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Seasonal Variation in Species Composition of Fish Collected
by a Bag Net in the Geum River Estuary, Korea

Sun-Wan HWANG, Hak-Bin HwANG, Hyung-Soo NoH and Tae-Won LEE
Department of Oceanography, Chungnam National University, Daejeon 305-764, Korea

Seasonal variation in species composition of fish in the Geum River estuary was determined using monthly
samples collected with a bag net from February to December 2003. Of a total of seventy-three species
collected, four groups of fishes were distinguished. Estuarine fishes such as Chelon haematocheilus and
Synechogobius hasta were collected almost all the seasons and predominated in abundance during cold
months. Coastal fish species such as Sardinella zunasi, Konosirus punctatus, Engraulis japonicus, Johnius
grypotus and Thryssa kammalensis were dominated from late spring to autumn. Their adults entered into
the estuary in spring and a large number of their juveniles were collected in summer and autumn till
moving out to deeper waters for over-wintering. A few freshwater fishes were collected when the freshwater
was discharged during the rainy season. Anguilla japonica elvers (diadromous fish) and Coilia nasus
(amphidromous fish) were collected in spring during their upstream migration. The principal component
analysis revealed that the seasonal variation in species composition of fishes was principally determined
by water temperature and/or water temperature related factors.
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Fig. 1. Map showing the location of sampling sites (G1, G2)
in the Geum River estuary. Shaded areas indicate the tidal
flat.
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Table 1. Species composition of fishes collected with a bag net in the Geum River estuary from February to December
2003. N and W indicate the number of individuals and biomass in grams, respectively

Species

Feb.

Mar.

Apr. May

June July

N W

N

W

N w N

W

N w N w

Acentrogobius pellidebilis
Acheilognathus rhombeus
Acropoma japonicum
Anguilla japonica
Argyrosomus argentatus
Carassius cuvieri
Chaenogobius mororanus
Chaeturichthys stigmatias
Channa argus

Chelon haematocheilus
Citharoides macrolepidotus
Coilia nasus

Collichthys lucidus
Collichthys niveatus
Conger myriaster
Cryptocentrus filifer
Ctenotrypauchen microcephalus
Culter brevicauda
Cynoglossus joyneri
Cynoglossus semilaevis
Dasyatis akajei
Engraulis japonicus
Erythroculter erythropterus
Favonigobius gymnauchen
Hemibarbus labeo
Hexagrammos otakii
Hippocampus coronatus
Hypomesus nipponensis
Hyporhamphus intermedius
Hyporhamphus sajori
Inimicus japonicus
Johnius grypotus
Kaiwarinus equula
Konosirus punctatus
Lagocephalus wheeleri
Leiognathus nuchalis
Liparis chefuensis

Liparis tessellatus
Lophiomus setigerus
Miichthys miiuy
Monopterus albus

Mugil cephalus
Neosalanx jordani

Nibea albiflora

Opsariichthys uncirostris amurensis

Pampus argenteus
Pampus echinogaster
Paralichthys olivaceus
Pholis fangi

Pholis nebulosa
Platycephalus indicus
Plecoglossus altivelis
Plueronectes yokohaeme
Pseudobagrus fulvidraco
Pseudosciaena polyactis
Repomucenus lunatus
Sardinella zunasi
Scomberomorus niphonius
Sebastes schlegeli
Sillago sihama
Sphyraena pinguis
Synechogobius hasta
Syngnathus schlegeli
Taenioides rubicundus
Takifugu niphobles
Takifugu obscurus
Thryssa adelae

Thryssa hamiltoni
Thryssa kammalensis
Trachurus japonicus
Trichiurus lepturus
Tridentiger barbatus
Tridentiger trigonocephalus

318 413

37 2718

82 1883
4 45

1 502

7 4481

31 322

2

186

38

160
14

26

130

27

1.8

41.2

35.0

9.0
239.0
18.4

12.7

38.3
119.3

326
218.5

151.0

9.2

2.1

139.1

443.5

1.2
57.9

6

180 23.4

3 411
7 10.2

1 515.9
14 4024 12

232 1,608.6
10 20.3
6

66
2 0.6 156
270

31 17727

40 3,372.9

12
864

47 2,298.6 144
42

1 12.0

7 4,8235

[e2le)]

