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ABSTRACT

An Analysis on the Causes of Migratory Bird Mortality

occurred at a Stopover Island, Hong-do, Jeonnam, Korea

Bing, Gi—-Chang
Advisor : Prof. Choi, Young-Bok, Ph.D.
Department of Biology,

Graduate School of Chosun University

Migratory birds can travel across ecological barriers such as seas, deserts,
and any area inadequate for reside using the wings highly adapted to fast and
long—-distance movement and the regulatory mechanism for this movement,
therefore, they occupy extensive areas in different seasons.

However, they need successive stopovers to recharge their energy to
complete the journey, thus the quality and the capacity of stopover sites are
critical factors for the successful migration. Particularly, long-distant migratory
species meet more diverse environments, and as a result, they may have more
possibilities to face risks. Therefore, an active and systematic management of
their stopover habitat is urgently needed.

The study was conducted to support an empirical basis to eliminate risk
factors and to suggest necessities of habitat for the successful stopover.

I collected data on the mortality of migratory birds from January 2007 to
December 2011 on Hong-do (Island), Shinan County, Jeollanamdo Province. A
total of 15 Orders 36 Families 130 species 1,338 individuals were collected

during the 60 months.



Birds in the Order Passeriformes including 16 Families took the most part of
the collected birds. Most dominant species were the Ancient Murrelet
(Synthliboramphus antiquus, 10.5%), the Black-faced Bunting (Emberiza
spodocephala, 7.4%), the Yellow-throated Bunting (Emberiza elegans, 6.7%),
and the Olive-backed Pipit (Anthus hodgsoni, 5.6%).

Especially, nine species which were designated as the protected species were
included in the collected birds.

The causes of mortality were categorized into eight groups; 'Killed by cats’
was the most dominant cause of mortality (29.3%), followed by ’'collision with
man-made structures (22.3%)’, 'oil pollution (15.0%)’, 'unknown cause (10.6%)’,
‘exhaustion (10.6%)’, 'predation by natural enemies (4.6%)’, ’traffic accident
(0.1%)', and 'others (7.2%)’.

Among the cause of mortality, human related factors such as attack by
introduced cats, collision with man-made structures and vehicle, oil pollution,
and other human-related factors took 73.8% of the total, and natural factors
took 15.2%.

The mortality was higher in spring and autumn migration seasons, and
higher mortality in spring than in autumn may be due to the geographical
characteristic of the study site and the different migration patterns between the
seasons. Morphological, behavioral and migration characteristics seem to affect
the causes of mortality, and it is seems to be species specific.

The Japanese White—eye (Zosterops japonicus), the Pale Thrush (7urdus
pallidus), the Yellow-throated Bunting (Emberiza elegans), the White’s Thrush
(Zootera aurea) were the frequently collided species to man-made structures,
and the flight pattern seem to affect the mortality and the degree of damage.

Patterns of mortality were different between the breeding population
(sedentary species) and the non-breeding population (migratory species). The
mortality of the breeding population started to be increased from May, the

initial breeding season of the study site, and the mortality of the non-breeding



population was higher in spring and autumn, the migration season.

The factor analysis was conducted to clarify the environmental factors to
affect the mortality, and the result showed that the area of windows was the
only factor to affect the mortality caused by the ’collision with man-made
structures’.

Mortality by cats was higher in spring than in autumn, both in the breeding
populations (sedentary species) and in the non-breeding population (migratory
species).

The home range estimated by Minimum Convex Polygon (MCP) method was
higher in males than in females. However, there was no difference between the
sexes when the home range were estimated by Kernel Estimation (KR). The
size of home ranges was significantly higher in autumn than in spring.

The home ranges of the six study cats were overlapped in the Hong-do 1
gu village although the sizes of each cats were significantly different. 50% core
range of the cats were all villages which implies that the cats are supported
food garbages or other food resources, therefore they may highly depend on
the human—-induced food rather than birds.

However, the cats still can be a potential risk factors, because the mortality
caused by cats is higher and it may be increased if the quality and the
quantity of food available is decreased.

Ecological characteristics (ecological niche, migration habits, food, behavioral
characteristics), and the landscape pattern of the area that accidents happened
(location of buildings, number of cats and natural predators, and environmental
pollution such as oil spill) affected the aspect of cause of mortality.

Therefore, understanding the basic species specific ecology and risk factors
in the habitat can support to make mitigation measures to help decrease the
mortality so that it will contribute to protect the endangered species and to

increase the biodiversity in a long—term view.
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H| =3 oF dth(Alerstam and Lindstrom 1990). webd HA S Al F77]12Hx] 2] A d
I AAA A FAY o]se AuoAFE AA s (Michael and Jennil 2001).

usfes

CMEICA EUROPE-AFRICA  ASIA-ASUTRALIA

Figure 1. Major flyways of migratory birds.

KOREA
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Hong-do Island

Figure 2. Location of study site, Hong—do island, Jeonnam (province),

Korea.
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300

Figure 3. Study area (0.65 kn, approx. 10% of Hong-do Island).
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Arelh= A ZAPH (point count method)@F 7219 ol A3t AR5 Ao A
& °F 15~20kne £&¢ THE AR £ 4B HAE AbsteE AE2APE (line
transect method)s Wastel =ZASAT. & 2 NAFE S¢ Ee AHA
(swarovski 10x42)3} 7 (swarovski 20~60x)S o] &3}o] ZALEI oW, &84
(song)®= &7 FA4sATh 2ol A wol & HA e AYEFE

(mist-net)& ©l-&3st] EF AR W38t
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Figure 4. Example of the specimen collection.
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Table 1. Classification of the causes of bird mortality in the study area.

Criterion of judgement

Cause of mortality
Collected point Appearance of carcass Others

Mortality caused by human related factors

Collision with window or In and around the Cranial hemorrhage, Direct
other man—-made structure  man-made structure Damaged bill observation
Traffic accident On the road Fracture O f bones,
Bruises
Mainly near Direct

Killed by cat Scratch, Bite

human habitation observation
Killed in other Mainly near Direct
human-related accident human habitation observation
Mortality caused by natural factors
. . Atrophy of pectoral muscle,
Prostration of starvation .
Empty gizzard
. . ) Direct
Killed by natural enemy Scratch, Bite :
observation
Unknown cause Mummification, Skeletization

F= olsd o] oA (energy) A4t A (homeostasis) FA9F 2
% of EWsl XHSHow Z3IH(McWillianms et al,
Fe= dAT)E S 3% ANYUAE o]Fst7] A A

=
oAby g A 28 E A=tk (Berthold 2001). old 2HFo AEld EA
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Zrol(complete moult)2} F-#-7ZlZo](partial moult) & FF % +=d, Sd7lZdols F=2
A

dZ(adult) ol Al YEMYH, FZ7 F 2 o]HA (juvenile)ol A & F A= EAo]
2
=]

i
o
rlr

71 ditel 27 AR el gl Tad WHor JdAHL (s Heddded
2005). o1& =7 A 7k olEAlvldl A" ol o A = (passerines)
ZFE ddez FE 7158 (skull ossification) =g S To =N A o] 7}
sotth s Ejojt ofdAl= VISEE WA Fol dlow, e 7SI 44
FEHE YEtl= 2] el 2y dF T A AxdAE 7S Et
AepA ol FoAAA = werh weks 7]t gakge] =/ deld me helrh
poere FE V1S3 Axs d¥9S sk ARV dn

gt AEEA

ATAGANA AR FHE =7 5 BAC BAlE TR, o5 FES Vs
A AEA o] AJolE Lolr v 18] Kaiser (1993)9] A|%54 WHA (fat score) S 7]
© % Mann-Whitney ] U-testE &3 HluZAser, fFol4E 5% 1%= A
AatA T EAEA O AHgE TS SPSS 120 o] 83815

3. 2%

7V, Z2FALE 3

AFA G TEoA 2007d 1€HE 20119 129744 59 7F AHAlR 94 2HE
& 15% 36¥% 130F 1,33870A17F =¥ A H(Order)E == A E(PASSERIFORMES)
o] 16%= 7pF wgton I thgo® % QE(CHARADRIFORMES)o] 53, wnj&
(FALCONIFORMES)# 3} & A) £ (CORACIHFORMES)©| Z+7+ 23} 3] 2 (CICONII-
FORMES), 7] 7] % (ANSERIFORMES), T 7 &5 (GRUIFORMES), °}H] 5(GAVII-
FORMES), =4 o}2]%(PODICIPEDIFORMES), AFHA E(PELECANIFORMES), H]&7]%
(COLUMBIFORMES), £E-(GALLIFORMES), 41%(PROCELLARIIFORMES), 7 0]%
(CUCULIFORMES), <" &5 (STRIGIFORMES)®] 7+7F 132 Ely)
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I (Family) ¥ 2+ & 9] ZH(Muscicapidae) 7} 13F 02 7} @ton =1 tpSo g2 =
3] v} 2k A 7} (Sylviidae) 7} 123, M Z 3} (Ardeidae) 11%, A w7 3 (Turdidae)2} =14 2}
(Emberizidae)”} Z+zF 9%, v A I (Motacillidae) 7} 8%, =2 3} (Scolopacidae)”} 7%
2 217 (Anatidae)7} 6%, E45-717(Rallidae)9t ¥ A #H(Fringillidae) 7} 242 5%, 423
(Accipitridae)”’} 4%,  o}H]Z}(Gaviidae), =4 o}&] I (Podicipedidae), 7}7}F-$-#] 1}
(Phalacrocoracidae), Zvll 7] ¥H(Laridae), @ 7% ¥H(Laniidae)”} Z}7F 3&, H&E7]%
(Columbidae), =3 #(Alcedinidae), YA} #(Paridae), 4] (Hirundinidae), < vtz ¥}
(Alaudidae), &AM ZH(Zosteropidae)”t 742t 2%, *8 #H(Phasianidae), B}thA| Y] 2}
(Hydrobatidae), "l Z}(Falconidae), & th2] & WA Z(Recurvirostridae), & Al 2}
(Charadriidae), v}t 2.2 #F(Alcidae), +4 o] ZH(Cuculidae), = 7] 2} (Strigidae), FFFE
I} (Upupidae), ZAZ=3H(Pittidae), 2¥+-2] ZH(Pycnonotidae), ‘&= & A 2H(Reguliidae),
= 5 A ZH(Troglodytidae), v & the] 2ZH(Prunellidae) 7} 77t 1€ 2= YES:

Z(Species)® 2+ vltya] 8] Synthliboramphus antiquus’} 14070 41 (10.5%) = 7}
worow 1 tLo g7 EAN Emberiza spodocephala 997N A (7.4%), ==& HlAY
Emberiza elegans 9070 (6.7%), &% M Anthus hodgsoni 7571 A (5.6%) % AH$] 5%0°]
Fe AAstE EAToE e ow, 49 b%olds AAehe SR T S| w7
Turdus pallidus 5970 A (4.4%), &2 Zosterops japonicus®t 2% A  Tarsiger
cvanurus’t 242} 5170 A (3.8%), WM Emberiza tristrami 5070 A (3.7%), <A
Urosphena squameiceps 4471 A4(3.3%), S @A w7 Zoothera aurea 4270A(3.1%)7}
TO170 A (52.39%) 2 Atz QA& Ash 7l A & Aukol S 21|51

AR FRE AA 27 T HARSETS 45 AR BT oME - AE 1w

21 vl Falco peregrinus 170A1¢F T SHEMN eV’ Ixobrychus eurhythmus 271 A,
T8 Pandion haliaetus 17V A, &2\ vl Accipiter soloensis 170 A, M vl Accipiter

nisus 1744, MNA, ZAZ Pitta nympha 17037 =25 A
o A AAH HAV|EE A323-259 FH2wjAel 170A, A323-4521 A 174
A, A2152Q1 ZH]E7] 1/0A], A4475.91 F7 9] Cuculus poliocephalus 171A), #324-6
39 A2AAN Otus sunia 2787, A20452 Az 17§A17F =3 = AtHTable 2).

