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Home Range and Habitat Use Analysis of Island—Dwelling Birds
Focusing on the Black-Tailed Gull and Black Wood Pigeon
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Abstract

For home range analysis, we applied the Minimum Convex Polygon (MCP 100%) and Kernel Density Estimation (KDE 50%,
95%) methods to define the core habitats (core habitat) and overall home ranges. The results showed that black-tailed gulls
(Larus crassirostris) primarily used coastal and forested areas adjacent to the coast during the breeding season. Meanwhile,
outside the breeding season, they tended to expand their home ranges to include ports and industrial areas. In the case of the
black wood pigeon (Columba janthina), individuals BW1 and BW3 exclusively used the Japanese black pine community (Pinus
thunbergii) throughout the day and night (100%), indicating a stable habitat preference. In contrast, individual BW2 exhibited
different habitat uses, using both the Okamoto maple Korean beech community (Acer okamotoanum—Fagus engleriana)
(41.0%) and the Japanese black pine community (Pinus thunbergii) (39.9%). Analysis of habitat use patterns by time of day
revealed that black wood pigeons tended to explore a broader area for foraging during the day. Meanwhile at night, they moved
into densely forested areas with a high concealment capacity. Additionally, seasonal changes influenced the movement
patterns of black-tailed gulls, as they shifted from natural habitats to areas with high human activity after the breeding
season. This study has provided important insights into the spatial ecological characteristics of island-dwelling birds and
underscores the need to establish habitat conservation strategies that account for species-specific and seasonal differences.
In avian home-range studies, it is crucial to employ various analytical methods and approaches to assess the long-term
ecological impacts on home range dynamics.
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FH(Home range)°l HA, 74, WA 5 EA
= 7HA AL F71H 0 2 AAsh= 5EY ¥9E
2H(Lee and Lee, 2022). oP¥Z79] J54A AT
7} 0] Aed E44Z olalistar, A4 A
A AgE Hote H 588 712ARE AT
(Xia et al., 2023; Park et al., 2024). 53, =X A<
of AAlgHe 279 AsdS 24k AL 2 F=9
AAZ(RAR], FF2] 5) 28 BT o2} TA
2|9 9] B HASE nolsl=d| 4-Aoltt,

2579 A A7) e Tt 7 FaT} opu gt
o] ARl FIHE/FAYHA, +AENA|, HI AN Sl
A Uehbs Aot} mebA ol 54 =, s 52
24 E7] nlER/g0o] 712 EAS Bk
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2009; Newton et al., 2009).

2 PFEAFEY] Ve YHoR Bt
At A7 7HssliR oH, o]l s okt Fof B
Fd A7t s APET oKChoi er al,
2019a; Kim et al, 2021).

5= WS oF 137 nCFHE 4H4) oA o
UE g 4HE B o] AotE SEFAHY EA4S
7V e, BWolZui7(Larus crassirostris)®]l
TEIAZ)7E A5k, U HARSEFS] SHEY
(Columba janthina)® | AAAZ A Ut
(Choi et al., 2019b).
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Fig. 1. Location of Ulleung island and capture sites: Black-Tailed Gull (A), Black Wood Pigeon (B).
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Table 1. The information for four Black-Tailed Gull and three Black Wood Pigeon

Spcices Individual ID Bill (um) Wing (mm) Tarsus (m) Tail (mm) Weight (g)
BT1 52 340 58 125 489
Black-Tailed Gull BT2 50 320 55 125 490
BT3 56 312 63 127 510
BT4 46 300 65 126 505
BW1 20 230 37 146 580
Black Wood Pigeon BW2 22 236 38 148 600

BW3 23 244 39.5 148 620

Fig. 2. The mist net (A) and net gun (B) used to capture Black-Tail Gull and Black Wood Pigeon.

Table 2. Rating for DOP Values®

DOP Value Rating Description

1 Ideal Highest possible confidence level to be used for applications demanding the highest
possible precision at all times.

1-2 Excellent At this confidence level, positional measurements are considered accurate enough to
meet all but the most sensitive applications.

2-5 Good Represents a level that marks the minimum appropriate for making accurate
decisions. Positional measurements could be used to make reliable in-route
navigation suggestions to the user.

5-10 Moderate Positional measurements could be used for calculations, but the fix quality could still
be improved. A more open view of the sky is recommended.

10-20 Fair Represents a low confidence level. Positional measurements should be discarded or
used only to indicate a very rough estimate of the current location.

