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Table 1. Description of 17 habitat variables and bird community

composition

Variable Habitat description Spring Autumn
Forest variables 0.79 0.58
Pin Coniferous forest(Pinaceae) 0.08 0.15
Rig Coniferous forest(Rigida-Pine) 0.02 0.00
Cup Coniferous forest(Cupressaceae)  0.02 0.05
MF Mixed forest 0.03 0.04
Leg Broad leaf forest(Leguminosae) — 0.15 0.05
Fag Broad leaf forest(Fagaceae) 0.19 0.09
Lau Broad leaf forest(Lauraceae) 0.02 0.04
Ebe Broad leaf forest(Ebenaceae) 0.00 0.00
Rut Broad leaf forest(Rutaceae) 0.02 0.00
Fof Fragmentation of forest 0.02 0.01
Is Island 0.25 0.15
Residual habitat 0.18 0.18
variables
Vil Village 0.16 0.15
Val Valley 0.01 0.01
Res Reservoir 0.01 0.02
Land-use 0.03 0.23
variables
RF Rice field 0.03 0.12
Cul Cultivate patch 0.00 0.03
Orc Orchard 0.00 0.09
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Fig. 1. Species-enviromental variable biplot from PCA analysis in
spring. (1. Forest habitat, 2. Residual habitat 3. Land-use
habitat). BnO : Black-naped Oriole, WT : White's Thrush, BS
: Brown Shrike, IC : Indian Cuckoo, JWe : Japanese White-
eye, EN : Eurasian Nuthatch, CC : Common Cuckoo, JPW :
Japanese Pygmy Woodpecker, IE : Intermediate Egret, MB :
Meadow Bunting, BbR : Broad-billed Roller, BW : Bush
Warbler, MT : Marsh Tit, YtB: Yellow-throated Bunting, DR
: Daurian redstart, Rnp : Ring-necked Pheasant, CE : Cattle
Egret, RF : Reregrine Falcon, Bek : Black-capped Kinfisher,
GW : Grey Wagtail, CT : Coal Tit, BS : Barn Swallow, Ja:
Jay, BbM : Black-billed Magpie, GS : Grey Starling, ES :
Eurasian Sparrowhawk, GT : Great Tit, PT : Pale Thrush, VtP
. Vinous-throated Parrotbill, VT : Varied Tit, CaC : Carrion
Crow, BeB : Brown-eared Bulbul, RTD : Rufous Turtle Dove,
TS : Tree Sparrow.
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Fig. 2. Species-enviromental variable biplot from PCA analysis in
autumn. (1. Forest habitat, 2. Residual habitat 3. land-use
habitat). VT: Varied Tit, WbW : White-backed Woodpeck,
MT: Marsh Tit, CSH : Chinese Sparrow Hawk, SMB :
Silberian Meadow Bunting, CC : Common Cuckoo , WGT :
White Ground Thrush, GC : Goldcrest, PF : Peregrine Falcon,
VtP : Vinous-throated Parrotbill, LtP: Long-tailled Tit, BW :
Bush Warbler, BnO : Black-naped Oriole, HS : House
Swallow, BhS : Bull-headed Shrike, IC : Indian Cuckoo, BeB
: Brown-eared Bulbul, BbM : Black-billed Magpie, Ja : Jay,
GE : Great Egret, LE : Little Egret, TS : Tree Sprrow, RnP
. Ring-necked Pheasant, BD : Brown Dipper, GCG : Great
Crested Grebe, GT : Great Tit, CT : Coal Tit, DR : Daurian
Redstart, RTD : Rufous Turtle Dove, JPW : Japanese Pygmy
Woodpecker, YtB: Yellow-throated Bunting.
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SEE SISk 2 indexE AR HEIIE oldTh THER Table 2. Abundance of spring birds recorded around Ulsan
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B2 9 Zo|7] 93] AA BAH A 7Hzﬂ—TL 279 @ abundance frequence incidence  value
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wom, B42KE[Ss]=17)0] 7HY @A YERSTHFig. 3). FAE Paradoxornis webbiana 1.00 1.00 68.75 0.30
7{1/1—1\].(]3[563 =16)° ] 7H4 =A Jebgton, ‘:')\1\].(]3[563 =12)0 ] Cettia diphone 0.03 1.00 2.25 0.04
714 @A YR THFig. 4). Acrocephlalus arundinaceus 0.03 0.25 7.00 0.02
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(H'=2.49)7F A ZAKH=2.34)5th %71] UERTHTable 4, Parus varius 0.04 100 275 005
Table 5). T2 ZAMA G M= ET|A] &E &5 &2 E of Parus major 0.28 @ 19.25 0.11
ZF Uy 58 Stk Sitta europaea 0.04 025  10.00 0.02
Akl £ A= EA(E[Se]=17)7F FAI(E[Se]=12) 2.t Zosterops japonica 0.02 0.50 2.50 0.02
=7 45};&9_1:4 Z AT %ﬁ](H'=2.67)7} —11—7*1](H'=1,99)_H%_ Emberiza cioides 0.03 0.75 2.33 0.03
it w0
ZO% el 7]EH 1= % ]( [859]219)7} %ﬁ](E[Ssg]:B)EE} Stzsrsneus,z(i):e;f::esus m 0:50 % @
A e r, § g SAM207F FAMLME o0 chinensis 001 050 150 002
o= Yepsth FACAE fds REAVE e Garrulus glandarius 0.03 0.50 4.00 0.02
FZE A Cyanopica cyana 0.00 0.25 1.00 0.01
AEAe F /A= FA(E[Ss]=24)7F FAE[Sis)=14) E Pica pica 0.18 100 1250  0.09
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Table 3. Abundance of autumn birds recorded around Ulsan