W =7| Columba janthina 1

Jloi
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Table 2. List of collected species.

o No. of Dominance
Scientific Name Korean Name | | .
individuals (%)

ORDER GALLIFORMES g5
Family Phasianidae B 3

Coturnix japonica | F=2} 7] 3 0.2
ORDER ANSERIFORMES 718715
Family Anatidae g3

Anas penelope Ty L 1 <0.1
Anas platyrhynchos A2 2 0.1
Anas poecilorhyncha Yk = 2 g 2 0.1
Anas formosa 7Hg 2 g 1 <0.1
Anas crecca 2 Qg 1 <0.1
Aythya fuligula Y73 =] 1 <0.1
ORDER GAVIIFORMES olH| &

Family Gaviidae o}H] 7}

Gavia stellata o}-H] 8 0.5
Gavia arctica 23] v g o] 36 2.5
Gavia pacifica 3] A} 2] o} H] 32 2.2
ORDER PROCELLARIIFORMES <Al &

Family Hydrobatidae v} ok A v] 2}

Oceanodroma monorhis H}T}A| 1] 1 <0.1
ORDER PODICIPEDIFORMES =xolg &

Family Podicipedidae =Yool 7

Tachybaptus ruficollis =" o}y 4 0.3
Podiceps grisegena =" ol 1 <0.1
Podiceps cristatus E=role 2 0.1
ORDER CICONIIFORMES A&

Family Ardeidae W 2 3}

Botaurus stellaris et @ 27 1 <0.1
Ixobrychus sinensis &3] 22t 3 0.2
Ixobrychus eurhythmus Y E) g7 2 0.1
Nycticorax nycticorax 3 2. 2}7] 2 0.1
Butorides striata Ao 7]s) 27 3 0.2
Ardeola bacchus S Qg7 3 0.2
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Table 2. Continued.

R No. of Dominance
Scientific Name Korean Name . . .
individuals (%)

Bubulcus ibis g2 3 0.2
Ardea cinerea s 712 2 0.1
Ardea alba ST 1 <0.1
Egretta intermedia TH=2 3 0.2
Egretta garzetta ES:LE=S 2 0.1
ORDER PELECANIFORMES AFTHAY &
Family Phalacrocoracidae 7}ul9-=] 3}
Phalacrocorax carbo & 7Hak9-7 1 <0.1
Phalacrocorax capillatus 71ek$-A] 1 <0.1
Phalacrocorax pelagicus &) 7 a3 1 <0.1
ORDER FALCONIFORMES | &
Family Falconidae uf| 2}
Falco peregrinus ] 1 <0.1
Family Accipitridae SR
Pandion haliaetus 5T 1 <0.1
Accipiter soloensis S uf A mj 1 <0.1
Accipiter nisus Af wl 1 <0.1
Buteo buteo 2 E 7} 1 <0.1
ORDER GRUIFORMES FEH &
Family Rallidae Z57)3
Coturnicops exquisitus e HL 7] 1 <0.1
Amaurornis phoenicurus ) FH-7] 1 <0.1
Porzana pusilla 2 EFH5-7] 3 0.2
Porzana fiisca HERI| = 1 <0.1
Gallinula chloropus A= 3 0.2
ORDER CHARADRIIFORMES QR
Family Recurvirostridae Z o2 & A)
Himantopus himantopus Aol 2] = | Af 1 <0.1
Family Charadriidae E ) A 7}
Charadrius veredus SEM A 1 <0.1
Family Scolopacidae =83
Scolopax rusticola NEQ 1 <0.1
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Table 2. Continued.

R No. of Dominance
Scientific Name Korean Name . . .
individuals (%)

Gallinago stenura HhE g =8 2 0.1
Gallinago megala ZFE QA= 3 0.2
Gallinago gallinago ZFEQ 4 0.3
Tringa nebularia Ay Ea 2 0.1
Tringa glareola Sl e 2 0.1
Actitis hypoleucos A EQ 2 0.1
Family Laridae Z-) 7] 3 0.2
Larus crassirostris 5y o] Ztujl 7] 15 1.0
Larus vegae A 2l 7] 2 0.1
Rissa tridactyla A 7)) 7] 14 1.0
Family Alcidae vt} Q =) 3} <0.1
Synthliboramphus antiquus vitha] 9.8 140 9.5
ORDER COLUMBIFORMES H & 7] &
Family Columbidae H| & 7] 3
Columba janthina SH|E7] 1 <0.1
Streptopelia orientalis HH] & 7| 3 0.2
ORDER CUCULIFORMES TZol &
Family Cuculidae 7 0] 3}
Cuculus poliocephalus T 0] 1 <0.1
ORDER STRIGIFORMES < v &
Family Strigidae < wj 1) 2}
Otus sunia 2 A 2 0.1
ORDER CORACIIFORMES oZFA =
Family Alcedinidae EFA
Halcyon pileata 2 S HEAY 1 <0.1
Alcedo atthis E3A 1 <0.1
Family Upupidae FE5EHIG
Upupa epops S5 E 1 <0.1
ORDER PASSERIFORMES A5
Family Pittidae oA % 3}
Pitta nympha R g 1 <0.1
Family Laniidae o] 7} X] =}
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Table 2. Continued.

R No. of Dominance
Scientific Name Korean Name . . .
individuals (%)

Lanius tigrinus 2 uf] 7} %] 1 <0.1
Lanius bucephalus ) 7} %] 1 <0.1
Lanius schach 1712wl 7k 2| 1 <0.1
Family Paridae w7}
Parus major vk 1 <0.1
Parus varius ZHto| 16 1.1
Family Hirundinidae A| v] 3}
Hirundo rustica A1 36 2.5
Cecropis daurica 7 A 1) 10 0.7
Family Alaudidae o8
Calandrella brachydactyla 2 F oy 1 <0.1
Alauda arvensis <t 3 0.2
Family Pycnonotidae 2 ut - 2] 7}
Hypsipetes amaurotis 2kt g] 4 0.3
Family Sylviidae 3 oA
Urosphena squameiceps %= A 44 3.0
Cettia diphone 3] 3} =AY 4 0.3
Locustella lanceolata & 7H ) 7 05
Locustella certhiola S 70 1 <0.1
Locustella ochotensis okef m 2] F 1 <0.1
Acrocephalus orientalis 70 7] ] 2 0.1
Phylloscopus fiiscatus E A AL 3 0.2
Phylloscopus proregulus i3] g & A 2 0.1
Phylloscopus inornatus e EA 27 1.8
Phylloscopus borealis EA 9 0.6
Phylloscopus tenellipes ] EA) 2 0.1
Phylloscopus coronatus A& AY 12 0.8
Family Zosteropidae R
Zosterops erythropleurus Sl 5 1k A 5 0.3
Zosterops japonicus &2 A) 51 35
Family Reguliidae AEEA
Regulus regulus AR A 8 05
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Table 2. Continued.

R No. of Dominance
Scientific Name Korean Name . . .
individuals (%)

Family Troglodytidae = 5A 7
Troglodytes troglodytes =5 A 2 0.1
Family Turdidae ] w7 3}
Zoothera sibirica 3] 3= A w7 5 0.3
Zoothera aurea S = A w7 42 2.9
Turdus hortulorum =] ] w7 5 0.3
Turdus cardis 2] wkA 4 0.3
Turdus pallidus 3] ul) 2] w7 59 4.0
Turdus chrysolaus 52 ul) ] w7 9 0.6
Turdus ruficollis -2 5] il 1 <0.1
Turdus naumanni =g A 2 0.1
Turdus eunomus 70 7& A w7 9 0.6
Family Muscicapidae &9 A
Luscinia calliope ANE7ME 6 0.4
Luscinia cyane 22 Al 19 1.3
Luscinia sibilans =AM 2 0.1
Tarsiger cyanurus 2] gAY 51 35
Phoenicurus auroreus o AR 10 0.7
Saxicola torquatus 7w A 25 1.7
Monticola solitarius H}o} 2] w2 5 0.3
Mouscicapa griseisticta A 1] =AY 1 <0.1
Muscicapa dauurica 2 & A 4 0.3
Ficedula zanthopygia YA SaA 1 <0.1
Ficedula narcissina = A 5 0.3
Ficedula mugimaki Ay 2 0.1
Cyanoptila cyanomelana -2 A 25 1.7
Family Prunellidae vl 9 F o8
Prunella montanella ot} 1 <0.1
Family Motacillidae st A 2}
Dendronanthus indicus =AM 1 <0.1
Motacilla flava V5 m]A) 1 <0.1
Motacilla alba et mAf 4 0.3
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Table 2. Continued.

R No. of Dominance
Scientific Name Korean Name . . .
individuals (%)

Anthus richardi SSLIac= e 2 0.1
Anthus hodgsoni A 75 5.1
Anthus gustavi 3 S RE e 1 <0.1
Anthus cervinus B0 sl=nrzr)g) 7 05
Anthus rubescens e et 5 0.3
Family Fringillidae = A 7}
Fringilla montifiingilla A 29 2.0
Carduelis spinus A2 2 Hkg- A 1 <0.1
Uragus sibiricus N #g] & 9kz o] 1 <0.1
Coccothraustes coccothraustes A 3 0.2
Eophona migratoria 4 3} 52 1 <0.1
Family Emberizidae QA =
Emberiza tristrami 3] ufj Al 50 34
FEmberiza pusilla 2] B o kv A 28 1.9
Emberiza chrysophrys A EAY 15 1.0
Emberiza rustica 2 A4 20 1.4
Emberiza elegans g E Ay 90 6.1
Emberiza rutila 7177} ZAY 17 1.2
Emberiza spodocephala = 99 6.7
Emberiza pallasi S 2w 2] &y 3 0.2
Calcarius lapponicus 214k 5 wl A 1 <0.1

15 Orders 36 Families 130 Species 1,338 Individuals

oAtz edE 4% 2 54
AA 130% 1338703 F Ak

cat, KC)ol 39270 A4](29.3%) = 7}

(Collision with window other man-made structure, CW)
20171 A (15.0%),

(Oil pollution, OP)°]

AWz AHHW, Sl <o
gotorn I o
Yol 29871 A (

Y21 (Unknown cause,
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(11.0%), 9 o} X (Prostration or starvation, PS)7}F 14271 #](10.6%), 71 EHKilled in
other human-related accident, OA)7} 9670 (7.2%), Ao o3t XAH(Killed by
natural enemy, KN)©o| 617]A](4.6%), ul-&A}al(Traffic accident, TA)7} 17§A](0.1%) <
OS2 YUeEth Al 5 Sargole] 9% x4 ¥ TExE 9% TE, V59,
71E}, 2FAA 5 Q17by #AHEE 219142 & <Ql(mortality caused by human related
factors)oll 2Jgk A3k 9RB/NAZ A2l 738%E AA oW, AAHA 29l
(mortality caused by natural factors)ell gt AFai7} 20370 A2 A 9] 15.2%, AFaLe]
AJAEL FHotd 4 gle dAdEHo] UIMAIZ AAY 11.0%= Atdd & 9142
a<lel ogh Abarzp AAA el adlell o AlnrT B Ao ® yEth(Figure 6).

TA | 1

KN 61

OA 96

Fs 142

Tvpe of accident

UK 147

OP 201

cw 208

KC 392

0 50 100 150 200 260 300 350 400 450
No. ofindividuals

Figure 6. Type of accident and their mortality. Abbreviations: KC, killed by cat;
CW, collision with windows or other man-made structures; PS, prostration or
starvation, UK, death from some unknown cause; OA, other human-related
accident; KN, killed by natural enemy; OP, oil pollution, TA, traffic accident.
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O AT A7 g 9 54

ATF71ZEQ1 2007 5-E 2011744 F 5 B A=W AludA d3S HWY, 87F
AMNA 2 F 2 /RASF E5F 2009 AFavy 7bd @ Ao® yeyow oot
o7 20080l 65% 3167041, 2010l 63F 2937041, 2007l 50% 179714, 2011
Woll 39%F 132704 c2o2 YEgth ARl AlaEA T 2 AT E HaE H
2009 87F 4187/0AHH HAZ Hol 2011 39F 13270 A 744 AlnE Gt 279
7 BoW JRAg e w2 AoR Yy AR F5 9 AT 54S Ho

© SR b A Al Faol A Wit 6141803 (HFHrEEHADE, HA G

A]
A2
i

b
+113.857 A 2 AFA Foll A AL 317474 EAo] A WA %= 3 F

2ol M AEZ g s o7 FkH H(Figure 7).
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Figure 7. Annual variation of the number of collected species and individuals.