12

66
3 24.0 18
522

63 3,987.0 30
191 42377 54
1 56 36

18
7 472 414

1 25
20 108.8

16.8

1,170.0

87.6

458.4

3,474.6

1,785.0

1,137.0
11,943.0

6,790.8

237.0

147.6
240.0
6.6

726.0

1,941.0
63.0
11,724.6

60.0
1,396.2
1,170.0

378.0

65.4
2,266.2
99.0

7 50.4

4 77.2

21 1,631.7
84 4676

77 6545 128 1,666.8

14 329

7 2149
4 0.4

28 28.4

35  436.8 684 8,853.6
4 3216

266 10,696.0 52 22748
4 13.2

7 310.8 4 310.4

7 5180

14 37.8
2,324 17,852.8 912 11,873.9
40 4396
56 4,851.0 104 327.2

63 3171 640 7,070.0

14 352.1
7 96.6 4 38.0

14 777 112 1,001.6

192 2,685.6
14 105.0

Total
Number of species
Diversity index (H')

489 1,149.1
11
1.16

666

1.95

1,569.8

862 23,360.5 2,778

2.04 2.21

47,383.8

3,031 38,703.7 2,924 37,007.9

1.55 1.83
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Table 1. Continued

Species Aug. Sep. Oct. Nov. Dec. Total

N w N w N W N W N W N W

Acentrogobius pellidebilis 8 18.6
Acheilognathus rhombeus 7 50.4
Acropoma faponicum 4 23.6 4 236
Anguilla japonica 1 41.4 635 147.3
Argyrosomus argentatus 112 476.0 112 476.0
Carassius cuvieri 3 411
Chaenogobius mororanus 3 10.0 48 56.2
Chaeturichthys stigmatias 4 8.0 65 6243 66 448.9 135 1,081.2
Channa argus 1 515.9
Chelon haematocheilus 644  1,516.0 2 54 44 126.1 127 537.8 1,213 10,636.0 2,094 14,6745
Citharoides macrolepidotus 1 04 1 0.4
Coilia nasus 8 197.3 7 485.2 493 2,7956
Collichthys lucidus 14 248
Collichthys niveatus 20 106.0
Conger myriaster 16 1,5632.0 1 15.6 4 498.0 42 3,677.3
Cryptocentrus filifer 2 6.4 2 15.9 96 493.4
Ctenotrypauchen microcephalus 292 1,519.2 1 0.2 50 254.0 22 128.4 449 2,369.4
Culter brevicauda 1 50.2
Cynoglossus joyneri 108 2,481.2 2 3.2 5 223.6 608  8,542.8
Cynoglossus semilaevis 1 74.6 9 1,0253 1 1,219.2
Dasyatis akafei 4 648.0 4 648.0
Engraulis japonicus 104 176.0 1,800 1,426.0 327 361.2 229 321.0 2,730  4,069.2
Erythroculter erythropterus 31 1,772.7
Favonigobius gymnauchen 4 6.4 2 0.3 3 10.2 30 824
Hemibarbus labeo 42  3,591.4
Hexagrammos otakii 11 2194
Hippocampus coronatus 6 3.2 10 3.6
Hypomesus nipponensis 1 3.9 1 3.9
Hyporhamphus intermedius 28 28.4
Hyporhamphus sajori 84 580.0 12 107.2 1 16.3 1 4.4 98 707.9
Inimicus japonicus 12 1,137.0
Johnius grypotus 8 300.0 47 769.8 1,638 22,303.2
Kaiwarinus equula 4 321.6
Konosirus punctatus 2,564 14,184.0 1 14.4 172 2,736.0 53 1135.5 3,302 40,281.1
Lagocephalus wheeleri 4 13.2
Leiognathus nuchalis 1 0.6 69 140.1 112 377.7
Liparis chefuensis 1 4.1 1 41
Liparis tessellatus 1 886.0 2 898.0
Lophiomus setigerus 6 20979 6 20979
Miichthys miiuy 4 47.3 15 668.5
Monopterus albus 7 9.2
Mugil cephalus 4 47,320 1 912.0 12 1,0467.5
Neosalanx jordani 1 0.2
Nibea albiflora 52 632.0 52 632.0
Opsariichthys uncirostris amurensis 5] 147.6
Pampus argenteus 8 256
Pampus echinogaster 12 148.0 10 151.7 28 539.7
Paralichthys olivaceus 4 16.2 10 21.8
Pholis fangi 2 29.5 2 29.5
Pholis nebulosa 2 87.0
Platycephalus indicus 136 1,824.0 2 63.4 157 31314
Plecoglossus altivelis 2 21
Piueronectes yokohaeme 1 143.3 1 143.3
Pseudobagrus fulvidraco 3 66.5
Pseudosciaena polyactis 66 1,941.0
Repomucenus lunatus 82 350.0 12 63.3 129 538.1
Sardinella zunasi 836 2,718.0 838 1,207.5 773  1,670.8 1 1.4 6,206 47,049.0
Scomberomorus niphonius 40 439.6
Sebastes schlegeli 160 1,188.0 5 51.1 328 6,5564
Sillago sihama 6 60.0
Sphyraena pinguis 1 25.6 R 1 256
Synechogobius hasta 364 9,613.2 5 203.0 4 238.1 27 2,137.0 13 804.8 1,222 26,658.0
Syngnathus schiegeli 210 31.0 1 0.2 1 1.3 212 32.5
Taenioides rubicundus 112 53964 5 143.5 10 437.8 24 862.3 6 261.4 447 12,893.4
Takifugu niphobles 12 188.0 5 64.2 83 1,210.7 148 1,981.1
Takifugu obscurus 8 548.0 8 548.0
Thryssa adelae 1 3.2 79 286.7 1 145 81 304.4
Thryssa hamiltoni 16 156.0 34 2214
Thryssa kammalensis 450 295.0 224 357.7 1 1.3 1,222 4,046.7
Trachurus japonicus 6 99.0
Trichiurus lepturus 8 304.0 1 93.8 2N 3,083.4
Tridentiger barbatus 3 161 3 32.3 22 156.1
Tridentiger trigonocephalus 36 132.8 1 1.3 4 14.9 20 119.2 108 434.9
Totat 5,708 51,046.0 3,329 3,438.6 1,992 9,081.9 698 12,396.0 1,264 12,826.8 23,741 237,964.1
Number of species 27 14 28 29 8 73
Diversity index (H") 2.37 1.44 2.39 2.53 0.23
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Table 2. List of fishes, total number of individuals and biomass of fishes collected with a bag net in the Geum River
estuary from February to December 2003. N, W, n and EG represent the number of individuals, biomass in grams, number
of occurrence and ecological group, respectively. A: Amphidromous fish; D: Diadromous fish; F: Freshwater fish; M/E:
Marine and/or Estuarine fish; *: <0.1

