] Squalus acanthias
574l Conger myriaster
&) Coilia nasus 1 54.6 8 140.3 2 72.1 6 267.0 0.0 0.1
A 2| Engraulis japonicus 5 1.0 3 42.1 10 127.0 18 246.2 0.1 0.1
o] Clupea pallasii 3,296 161,709.1 480 19,548:6 9,712 103,269.3 13,488 284,527.0 87.0 58.6
# o] Konosirus punctatus
M Glossanodon semifasciatus
A %g o Maurolicus japonicus 2 2.4 2 2.4 0.0 0.0
w2 W el Caelorinchus japonicus
S-Z W5 X Caelorinchus longissimus
E¥) 5| Caelorinchus multispinulosus 2 " 17 192.6 1 5.0 20 215.3 0.1 0.0
-+ Gadus macrocephalus 51 772.9 109 1,557.0 47, 774.6 207 3,104.5 1.3 0.6
o} Lophiomus setigerus 3 5,502.1 19 737.0 28 1,314.0 50 7,553.1 0.3 1.6
3ol A Lophius litulon 28 13,121.8 14 9,066.6 212 55,343.4 254 77,531.8 1.6 16.0
W 317] Zenopsis nebulosa
& 3+9 Helicolenus hilgendorfi 1 29.0 2 78.8 1 26.2 4 134.0 0.0 0.0
w9 X| Hypodytes rubripinnis 1 1.9 1 1.9 0.0 0.0
2719 Inimicus japonicus
4Hak2) Scorpaena neglecta 1 204.0 1 204.0 0.0 0.0
B2 Sebastes thompsoni 1 108.6 1 108.6 0.0 0.0
Fik* Sebastiscus albofasciatus 3 82.0 3 82.0 0.0 0.0
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Appendix 5(Continued).

2005
Year Total Abundance (%)
Species St. 1 St. 2 St. 3
N W(g) N Wi(g) Wi(g) Wi(g) N W
39l Chelidonichthys spinosus
3|l /3 vl Lepidotrigla hime
A=) Hexagrammos otakii
w231 Alcichthys elongatus 8 404.0 3 404.0 0.0 0.1
A& 3 Cottiusculus schmidti
)+ 3t Gymnocanthus herzensteini
31 Gymnocanthus sp.
AHA 71 Hemitripterus villosus
oWy AN B 7] Liparis agassizii 5 459.0 14 1,378.0 4 560.3 23 2,397.3 0.1 0.5
X Liparis tanakai 22 7,694.4 66 6,264.5 45 17,440.6 133 31,399.5 0.9 6.5
A 5 Liparis sp. 1 28.7 1 158.3 2 187.0 0.0 0.0
EW| 7] Liparis tesselatus 470 25,978.9 70 5,546.1 69 5,852.2 609 37,377.2 3.9 7.7
WS B Al 2 X Acropoma japonicum 1 2.4 1 1.4 2 3.8 0.0 0.0
=8t Doederleinia berycoides 3 93 5 9.2 0.0 0.0
B-719-¢] Malakichthys wakiyae
A FF= A Synagrops philippinensis 1 3.7 1 3.7 0.0 0.0
45712l 5 Apogon lineatus 26 108.0 31 96.0 1 5.8 58 209.8 0.4 0.0
A B2 Sillago japonica 1 9.1 1 9.1 0.0 0.0

7}2}A| Decapterus maruadsi
278 o] Trachurus japonicus
% A Leiognathus nuchalis

Y5 7}2] Parascolopsis inermis
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Appendix 5(Continued).

2005
Year Total Abundance (%)
Species St. St. 2 St.
N W(g) Wi(g) Wi(g) Wi(g) N W
=7 &ol Collichthys niveatus
el Johnius grypotus
%2 7] Larimichthys polyactis
S7WA A Zoarces gilli
W %= 2}X] Pholis nebulosa 2 123.3 2 123.3 0.0 0.0
=F5 Arctoscopus japonicus 38 4,097.0 32 120 30 5 4941 75 5,824.1 0.5 1.2
% % 7Y Xenocephalus elongatus 2 124.5 3 362.0 5 486.5 0.0 0.1
S5l Bathycallionymus kaianus
=8l Repomucenus sp. 4 41.6 56 522.4 6 81.9 66 645.9 0.4 0.1
X 317 Sphyraena pinguis
42 Trichiurus lepturus 2 55.4 12 808.8 14 864.2 0.1 0.2
2| Scomberomorus niphonius
M35 Psenopsis anomala 1 118.1 1 118.1 0.0 0.0
&7 A Cubiceps squamiceps 1 807.2 1 807.2 0.0 0.2
Gl Pampus echinogaster 1 29.4 1 20.3 1 40.4 3 90.1 0.0 0.0
A 2| Pseudorhombus pentophthalmus 2 212.8 1 104.8 3 317.6 0.0 0.1
Z 7} A4 Clidoderma  asperrimum
71 7YAH) Glyptocephalus  stelleri 67 2,351.0 164 6,153.2 147 6,807.6 378 15,311.8 2.4 3.2
&7} A1) Hippoglossoides pinetorum 4 541.6 9 2,215.8 13 2,757.4 0.1 0.6
A 7AW Pleuronectes yokohamae 5 1,022.7 15 3,674.5 24 7,019.8 44 11,717.0 0.3 2.4
7YA} )t Pleuronectes sp. 3 58.1 3 58.1 0.0 0.0

