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Seasonal Variation in the Species Composition of Bag-net
Catch from the Coastal Waters of Incheon, Korea
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Seasonal and annual variation in the species composition of bag-net catch in the coastal waters of Incheon,
Korea were examined from April 2000 to November 2004. To analyze seasonal variation of the fisheries
data, we implemented a self-organizing map (SOM), an unsupervised artificial neural network, with the
catch amount of 97 species. Over 5 years, we caught 68 species of fish, 23 species of crustaceans and
six species of cephalopods. The total number of fish species were gradually increased during the study
period. The number of species was higher during the spring than the autumn. The SOM identified four
groups of the sampling months based on seasonal changes in communities. In the spring, the dominant
species were Leptochela gracilis and Pholis fangi; whereas, in the autumn, Engraulis japonicus and Portunus
trituberculatus were dominant species in bag-net catch. Our results will be used to estimate seasonal and
annual variation in fisheries resources of Korean coastal waters.
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Fig. 1. Location of sampling area.
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Fig. 2. Monthly variation in number of species, number of
individuals (X103), biomass (kg) and diversity (H") of bag-net
catch from April 2000 to November 2004 in the coastal waters
of Incheon, Korea. @, 2000; O, 2001; x, 2002; &, 2003;
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Table 1. Seasonal variation in number of individuals in each species of bag-net catch from April 2000 to November 2004
in the coastal waters of Incheon, Korea

Species Apr. May Jun. Sep. Oct. Nov. ind-iI:/?;?JIaIS biom-?stsal(kg)
Crustacea
Acetes chinensis 3,763 133,521 125,024 38,893 18,821 320,022 63.34
Alpheus digitalis 33 1 50 84 0.19
Alpheus japonicus 207 27 87 5 326 0.60
Carcinoplax longimana 84 84 0.10
Charybdis bimaculata 131 18 186 2 169 1 507 1.96
Charybdis japonica 1 1 11 33 3 49 3.99
Crangon hakodatei 4,717 1,005 2,085 2,476 3,519 3,545 17,347 23.16
Fenneropenaeus chinensis 4 4 0.13
Latreutes anoplonyx 2,445 6,931 30,585 64 168 40,193 16.83
Latreutes planirostris 304 22 5 6 337 0.12
Leptochela gracilis 173,513 96,771 89,091 62 359,437 116.90
Matuta lunaris 6 26 32 0.65
Matuta planipes 29 29 0.63
Metapenaeopsis dalei 5,264 13,536 6,926 121 25,847 25.44
Metapenaeus joyneri 7 13 1 21 59 101 0.30
Oratosquilla oratoria 773 226 337 145 218 324 2,023 49.32
Orithyia sinica 3 51 6 60 0.98
Palaemon gravieri 14,204 28,016 35,744 9 4,410 714 83,097 113.58
Paradorippe granulata 1 1 0.01
Parapenaeopsis tenella 1 1 0.00
Portunus trituberculatus 18 9 660 694 833 2,214 166.26
Prensor 859 1,032 49 38 1,978 2.60
Trachysalambria curvirostris 301 3,889 7,656 6 28 11,880 19.12
Cephalopoda
Euprymna morsei 2,056 887 4,155 29 1,500 8,627 8.32
Loligo beka 305 1,743 4,442 1,849 16,654 37 25,030 24.85
Octopus minor 1 2 4 2 9 249
Octopus ocellatus 41 3,525 8 17 27 3,618 6.70
Sepia esculenta 1 5 5 11 1.1
Todarodes pacificus 15 15 0.10
Fish
Acanthogobius flavimanus 1 1 0.02
Amblychaeturichthys hexanema 74 567 641 5.70
Ammodytes personatus 609 14,171 190 10 14,980 10.03
Apogon lineatus 7 7 0.05
Chaeturichthys stigmatias 836 913 219 1,835 684 203 4,690 30.02
Coilia mystus 557 108 465 211 886 461 2,688 23.67
Collichthys lucidus 19 38 5 99 376 36 573 5.76
Collichthys niveatus 29 151 162 191 275 180 988 10.12
Conger myriaster 1 1 2 4 0.17
Cryptocentrus filifer 1 3 4 0.02
Ctenotrypauchen microcephalus 2 2 4 0.03
Cynoglossus abbreviatus 2 2 0.02
Cynoglossus joyneri 24 1 38 40 1 2 106 2.28
Cynoglossus robustus 1 2 1 4 0.42
Cypselurus agoo 191 19 0.28
Dasyatis akajei 1 1 0.38
Engraulis japonicus 3 18 180 18,575 6,609 4 25,389 35.29
Erisphex pottii 3 20 10 33 0.10
Favonigobius gymnauchen 1 1 0.00
Hapalogenys nitens 1 1 0.00
Hemitripterus villosus 2 7 1 5 1 16 5.18
Hexagrammos otakii 10 6 1 17 0.31
Hyporhamphus intermedius 1 39 7 47 0.53
Hyporhamphus sajori 1 60 17 78 0.63
llisha elongata 23 23 0.32
Inimicus japonicus 2 3 5 1.37