Species EG Total n Range of TL
N % w % (mm)
Rajiformes
Dasyatidae
Dasyatis akajei M/E 4 648.0 0.3 1 163.2
Anguilliformes
Anguilidae
Anguilla japonica D 685 29 147.3 0.1 4 52.0-346.0
Congridae
Conger myriaster M/E 42 0.2 3,677.3 1.5 4 224.8-430.2
Clupeiformes
Engraulidae
Coilia nasus A 493 2.1 2,795.6 1.2 6 60.8-372.0
Engraulis japonicus M/E 2,730 11.5 4,069.2 1.7 5 36.0-137.4,
Thryssa adelae M/E 81 0.3 304.4 0.1 3 29.0-147.5
Thryssa hamiltoni M/E 34 0.1 221.4 0.1 2 83.4-117.6
Thryssa kammalensis M/E 1,222 5.1 4,046.7 1.7 7 36.9-132.3
Clupeidae
Konosirus punctatus M/E 3,302 13.9 40,281.1 17.0 9 65.0-229.3
Sardinella zunasi M/E 6,206 26.1 47,049.0 19.8 7 26.0-164.9
Cypriniformes
Cyprinidae
Carassius cuvieri F 3 * 411 * 1 71.0-110.6
Acheilognathus rhombeus F * 50.4 1 80.9
Hemibarbus labeo F 42 0.2 3,591.4 1.5 2 40.0-361.9
Opsariichthys uncirostris amurensis F 6 * 147.6 0.1 1 148.6
Erythroculter erythropterus F 31 0.1 1,772.7 0.7 1 122.7-284.6
Culter brevicauda F 1 50.2 * 1 187.2
Siluriformes
Bagridae
Pseudobagrus fulvidraco F 3 * 66.5 2 110.0-186.7
Osmeriformes
Osmeridae
Hypomesus nipponensis F 1 * 39 1 93.4
Plecoglossus altivelis D 2 * 21 1 37.0-58.5
Salangidae
Neosalanx jordani M/E 1 0.2 * 1 485
Lophiiformes
Lophiidae
Lophiomus setigerus M/E 6 2,097.9 0.9 1 257.3-302.2
Mugiliformes
Mugilidae
Mugil cephalus A 12 0.1 10,467.5 44 3 273.0-526.6