=t}¥] Pleuronichthys cornutus
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Appendix 5(Continued).

2005
Year Total Abundance(%)
. St 1 St. 2 St. 3
Species
N W(g) N W(g) N W(g) N W(g) N W
22t Cynoglossus abbreviatus 3 124 .4 2 1114 5 235.8 0.0 0.0
24 Wl Cynoglossus joyneri 3 156.3 1 42.8 1 49.6 5 248.7 0.0 0.1
WA W Cynoglossus robustus 1 59.5 1 79.4 2 138.9 0.0 0.0
# A Stephanolepis cirrhifer
Total 4,043 224,612.7 1,121 58,098.1 10,348 203,012.3 15,512 485,723.1 100 100
Abundance(%) 26.1 46.2 7.2 12.0 66.7 41.8 100 100
Number of species 25 38 25
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Appendix 6. Local composition of the number of individuals and biomass of fishes collected with Otter trawl in Wolsong from 2006
(N:Number of individuals, W:Weight).

2006
Year Total Abundance(%)
St. 1 St. 2 St. 3
Species
N W(g) N Wi(g) N Wi(g) N Wi(g) N w
7301 Squalus acanthias
5-%ko] Conger myriaster 16 2,269 12 2,021 28 4,290 0.2 0.5
&) Coilia nasus 12 328 12 328 0.1 0.0
Y X| Engraulis japonicus 109 669 125 1,369 73 471 307 2,509 2.0 0.3
o] Clupea pallasii 376 14,154 461 17,613 981 32,857 1,818 64,624 12.1 6.8
o] Konosirus punctatus 24 766 65 6,780 89 7,546 0.6 0.8
M Glossanodon semifasciatus
A% ©| Maurolicus japonicus
w2 W el Caelorinchus japonicus
S-Z W5 X Caelorinchus longissimus
E¥) 5| Caelorinchus multispinulosus 4 12 32 257 4 45 40 314 0.3 0.0
-+ Gadus macrocephalus 93 1,022 28 2,888 288 6,032 409 9,942 2.7 1.0
o} Lophiomus setigerus
3ol A Lophius litulon 182 74,729 226 105,825 340 163,929 748 344,483 5.0 36.3
W 317] Zenopsis nebulosa
& 3+9 Helicolenus hilgendorfi 4 182 4 264 8 446 0.1 0.0
w9 X| Hypodytes rubripinnis 4 15 4 15 0.0 0.0
2719 Inimicus japonicus
%2k 2] Scorpaena neglecta
B2 Sebastes thompsoni 4 749 4 749 0.0 0.1
Fik* Sebastiscus albofasciatus 4 81 4 81 0.0 0.0
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Table 9. (Continue)

2006
Year Total Abundance (%)
Species St. 1 St. 2 St.
N W(g) N Wi(g) Wi(g) N Wi(g) N W
39l Chelidonichthys spinosus 12 2,404 12 2,404 0.1 0.3
3|l /3 vl Lepidotrigla hime
H =) v] Hexagrammos otakii 4 729 4 581 16 4,236 24 5,546 0.2 0.6
w231 Alcichthys elongatus
A& 3 Cottiusculus schmidti
)+ 3t Gymnocanthus herzensteini
31 Gymnocanthus sp.
AHA 71 Hemitripterus villosus 4 30 8 55 12 85 0.1 0.0
V7V & 7] Liparis agassizii
X Liparis tanakai 163 68,651 292 33,570 211 69,764 666 171,985 4.4 18.1
34X+ Liparis sp.
EW| 7] Liparis tesselatus 251 20,823 514 41,006 198 10,657 963 72,486 6.4 7.6
WS B Al 2 X Acropoma japonicum 20 51 20 51 0.1 0.0
=8t Doederleinia berycoides 4 139 4 139 0.0 0.0
B-719-¢] Malakichthys wakiyae
A FF= A Synagrops philippinensis 4 13 4 13 0.0 0.0
45712l 5 Apogon lineatus 61 440 85 329 174 942 320 1,711 2.1 0.2
A B2 Sillago japonica
7V} A Decapterus maruadsi 20 211 49 571 69 782 0.5 0.1
A 78 o] Trachurus japonicus 385 2,430 1,778 11,961 207 1,377 2,370 15,768 15.8 1.7
5% X Leiognathus nuchalis
W5 7}2] Parascolopsis inermis 4 259 4 259 0.0 0.0
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Appendix 6(Continued).