Johnius grypotus 1,553 347 204 588 308 3,000 20.35
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Table 1. Continued
Species Apr. May Jun. Sep. Oct. Nov. ind-iI;/ci)éeL‘JlaIs biomTaOstsl (kg)

Konosirus punctatus 2 2 1 3 1 28 37 0.74
Lagocephalus lunaris 1 1 0.13
Lagocephalus wheeleri 1 1 0.10
Larimichthys polyactis 7 57 99 33 8 204 3.92
Lateolabrax maculatus 1 1 0.28
Liparis tanakai 3 1 2 6 0.76
Lophius litulon 3 1 15 1 25 12.36
Mugil cephalus 1 1 0.02
Mugilogobius abei 1 1 2 0.01
Nibea albifiora 1 2 3 0.37
Okamejei kenojei 5 5 4 14 3.60
Pampus echinogaster 25 122 157 521 145 311 1,281 31.90
Paralichthys olivaceus 7 3 10 0.03
Pennahia argentata 2 1 3 0.05
Pholis fangi 39,392 26,506 13,943 100 2 79,943 16.39
Pholis nebulosa 1 1 0.05
Platycephalus indicus 39 53 24 4 52 113 285 13.50
Plectorhynchus cinctus 1 1 0.13
Pleuronectes yokohamae 2 2 0.05
Repomucenus lunatus 126 601 8 13 22 3 773 1.16
Repomucenus valenciennei 1 1 0.01
Sardinella zunasi 97 74 52 134 357 2.01
Saurida undosquamis 1 1 0.16
Scomber japonicus 13 2 15 0.35
Scomberomorus niphonius 1 73 17 91 9.65
Sebastes schlegelii 3 3,456 3,460 0.75
Setipinna tenuifilis 130 1,734 1,491 1,808 1,494 11 6,668 58.30
Sphyraena pinguis 1 1 0.09
Strongylura anastomella 1 1 0.09
Synechogobius hasta 1 1 0.08
Syngnathus schlegeli 136 2 4 95 32 269 0.28
Takifugu niphobles 65 3 19 1 32 104 224 3.19
Takifugu obscurus 1 1 0.02
Takifugu pardalis 4 2 6 0.39
Takifugu porphyreus 6 6 0.16
Thryssa kammalensis 1 366 73 1,026 230 3 1,699 6.60
Trichiurus lepturus 5 20 69 19 71 1 185 2.54
Tridentiger barbatus 5 9 1 3 18 0.17
Tridentiger trigonocephalus 4 4 0.03
Zebrias zebrinus 1 4 1 6 0.64
Zoarces gillii 1 1 0.23
Total individuals 252,637 336,735 327,349 30,583 78,042 26,720 1,052,066 9741
Total biomass (kg) 151.4 204.8 231.6 1471 135.6 103.6
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Table 2. Monthly number of species, diversity index (H'), Ist and 2nd dominant species (%) of bag-net catch from April
2000 to November 2004 in the coastal waters of Incheon, Korea

Dominant species

Month No. of species Diversity
Individuals Biomass
L. gracilis (68.7%) L. gracilis (33.8%)
Apr. 57 1.7 Ph. fangi (15.6%) 0. oratoria (12.6%)
A. chinensis (33.0%) Pa. gravieri (16.0%)
May o1 2:53 L. gracilis (28.7%) L. gracilis (15.0%)
A. japonicus (38.0%) Pa. gravieri (24.9%)
Jun.
un %5 2.56 L. gracilis (27.2%) L. gracilis (15.1%)
Se a4 230 E. japonicus (60.7%) Po. trituberculatus (48.3%)
- ' C. hakodatei (8.1%) E. japonicus (17.8%)
A. japonicus (49.8%) Po. trituberculatus (27.1%)
Oct 47 244 L. beka (21.3%) A. japonicus (9.9%)
Nov 50 177 A. chinensis (70.4%) Po. trituberculatus (53.0%)
' ' C. hakodatei (13.3%) O. oratoria (11.8%)
b)
» 3
£
8
22
g
@
21
g
o HT T mg L £
3741812171672 410 5 511 1 2 7 3 9 813141970162
vV ]
Cluster
¢
120 80 be
g £ A
Z go X 40 ab
2 % g 2 % /:E/
= 8
B m
] 0