20y Poor At this level, measurements should be discarded.
Tahsin et al.(2015)

Chin S. Chang) ¥ 8 Machilus thunbergii ), SHIE7]+= 20219 62l 2704, 20224 68l 1

Siebold and Zucc)7h HEST ol AROITHNIBR, 71 % 371415 Ealsieict. ol Zulrle 2224
2025)(Fig. 1). o 51718 Weren], Fu|570] A9 BalAd U B4
BN ol grle] A9 WA 20219 5 Aol A7 s7hE et mesilnt meAME £ 5

A 3714, 20228 59 1707 & 471A1E 225t 2 L5 Mist net¥} Net gun +7H] FHIE AM&-SFATH
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(Fig. 2). 28 ¥ oME=AF4711 WT-300
(GPS-Mobile Phone Based Telemetry, KoEco)&
529 Back-pack FHIZ H2StAtHKenward,
1985). oPEELAFH7] WT-3009] FA7t 17 g
Q1 Mg n#sto] AlFol 4%E @A FEE AEdto]
7k Aol dEZE Fof stelth(Table 1).

YolZmj7]= 2+ BT1, BT2, BT3, BT4%] 49
S E Bt e, BT, 2, 32 20214 5¥ +4&
Al#ate] 7Yz 109(BT1), 119(BT2), 82(BT3)°l &
B E9oH, BT4+= 2022 580f Al&ste] 8o &
BE. SH[E7]9] % BWI1, BW2, BW3<2| d4&
W55 Folstglon, BWI, 2+= 20214 6€of A12+at
o Z¥ZF 84(BW1), 108BW2)°l 8] F=E T,
BW39] 7% 2022'd 680l 45 Al&tste] 2023 2
Hof| F2o] FEE U}

2.2. 4|o[g{ £

2 AFE S oPEEHAFATIQ]
WT-3005 AH&SHle™, WT-3002 H-8 BAA L
HZ Fofl ZE Hlol"E e & 4 Sl ARe
2 A F=E dlolg ol DOP (Dilution of precision)
grol max]o] gltt. &3t PDOP (Position dilution
of precision)®t HDOP (Horizontal dilution of
precision)?] B##E Ale-S otH, & dolH+= 4
AlZF apel 27stal, e e] ARE X[A8kstr] 95l
jd 12410t} 2% 2R HlolE & MSotes 44
SHATE Aol ShAl A EE]] 77hAIEE o1 AT 7] 4
WA, SBIE7] 370D 914 & tigk DOP /&
HEsIYl e, o] & DOP kol 5 o4}l a3+ 24

of| A A5t Tahsin et al., 2015).

2.3. HEFHY

H Ao A= ESA WorldCover 10 m 2021 v200°]l
A A gote HEAH lo]HE 7|2 A% (Base map)=
ggs19tt. WorldCover 2021 v2002 20204t
2021%9] Copernicus Sentinel-1, 2 oF7to] BoflA
25 10 m =] A FARE L WEL4= g dlo]
2 =4 BF AA LCCS (Land cover classification
system)®l| 715FeF 1070€] W E(Map code)E 55}
1! Ith(Zanaga et al., 2022) (Table 3).
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National Institute of Ecology(2021)°llA Al&sh= A
SAAPE AL 42 AEAPEE F7HRE A-GSHST.

3R JHE 7INeR FAE )
Z-goto] FAE Fastilon, AR 4~
3.28.x°t IE ey 7|§t =Ty
o] R 4.x5 ©l&st3ithKauhala and Auttila,
2010). 17| Hlo[ElE &gt EETHAES 18 7
A 9] FsdS FHote= HAESTHFYHE(Minimum
convex polygon method, MCP) 100%E Ar8-513tt.
MCP 100%E 704|171 §H% thd 7k J 9712] P5-dell
EZ3AZ]= SHAIZE lo)(Murphy and Dowding,
1995; Walton et al., 2001) ©]& Egst7] sl $14]
diojele] drE 1He AdEEFAHWH(Kernel
density estimation, KDE)< ¥dste] £4& 13
Sttt KDE HelAd= WA Q] 93] A HEE wt
Fste] 95% AL A A2 50% HAGA A4
)& 4tEstth(Seaman et al., 1999; Walton et
al., 2001).

I3t B FE9] A A4]Z](Core habitat) &
Aok 8Q1& BA ] flo ohafet T A 24
A o5 7S &-8sto] A417] o] E-& A
& grlolelet. A412] o] 8k HEAH 1Ho] 1A
Ast7] f8f B2 4= HA <] Mann-Whitney U A
AABHRAL, Fofgte]] mE A2A1Z] o] Rl &
st7] $15l ZtolAlE A (Chi-square test)S
Ak AEA ®Fof T A4 7] o]-8 2tol= YeHl %
EAFEA(One-way ANOVA)T ARE AZ(Tukey's
HSD)& ‘&l Astalom, s A7 a5 Sl
W ZHAE(Random forest) 715He] A7) o
neg 8okt
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3.1. Ho|Zof7|
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Table 3. World cover 2021 v200 land cover classes and map codes®

