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Abstract — This study focused on patterning waterbirds occurrences at the western costal area of
the Korean Peninsula in winter and relating the occurrence patterns with their environmental
factors. Waterbird communities were monitored at 10 different study areas, and the composition
of land cover as environmental factors was estimated at each study area. Overall dabbling ducks
were the most abundant with 84% of total individuals, followed by shorebird and diving ducks.
Species Anas platyrhynchos was the first dominant species, and Anas formosa was the second one.
Self-organizing map (SOM), an unsupervised artificial neural network, was applied for patterning
wintering waterbird communities, and identified 6 groups according to the differences of com-
munities compositions. Each group reflected the differences of indicator species as well as their
habitats.
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Fig. 1. Study area. HM: Main channel of Han River, HR: Low
reach of Han River, IJ: Low reach of Imjin River, AS: Asan
Bay, DH: Dacho Bay, CS: Cheonsu Bay, GR: Estuary of
Geum River, NS: Nonsan Reservoir, MG: Estuary of Man-
gyung River, DIJ; Estuary of Dongjin River.
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Fig. 2. Schematic diagram of a self-organizing map (SOM).
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Fig. 4. Semimonthly changes (E: early month, L: late month) of the number of species and individuals of waterbirds at different study areas.
(A) Main channel of Han River, (B) Low reach of Han River, (C) low reach of Imjin River, (D) Asan Bay, (E) Daeho Bay, (F) Cheon-
su Bay, (G) Estuary of Geum River, (H) Nonsan Reservoir, (I) Estuary of Mangyung River, (J) Estuary of Dongjin River.
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Fig. 5. (A) Classification of samples in a self-organizing map (SOM). (B) A dendrogram of a hierarchical cluster analysis using Ward linkage
method for classification SOM units. The first two alphabets indicate study areas in Figure 1, two alphabets in the middle are survey
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Fig. 6.
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Distribution patterns of each species in the trained SOM. COR: Phalacrocorax capillatus, BAT: Anas formosa, GUL: Larus canus,
GRP: Pluvialis squatarola, SWG: Anser cygnoides, OYS: Haematopus ostralegus, SCD: Arythya marila, BNG: Podiceps nigricollis,
BES: Cygnus coumbianus, PIN: Anas acuta. BTG: Larus crassirostris, HOG: Podiceps auritus, CSA: Actitis hypoleucos, CSN: Galli-
nago gallinago, LRP: Charadrius dubius, SHO: Anas clypeata, YLG: Larus cachinnans, SPO: Platalea leucorodia, LGR:
Tachybaptus ruficollis, GEG: Egretta alba, LAP: Vanellus vanellus, TDU: Arythya fuligula, TSA: Xenus conereus, AVO:
Recurvirostra avosetta, CUR: Numenius arquata, STS: Calidris acuminata, RTD: Streptopelia orientalis, RUF: Philomachus pugnax,
COO: Fulica atra, CKI: Alcedo atthis, GCO: Phalacrocorax carbo, DUN: Calidris alpina, RBM: Mergus serrator, RED: Tringa
totanus, BHG: Larus ridibundus, GKN: Calisris tenuirostris, CME: Mergus merganser, WFG: Anser albifrons, MOO: Gallinula
chloropus, LIE: Egretia garzetta, LWH: Numenius minutus, GWT: Anas crecca, LTE: Sterna albifrons, ECU: Numenius
madagascariensis, WSA: Tringa glareola, GAD: Anas strepera, EBL: Botaurus stellaris, MPL: Charadrius mongolus, GHE: Ardea
cinerea, MAD: Aix galericulata, BWS: Himantopus himantopus, HGU: Larus grgentatus, BFS: Platalea leucorodia, RNS: Calidris
ruficollis, LEG: Egretta albamodesta, TEG: Egretta intermedia, WHY: Numenius phaepus, GRE: Tringa nebularia, MAL: Anas
platyrhynchos, FTE: Anas falcara, CGE: Branta canadensis, WSW: Cygnus cygnus, BGO: Anser fabalis, BAG: Limosa lapponica,
SBG: Larus schistisagus, SRE: Tringa erythropus, BCN: Nycticorax nycticorax, CSH: Tadorna tadorna, EWI: Anas penelope, RDU:
Tadorna ferruginea, MSW: Cygnus olor, BLT: Limisa limisa, GGU: Larus hyperboreus, SGO: Anser coerulescens, KPL: Charadrius
alexandrinus, SME: Mergus albellus, SBD: Anas poeciloriyncha, GOL: Bucephala clangula, POC: Aythya ferina.
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Fig. 7. Differences of land cover types at different groups.
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