Chelon haematocheilus A 2,094 8.8 14,674.5 6.2 9 49.9-535
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Table 2. continued

Total

Species EG ,N % W % n Ran?rinf; L
Beloniformes
Hemiramphidae
Hyporhamphus intermedius M/E 28 0.1 28.4 * 1 76.0-152.3
Hyporhamphus sajori M/E 98 0.4 707.9 0.3 4 133.7-198.3
Gasterosteiformes
Syngnathidae
Hippocampus coronatus M/E 10 * 36 * 2 36.0-57.0
Syngnathus schlegeli M/E 212 0.9 32.5 3 58.0-199.0
Synbranchiformes
Synbranchidae
Monopterus albus F 7 9.2 1 64.3-99.4
Scorpaeniformes
Scorpaenidae
Inimicus japonicus M/E 12 0.1 1,137.0 05 1 158.4-178.3
Sebastes schlegeli M/E 328 1.4 6,556.4 28 5 41.2-222.9
Platycephalidae
Platycephalus indicus M/E 157 0.7 3,131.4 1.3 4 44.0-351.7
Hexagrammidae
Hexagrammos otakii M/E " * 2194 01 2 46.5-171.9
Liparidae
Liparis chefuensis M/E 1 * 4.1 * 1 67.0
Liparis tessellatus M/E 2 * 898.0 04 2 105.7-419.6
Perciformes
Acropomatidae
Acropoma japonicum M/E 4 23.6 * 1 75.7
Sillagnidae
Sillago sihama M/E 6 * 60.0 * 1 113.8
Carangidae
Kaiwarinus equula M/E 4 321.6 0.1 1 62.0
Trachurus japonicus M/E 6 * 99.0 * 1 127.4
Leiognathidae
Leiognathus nuchalis M/E 112 05 377.7 0.2 3 37.0-92.7
Sciaenidae ’
Argyrosomus argentatus M/E 112 0.5 476.0 0.2 1 74.8-151.4
Collichthys lucidus M/E 14 * 24.8 2 46.8-201.6
Collichthys niveatus M/E 20 0.1 106.0 2 44.2-126.0
Johnius grypotus M/E 1,638 6.9 22,303.2 9.4 5 54.7-167.0
Miichthys miiuy M/E 15 0.1 668.5 0.3 3 22.2-231.5
Nibea albiflora M/E 52 0.2 632.0 0.3 1 90.0-130.5
Pseudosciaena polyactis M/E 66 0.3 1,941.0 08 1 128.6-168.1
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Range of TL