2006
Year Total Abundance (%)
Species St. 1 St. 2 St.
N W(g) N Wi(g) N Wi(g) N Wi(g)
=7 &ol Collichthys niveatus 4 109 4 109 0.0 0.0
W elJohnius grypotus 4 69 4 69 0.0 0.0
%% 7] Larimichthys polyactis 57 2,244 4 143 61 2,387 0.4 0.3
S7WA A Zoarces gilli
W %= 2}%] Pholis nebulosa
=F5 Arctoscopus japonicus 450 12,734 518 151 7Q2 968 28,437 6.4 3.0
% % 7Y Xenocephalus elongatus 4 73 4 73 0.0 0.0
W= ke Bathycallionymus kaianus 4 41 4 41 0.0 0.0
=8l Repomucenus sp. 8 122 20 269 28 391 0.2 0.0
X 317 Sphyraena pinguis 12 757 4 344 16 1,101 0.1 0.1
42 Trichiurus lepturus 4 38 4 41 8 79 0.1 0.0
A% Scomberomorus niphonius 4 2,625 4 2,625 0.0 0.3
M5 Psenopsis anomala 20 450 235 6,698 49 2,110 304 9,158 2.0 1.0
&7 A Cubiceps squamiceps
Yl Pampus echinogaster
A 2| Pseudorhombus pentophthalmus
Z 7} A4 Clidoderma  asperrimum
715 7¥Am) Glyptocephalus stelleri 1,256 30,115 1,750 45,697 1,175 8,409 4,181 84,221 27.8 8.9
&7} A1) Hippoglossoides pinetorum 976 57,471 344 12,260 24 1,084 1,344 70,815 8.9 7.5
A 7AW Pleuronectes yokohamae 52 14,905 32 8,149 57 18,842 141 41,896 0.9 4.4

7}Av] 5 Pleuronectes sp.

=t}¥] Pleuronichthys cornutus
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Appendix 6(Continued).

2006
Year Total Abundance(%)
. St 1 St. 2 St. 3
Species
N W(g) N W(g) N W(g) N W(g) N W
4 Cynoglossus abbreviatus
24 Wl Cynoglossus joyneri
WA W Cynoglossus robustus 4 154 4 154 0.0 0.0
# A Stephanolepis cirrhifer 4 45 8 142 4 77 16 264 0.1 0.0
Total 4,531 304,769 6,630 314,887 3,869 328,720 15,030 948,376 100 100
Abundance (%) 30.1 R, " 44.1 Rl 25.7 349 100 100
Number of species 27 29 24
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Appendix 7. Local composition of the number of individuals and biomass of fishes collected with Otter trawl in Wolseong from 2007
(N:Number of individuals, W:Weight).

2007
Year Total Abundance (%)
Species St. 1 St. 2 St. 3
N W(g) N Wi(g) N Wi(g) N Wi(g) N W

7d0] Squalus acanthias 1 50.0 1 97.2 2 147.2 0.0 0.0
87 Conger myriaster 1 191.7 3 326.7 1 305.1 5 823.5 0.0 0.1
&) Coilia nasus 2 91.5 25 1,193.5 27 1,285.0 0.2 0.1
A 2| Engraulis japonicus 41 638.3 9 91.8 7 67.5 57 797.6 0.4 0.1
o] Clupea pallasii 4,779 163,655.4 850 33,7794 414 16,270.6 6,043 213,705.4 46.8 17.8
# o] Konosirus punctatus

A Glossanodon semifasciatus 1 14.4 1 14.4 0.0 0.0
A %g o Maurolicus japonicus 5 B8 5 3.2 0.0 0.0
n @) We| Caelorinchus japonicus 4 71.7 6 126.1 35 1,188.2 45 1,386.0 0.3 0.1
§-Z Y5 X Caelorinchus longissimus 4 65.5 1 9.7 5 75.2 0.0 0.0
%W =] Caelorinchus multispinulosus 34 636.3 68 1.2 . 100 2,030.9 202 3,878.5 1.6 0.3
-+ Gadus macrocephalus 17 153.7 92 618.7 111 2,685.3 220 3,457.7 1.7 0.3
o} Lophiomus setigerus

o} Lophius litulon 151 76,396.2 761 542,461.0 253 139,945.1 1,165 758,802.3 9.0 63.3
Wek317] Zenopsis nebulosa 3 849.9 3 849.9 0.0 0.1
& 3+9 Helicolenus hilgendorfi 3 189.8 1 162.7 1 37.8 5 390.3 0.0 0.0
w9 X| Hypodytes rubripinnis 1 4.1 1 4.1 0.0 0.0
2719 Inimicus japonicus 1 311.2 1 311.2 0.0 0.0

22+ 2] Scorpaena neglecta
L& 2 Sebastes thompsoni

F7+% Sebastiscus albofasciatus
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Appendix 7(Continued).