5U 7F 9 Alal E24E 499 H 226041119 (Hrx Az o2 b 2ok
Lo 7 599 21.00+9.30F, 10€ 9 12.60i4.39%—, 99 10.60+5.68%, 11
ol 10.60+7.57%, 3¥€o 6.80+4.44%, 1€ 5.00+3.08%, 8¥ol 4.80+2.28% 2¢¥d
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3.80£3.11%, 129l 3.00+2.83%F, 69l 2.60+4.22%F, 7€l 0.80+1.30%F o2 eyt
t}(Figure 8).

Zb Axviey €l Al e 200730 11€0) 23F o2 71 wton 4900 13
E, 59l 11%, 3¢9 8%, 9€¥ 10 77t 6%, 1€l 53F, 129 4%, 84 2%,
2008l = 59 22F o7 744 wekon 49 195, 102l 175, 1194 10%, 1€
of 8%, 293 99 Z+7t 7%, 129l 6%, 323 8 27t 5%, 693 79 747+ 1
F, 200990 = 490 40F o7 74 wekom 5o 29%, 9¥o] 19%F, 10l 16%,
39l 14F, 110l 11%, 6¥ol 10F, 8¥€ol 7F, 197 129 717} 5%, 7€ 3F, 2

Yol 2%, 20100l &= 5¥ol 31Fo 2 7} Bekom, 494 27F, 10€ 11F, 1€3

24, 84, 99l Z47 7%, 3€3 11490 44 4%, 69l 2F, 2011dl= 493 949
247 14F o2 7Y ko, 1049 13F, 5¥d 12F, 114dl 5%, 243 34, 8¢

N

=

1
2y 3% o2 et (Figure 9).
Al APA S AR E Adoleh A YEls oY AA o w ARG kst

= gt
= AN Fo ol BA/A BAN F2 el 4FHE Aoz tehht

40 -

Mo. of species
] ] [#5] [#5]
= 5] = 5]

—_
(5]

L

1
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Month

_.

[am )}
—

R —

5]

Figure 8. Monthly variation in the number of collected species (+SD) from 2007
to 2011.
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Figure 9. Monthly variation in the number of collected species from 2007 to

2011.

AFA e € HA EY T A8 59 Ht 131.40+9.79 (BH+xxFAHAA) TS
2 7bF wekon 494 116.00+16.57%, 10l 95.00+16.39%, 11¥e] 78.60+18.57%,
99l 75.00423.01%, 3ol 57.40+13.72%, 129l 44.00+6.96%, 8ol 41.20£6.42%, 6
Aol 40.80+4.09%, 1€l 35.60+9.58%, 2¥ol 34.00+453%, 7ol 27.40+251F o2
el th(Figure 10). zF dxrit} €99 T 4= 2007d0 = 590 138% 0.2 713
Eokon 4¥e 108%F, 9¥el 87%F, 10€ol 8%, 1190l 68%F, 3¥l 67%, 12¥€ 47
%, 690l 44%, 193 8¥dl Z+z} 37, 29l 31%F, 7€l 27%F, 20089l 5¥9
124F 02 7} w@okon 499 1167, 102l 103%F, 9€l 87%, 11¥l 763, 34
58%, 8¥oll 48%, 1290l 46%, 190l 38%, 69| 375, 29 32%, 7€ 24F, 2009
Woll = 490l 141502 7P Zgton] 5Yd] 1225, 109l 103%F, 9¥l 97%, 11¥
o 82%, 390l 57%F, 12€ 53%, 8ol 47%, 69l 37%, 29 365, 19 31F, 7
ol 28%, 20101 d = 5€ o 145, 4€l 119%, 10€l 1123, 11€el 108%, 3€q]

70F, 1€l 49€, 69 465, 283 8ol Z12} 41%, 9€ el 40F, 129l 36F, 7€l
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27, 20110 &= 5ol 128F o= 7 @Bom, 490 96F, 10€ el 71F, 9€ol 64
<, 1199 59%, 6<¥€0l 40&, 1299 38%, 3¢ 35%&, 8€ 33F, 7€l 315, 2¥€9
30F, 1€l 23F o2 YEStH(Figure 11).
ATFA Gl =t 27 € EHFTFAAE 7 AR E AJoldtA YEE e
Ly

W, 83 7k ol sAl7] el ATkl st A2 yERyH
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Figure 10. Mean number of daily monitored species (+SD) in Hong-do island from

2007 to 2011.
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Figure 11. Monthly variation in the number of daily monitored species Iin
Hong-do island from 2007 to 2011.

59 7+ 9 Al AAGE 490l H 77.80460.12(F Hr EF AP ANA R 7PE Beko
W, I o2 5900 47.80+295670 A, 109l 26.00+10.6178A, 1€l 25.60+27.5274 A,
11 24.00+24.8870 ], 9€ ol 21.80+6.7670 A, 2¥ ol 18.40+21.667) A, 3Ll 12.60+6.697)
A, 82l 6.60+3.6570 A, 128 3.20+3.0371 4, 6Ll 3.00+5.1070A], 7€l 0.80+£1.307H )
Tl 2 YEStHFigure 12). 7t dZritt 9 Ao A 2007 = 11€ 6770 A)
2 78 wokon, 4o 31/0Al, 9Ll 2170, 5€el 18714, 193 3Ll Z+zt 14704,
109l 870Al, 129l 4704, 8Ll 270A), 20080l 19l 6570A= 7Hd Zkon, 4
Aol 5270, 5ol 4870, 24l 43704, 1028 36784, 114l 21704, 9Ll 1874,
39l 14704, 8Ll 11714, 129 6704, 6L= 78] ZkzF 1714, 2009l = 49
19470 A = 7H4 wekom 596 91704, 109l 30704, 9Ll 2870, 39l 22784, 11
Aol 1770A], 6Ll 1271, 8Ll 770A, 197} 12 Zt2; 6704, 78 370A], 2] 2
AA, 2010d6l= 4o 87MA R 7 wotow 590 597/MA], 1€l 4370A], 29l 41
A, 108 277041, 9Ll 137041, 3€ 3 8ol zHzh 970Al, 11l 470, 6Ll 2704,
2011 oll= 9 ¥ 1090l 77t 2970 A2 7 wkow, 4960 26714, 54l 23704, 11
ol 1170A), 29l 6704, 393} 84l Z+7 47hA o= vebsth(Figure 13).
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Figure 12. Monthly variation in the number of collected individuals (£SD) from

2007 to 2011.
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Figure 13. Monthly variation in the number of collected individuals from 2007

to 2011.
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AFxdel A AN = fAIGE 119 Hat 37,194.20£9,053.24 (Ht+E+HA})
MAZ 7p o, I gSoRes 1299 25250.40+9,152.1570 A,  10€ 9l
11,338.00+1,098.1271 A, 4Ll 10,186.20+3,231.0871 A, 54l 4,985.20+528 5171 A, 1€l
4,795.80+3,088.3770 A, 39l 4,612.20+1,877. 7170 A, 9L 4,350.00+1,803.847 A, 84 ¢
3,243.20+£1,323.1370 A, 2<¥€9] 2,610.80+1,739.7670 |, 6ol 1,852.80+398.2471A], 74 ¢l
1,606.00£375.51 702 =2 e (Figure 14). 7 dxvlty 99 =724 2007
Woll&= 1190l 2478070 A= 7 wekow, 1290l 22529714, 104l 13,10170 4], 44
o 6,60270 A, 3Ll 6146714, 5€ 569071 A, 9Ll 485470 A, 24 344871 4], 8
of 2,95970A, 1€ 221870 A, 6€ol 1,82371A], 7€l 1,69871#], 2008 o+ 11¥ ¢l
37,357 A = 7 ko 12¢9 1976870 A, 10€ o] 11,15570A), 4L 10,7867H A,
9¥ ol 6422704, 19 5860714, 3ol 545970 A, 5¢€ o 5332714, 8Ll 496771 A,
290 484370 A, 69 2,36770A, 7Tl 212570, 20093l = 119l 4519771 A =
7HE ko 1299 40,2107 A, 4L 10,86370 A, 102 1021870 A, 1€l 7,1227)
A, 59l 437570 A, 99 425671, 8ol 390770 A, 3€ el 316370 A, 29 29577
A, 64 1,8870 A, 7€l 156170 A, 2010d = 11l 4641270 A= 7} @kom,
12€9] 16,82470A), 10l 10,70770 A, 1€l 7,8997NA, 4ol 777470 A, 3Ll 6,208
NA, 5ol 4641704, 8Ll 299770 A, 6L 196170 A, 6L 157271 A, 9¥€ ol 1,469
WA, 29 1,38870A], 2011d = 11€9] 3222570 A2 7H ko 12€¢ 26,921
WA, 49l 14906704, 104 11,50970 4], 59l 483870 A, 9Ll 4749714, 3Ll
2,08570 A, 84l 1,38670 A, 6Ll 125570A1, 7€l 1,07471A], 1€ 830704, 2L
A8 A =o2 YEr o (Figure 15).

Al A A FE 5 vV R AR R Adols Al vERgon, A A
o2 AFAG Eefet= HA F8 olsATId wHY S E HFHIL AFA
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Figure 14. Mean number of daily monitored individuals (£SD) in Hong-do island
from 2007 to 2011.
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Figure 15. Monthly variation in the number of daily monitored individuals in
Hong-do island from 2007 to 2011.
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AHA Ao wel H A (migratory birds)$ ElAf (resident
birds)® FiE38til o] 59 Ade wE AWEA dAE vlug Ay HAe AS &
Hol= Hat 1382154 (B +ETHA)(=206) A2} 7o = 1414049 (2=142)
A AWEFAEs Hol FHEGE 7FSHo ANSAGATE =2 Ao2 YEHy o
(Mann-Whitney U-test, p<0.01), °]¢}= w2 EBlAje] A EdHo+= 1.86+1.19
(1=23) Al 2} 71_&;-{401]_15 1.68£0.47 (m=50)tAlE EHo 7Fe&ERGE 5o o 2

w

A SHAEAE BAH(p=0.04)(Table 3). wehA AAje] -5 A7A G A% 54
& EA =aE (non—stop)ili Al sfop sh= HAGAIE 7kl wla 2o AW
SAGATE Ao wep Fold Ao R JdEHw, BA o A JhSHd = WA
de A FEMZMAA HolaH, AdAe T7F S)e= s FHEGE= Tk
ol AZAGAE b2 Aoz Add

Table 3. Differences of fat scores in spring and autumn.