Species EG
N % W % (mm)
Pholididae
Pholis fangi M/E ¥ 29.5 * 134.5-155.9
Pholis nebulosa M/E * 87.0 * 183.7-273.2
Callionymidae
Repomucenus lunatus M/E 129 0.5 538.1 0.2 54.2-124.5
Gobiidae
Acentrogobius pellidebilis M/E 8 * 18.6 * 2 45.5-73.0
Chaenogobius mororanus M/E 48 0.2 55.2 * 3 32.0-69.5
Chaeturichthys stigmatias M/E 135 0.6 1,081.2 05 3 71.1-219.0
Cryptocentrus filifer M/E 96 0.4 493.4 0.2 4 29.3-109.2
Ctenotrypauchen microcephalus M/E 449 1.9 2,369.4 1.0 5 48.1-140.4
Favonigobius gymnauchen M/E 80 0.3 82.4 * 5 27.0-78.1
Synechogobius hasta A 1,222 5.1 26,658.0 11.0 11 38.0-474.6
Taenioides rubicundus M/E 447 1.9 12,893.4 5.4 9 52.4-470
Tridentiger barbatus M/E 22 01 156.1 0.1 47.8-110.9
Tridentiger trigonocephalus M/E 108 0.5 434.9 0.2 25.0-95.7
Sphyraenidae
Sphyraena pinguis M/E 1 * 256 * 143.6
Trichiuridae
Trichiurus lepturus M/E 201 0.8 3,083.4 1.3 59.0-680.8
Scombridae
Scomberomorus niphonius M/E 40 0.2 439.6 0.2 102.0-144.0
Stromateidae
Pampus argenteus M/E 8 * 25.6 * 57.0-113.3
Pampus echinogaster M/E 28 0.1 539.7 0.2 47.6-127.9
Channidae
Channa argus F 1 515.9 0.2 405.6
Pleuronectiformes
Citharidae
Citharoides macrolepidotus M/E 1 0.4 * 38.0
Paralichthyidae
Paralichthys olivaceus M/E 10 * 218 * 51.2-82.3
Pleuronectidae
Plueronectes yokohaeme M/E 1 143.3 0.1 223.6
Cynoglossidae
Cynoglossus joyneri M/E 608 2.6 8,542.8 3.6 29.2-234 1
Cynoglossus semilaevis M/E 11 * 1,219.2 0.5 235.6-312.0
Tetraodontiformes
Tetraodontidae
Lagocephalus wheeleri M/E 4 * 13.2 * 56.1
Takifugu niphobles M/E 148 0.6 1,981.1 0.8 56.0-126.0
Takifugu obscurus A 8 * 548.0 0.2 92.3-110.9
Total 23,741 100.0 237,964.1 100.0
Number of species 73
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Fig. 2. Monthly variations in water temperature (C), salinity
(psu), in number of species, number of individuals, biomass
(kg) and diversity index (H') of the fish caught with a bag
net in the Geum River estuary from February to December
2003.
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o] 2&°] A 792%F AAEITE 108 e 28F, 1,992
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o). o] 7h2-dE Wiyl (773uka)), Bx] 3278ke)), AE (224v)
2)), Mol 1727y o2 Bol ARHATE o] 4F0] MAIS
o] 75.1%5 AASAE 11EoNE 29%, 6987, 12,396.0
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Fig. 3. Cluster analysis of the species composition of fishes caught with a bag net in the Geum River estuary, based on
Jaccard's index of similarity. Circles indicate the relative abundance.
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Table 3. Eigen value, variance and cumulative variance of
the components determined by principal component analysis
of species composition of fishes caught with a bag net in
the Geum River estuary from February to December 2003

Component Eigen Variance Cumulative variance
P value (%) (%)
1 51 30.2 30.2
2 3.9 22.8 53.0
3 2.0 11.7 64.7
17 0.0 0.0 100.0
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Fig. 4. Scattered diagram showing the sampling months on
the principal component axes determined by principal
component analysis of species composition.
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Fig. 5. Loadings of variables (Eigen vectors) on the first
principal component.
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Aoy (Konosirus punctatus): AT 3EHFE 119 Atelel
Zdsd o, AAE MAEL] 1 HAE 70.1-230.0 mmO]
A} (Fig. 6). A& 3-790= 120.1-230.0 mm HH I,
7TERE A% 70-80 mme] o} MAS0] AR =) A2t
s¥ollE dE AR ReH, [1€alE HEE 100 mm o] Fo
2 AT daee] doje 140 mm ooz Aetd
A&l 4-590 T2 A, frolgs 39 7He 140
mm7tA] Aete Aoz B E AT (Lee, 1983). o] ZHES
ol &8P £ ZAtIA 3780l A 140mm o] AAE
< Adogela, 79 o)F A 150mm o]&ke] AAES
2d s & 5 Atk

Mg ol (Sardinella zunasi): Mol SLRE 112 Alo]d
=339} (Fig. 6). 520 7148 W o)= 68l 2,3247}+2]
7F AF ol ZAF 712 F 7 B3a 11€ddlE 1wl tie]
ARHAT € AFE ARNEY W% HslE 2y, 5690
= A% 9w 70.1-160.0 mme] FGojEo] AYEHAZ, £F
AolEL 108712 AAHUD 7800 B Moz FAH
£ (Gil and Lee, 1986) A7 20.1-30.0 mme] HA7} 29 AAF
7] Al 9-10€0) & AP = ew, 10€elE 60 mm
ooz st

AD (Thryssa kammalensisy: 82 443 ¥ 11€ Atold]
Zd3lgen HAD AANEY DAL 40.1-150.0 mm HH A
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Fig. 6. Monthly variations in length-frequency distribution of the dominant fish species caught with a bag net in the Geum
River estuary, from February to December 2003. (Kp: Konosirus punctatus; Sz: Sardinella zunasi; Tk: Thryssa kammalensis;
Ej: Engraulis japonicus; Jg: Johnius grypotus; Sh: Synechogobius hasta; Ch: Chelon haematocheilus;, Cn: Coilia nasus,
Tr: Taenioides rubicundus; Cj: Cynoglossus joyneri).
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o} (Fig. 6). 4-78°1E 90.1-120.0 mm o] €51 7%
FE o]F%lor, 9-11¥€dE 478 Atold] AAHYWA 2
MAEL A AFHA 4koH, 50.1-80.0 mm ] Fol]
Zale ol A 5ol FE o FEJt