2007
Year Total Abundance (%)
Species St. St. 2 St.
W(g) Wi(g) N Wi(g) N Wi(g) N W
39l Chelidonichthys spinosus 2 267.2 14 2,164.8 16 2,432.0 0.1 0.2
3|l ’d vl Lepidotrigla hime 1 16.2 1 16.2 0.0 0.0
A=) Hexagrammos otakii 1 304.0 1 304.0 0.0 0.0
w231 Alcichthys elongatus
AZ 3 Cottiusculus schmidti 1 9.9 1 9.9 0.0 0.0
o=+ 31t Gymnocanthus herzensteini 4 2133 4 213.3 0.0 0.0
310 % Gymnocanthus sp. 1 81.5 1 81.5 0.0 0.0
AHA 71 Hemitripterus villosus
V7V & 7] Liparis agassizii
X Liparis tanakai 25 31,744.4 11 9,850.2 16 30,415.1 52 72,009.7 0.4 6.0
34X+ Liparis sp.
EW| 7] Liparis tesselatus 78 3, 262%7 112 5,313.9 1,058 21,765.4 1,248 30,342.0 9.7 2.5
W B A 2] Acropoma japonicum
=&l Doederleinia berycoides 1 24.6 1 24.6 0.0 0.0
87|98 Malakichthys wakiyae 197 1,923.0 43 957.2 3 121.5 243 3,001.7 1.9 0.3
A FF= A Synagrops philippinensis
4% 7tel s Apogon lineatus 45 124.7 101 556.9 2 15.3 148 696.9 1.1 0.1
A B2 Sillago japonica
7V} A Decapterus maruadsi
78 o] Trachurus japonicus 31 241.7 31 241.7 0.2 0.0
5% X Leiognathus nuchalis 1 24.3 1 24.3 0.0 0.0

Y5 7}2] Parascolopsis inermis
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Appendix 7(Continued).

2007
Year Total Abundance (%)
Species St. St. 2 St. 3
N W(g) N Wi(g) Wi(g) N Wi(g) N W
=7 &ol Collichthys niveatus
el Johnius grypotus
%2 7] Larimichthys polyactis
7V A Zoarces gilli 1 181.0 1 92.9 2 273.9 0.0 0.0
W %= 2}%] Pholis nebulosa
=F5 Arctoscopus japonicus 49 1706 Ol 64 3,083.6 113 4,853.3 0.9 0.4
% % 7Y Xenocephalus elongatus 1 96. 7 1 25.7 0.0 0.0
S5l Bathycallionymus kaianus
=8l Repomucenus sp.
X 317 Sphyraena pinguis
42 Trichiurus lepturus 12 781.0 43 4,233.9 16 1,253.6 71 6,268.5 0.5 0.5
2| Scomberomorus niphonius
M35 Psenopsis anomala 3 82.8 3 307.1 6 389.9 0.0 0.0
&7 A Cubiceps squamiceps
Gl Pampus echinogaster 1 242.8 1 242.8 0.0 0.0
A 2| Pseudorhombus pentophthalmus
Z 72| Clidoderma asperrimum 5 98.3 5 98.3 0.0 0.0
71 7YAH) Glyptocephalus  stelleri 184 3,004.1 1,981 26,380.1 541 9,300.3 2,706 38,684.5 20.9 3.2
4712 Hippoglossoides pinetorum 35 8,923.3 256 21,707.7 144 6,934.0 435 37,565.0 3.4 3.1
=X 7} Pleuronectes yokohamae 3 1,028.9 10 3,5633.8 31 9,494.2 44 14,056.9 0.3 1.2
7}A} v 5 Pleuronectes sp.
=v}2] Pleuronichthys cornutus 1 87.5 1 87.5 0.0 0.0
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Appendix 7(Continued).

Species

Year

2007

St.

St. 2

Total

Abundance(%)

N

Wi(g)

Wi(g)

Wi(g)

N

W

4 Cynoglossus abbreviatus
A vl Cynoglossus joyneri
WA o Cynoglossus robustus

# A Stephanolepis cirrhifer

Total

5,652

293,861.0

4,426

656,841.4

2,842

247,173.2

12,920

1,197,875.6

100

100

Abundance(%)

43.7

24.5

34.3

54.8

22.0

20.6

100

100

Number of species

26

26

27
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