Fat score (meantSD)

Classificantion z-value
Spring Autumn
Migrat bird 1.38+1.54 1.41+0.49 697"
1BTATOny IS (n=206) (n=142) '
) ) 1.86+£1.19 1.68+0.47 .
Resident birds -2.06
(1=23) (1=50)

Mann-Whitney U-test, =~ p<0.01, “p<0.04

AR Z QIFE WA 2/ T 2 AFARIE A9 5%l A 5AE %S
B siofoleo] o8&k EAL FAN7F TI/HA(181%)E 7 #Bekow, I o=
Fe A 4670 A1(11.7%), S 4170A(105%), <A 3370401(8.4%), Sl u=iAl 2371 A
(5.9%), dETEEd 9T F= AL EVHIAI12.1%)E 7HE wkew, I v
o 2= SujA w7 317FA(10.4%), == WA 2270 A (7.4%), =21 wk+] 2070 A (6.7%),

2@l BoopAb= AMIZE 3070A1(211%) = 7HE ke, I teo s AAH 97hA

H‘
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(6.3%), DA 87HA(5.6%), A8 Birka] 2] 7F 13744 (8.8%) = 7HE Bakon,
I uFoms A 1270A18.2%), el | A 1IHAI(7.5%), === =W A 107141 (6.8%),
22wl A 87H A (5.4%), 718k witka] @ 27t 87HA|(5.4%) =2 7HE wekem, A
ofgt A =FEHulAZE TAAALL%)E Mg wRew, I tHoRE HA 6704
(9.8%), DA, =FcHEA, Aoldnir], AwjAum], SFAw7E 74zt 474A
(6.6%), 715292 vttha g7k 119MA(592%) 2 71 wekem, 1 fpgoezs &
3] A g opr] 307§ A (14.9%), 3w elotu] 2770 A (13.4%), w-EARLE A 7F 1704
To 2 et (Table 4).

EE, AR AFE AA 2R F AANFTE B 49 5% SHFY Aus

Fo By bt e lE 14070A1(105%) & 718990 1194A = 7Hd wekon, 1
oz ddEge] 13704, 7Ieb7E /AR verson, HAl= 99/ A(7.4%) &
aFold ofgk xA4bo] Zb wWokow, 1 thFoRE AFFRE o3 FEo] 97A,
71ER 7 TRA, Aol gk Aol 671A, dAETE o] 470A], &3 9 ofxlrt 270 A,
FE A= 90/MA(6.7%) F ol o)g xabo]l 46/MA=E I wgow, AFTTE
ol ot FEo] 2270A, AAEHo] 10704, Ao ogk 2ol 7A, 7]Et7t 370
A, G L olxr 270 A, e e THAA(GE%) 5 aLFolol o3 EAko] 4174A =

74 worow fo1Emo] 1270, €z @ oAbt 870 A, 71ERE TAA, WA o] st
FAo] 4RA, QlFTFZEE 93 FEo] 3MA o & e tH(Table 4).
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Table 4. List of the collected birds according to the causes of mortality. Abbreviations: KC, killed by cat; CW, collision with windows or other

man-made structures; PS, prostration or starvation, UK, death from some unknown cause; OA, other human-related accident; KN,

killed by natural enemy; OP, oil pollution; TA, traffic accident.

Scientific Name Korean Name No. of Dominance (%) Causes of mortality (%)
individuals KC CW PS UK OA KN OP TA

Synthliboramphus antiquus S1 Q=R 140 105 9.3 5.7 85.0
Embperiza spodocephala = 9 74 71.7 9.1 2.0 4.0 7.1 6.1
Emberiza elegans g g A 90 6.7 511 244 22 111 33 78
Anthus hodgsoni s IB) 5.6 54.7 4.0 10.7  16.0 9.3 5.3
Turdus pallidus 3] nf) ] w7 59 44 16.9 525 85 119 34 6.8
Zosterops japonicus 5 HHAR 51 3.8 137 706 9.8 59
Tarsiger cyanurus e =AY 51 3.8 333 176 137 216 98 39
Emberiza tristrami 2 uf} =l Al 50 3.7 460 280 20 120 60 6.0
Urosphena squameiceps =AY 44 3.3 0 114 45 45 2.3 2.3
Zoothera aurea = A wk 42 3.1 238 476 119 48 2.4 95
Gavia arctica 23] v g]o}H] 36 2.7 2.8 5.6 8.3 83.3
Hirundo rustica A 4] 36 2.7 2.8 833 111 28
Gavia pacifica 3] A ™ 2] o} 1] 32 2.4 125 31 4.4
Fringilla montifringilla =] AR 29 2.2 448 379 69 10.3
Emberiza pusilla 2] o wikw A 28 2.1 179 429 3.6 28.6 7.1
Phylloscopus inornatus e EA 27 2.0 37 519 74 222 148
Saxicola torquatus HL2gA 25 1.9 200 360 120 200 120
Cyanoptila cyanomelana 52 A4 25 1.9 520 120 4.0 24.0 8.0
Embperiza rustica A0 20 15 150 350 100 250 150
Luscinia cyane 2 -2 A 19 14 789 53 105 5.3
Embperiza rutila 7} 17 1.3 59 706 118 5.9 59
Parus varius Z ko] 16 1.2 125 875
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Table 4. Continued.

Scientific Name Korean Name No. of Dominance (%) Causes of mortality (%)
individuals KC CW PS UK OA KN OP TA
Larus crassirostris s o] Zuj 7] 15 1.1 13.3 200 267 40.0
Emberiza chrysophrys gAY 15 1.1 267 533 20.0
Rissa tridactyla A7Vl 7] 14 1.1 429 71 50.0
Phylloscopus coronatus AFE A 12 0.9 167 250 83 250 25.0
Cecropis daurica A A A 10 0.8 90.0 100
Phoenicurus auroreus = A 10 0.8 30.0 300 10.0 100  10.0 10.0
Turdus chrysolaus o 2 vl <] w7 9 0.7 222 556 11.1 11.1
Turdus eunomus 70 55 2] w7 9 0.7 333 111 333 11.1 11.1
Phylloscopus borealis £ A 9 0.7 111 556 111 111 111
Gavia stellata o}H] 8 0.6 375 62.5
Regulus regulus A} T2 A 8 0.6 100.0
Locustella lanceolata F - 70 71 Bl 7 0.5 429 143 143 143 143
Anthus cervinus SovtSsrEy 7 05 429 143 286 14.3
Luscinia calliope AR a= 6 0.5 16.7 50.0 333
Zosterops erythropleurus Sl 5 B AY 5 0.4 20.0  20.0 60.0
Zoothera sibirica 3= A w7 5 0.4 200  60.0 20.0
Turdus hortulorum =] 2] w7 5 0.4 80.0 20.0
Monticola solitarius Hjt}2) vk g 5 0.4 20.0  40.0 40.0
Ficedula narcissina A 5 0.4 20.0 20.0  60.0
Anthus rubescens Llseq == 5 0.4 80.0 20.0
Tachybaptus ruficollis =Holg 4 0.3 100.0
Gallinago gallinago ZFEQ 4 0.3 50.0 50.0
Hypsipetes amaurotis 2 k2] 4 0.3 50.0 25.0 25.0
Cettia diphone 3] 1} 2hAy 4 0.3 100.0
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Table 4. Continued.

Scientific Name Korean Name No. of Dominance (%) Causes of mortality (%)
individuals KC CW PS UK OA KN OP TA

Turdus cardis 2R w7 4 0.3 250 250 250 250
Mauscicapa dauurica a & e 4 0.3 250 250 250 250
Motacilla alba ekekstku| Al 4 0.3 75.0 25.0
Coturnix japonica | F=2}7] 3 0.2 100.0
Ixobrychus sinensis &3 e 3 0.2 66.7 33.3
Butorides striata A7) 227 3 0.2 66.7 33.3
Ardeola bacchus 7l sl 2] 3 0.2 100.0
Bubulcus 1bis 32 3 0.2 100.0
Egretta intermedia L 3 0.2 100.0
Porzana pusilla 2 EZ57) 3 0.2 33.3 667
Gallinula chloropus R 3 0.2 33.3 333 333
Gallinago megala ZEE QA& 3 0.2 333 667
Streptopelia orientalis I H] & 7| 3 0.2 66.7 33.3
Alauda arvensis e 3 0.2 33.3 33.3 33.3
Phylloscopus fiscatus S A= 3 0.2 333 333 333
Coccothraustes coccothraustes A 3 0.2 66.7 33.3
Embperiza pallasi k2w 2] A 3 0.2 333 66.7
Anas platyrhynchos AT 2. 2 0.2 100.0
Anas poecilorhyncha 3w T2 g 2 0.2 100.0
Podiceps cristatus Y=ol 2 0.2 50.0 50.0
Ixobrychus eurhythmus g &3] 087 2 0.2 50.0 50.0
Nycticorax nycticorax 3 2 2}7] 2 0.2 100.0
Ardea cinerea o) 712 2 0.2 100.0
Egretta garzetta RS 2 0.2 50.0 50.0
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Table 4. Continued.

Scientific Name Korean Name No. of Dominance (%) Causes of mortality (%)
individuals KC CW PS UK OA KN opP TA
Gallinago stenura Hlsma]| =9 2 0.2 100.0
Tringa nebularia doE 8 2 0.2 100.0
Tringa glareola dTEQ 2 0.2 50.0  50.0
Actitis hypoleucos A Q 2 0.2 100.0
Larus vegae A 2} 7] 2 0.2 50.0 50.0
Otus sunia A A 2 0.2 50.0 50.0
Acrocephalus orientalis 7070 | 2 0.2 100.0
Phylloscopus proregulus w53 2 &AM 2 0.2 50.0 50.0
Phylloscopus tenellipes = & AR 2 0.2 50.0 50.0
Troglodytes troglodytes = 5 A 2 0.2 100.0
Turdus naumanni L A w7 2 0.2 50.0 50.0
Luscinia sibilans <A 2 0.2 50.0 50.0
Ficedula mugimaki Al 2 0.2 100.0
Anthus richardi SE g 2 0.2 50.0 50.0
Anas penelope Tl Qg 1 <0.1 100.0
Anas formosa 7HE 2 € 1 <0.1 100.0
Anas crecca E~ e 1 <0.1 100.0
Aythya fuligula Y 7] 3 =] 1 <0.1 100.0
Oceanodroma monorhis H}T} A 1) 1 <0.1 100.0
Podiceps grisegena T=r ol 1 <0.1 100.0
Botaurus stellaris Sl iReR= g 1 <0.1 100.0
Ardea alba S 1 <0.1 100.0
Phalacrocorax carbo & 7 rp-A] 1 <0.1 100.0
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Table 4. Continued.

Scientific Name Korean Name No. of Dominance (%) Causes of mortality (%)
individuals KC CW PS UK OA KN opP TA
Phalacrocorax capillatus 7hubg-A] 1 <0.1 100.0
Phalacrocorax pelagicus 2] 7Fa-$-7] 1 <0.1 100.0
Falco peregrinus uj 1 <0.1 100.0
Pandion haliaetus =5 1 <0.1 100.0
Accipiter soloensis -2l Af vl 1 <0.1 100.0
Accipiter nisus Ay o 1 <0.1 100.0
Buteo buteo e 1 <0.1 100.0
Coturnicops exquisitus G FF7I 1 <0.1 100.0
Amaurornis phoenicurus 3 u] F5-7] 1 <0.1 100.0
Porzana fiisca B = 1 <0.1 100.0
Himantopus himantopus Zohe] & Ay 1 <0.1 100.0
Charadrius veredus ZE oAl 1 <0.1 100.0
Scolopax rusticola ME=Q 1 <0.1 100.0
Columba janthina S H]E 7| 1 <0.1 100.0
Cuculus poliocephalus F70] 1 <0.1 100.0
Halcyon pileata 2 3 kAR 1 <0.1 100.0
Alcedo atthis EFA 1 <0.1 100.0
Upupa epops S 5FE 1 <0.1 100.0
Pitta nympha Az 1 <0.1 100.0
Lanius tigrinus Z] wf 71 ] 1 <0.1 100.0
Lanius bucephalus )] 7} 2 1 <0.1 100.0
Lanius schach 71 71.8] W) 7} =] 1 <0.1 100.0
Parus major I 1 <0.1 100.0
Calandrella brachydactyla 2 & 1 <0.1 100.0
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Table 4. Continued.