Species Relative  Species 'Species Importance
abundance frequence incidence  value
Podiceps cristatus 0.05 0.25 6.00 0.02
Egretta alba modesta 0.03 0.50 2.00 0.04
Egretta garzetta 0.02 0.50 1.00 0.03
Accipiter soloensis 0.01 0.25 1.00 0.02
Falco peregrinus 0.01 0.25 1.00 0.02
Phasianus colchicus 0.04 0.25 5.00 0.02
Streptopelia orientalis 0.17 0.75 6.33 0.07
Cuculus micropterus 0.01 0.25 1.00 0.02
Cuculus canorus 0.01 0.25 1.00 0.02
Dendrocopos leucotos 0.01 0.25 1.00 0.02
Dendrocopos kizuki 0.07 0.75 2.67 0.06
Hirundo rustica 0.12 0.25 14.00 0.04
Hypsipetes amaurotis 0.52 1.00 15.00 0.15
Lanius bucephalus 0.02 0.25 2.00 0.02
Cinclus pallasii 0.03 0.25 3.00 0.02
Phoenicurus auroreus 0.21 1.00 6.00 0.09
Turdus dauma 0.02 0.50 1.00 0.03
Paradoxornis webbiana 1.00 1.00 28.75 0.23
Cettia diphone 0.01 0.25 1.00 0.02
Acrocephalus arundinaceus — 0.01 0.25 1.00 0.02
Regulus regulus 0.35 0.25 40.00 0.07
Aegithalos caudatus 0.15 0.50 8.50 0.05
Parus palustris 0.04 0.75 1.67 0.05
Parus ater 0.13 0.75 533 0.07
Parus varius 0.21 0.75 8.00 0.08
Parus major 0.76 1.00 2175 0.19
Emberiza cioides 0.06 0.25 7.00 0.02
Emberiza elegans 0.22 0.75 8.33 0.08
Passer montanus 0.59 0.75 22.66 0.14
Oriolus chinensis 0.02 0.25 2.00 0.02
Garrulus glandarius 0.07 0.25 8.00 0.03
Pica pica 0.79 1.00 22.75 0.19
Corvus corone 0.18 0.75 7.00 0.07
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Fig. 3. Rarefation curves for four avian habitats showing the expected
number of species as a function of sample size. (K.N.S.-
Kuenamsan, M.S.S.-Moonsusan, C.J.S.-ChungJoksan, W.H.S.-
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Fig. 4. Rarefation curves for four avian habitats showing the expected
number of species as a function of sample size. (K.N.S.-
Kuenamsan, M.S.S.-Moonsusan, C.J.S.-ChungJoksan, W.H.S.-
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spng iy Table 5. Species diversity indices for 4 bird census areas in autumn