I H L]
Cluster

[\

Cluster

Fig. 3. Classification of sampling months on the self-organizing map (SOM) of bag-net catch from April 2000 to November
2004 in the coastal waters of Incheon, Korea. a) The patterned SOM map showing the classification of sample months
according to community composition (Acronyms in the SOM units stand for the samples: the first numbers means sample
year and the following numbers represent sample months (e.g., 00-04; sample collected in April 2000)), b) Hierarchical
classification of the cells of SOM map, c¢) Individuals and biomass in different clusters according to the SOM (Fig. 3a).
Different alphabets indicate significant differences between the clusters based on the Unequal N HSD multiple comparison
test (p=0.05). Error bars indicate mean and standard error of each variable.
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Fig. 4. Distribution patterns of each species in the trained SOM in Fig.
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3a. Darker color represents higher values of each

variable. Crl, Oratosquilla oratoria; Cr2, Palaemon gravieri; Cr3, Alpheus japonicus; Crd, Portunus trituberculatus; Cr5,
Trachysalambria curvirostris; Cr6, Leptochela gracilis; Cr7, Charybdis bimaculata; Cr8, Crangon hakodatei; Cr9, Charybdis
Japonica; Crl0, Metapenaeopsis dalei; Crll, Acetes chinensis; Cr12, Metapenaeus joyneri; Cr13, Latreutes anoplonyx; Cel,
Euprymna morsei; Ce2, Loligo beka, Ce3, Octopus ocellatus; Fil, Trichiurus lepturus; Fi2, Ammodytes personatus; Fi3,
Collichthys niveatus; Fid, Pampus echinogaster; Fi5, Repomucenus lunatus; Fi6, Engraulis japonicus; Fi7, Johnius grvpotus;
Fi8, Setipinna tenuifilis; ¥i9, Sardinella zunasi; Fil0, Takifugu niphobles; Fill, Hemitripterus villosus; Fil2, Scomberomorus
niphonius; Fil3, Chaeturichthys stigmatias, Fil4, Syngnathus schlegeli; Fil5, Coilia mystus; Fil6, Platycephalus indicus;
Fil7, Konosirus punctatus; Fil8, Cynoglossus joyneri; Fi19, Larimichthys polyactis; Fi20, Thryssa kammalensis; Fi2l,
Collichthys lucidus; ¥i22, Lophius litulon; Fi23, Pholis fangi.
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Appendix. Annual variation in number of individuals in each species of bag-net catch from April 2000 to November 2004
in the coastal waters of Incheon, Korea