Scientific Name Korean Name No. of Dominance (%) Causes of mortality (%)
individuals KC CW PS UK OA KN opP TA
Locustella certhiola S0 71 8] 1 <0.1 100.0
Locustella ochotensis ket e F 1 <0.1 100.0
Turdus ruficollis w25 2] w7 1 <0.1 100.0
Mouscicapa griseisticta A 1] =AY 1 <0.1 100.0
Ficedula zanthopygia 3] =2 B Al 1 <0.1 100.0
Prunella montanella HE ot 1 <0.1 100.0
Dendronanthus indicus =AM 1 <0.1 100.0
Motacilla flava 715 v Al 1 <0.1 100.0
Anthus gustavi s Ey 1 <0.1 100.0
Carduelis spinus A2 2 2 Al 1 <0.1 100.0
Uragus sibiricus PR R ) 1 <0.1 100.0
Eophona migratoria sl g 1 <0.1 100.0
Calcarius lapponicus 21 F Al 1 <0.1 100.0
130 Species 1,338 Individuals 293 223 106 11.0 7.2 46 150 0.1
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Figure 16. Causes of mortality.
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a4 2 A

AA 1,3387MA F A A old A (sexual dimorphism)e] EAL YeEUE MAE =
o2 AHEydo] Erled T2 917NA(66.6%) =2

44770 AN (33.4%) 01 S om, <3 A
Elutth g x oz gHolgAe EAS Yelle A T FF(male)> 25271
(18.8%), &# (Female)< 19571 4| (14.6%)= Y EFSTH(Figure 17).

Figure 17. Sex ratio of the collected birds.

APERE Aol ErMed 681/4A(509%)E Ak, 13 A"
summer plumage)e] 30574 4(22.8%)= 714 wgron o1 tgeozi= 13 ALA0M
winter plumage)©] 18378 A(13.7%), 24 Z(adult)”7} 11370 A(8.4%), -+Z=(juvenile)”} 49
MA(3.7%), 33] o3& (3™ summer plumage)©] 370#(0.2%), 23] o1 &71 (2™ summer
plumage) 9} 33 A-271(3" winter plumage)©] 77+ 2/0A1(0.1%) 2 el on WA O]
7Fs3k 13 AE7(2dA) oS AZXRE HUS A A3 &7, 23] o575,
3] AEA, 33 A&, Bx)7F 42570 A(B1.8%) = oA (F=x, 13 A=) 2327ﬂxﬂ
(173%) Rt B Aoz yeun, Ad o] 7Fsd & 5 Ad7AHe =dst= A
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Ados B 7H olFA 7o 3857HA1(288%) 2 7FSEH ol s Al 7] 26571 A(19.8%) K.
o wetew, Mol 7hed dxe VheEET 53 AL Hleo] =2 vk o A=
wARY Zh A AbaL vl o] =2 Zo® YEETH(Table 5).

Table 5. Age classes of the collected birds.

No. of Propotion

Classification by age individuals (%) Spring Autumn
Adult 113 8.5 60 45
1" summer 305 22.8 302 2
Adult 2" summer 2 0.2 3 0
3" summer 3 0.2 2 0
3" winter 2 0.2 1 0
Juvenile 49 3.7 8 46
Juvenile
1" winter 183 13.7 9 172
Unknown Unknown 681 50.9
Total 1,338 B5%) (19:5%)
o AT Y 58 2 54

APaL7E HASE X s AAA] fFEel wet ek 1 E X 9 (Buildings)©] 47170 A
(35.20%)% 7H¢ waew, 1 oz F44 9 FAXYDry Croplands and
Residential District)e] 33371 #](24.89%), vlt} 2 & <t7H(Sea and Seaside)”} 26071 A
(19.43%), ZA(Grassland)”} 17370A1(12.93%), A9 = w98t (Rocky cliffs and
shores)e] 44701 #(3.29%), AtE A< (Forests)o] 2270 A](1.64%), %==(Roads)7} 1471 A
(1.05%) o2 velyorn Fart EE9e %9 (Unknown)oll A A8 Al 217
A(1.57%) =2 e TH(Table 6).
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Table 6. Classification of the habitat type.

Habitat type No. of individuals Proportion (%)
Buildings 471 35.2
Dry Croplands and Residential District 333 24.9
Sea and Seaside 260 19.4
Grassland 173 12.9
Rocky cliffs and shores 44 3.3
Forests 22 1.6
Roads 14 1.1
Unknown 21 1.6
Total 1,338

Figure 18. A complete view of the study site (grey area represent locations that

accidents occurred).
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4. &

A & (passerines) 2FE XFg T i+ Holdd sl 44 AgA
S 7FA] aL(Baker 1978, Greenwood and Harvey 1982, Holmes and Sherry 1992), <%
o A5 AEdA WolE Al 3A48FS A= AL wexE s A Ak HA A

[e)
©
Avbe dubHQl ddor deA o, AL lo] v A7 H

719 1 =4 4
Al Foleta AkH flth(Lack 1954, Fretwell 1972). o]d A& 52 WA=
RootdEt dEAY ols T Al AFse TV A Wit AR TasA 4
&8s A& ovlsiH, 2007395 20119704 F 59 ke dAtE Fll g9ld F
130% 133874 AI7F Az <l AbAl= Qls|of AA s e S| HA oA =
AbaLZE ol AsE e et HEo] Ao APd AF(HedH
Zeet 2008)5 Fal WAl AJAHAAY WA Thsde]l 12 T F 188 T AbE F
F 11Es ACF 119F0] AR FA= A, WA o] SAREAY M2 7hedo] w2
1189 S ARLE Qs AP QlgH Rtk 5, dA e EHsts 2Fe d
wol FAE g olgs S8 AA AFEH AHS BEshs FAVIAAR o] gshe
Ao yegod, A7zl vlas g2 Ao HTo] wgols F7tal £
ARILZE ol B Ashe A ANA R FIIAXRA L] 8] Wolx Y v
A At S FAE AP edle] WS AR AAsta gtk AA oo
A AL Feks otk S ZAI(119F, 91.5%)°1m, ojgh o] AgA el A
Aot BAIALE, 85%)9 ALLHEAFRLAA S /ST, 611%) % w2 Ao

bk
ARLE Behe 25 S S 2RV 7P watem, vtk e, egE A, SA
ol A9l 5%oldE AXshe SAFTER UERh ole A7AdH Edste 25
B FAE 277 7P wen, Aas wWel Jeks A9l 5%oldel 54FsS 4
TAG N el ALl meete AR ATl BA JfA T iAo
ool AFRE Wel Febe TR YERt 2y 4] S%eldE Ak 3
= Aefstd A el wAo] gelw subaler AvjAu]rE AFLE wol g
1 Ao

Fow vEht AR opgel el AARAL FAR gP Lol sk
=

>~
e
—_>‘4—"4
tt
rO
&
)
rN
2
EN

F

ol

7 HEFS % 9Fo] AQUH o] AN e AuuE
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HARSFolL 3|7]F 3 Atare 9ol ==Ho] e Aor FAdHw, 7Y
At FA4S fal Abare] gk olsivt WiaE el sl Bu B w=Ho] &

i, 538 A AY NAF da Fd A U ik

(Drewitt and Langston 2008). Alt}7} AFaAl Q1 5 Sa1%fold &gk x4 QA
TxE g% FE, 79 T AT FHE AAA 8Rlo] HA Aol 73.8%
E AT Arz o AZAT HIFHol LMol AAE &
61+18.03F 268+113.87/N A7} At E BFete o2 Yeb o, A4 99
Ziot 8% 5ol AA WA v 3 HEAS He A5 E S o g
2A=3

A7 R AP S 257 o] F A

N

lo] 2 2TAst= Ao = YEY Johnson et
al. (1976)°] A9} Fd3 A3E Bdoy, FHo] 7tSHET Aol B Ao
2 ey Ao mE AFTA Al7lE ANdE YEyT & AFH Gl A o]
7hEA R AbaL7E ol Ayt A 543 HAH o] s A"l 7]Qlgh

= 2] o
HAXZ o] Fdhs Al7I BEHAE FAS AS F+ e 1o gl FAHY
H =

S

=,

oS Aol shar, Bk ] WA Ao =e A g Folut AT AEA $-9
5 AAs ok ab Wb To® TS AE] HE ddHow wmEN #Fe olE7|its
7HA = Zle] dwukA ol ™ (Berthold 2001), olo] wE Atare] 9% 7FSH ] vl =&
Ao = ZDJElU%, o= AN AF HHEREUT e ¥ wE& ARFHAAEZ B

B ATAN} ol HWAY F A Aoz BuHEd
Sugole] og TS HA, wFEYA, FEA, &4, AN SolFoz 1
Bion, o] e F2 WRely BEF, 24 oA Aoy ANs: Aug &
g o] e FEo e Sndelel od xae] fdel ke Aoz Bt
AFTEEe] AT FES FUA, uiAMT, =FEHUA, A} SolFow
Uehg o, Fubaeh AmAmAE ATAGeN A WA Al A w2 A el
o]

, =HEHUANE AT TRE AAA A st Aoy ),
(Yanagawa and Shibuy 2000.), & 2 =] }7]
2L ofAb= AH], AAM], FFA
2 %Oﬂ Hl&ll o] &A]7]7F o] & Hole}
T vpgol = ), AE], AAR], DA B
N7 e FEHE Hska Qo] mEA G FE Jdoy AFLAEI o Ae A
7 al

o) 5ol Slojt AREA e Ao BRET(Newton 2008). WebA Zzhe] Al
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7 e TEEY A3 SEAIL EF

AFTFxE 93 FEE 3] AP 2HE E 54F 208/A 7 FRHR e, 1
Z Zu7t 3670A(121%)2 7 Borew, o1 tgoz= s mT st 31704
(10.4%), =g A7} 2270 A1 (7.4%), = ZAw7F 2070 A1(6.7%) = 391 5%l 3= A}
Aot 5AEoE YERTH(Table 7).

Table 7. List of the collected birds with windows or man-made structures.

o No. of Dominance
Scientific Name Korean Name o
individuals (%)
Zosterops japonicus =AY 36 12.1
Turdus pallidus 2]l %] w7 31 10.4
Emberiza elegans g E A 22 7.4
Zoothera aurea & A Wik 20 6.7
Emberiza tristrami 2] ufj o Al 14 4.7
Phylloscopus inornatus T EA 14 4.7
Parus varius LEHto 14 4.7
Emberiza pusilla 2] 5o wik v Af 12 4.0
Emberiza rutila 277 AR 12 4.0
Fringilla montifringilla = AR 11 3.7
Emberiza spodocephala = 9 3.0
Tarsiger cyanurus & =AY 9 3.0
Cyanoptila cyanomelana 2] Al 9 3.0
Emberiza chrysophrys = LAY 8 2.7
Embperiza rustica Al 7 2.3
Urosphena squameiceps %A 5 1.7
Turdus chrysolaus 2-nf) %] w7 5 1.7
Phylloscopus borealis xanthodryas < 5 1.7
Turdus hortulorum =] ] w7 4 1.3
Anthus hodgsoni DA 3 1.0
Saxicola torquatus H-Luw Al 3 1.0




Table 7. Continued.

o No. of Dominance
Scientific Name Korean Name .
individuals (%)
Phylloscopus coronatus AHEAY 3 1.0
Phoenicurus auroreus oA 3 1.0
Zoothera sibirica 3] =2 A w7 3 1.0
Monticola solitarius H-o} ] vk g 2 0.7
Hypsipetes amaurotis A ak 2] 2 0.7
Coccothraustes coccothraustes =M 2 0.7
Gallinago megala 7k = QAL E 2 0.7
Emberiza pallasi S 2 2] & A 2 0.7
Gallinago stenura N8| = Q 2 0.7
Luscinia cyane 22 Al 1 <0.3
Turdus eunomus 7N & A w7 1 <0.3
Locustella lanceolata F A 7w 1 <0.3
Anthus cervinus B Ro I aee o 1 <0.3
Zosterops erythropleurus Sl -5 1k Al 1 <0.3
Turdus cardis -2 A] -] 1 <0.3
Muscicapa dauurica & &= A 1 <0.3
Porzana pusilla 2 E57] 1 <0.3
Phylloscopus fiiscatus EA A= 1 <0.3
Phylloscopus tenellipes = & A4 1 <0.3
Phylloscopus proregulus w5 g EA 1 <0.3
Turdus naumanni L= oA kA 1 <0.3
Ixobrychus eurhythmus &8 2] 1 <0.3
Egretta garzetta Ex L= 1 <0.3
Otus sunia A A 1 <0.3
Accipiter nisus Af wh 1 <0.3
Charadrius veredus & A 1 <0.3
Columba janthina SH|E7] 1 <0.3
Cuculus poliocephalus F70] 1 <0.3
Alcedo atthis A 1 <0.3
Lanius schach 21 n1e] ufj 712 1 <0.3
Locustella certhiola S0 7] 1 <0.3
Prunella montanella ol & o} 1 <0.3
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Table 7. Continued.