S i T g

Indices Kuenamsan ~ Moonsusan ~ Chungjoksan Wonhyosan

' F Richness
T NO 22 13 19 14

1 R1 4.02 2.64 3.36 2.48
n BN WG C.is '

WA R2 1.62 1.34 1.30 1.01
Fig. 5. Species diversity indices(R2, H', E5) for 4 bird census areas in

Diversity

spring. (K.N.S.-Kuenamsan, M.S.S.-Moonsusan, C.J.S.-Chung-

Joksan, W.H.S.-Wonhyosan) A 0.11 0.18 0.14 0.16
H' 249 1.99 224 2.16

HHichnisnalRF
Wity H N1 12.04 7.29 9.41 8.70

Or v el

" N2 9.09 5.46 6.99 6.22

oy Evenness

. ‘_‘ i ‘_‘ El 0.80 0.77 0.76 0.82
E2 0.5 0.56 0.50 0.62

5 [ -1 W HE

KK G W5 s

Aubumn

E3 0.53 0.52 0.67 0.59
Fig. 6. Species diversity indices(R2, H', E5) for 4 bird census areas in
E4 0.76 0.75 0.74 0.72
autumn. (K.N.S.-Kuenamsan, M.S.S.-Moonsusan, C.J.S.-Chung-
Joksan, W.H.S.-Wonhyosan) ES 0.73 0.71 0.71 0.68
Table 4. Species diversity indices for 4 bird census areas in spring CASE @ 5 1 i5 20 25
Indices Kuenamsan Moonsusan Chungjoksan Wonhyosan Loty Frmm —t ' T '
Richness WA
NO 34 25 21 31 W.HE. -J
RI 5.05 442 466 5.62 el
CAES
R2 1.46 1.65 246 214 Fig. 7. UPGMA cluster diagrams illustrating the similarity of site as
Diversity determined by species and individual number in spring.
(K.N.S.-Kuenamsan, M.S.S.-Moonsusan, C.J.S.-ChungJoksan,
L1 0.78 0.09 0.09 0.16
W.H.S.-Wonhyosan)
H 234 267 2.60 2.53
NI 1039 1450 13.48 12.57 CASE O " e n “n s
Lahls —
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Evenness RS, J
CALE
El 0.66 0.83 0.85 0.74
W.H.5,
E2 0.31 0.58 0.64 0.41 KME.
E3 0.28 0.56 0.62 0.39 Fig. 8. UPGMA cluster diagrams illustrating the similarity of site as
E4 0.54 075 0.85 0.50 determined by species and individual number in autumn.

(K.N.S.-Kuenamsan, M.S.S.-Moonsusan, C.J.S.-ChungJoksan,
ES 0.49 0.73 0.84 0.45 W.H.S.-Wonhyosan)
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Bird Diversity on Area around the Ulsan Mosaic Landscape

Lee, Won-Ho, Ji-Doek Jang, Byung-In Choi, Sung-Ryong Kang and Ki-Chung Kwon*
Dept. of Biological Science, College of Science, Dong-A University