Species 2000 2001 2002 2003 2004 Relve %)
Crustacea 100
Acetes chinensis 4,085 185,123 87,391 43,421 2 36.97
Alpheus digitalis 48 36 0.01
Alpheus japonicus 22 68 147 75 14 0.04
Carcinoplax longimana 84 0.01
Charybdis bimaculata 116 136 84 151 20 0.06
Charybdis japonica 13 6 16 9 5 0.01
Crangon hakodatei 953 4,139 1,047 6,241 4,967 2.00
Fenneropenaeus chinensis 2 2 0.00
Latreutes anoplonyx 474 3,810 2,012 31,612 2,285 4.64
Latreutes planirostris 5 332 0.04
Leptochela gracilis 113,010 109,025 48,878 42,215 46,309 41.52
Matuta lunaris 32 0.00
Matuta planipes 5 24 0.00
Metapenaeopsis dalei 7,016 8,580 3,659 6,421 171 2.99
Metapenaeus joyneri 91 8 2 0.01
Oratosquilla oratoria 331 316 789 394 193 0.23
Orithyia sinica 29 28 3 0.01
Palaemon gravieri 18,543 13,460 44 474 6,620 9.60
Paradorippe granulata 1 0.00
Parapenaeopsis tenella 1 0.00
Portunus trituberculatus 1,173 641 167 168 65 0.26
Prensor 1,910 68 0.23
Trachysalambria curvirostris 2,178 3,982 5,219 488 13 1.37
Cephalopoda 100
Euprymna morsei 1,530 6,329 524 93 151 23.12
Loligo beka 663 16,764 544 190 6,869 67.09
Octopus minor 2 1 6 0.02
Octopus ocellatus 10 22 8 3,548 30 9.70
Sepia esculenta 4 6 1 0.03
Todarodes pacificus 15 0.04
Fish 100
Acanthogobius flavimanus 1 0.00
Amblychaeturichthys hexanema 641 0.43
Ammodytes personatus 687 209 13,572 167 345 10.05
Apogon lineatus 7 0.00
Chaeturichthys stigmatias 509 733 479 753 2,216 3.15
Coilia mystus 1,652 135 501 275 125 0.13
Collichthys lucidus 381 143 11 23 15 1.80
Collichthys niveatus 345 236 184 17 206 0.38
Conger myriaster 1 3 0.66
Cryptocentrus filifer 4 0.00
Ctenotrypauchen microcephalus 2 2 0.00
Cynoglossus abbreviatus 2 0.00
Cynoglossus joyneri 1 64 41 0.00
Cynoglossus robustus 1 3 0.07
Cypselurus agoo 191 0.00
Dasyatis akajei 1 0.00
Engraulis japonicus 17,564 231 615 5,600 1,379 17.03
Erisphex pottii 10 18 5 0.02
Favonigobius gymnauchen 1 0.00
Hapalogenys nitens 1 0.00
Hemitripterus villosus 1 2 10 2 1 0.03
Hexagrammos otakii 5 3 9 0.01
Hyporhamphus intermedius 3 44 0.01
Hyporhamphus sajori 65 2 11 0.05
llisha elongata 18 5 0.02
Inimicus faponicus 3 1 1 0.00

Johnius grypotus 367 509 1,498 76 550 2.01
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Appendix. Continued

; Relative
Species 2000 2001 2002 2003 2004 abundance (%)

Konosirus punctatus 29 3 5 0.02
Lagocephalus lunaris 1 0.00
Lagocephalus wheeleri 1 0.00
Larimichthys polyactis 33 7 76 39 49 0.14
Lateolabrax maculatus 1 0.00
Liparis tanakai 3 2 1 0.00
Lophius litulon 2 4 14 5 0.02
Mugil cephalus 1 0.00
Mugilogobius abei 1 1 0.00
Nibea albifiora 1 1 1 0.00
Okamejei kenojei 8 2 4 0.01
Pampus echinogaster 372 91 398 88 332 0.86
Paralichthys olivaceus 6 3 1 0.01
Pennahia argentata 2 1 0.00
Pholis fangi 53,624 17,900 3,760 2,135 2,524 53.62
Pholis nebulosa 1 0.00
Platycephalus indicus 45 5 85 36 114 0.19
Plectorhynchus cinctus 1 0.00
Pleuronectes yokohamae 2 0.00
Repomucenus lunatus 21 99 203 421 29 0.52
Repomucenus valenciennei 1 0.00
Sardinella zunasi 193 2 1 15 146 0.24
Saurida undosquamis 1 0.00
Scomber japonicus 1 2 11 1 0.01
Scomberomorus niphonius1 12 6 72 0.06
Sebastes schlegelii 4 3,306 150 2.32
Setipinna tenuifilis 3,356 2,095 138 773 306 4.47
Sphyraena pinguis 1 0.00
Strongylura anastomella 1 0.00
Synechogobius hasta 1 0.00
Syngnathus schlegeli 82 26 77 32 52 0.18
Takifugu niphobles 54 15 67 60 28 0.15
Takifugu obscurus 1 0.00
Takifugu pardalis 6 0.00
Takifugu porphyreus 6 0.00
Thryssa kammalensis 1,183 122 2 153 239 1.14
Trichiurus lepturus 107 57 2 5 14 0.12
Tridentiger barbatus 8 2 8 0.01
Tridentiger trigonocephalus 4 0.00
Zebrias zebrinus 1 2 3 0.00
Zoarces qillii 1 0.00
Total individuals 214,286 380,204 186,776 193,639 77,159

Total biomass (kg) 249.8 234.5 180.7 211.9 971

Species richness 46 48 61 62 69