Scientific N K N No. of Dominance
cientific Name orean Name

individuals (%)
Calcarius lapponicus 713 EF AR 1 <0.3

54 species 298 individuals

Figure 19. A Yellow-throated Bunting Emberiza elegans and a Sparrow hawk

Accipiter nisus killed by collision with windows.
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Ebkom, 2009l 37F 867HA = F= B AAASIE 7P Btk O v oRs T
ol A1 2010 ¢] 27F, 2007\d o] 25%, 2011 °] 20, 20081 0] 19F = e o, Il

Aol A= 2007 64704, 20101l 5970 A, 2008+ ©ll 497H5<ﬂ, 2011l 4070 A <=
o 2 YeldtH(Figure 20).
5AZ AlazebAl E2= 2 JhA| S W ko] A 2009\ o] AFazek ot MAF 25 7F
F =2 AoE Yy o 2010 7 20074, 20114 7 2008%01]—‘5 7y 7y ALy F
Fob AL Aol Ao m vy Al F7F wuka sijA Abal JHAIGTE B
< A2 obd o= yEutth
40 - - 100
35 - 90
30 - =
70
§® 60 3
§20 50 é
g15- ki Z
10 =
20
24 - 10
. 2007 I 2008 | 2009 I 2010 I 20Mm .
Year
No. of species ——No. of individuals

Figure 20. Annual variation of the number of collected species and individuals with

windows or man-made structures.

2 APEA A7 E FolA 4€e] Fd 9.20:421F 0w JHE wkow, 1t
o= 99l 7.00+2.83F, 104l 7.00£2.55%, 11499l 5.00+3.32%, 59l 3.80+1.30F,
8ol 3.20+2.28%, 3€ 1.00+0.71%F, 122l 0.80£0.84%F, 6¥°l 0.40£0.89%, 1Y, 24,
74l 747} 0204045% w=o = UEEtH(Figure 21). 4 AR EE 20079 114
of 10522 7hd wektow, 1 o ms 499 9F, 99 5%, 5€ 4F, 104l 3
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Z, 3€9 2%, 2008 = 4€of 8F o2 UM wWgoew, I o2 10€ 11€¥
of ztzt 65, 893 11€dl z}7} 4%, 5¥0l 3F, 24, 74, 12€ ztzt 15, 20099l
= 499 14Fo® 7 Bon, O tFomsE 9¥ 12F, 108 9F, 1199 65,
€l 4%, 549l 3F, 693 12¥€ 247} 2%, 293 3€e 27t 15, 20100l = 49
of 12Fo% M wow, 1 gForE 1094 8%, 5¥, 84, 9¥ 77} 6%, 14,
3¢, 119l Zkzk 1%, 2011del= 109el 9F o= 7P #der, 1 gigo=s= 94

of 6&, 11¥l 4%, 4¥3 590 77} 3%, ¥ 2% o2 et (Figure 22).

16 -
14 -
12 -

10

. |

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec

Figure 21. Monthly variation in the number of collected species (+SD) with

windows or man-made structures from 2007 to 2011.
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Figure 22. Monthly variation in the number of collected species with windows or

man-made structures from 2007 to 2011.

MAGFE FFolA e ntR7A 2 490 16.20+11.9070 A2 74 Bekon, tfso 2= g
Aol 14.20+4.3870 A, 1029l 11.00+4.8570A), 119l 6.60+5.6478, 5Ll 4.40+1.6778A, 8
Aol 420433570 A, 3¥el 1.20£1.1078 A1, 122l 0.80+0.8474 A, 6Ll 0.40+0.8970 A, 1Y,
24, 7€l 77} 02040450 A o= YERtHFigure 23). AEREE 2007 = 99
207MA =2 71 wokow tgo 2= 499 1199 22 1670A), 5€el 5714, 3€93 109
of 374A, 129 1704, 200830 49, 99, 10 Z7 10/ = 7 Bekow, o
o2& 8Ye A, 11del 6704, 59l 37hA, 3¢, 64, 12€ Z+2+ 1704, 20094 ol &=
4900 3BRAZ 7P wekon thgo 2= 99 17704, 1020 157041, 1€ 6704, 8
Aol 470A|, 58l 370A], 682 12€0l] Z+zF 270A, 297 39 ZH2F 171, 20100 ol +=
490 17TAAZ 7 wgton vgo 2= 109l 14704, 9Ll 10704), 8ol 87hA, 5
Aol 74, 19, 39, 1€ Z2F 1704, 201105 9€el 14744 = 7H¢ wekow o}
o 2= 10€0 13704, 5€9 2 119l ZHzr 470A], 4Ll 370A, 8Ll 2704 ¢o=

Ehukeh(Figure 24). 5% QEd AL B4 9 Aol 2EE AbolatA] tehgo
g BHel 4l0] WFH T /FeBelE 99, 109, 1196 AFHE AT wln
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Figure 23. Monthly variation in the number of collected individuals (£SD) with

windows or man-made structures from 2007 to 2011.
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Figure 24. Monthly variation in the number of collected species with windows or

man-made structures from 2007 to 2011.
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AFA A A ANFTFZRE 93 2=z A= QA = HAMAZ(EANT v ™
AMAZ(EN R BFe Ay HANATLS & 62 AT 1424156 (Hd+%+3
HE, 8670 A7 7.17+13.20/M A2 Vel ow B ANA TS E 49F A7

7. bl
T T58+7.61F, 212704 At 17.67+21.9470 A = LHERsk
=}

g T g9l
AP 99l 5% 4NAR T4 R JRAS EF P woked, O UgoRe F
Foll A 493} 8l 3F, 6¥el 2%, 54, 74, 109 12%011 A7 1E, AT = 49

O

of 187§, 8Ll 16744, 5€ell 37RA], 64l 2704, 74, 10, 12€] 22 1A =
= yewth(Figure 25). AFALE Bol Féb= A9 5%01*&-‘2 THEE A F 36
MA(41.9%) = 718 Bekom, 2= 99ol 24704, 89l 8/HAl, 44, 7¥, 10¥, 12
doll 242 Al o2 yEhy B EGE HAATZ =L S5E A7 AR
7F AR Srteks A¥e BT O vdsozs A7t 5 3178A1(36.0%) 2 44
of 157hA1, 9ol 87hAl, 8ol 57hA), 3Ll 3704 o= Yewth ZEvtol= T 14
MA(16.3%) % 9ol 97N A, 8Ll 37HA|, 44 2704 o= Yyt

2 A el A9 G AFEA S 49l 23F 63/MAR T+ R MASF BT
7b wskew, o “%%2 = TolA 1083 119l 42 15%, 99l 14F, 59

o 4

—

105, 8€oll 5%, 39l 4%, 1290 3%, 193 29 27 15, A= 1020
537041, 112l 33701, 9ol 2778, 5ol 19704, 3€3} 8¥ol Z+z; 6704, 12€ 9
3MA, 193 24 Zb7F 1/hA o2 YEbsth(Figure 25). AL E Wol 23le A9
5%ol4rel FEE= W JRATe ="EuEAlrE 2270 (104%) = 7HE Bekon,

A= 1190 1A, 1020l 5/, 393 4ol Zk2k 2704, 1€ 1290 247 1
MA o2 FHEOE 7FSH 22 AFS B 1 gFo2e ATt
2070 A (9.4%) = 490l 18704, 9¥ 3 10€ol] 217 1/HA o= 7FSARgE BHd
He s 2 duuAlE F 140A6.6%)Z 1020 671, 5€l 4704, 447}
1ol 22 270, =FE/ENE F 4NAN6.6%)2 983 109 zH2zF 6704, 4€
W 11€e 2z 1A, HAESWEAE F 1270A67%) 2 1020 11714, 49 17)
A, mAZNE F 1200 G7%)Z 1080 671A, 528 470A], 11€e 2704, = A=
% 1170A(5.2%) 2 104 6704, 11€ ] 4704, 49 1A o2 YEyoh

_57_



6 - 1 100
Breeding population ' Breeding season i &t
]
I
: ]
3 H i - 80
]
]
I L
a- : : 70
: H - 60
]
3 i | - 50
I
| i 40
: ]
2 : : - 30
! 1
I 20
BRE i | s
@ ! ] 10 3
g I =
E 0 o—e——+ : : —— : 0o £
s 25 Jan Feb Mar Apr LMay Jun Jul Aug Sep Oct: Noy Dec 70 B
s ; T )
= Migratory population a0 ©
20-
- B0
L - 40
10- - 30
- 20
5 i
- 10
0- : . " ! —— e ; . : . 0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
No. of species  =—No, of individuals

Figure 25. Difference in mortality between breeding and migratory population by

collision with window and man-made structure.

% AmwgAde #FH 54

AP S F 427 Aol Al o) WA H S P A RN AES TE
o % Hm W4 o2 HAEXAY(building region), 5Sm HHE Fr

region excepted building), A& (unknown)o® EF{3 Ay HAEHA
3U(738%) /N A2 7HE ko, Aband A JRAlG Bk 25870 A (86.6%) = 7+ Wkt
I ggezs AEY A9l F 10(23.8%) M4, AL/ A G 357 A(11.7%), F4aE
o] 124%) M4, AHaAAE 5(1.7%)wo2 Y Qg tzEed o3 FEZ Al

s AV ARALNAR B Aol okuet A AdlAE WATE

poy
o
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2 et gy Age) A wae
o olF F= 17%ﬂ§%Hﬂ%¥§%ﬂ95H%%%?l
9 ma%aﬂu—l%:aﬂ slo] e

tH(Table 8).

Table 8. Difference of mortality by collision between the building area and the

building—-loss area.

Region type Number of region Proportion .Nur.nl'aer of Proportion
(%) individuals (%)
Building area 31 73.8 258 86.6
Building-loss area 10 23.8 35 11.7
Unknown 1 2.4 5) 1.7
Total 42 298

Zhzke] AbEAAG] B4H SAol 2RO AmmAe] MAE FFL Lobu]

s A=< =o|(building height), 232 <(number of windows), &2 TH A
frel o] AA e WA (B )(area of windows)S Bl d A3} &9 =0](0~12m)
o AfarAio]l dojup= HAES W] 9IAF Fee F(0~2070)= AraEA JHA
Foll YIS WAA F= Ao yewow, el wWavto] Apudby JjA|GRol]

Ao 2 YeEstH Multiple Regression, £=10.76, p=0.02, n=42)(Figure 26).

e A=
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Figure 26. Relationship between the area of windows and the mortality.