ABSTRACT : Birds were censused to investigate the composition of landscape structure for bird diversity
around Ulsan between May and November 2002. Associations with three main categories of habitat variables
were evaluated: 1) amount and type of forest; 2) residual habitats not classified as forest or crops; 3) land-use
variables. Cluster analysis of bird community shows the highest forest variables of 79.06%, and the others are
residual habitat variables (17.98%), land-use variables (2.94%) in spring, and forest variables of 57.77%,
land-use variables (23.16%), residual habitat variables (18.47%) in autumn, respectively. In Principal Component
Analysis of a total of 196 sites, the populations are strongly correlated to Component | (54.8%) based forest
habitats and to Component Il based on land-use. Species preferring sites were clearly separated with
heterogenous forest along the first axis. In autumn, the populations are moderately correlated to Component
| based land-use and to component Il based forest habitats. Species preferring local habitats were also clearly
separated. Fifty three species of 1,700 birds were recorded: Brown-eared Bulbul, Vinous-throated Parrotbill,
Great Tit, Tree Sparrow and Black-billed Magpie accounted for over 60% of the observed birds in spring and
autumn. The important species were Brown-eared Bulbul, Vinous-throated Parrotbill, Great Tit and Tree Sparrow
in spring and autumn. Four habitats in terms of their species richness were computed as follows: Wonhyosan
has the highest an expected species number, E[Ss]=19. Moonsusan has the lowest expected species number,
E[Ssg]=17 in spring. In autumn, Kuenamsan has the highest expected species number, E[Sq3]=16. Moonsusan
has the lowest expected species number, E[Ses]=12. Pairwise similarity declined with increasing distance
between recording site and recording site from Moonsusan-Wonhyosan (0.62), the same geographical regions
clustered separately in a UPGMA cluster tree in spring, and in autumn from Moonsusan-ChungJoksan (0.53).

Key words : Expected species number, Important species, Landscape, Similarities
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APPENDIX. Number of sites and individuals observed at 196 sites

No. of Sites No. of Ind.
Type Spring Autumn Spring Autumn

Hypsipetes amaurotis FO 41 23 102 60
Parus major FO 33 19 77 87
Pica pica LA 26 11 50 91
Turdus pallidus FO 23 . 41 .
Phasianus colchicus FO 20 3 37 5
Streptopelia orientalis FO 16 9 38 19
Phoenicurus auroreus FO 16 10 20 24
Emberiza elegans FO 15 11 19 25
Parus palustris FO 14 4 26 5
Parus ater FO 12 9 23 16
Parus varius FO 9 6 11 24
Paradoxornis webbiana FO 7 5 275 115
Cettia diphone FO 6 1 9 1
Passer montanus FO 6 3 163 68
Eurystomus orientalis FO 5 7

Emberiza cioides FO 5 5 7 7
Garrulus glandarius FO 5 4 8 8
Corvus corone FO 5 4 8 21
Egretta alba modesta RE 4 3 22 4
Accipiter soloensis FO 4 1 4 1
Dendrocopos kizuki FO 4 5 5 8
Cuculus canorus FO 3 1 3 1
Hirundo rustica LA 3 1 20 14
Sitta europaea FO 3 10

Zosterops japonica FO 3 5

Sturnus cineraceus FO 3 4

Bubulcus ibis LA 2 9

Falco peregrinus FO 2 1 2 1
Cuculus micropterus FO 2 1 2 1
Halcyon pileata RE 2 3

Motacilla cinerea RE 2 4

Lanius cristatus FO 2 9

Turdus dauma FO 2 2 2 2
Oriolus chinensis FO 2 1 3 2
Egretta garzetta LA 1 2

Buteo buteo RE 1 1

Falco tinnunculus RE 1 1

Columba rupestris RE 1 3

Otus scops FO 1 1

Caprimulgus indicus FO 1 1

Motacilla alba lugens RE 1 1

Lanius bucephalus FO 1 1 2 2
Cinclus pallasii RE 1 1 3 3
Erithacus cyane FO 1 1

Saxicola torquata FO 1 1

Turdus naumanni eunomus FO 1 1

Acrocephalus arundinaceus RE 1 1 7 1
Cyanoptila cyanomelana FO 1 3

Cyanopica cyana RE 1 3

Aegithalos caudatus LA 2 17
Regulus regulus FO 1 40
Podiceps cristatus RE 1 6
Dendrocopos leucotos FO 1 1

* FO : Forest habitat, RE : Residual habitat, LA : land-use habitat.