B (Engraulis japonicus). BAE 543} 81194 283514
o (Fig. 6). 59l 2707}2)7} APJ = Aed) A& 43 100

mm o’ollth o}F 6.7¢8de AF A=A erirl 8Ll
1047271 A= A= A 70-90 mm AFol 351 A
Eo] dREolqltt 9ol 2 Ao 2 FAHE A 4090
mm A52] JhHSo] FOFE AYHAA 1,800v}2)7} AR
ol ZAL 7IzF F /b Bkl ol % Algge & Zow
AAStAA T AL FxF Foksk A

Qe (Johnius grypotus): DEl= 5-89, 1090 AL QS
o, AAFAF A A WFE 59 A 70.1-160.0 mm
Hee HAEe] APEHUReH 11E7AA Pgsts F3S
HAh (Fig. 6). 112 AFE A4 60.1-100.0 mm H <]
AAES el glojvt 3435 FAEE F3 Hh (Lee and
Song, 1993).

EUF (Synechogobius hasta): EHEL X
ZAE A7l Al 28T (Fig. 6). A BEXE Ha
mmol A Z ] 480.0 mmo] 2™, XA 100-300 mmol| 435}
NASE0] FE o] FUt) 29 35E] 59 AloldlE= 200 mm ©]4F
dojEo] £HsIAT 6¥FEHE Fd Yo FHHE 80-
140 mm A7dwol] &3k oY A o] 8 sle] Yol wal
A3t FIE 2y

7V50] (Chelon haematocheilusy. 7V ZAF 717y & 69
748 AL A A Aol A-EJT (Fig. 6). AL
7beol A WYe 60.1-540.0 mmE BlmF WA
60.1-140.0 mm A Fol 3l 428 MASo] thFEo|T).
9o AHE A 60.1-80.0 mme] HASZL Fde gold
GolET A=A}

80l (Coilia nasus): 501 5-697 8-99 183 2¥ <&
A &gk Goll AR, AFE 80.1-380.0 mm HFITh
(Fig. 6). 2-42 o)) A o] Wko W o]Foi= § vlg] o]&t2
27 AP AT 2.4 AP AAES A 80.1-1200
mm HH ol &sh= JfAEC] FE o]FRoH, o]F= 10¥
of A 1 vlglE AYstd X% A 200 mm o] HE
NAE A

MNA7D (Taenioides rubicundus): NS 3437 798 A 2]
st v AP AT AFH ANASe B HYE 20.1-
480.0 mmo] 2™, A 200-400 mmol| £3= =38 AN E
o] =& o|FT} (Fig. 6). 2¥ll= 31|} AP H A=),
A% 20.1-50.0 mme] 23 MA|So)Yt) 4Yo= 191937}
A-E ) 2AF 712 F 7P Bol AldE%leH, Ay HWee
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MYl (Cynoglossus joyneriy: FXE 24, 94, 12€<&
Aejstar 24 tdoen, A4 W 10.1-120.0 mme] Atk
(Fig. 6). 2l 130v}e]7} A=A, 22 A7 10-20
mm¥] 43 A SR 3YolE 2030 mmol &8 2m)E)
who] A=Ak o] F sYRE §L7HA] AAL YA} 7))
= Agolden, AF NASE 77-156v2] o M AR 10
o= A 40-50 mmol] &3 2]z AR EFH AT 1189
= A& 130-150 mmol &3k 15787 A= Q)