Aol oF FEZ odd LT EFE F 54% 208047 FREen, 1
F7F AFLE Wol 9ile Fow UE

se® A3 AP Fo v g ol wet Abnfrdoly A=r e Aow AtdEn
(Yanagawa and Shibuya 2000). o]= Aol o] BA/RARQ] sHbAl 2} & uf =]
w7 = v ez v w23 A 7k feld 5o AeEs dvste As
SsHA vbEo] AFANIETL =& Ao R wuEm) ofof wha| A A H o] BlAfA T

QAT ANAAFE vEt JoH o AnEs %EA}%}: ARAGE A

A wEso] Aurpee] Agulge] he FeF 9Py wPLEe Folo] /9

§ oz WuAnh AnE Bol Fahs AAZ EIFAMAF EFH AL s
[©)
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Attt & Aol M= AtaLE @ol 9ete sHbAl, Suj Ay, =Y UM, 59
A 7F ol FEold B AHA SA4S Zte AR dddEt. gso] HdAlolE
Adsts Fel2 | AdERet Al W Aol {2 @ dATEs 7
o MAAY AR S WAL Bt 279 olF 42y HldA R Tk f1A s
o] st=olut S WHALSRAL o] X {7F 1A FFo® I3 Aot WA S Ao®m
30 tF(Johnson and Hudson 1976). O'Connell (2001)¢] A2 3} Alai= o] 5 A7)
of Wo] wAlEl= Aoz el on EBlAIL Q7 o] Ax® Hol FolE o] &

3= “feeder birds"RH.Ul HA7F ALaLE @o] Tahi= A oZ el o] Ao}

dAst= Aoz YeERgtH(Klem 1990a, Dunn 1993). ¥ 23+ Klem (1990a)}

Dunn (1993)¢] A A< SHoly Ao = AR AA7F BAj BT A

ol B & Zo®E Uewth & SR T det PR asEde] o ®
=

H
o 371 wWiZoll 2l Tl o Atav)h wol TAstE Aor ddsilon

Ao mFuguks 9w PPl St gielm g HuThE LUty
a7k E 7] MR e dTsh B ATk 9% dAse Aoz sudn
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Row 7|ES] FAVIHY QAU Fa AF F AHIE ] o s =l ALE
of Agstes MIFEATY. 2dd Sa%ol= A 2 BAL wH - AR D
o= 2dE 50 (Zoletil 50, Virbac Inc.)S A& 9 0.1ml (ml/kg)S €38 FAE
o]&3sto] ZHo TSt e A FAdd+= AcrGIS 935 ol &stden, = <l
A9 AAFAREE ArcGIS 9.38 Extension?] HRE (Home Range Extension)< ©]
goto] EA Y. A d A VP et dE AR EE 71EAS] 3 AbE
Hel FHAEET2H(MCP; Minimum Convex Polygon)& ©]-83ke] 100% d&d ¥
g AFEgl o (Mohr and Stumpf 1996, Bookhout 1996), & AEZciztd WS F7to]
TS ot TEY deAHS BHY B ARAel FdH Bl EFHPo] ofd A¢
o] &3tA R TAA EFT g 7] wiiLel AF =T gtobd 4 glo] o]E H
¢hst7] 918 54 7I%F Fot FEol AFE fAAe AdHd HEEZEUD; utilization
23 A9 FAH(Kernel Estimation)S ©]-&3F] 95%, 90%, 50%
o] qEsdaS TASATHE 2009). F47]= GPS 9148& ol&sto] fXFZE A3t
1Y 23] A dAs o, Sai%fold dY B AtE PsAEHE gRls|
skl GPS A7 AXF7E AFAIT A4S 120802 AT AT A%
A g A AL AFAG ek BE 7FSE Vo]l diE 299l A F47)
o Eo17k= AH™ADry celDd] FAXE Fhetasteo] At F471(¢F 85g)ol F7
QFa}o] —‘é‘ﬂ%ko]-"/] gzoll dgFs m=

get o, F=471 A AAHzRE= FHE SAVIA = FA1H

N
§2
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o\
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=
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Ho
=2,

K
1%
i

NAZ g ste]

3 FAE A E(data) = AAFO]l Ehttp://61.109.255.147/wild/rg4_member/login.php) & %
FTHE= 3AZES AA Yol AABEE FHSIAT o) 120 HHoE F3E &1
ol ALl 95%e°l Mo TS WEHOE Gkl on, 50%0l ME = A

l‘

] s
S F A Y (core area)o. 2 A 3T
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Pursuit Processing

Preparations for pursuit —— Capture
(GPS Mobile, Anesthetic etc.) : (live trap)
JL
Date Reception
(Website: http://61.109.255.147 GPS Mobile adhesion
/wild/rg4_member/login.php)

e |

Position pursuit _
[ (GPS Mobile) ] N— [ Unbind ]

Figure 27. Diagram of the pursuit processing for feral cat.

3. 2%

7F, Eagold &gk ¥4 d3)

Sagolo ot xA=Z Qe Al 2R/ F 59F 3R/AE FRENeH, 1
= SA7F TIHAI(181%) % 7Y wtow O uyLoRrE= =wHgHIAZE 4670 A
(11.7%), @M 7F 4170 A1(10.5%), <= 7} 3370 A (8.4%), 1w #l A} 7} 2370 A (5.9%) 5 2.

2 9 %ol e AA s SHF L2 HES tH(Table 9).

Table 9. List of the collected birds (killed by cat).

L No. of Dominance
Scientific Name Korean Name L
individuals (%)
Emberiza spodocephala ==l 71 18.1
Emberiza elegans = E A 46 11.7
Anthus hodgsoni F -5 Al 41 105
Urosphena squameiceps = A 33 8.4
Emberiza tristrami 3 ul ol A 23 5.9
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Table 9. Continued.

L No. of Dominance
Scientific Name Korean Name o
individuals (%)
Tarsiger cyanurus 2] wAf 17 4.3
Luscinia cyane 2 2] Al 15 3.8
Fringilla montifiingilla A 13 3.3
Saxicola torquatus AL w Ay 13 3.3
Turdus pallidus 2] uj} =] wiA 10 2.6
Zoothera aurea S =] ) 10 2.6
Regulus regulus A REA 8 2.0
Zosterops japonicus & HkA] 7 1.8
Emberiza pusilla &) 32 mEk ol A 5 1.3
Cyanoptila cyvanomelana /2 A 5 1.3
Emberiza chrysophrys T A 4 1.0
Anthus rubescens W E T2 4 1.0
Cettia diphone borealis 3] b= A 4 1.0
Embperiza rustica A 3 0.8
Phoenicurus auroreus oAl 3 0.8
Turdus eunomus 70 & 2] w7 3 0.8
Locustella lanceolata A 7 ) m 3 0.8
Anthus cervinus H7tER S ok 3 0.8
Motacilla alba &g m Al 3 0.8
Coturnix japonica | F=2} 7] 3 0.8
Parus varius L= Hho| 2 0.5
Turdus chrysolaus -2 nf) <] w7 2 05
Phylloscopus coronatus AFE A 2 0.5
Streptopelia orientalis Y H] & 7| 2 0.5
Butorides striata ALy 78] 227 2 0.5
Tringa nebularia e = 2 0.5
Acrocephalus orientalis 7H 71 1] 2 05
Troglodytes troglodytes =5 A 2 0.5
Phylloscopus inornatus T EA 1 <0.3
Emberiza rutila 77} AY 1 <0.3
Phylloscopus borealis A 1 <0.3
Zoothera sibirica 3] =48 A w7 1 <0.3
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Table 9. Continued.

L No. of Dominance
Scientific Name Korean Name L.
individuals (%)
Monticola solitarius Ho}2] w2 1 <0.3
Gallinago megala 7k = Q ALE 1 <0.3
Emberiza pallasi Sk -e-m 2 & A 1 <0.3
Zosterops erythropleurus Sk 5 1A 1 <0.3
Turdus cardis A 2A] i+ 1 <0.3
Phylloscopus fiiscatus EA AL 1 <0.3
Otus sunia A A 1 <0.3
Hirundo rustica A vl 1 <0.3
Luscinia calliope HN&7tE 1 <0.3
Ficedula narcissina = A 1 <0.3
Alauda arvensis e 1 <0.3
Gallinula chloropus =5 1 <0.3
Luscinia sibilans <A 1 <0.3
Anthus richardi SE ke 1 <0.3
Scolopax rusticola e 1 <0.3
Halcyon pileata J S HEA| 1 <0.3
Pitta nympha A 1 <0.3
Lanius bucephalus uj) 7} 2] 1 <0.3
Turdus ruficollis 215 ] w7 1 <0.3
Ficedula zanthopygia A=A 1 <0.3
Motacilla flava 5 S Al 1 <0.3
Carduelis spinus A2 2 ukg- Al 1 <0.3
Total 59 species 392 individuals

S a9folo] 9ok TR AMgEl A 59F 392704 F AxE Al S W
WA 224041053 (HH+F =T 2)E 7840+65.29/N A 7F AL E @etE Ao=

Bhtow, 2000d0] 40% 18902 F5 2 ARSI A Bk 1 g

lo
fru
rlr
of\
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Foll Al 2008 0] 22, 2011 ] 20, 2007 0] 18F, 2010 ] 12F 02 ‘EpRtom,
Aol 3= 2008 0] 7844, 2011 el 5470A, 20079 5270 A, 201089 1970 A
=22 el th(Figure 28).

A5 r 200
A0 - 180
ol 160

140
30 -

LA
£ 120 §
825 -
z 100
20 - B
= - 80 g

15 -
- 60
18 - 40
5 20
0 : : : : 0
2007 2008 2009 2010 2011
Year
No. of species ——MNo, of individuals

Figure 28. Annual variation of the number of collected species and individuals (

killed by cat).

Al AL A7 Fol A 49l Hat 10.00£6.96 (BiFEUANFToR T
oM I 2+ 590l 9.20+8.17F, 11¥€el 4.2045.07F, 109 4.20+1.10F, 9€
of 1.80£2.49%F, 3€¥€el 140+1.14F, 69el] 1.00£224F, 8¢l 0.40+055%, 79l
0.20+0.45% o= uYebth(Figure 29). 2t ARl = FoA 2007do= 119
13Fo® 7P wton, I g3og2E 1046 4F, 49 3%, 393 5¥€d 247 15,
200830l = 443 5ol A4 12 o= 7 wekon, O vdgors 1099 63, 11¥
of 4%, 9¥dl 2%, 8¥ol 1%, 2009+ 549ol| 22F o= 7P Eon, 1 o=
= 49l 215, 6€ 55, 3¥3 10 27t 3%, 119l 2F, 793 99| 742 15,
2010 ol = 499 6F =2 M Bdow, I oz 590 5%, 10€9) 4%, 3¢€3
1190 Z+2F 1%, 201139+ 499 8F o2 7P won, I ggo=2+ 593 9¢€9
Zkzy 6%, 1099 45, 39 2%, 893 11¥€d 44 1% 22 Yeyth(Figure 30).

)
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Figure 29. Monthly variation in the number of collected species (£SD) from 2007 to
2011 (killed by cat).
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Figure 30. Monthly variation in the number of collected species from 2007 to 2011
(killed by cat).
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MAFoNM =TTl et up7bA = 496 30.80+40.25 (B +x=HAH)NAZ 717
wotow O Yoz 5¢e 23.00+27.6570 A, 11€el 12.00£17.4670 A, 10l
6.60+3.4470 A, 9Ll 2.60+3.7870 A, 3¥ol 1.60+1.347HA, 6¥oll 1.20+2.687FA], 8Ll
0.40£0.5570 A, 7€l 02004570 A <o 2 vebskth(Figure 31). A= 2 2007l
= 1199 4372 7P ko 1 gSo 2= 109 470 A, 499 370A], 393}
5ol 77 1704, 2008 d o= 58 3I7/MAZ 7Hg ko™, 1 o= 494 24
A, 102 12704, 114 770, 9€e 370A], 8Ll 170A, 2009+ 4€] 101
MAZ 7Hg wokon, 59 63704, 6Ll 6714, 1140l 5704, 10€el 4704, 3€ol
3AA, 783 99l Z+z 1704, 201030l = 493 590 47 6= JHE wkow,
I g o 2 109 570A, 3€ 2 119l Z+2F 270 A, 2011d el &= 4l 2070 A= 7}
Fowon, 1 thgoRE 593 99 Zhz 97 A, 109l 871 A, 119 4704, 34
of 370, 84 1A =22 YERStH(Figure 32).

35

30 4

Mo -]
=] 4]

Mo, of individuals
o

T
0 T T i ) i i . i L i i i ) T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure 31. Monthly variation in the number of collected individuals (xSD) from

2007 to 2011 (killed by cat).
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Figure 32. Monthly variation in the number of collected individuals from 2007 to
2011 (killed by cat).