i
ol et Ak ofF F 24 ATl o188 AR
71712 Z3doe GF 2NFo] 7153 otter trawl (Cha
and Park, 1997, Huh and Kwak, 1998; Lee, 1989; Lee and
Hwang, 1995)0] &3] H3sloll A= # 2w (Hwang and Lee,
1999; Lee and Moon, 2002; Shin and Lee, 1990)°] H&] o] &5
Aok et o] F AF7)71E nigte] Hekgl o o o A
7Fe8tal, wheto] il o= bzt EA S, A%
At Go] o] &-E AL (An and Huh, 2002; Huh and An, 2002;
Hwang et al., 1997; Hwang and Kim, 2003), 2257} 733} 34
Me @ddolu FEH 22 £% o7t )& AT (Lee,
1998; Lee and Seok, 1984; Hwang et al., 1998). & 937 #8
FHol o] &¥ MNEPTH LE o 2kn o9 A3 2HS
ol83t7] wWiEol 5F AATE 2kn o]FOZ AT w9} 2L
HA7) 9l 18] 2Yg AlRbe] 3A1ZF Ar g A7) ujiol] Ro)
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A5 Frol 2E AFFIE 45 Smm)o] o
o] ol 2Eol MR o F T AuAAE A

Aol Z2Ed= A¥E 4+ A= A9
T A WH3le W& wet 24HA ¢ka HrlFHew
tod (Fig. 4) B5 2717} o7 & 24
FA g€ 2R #dd) o3 A7 5
2 ALl 0] &3 S 2FE o) gsle AR
T 24 Ad AE B AR 7S AE 7
= A7olM AP oRe FASTH dFA
olFAa, A7l whel FEG oFe} WUE
AHH AT, FAFE oot FHE, NAaA
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olc A} olFste oF who] Ao} AA AE ol Hlsf
A QHE Aoz FAHL TYEL B 2AL YT AF
3 Ak 3T (Lee et al, 2003), A& = o A 3
(Hwang et al., 2003), vF=ro] B2l Q1 3 (Lee, 1997)9F
U] 70 28] (Im and Lee, 1990)0 A % ¢4 ol FAh
M 7r3) det A 8] (Hwang et al., 2003)9} 9%
=3 (Hwang et al., 1998)% Ho| sl oA x| Fo]
watth HojRQl steolx A det A ek A%
S dlo A ulm A 27 Fo] Zokrh (Hwang et al., 2003; Lee
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Table 4. Comparison of the number of species and dominant species of the fishes sampled in estuaries of Korea. *Engraulis
japonicus was excluded to calculate the relative abundance in Lee (1998)

The present study Lee et al. (2003) Lee (1998)
Study area Geum River estuary Seamangeum estuary Cheonsu Bay
Sampling gear Bag net Otter trawt Set net
Sampling interval Monthly Seasonally Monthly
Sampling period Feb.-Dec. 2003 Apr. 2001-Feb. 2002 Mar. 1992-Jan. 1993
Mesh size (mm) 1-5 16-25 1-33
Number of species 73 45 63
Dominant species (%) Sardinella zunasi Leiognathus nuchalis Engraulis japonicus
(in numbers, (26.1, 19.8) (35.7, 6.3) (¥, 36.0)
in biomass) : .
Konosirus punctatus Synechogobius hasta Ammodytes personatus
(13.9, 17.0) (10.6, 31.5) (31.9, 5.9)
Engraulis japonicus Neosalanx jordani Enedrias fangi
(1.5, 1.7) (9.6, 1.0) (31.7, 13.1)
Chelon haematocheilus Konosirus punctatus Sardinella zunasi
(8.8, 6.2) (6.2, 5.5) (17.5, 10.6)

Johnius grypotus
(6.9, 9.4)

Thryssa kammalensis
(5.1, 1.7)

Synechogobius hasta
(5.1, 11.0)

Anguilla japonica
(2.9, 0.1)

Cynoglossus joyneri
(2.6, 3.6)

Coilia nasus
(2.1, 1.2)

Taenioides rubicundus
(1.9, 54)

Chaeturichthys stigmatias
(6.1, 8.4)

Repomucenus lunatus
(5.4, 2.7)

Platycephalus indicus
(3.8, 7.1)

Cynoglossus joyneri
(2.8, 1.9)

Argyrosomus argentatus
(2.8, 2.9)

Takifugu niphobles
(21, 2.7)

Johnius grypotus
(2.1, 1.4)

Konosirus punctatus
(6.1, 18.8)

Plecoglossus altivelis
(3.7, 0.7)

Thryssa kammalensis
(2.5, 0.8)

Sphyraena pinguis
(1.5, 1.5)
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9)3! (Gil and Lee, 1986; Lee, 1983; Lee and Song, 1993), ©]
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(Lee, 1998).

= 79 oF T4 AF Wt daMe ved
&re} g skl Al ZARE 1o (Kwak and Huh, 2003;
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