ATAGNA SareFelel o3k TAR Abdet= JHA T HA A (B v 2
MATECGEANE F75 23 AANATY S5+ F 58 B 0924116 (Fd+%+H
S F 204 #H 18331070 A= vEb e Rl fA e F5
T 8.00+10.18%F, /WA= 37870A H+t 31.50+49.4070 A = ERSEoE HA
AT A9 4l A F5olA 493 9o 7M7) 3Fow UM Eokow,
I o2 10€0 2%, 59, 8¢, 11€el Z+7 1%, MAFol s 499 10/A=
7Hd Bdew, a1 oz s 99 671A], 89 10€o ZHzE 270A], 592 11€ 4
2 10A o2 JEbstH(Figure 33). AFLE @o] @l A9 5%ol e TR
sluf 2wk 7F ZF 1070 A (45.5%) = 71 Bkon, A= 449 6704, 549, 94, 10
, 11l 22y A £o2 ey Mg ERTE BEH Atags dEke AT B

< Ao Yesd. O geo2s sHAZE F TAIGLE%) = 9d el 47014, 8Hol 2

L

o

N

ot

o,
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A, 1086l 1A, =Edtelel BulE7]1E 242 F 20A(91%) 2 499 2704 =2
= e

A AT A €l A RS Faol A 5 29% o7 s wekon, 1
tgo 2 490 26%, 1190l 13%F, 1099 12, 3¥0l 6%, 690 5%, 99l 4%, 7
Lol 1%, NASF oﬂ*ﬂt— 4o 14570A = 718 wokem, 1 thyoEE 549 1137
A, 11%011 51704, 100l 47701, 3€l 87/0A, 9Ll 70, 6Ll 6704, 7€l 171
A oz vl th(Figure 33). AFLE Wo] FatE 9] 5%l FHEEE FA7L
Z 7TIMA188%) % 714 wekow, dwlz= 499 2870, 5€0] 23704, 104 11
NA, 119 7T70A, 690l 2704 «o 2 Ve 23y 7S H olFA 7o BE AlaLE
ot 7 ARG FEH 9 B AV AMaE Fete Ao® YEwt oty
S 2E =g uAlZ F 4671A(122%) = €EE+ 1190 1971A, 490 18714, 3€
o 9ol 37HA], 102l 270, 59l I/HA] =22 vERY AladAe]l BE ) 7S E
% n2A B¥seE Aoz yeyton 5 AlE F 4970 A1(13.0%) %2 59l 187 A,
49 137041, 10€ e 11704, 11l 7Aoo R 7FEHETE B8 Atag ®ol
Fate Aoz yelyt &4 F BAARTRE 49 22704, 520 11AAZ &
Aol vk JF o] Abavh dAsE Zo® vErEth AnjuiAl= F 2370 A6.1%) 2 5
el 16714, 119l 50, 49 270A o2 A HHe] 7tedng ge 4TS

it
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Figure 33. Difference in mortality between breeding and migratory population (killed

by cat).

gt Yol F=d

Sa1efol o] AE A A7) fa AFA G| MAst= 5ol 67/AE g e
2 FHd+= F IMA 5 FF(male) 1719 H (female) 27HZ1]§ F2hel gl o
SHoE F A = FA 24AY GA 1AE FFee], F 58094 A YA A=

mim o

855

%1 oH(Figure 34).

1=
B4
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Figure 34. Feral cats attached with GPS Mobile (6 individuals).

S0 (MCP)el whel Al xxe] Held A4S A4dste] dotd

aL o] 67H?‘<1]94 2 Fy=Ado =AY E= AA 7201:10067 (FHF+EF

w BAHo| & 2649+34.30 ha, 7FSHe] & 11752413396 ha® 7} Ho

Bo aA ‘/]'E]"f/\“jr. zF A vt} ssHe "R 2 AoR 1/]_\:/} th, 7} A=
1 T

&
N
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T (aaa2870) 70 A 7} 829 ha, ¢#(aaaldd42)7HA17F 512 hasso 2 YEST 7RSS 29
= SF(T317) 7R A 7F 27021 haz 7F4 A YEr o™, 1 g3 o2+ 571(T4132)
WA 7 62.61 ha, FH(TI73R) /WA 7F 19.74 hasso = YElt. Bdo= 7 2714
(aaa0992, aaa2870)7} &7 17§ (aaaldd2) Bt} F5Ho] & Aoz Yehony 7183
= 47 IRAN(TI317)7F =70 1RA(T4132) Bt s do] A velt & - 5= o)
e PEAe AV debA = AS gotd F ATk 2y F2(T4132) 78 A 7}
e dZ(TI73R) E = 2 Ao® veiwth. ZU(TI3IN/RAY 4 FAA4A] %
=19 whgo] obd EFE29 wkE7bA olEd Ao ueuow, HAESuA4Y
MCP)-OJ FEH gotel A olsgt Aeet FE1T v 27 vhE Abol 9
| 3o 7] wol 7tEEo e FAlo] ARG dFEdae A7 & A<
worst 4= §lSitH(Table 10, Figure 35).

of =
o

it

%
=)
)

O

)

1
R

%

Table 10. Estimated home ranges of feral cats using Minimum Convex Polygon

(MCP).

Area Mean SD Total (ha)
(ha) (ha) (ha) Mean SD

Season Cat ID Sex

aaa0992 Male 66.06
Spring aaal44? Female 512 26.49 34.30
aaa2&70 Male 8.29
72.01 100.67
T4132 Male 62.61

Autumn T9317 Female 270.21 11752 133.96
T9738 Female 19.74
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AAAEE 9B%, 90%, 50%°] F&sds wAF A3, wH FZ(D:aaa0992) A7t %
66.06 ha (MCP) & 95%°4 19.27ha (KR), 90%° A4 14.20 ha, 50214 2.99 haZ 7} =
A Yelton, 1 theo 2 FH(aaa2l70) 7/ A7 &= 829 ha (MCP)® 97l (aaald42) 7§ A
512 ha (MCP)E.t} 1o KR 95%, 90%, 50% A4+ F(aaaldd2)o] 7 (aaa2870) H.th

2 Qo@ vepdh ot £39 ABERGIt FAEA BF AR 2 o] A
Aol o AjAe AS, S0l AR 2 AUATWAL A4 A6 And 4
o FaEa ASE gt A0R BUsL vathdel ARG 7] we] vy

)

o 7} ik
7He e % vk 7 e F(TIBIND/NAZE & 27021 ha (MCP) & 95%¢°l A4
15873 ha (KR), 90%°llA] 99.93 ha, 50%°ll~] 17.07 ha= 7Fg =LA YElT) ol duk4
o= FA9 Fgeol PHHET F Flo W= AR FAAX A AA A He]
Ay 2 89le o3 FAAASS "Hojd Ao wE Hoz FEviTable 11, Figure
36~41).
A FAARA &3 50% HAA AL FSHE] FA(TIBIDMAZF 7Hd 3
Al
Al

<]

T

om, I g&orE FSAY FA(T432)MA, EH 9 21 (aaa0992) 71 Al, 7FS2
o] FZUTI73) M A, EH ol A (aaaldd2) WA, F7(aaa2870) 7/ A =02 EF
th w3 AdER 71S o] 5104623 ha (Ho+EF=HAxH)E B2 145+1.34 hakt}

qsHe 277 2 A2 YUeyuit(Table 11, 36~41).
1 FAHl oal] FRlE FAY e AEH WA Sadkold o A
& 2RINATE Vo m AFA Y AAete Eadel 7t & evhAet L 78S
o, G Ag AaE Jeks AASN/ha) s F5 A ol Fx9Qd 95%00 A
42.48+42.45 (Fit+ =T A NA, A G0 50%00 A 256.09+264.3471 A 7} At s
T 9ADHTab1e 9, 11). °o]& & AFX A U AAse Eandols
W dS 7 Ade Ao AFRAFQ] AoRE dddnh ey 9F
W ZH A7 670 ﬂi A 7 AE GA(TIN/NA L BEdo] e A
vl Yol Axr 2 ARE deEba o] dHA G Aba JfAIFE B 7ek7] ol
2 7F glom, Bt Agsk ALufAS AHES feiAE AR GH AL

= Aol dad Aow e

)

Ash Engol MHUES wgo R B

ol
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Table 11. Estimated home ranges of feral cats using Kernel Estimation (KR).

MCP KR (ha)
Season Cat ID Sex
(ha) 95% 90% 50%
aaa0992 Male 66.06 19.27 14.20 2.99
aaald4? Female 512 411 3.08 0.75
Spring aaa2870 Male 8.29 4.09 3.07 0.60
Mean 9.16 6.78 1.45
SD 8.76 6.42 1.34
T4132 Male 62.61 47.98 34.52 6.58
T9317 Female 270.21 158.73 99.93 17.07
Autumn T9738 Female 19.74 12.00 9.37 2.67
Mean 72.90 4794 8.76
SD 76.47 46.75 7.42
Mean 41.03 27.36 5.10
Total
SD 59.91 37.40 6.23
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Figure 36. Home range of the studied feral cat (Id:T4132) using

Kernel Estimation.
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Figure 37. Home range of the studied feral cat (Id:T9317) using

Kernel Estimation.
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Figure 38. Home range of the studied feral cat (Id:T9738) using

Kernel Estimation.
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Figure 39. Home range of the studied feral cat (Id:aaa0992) using

Kernel Estimation.
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Figure 40. Home range of the studied feral cat (Id:aaal442) using

Kernel Estimation.
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Figure 41. Home range of the studied feral cat (Id:aaa2870) using

Kernel Estimation.
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AAFH7IE ol&sto]l FHE SaFole F 58094F AAARE F - otew T
wote] AAG FFHEKR)ON o7 95%, 90%, 50%2] B A FAT Ay FHd= F
P offhol]l 95%, 90%, 50%°] BEH EF & O e o, o9k witE rho A
o= oRtrT F1kel 95%, 90%, 5029 Wsd BT 2 Ao R YEtHTable 12, Figure
A2~47). AFAFM WA= FHE2d7]E JheEEY FE Bol HAsh, A
Aol st HEAY siEl T3 S EE s FE &S =gt HTAeR st
= el 7|dste], FHo] Ve ERY FiiFor 1 FAS TRl B
ol Aedo] A vehd A= SA=2AVIY 257 59 7HEE 5 e
L gtEgolido] Hojx|7] wliel o5 Bst] 9l mERu= rede] dedol & A
o= peayy, 3 YA w3 HEG o] 2 Ao dAdtdti(Table 12, Figure
42~47).

Table 12. Differences of the home range sizes between the day and the night

using KR.
KR (ha)
Cat MCP
Season Sex 95% 90% 50%
ID (ha) : : :
Day Night Day Night Day Night
aaa0992 Male 66.06 18.95 22.78 13.72 16.94 2.91 3.85
aaald4? Female 5.12 4.14 453 3.14 3.36 0.82 0.83
Spring aaa2870  Male 8.29 4.14 4.42 3.06 3.34 0.65 0.66
Mean 9.08 10.58 6.64 7.88 1.46 1.78
SD 8.55 10.57 6.13 7.85 1.26 1.79
T4132 Male 62.61 56.48 52.29 40.48 38.83 7.63 7.59
T9317 Female 270.21 208.39 143.21 134.00 98.47 21.22 18.52
Autumn T9738  Female 19.74 13.27 12.86 10.25 10.11 2.92 2.91
Mean 92.71 69.45 61.58 49.14 10.59 9.67
SD 102.48 66.85 64.52 45.07 9.50 8.01
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Figure 42. Home range of the studied feral cat (Id:T4132) using Kernel Estimation

in day and night.
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Figure 43. Home range of the studied feral cat (Id:T9317) using Kernel Estimation

in day and night.

_89_




“ug

6D &
s

0.5

isopoly_t9738D
ISOPLETH
o
L&

B oo

L

0.5

isopoly_t9738N
ISOPLETH
RE
L&

| CES

Day

Night

Figure 44. Home range of the studied feral cat (Id:T9738) using Kernel Estimation

in day and night.
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