Map
code

Land cover class

Description

10

20

30

40

50

60

70
80

90

95

Tree cover

Shrubland

Grassland

Cropland

Built-up

Bare / sparse vegetation

Snow and ice

Permanent water bodies

Herbaceous wetland

Mangroves

This class includes any geographic area dominated by trees with a cover of 10% or more.
Other land cover classes (shrubs and/or herbs in the understory, built-up, permanent water
bodies, can be present below the canopy, even with a density higher than trees. Areas
planted with trees for afforestation purposes and plantations (e.g. oil palm, olive trees) are
included in this class. This class also includes tree covered areas seasonally or permanently
flooded with fresh water except for mangroves.

This class includes any geographic area dominated by natural shrubs having a cover of 10%
or more. Shrubs are defined as woody perennial plants with persistent and woody stems and
without any defined main stem being less than 5 m tall. Trees can be present in scattered
form if their cover is less than 10%. Herbaceous plants can also be present at any density.
The shrub foliage can be either evergreen or deciduous.

This class includes any geographic area dominated by natural herbaceous plants (Plants
without persistent stem or shoots above ground and lacking definite firm structure):
(grasslands, prairies, steppes, savannahs, pastures) with a cover % or more, irrespective of
different human and/or animal activities, such as: grazing, selective fire management etc.
Woody plants (trees and/or shrubs) can be present assuming their cover is less than 10%. It
may also contain uncultivated cropland areas (without harvest/ bare soil period) in the
reference year.

Land covered with annual cropland that is sowed/planted and harvestable at least once
within the 12 months after the sowing/planting date. The annual cropland produces an
herbaceous cover and is sometimes combined with some tree or woody vegetation. Note
that perennial woody crops will be classified as the appropriate tree cover or shrub land
cover type. Greenhouses are considered as built-up.

Land covered by buildings, roads and other man-made structures such as railroads.
Buildings include both residential and industrial building. Urban green (parks, sport
facilities) is not included in this class. Waste dump deposits and extraction sites are
considered as bare.

Lands with exposed soil, sand, or rocks and never has more than 10 % vegetated cover
during any time of the year

This class includes any geographic area covered by snow or glaciers persistently

This class includes any geographic area covered for most of the year (more than 9 months)
by water bodies: lakes, reservoirs, and rivers. Can be either fresh or salt-water bodies. In
some cases the water can be frozen for part of the year (less than 9 months).

Land dominated by natural herbaceous vegetation (cover of 10% or more) that is
permanently or regularly flooded by fresh, brackish or salt water. It excludes unvegetated
sediment (see 60), swamp forests (classified as tree cover) and mangroves see 95)

Taxonomically diverse, salt-tolerant tree and other plant species which thrive in intertidal
zones of sheltered tropical shores, "overwash" islands, and estuaries.

*Zanaga et al.(2022)

AR HBuilt-up)oll e 2ESH= A o= FIE]l oM, =1t MCP 100%2] 7% 3% o152 ZEgste] |\
A= o 7 0 2 et E9F MCP 100%= H ol 4] A= AHFig. 4).
A o 5L EASIo] LEE Q27K S} G ol WAl A7lo] S $18) 7t 411
Ao R SRIEHFig. 3). ¥1H, & Y s5HL2 5f At H 2] of| A AAEES ofH, Fdlo] T Fol=
Ul £ e mestel, 7 U AGASla QA AhFEERT oA ARt AL 448 B 34 9
B 42 2ot KDE 50%9) 4% s a7 Aol 50404 5 o4 4A8Ee slueel] tent @
S 3HoR BEsgon, A g AdE sl seloR Arg,
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Fig. 3. Land cover map of the Black-Tailed Gull MCP 100%(A) and KDE 50%(B) on Ulleung island.
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Fig. 4. Land cover

Table 4. Day and night land cover usage (%) in core habitat (KDE 50%) of Black-Tail Gulls (BT1, BT2, BT3, BT4)

Time period Month Land cover class BT1(%) BT2(%) BT3(%) BT4(%)
Bare / sparse vegetation 1.2 9.7 7.0 3.5
Built-up 8.4 24.1 9.9 6.4
Day Grassland 6.0 16.6 0.6 3.0
Permanent water bodies 78.3 255 50.3 495
Tree cover 6.0 24.1 32.2 37.6
Breeding
Bare / sparse vegetation 1.4 8.3 2.3 0.5
Built-up - 10.5 3.8 0.5
Night Grassland 0.7 6.8 0.8 -
Permanent water bodies 97.9 61.7 68.4 44.6
Tree cover - 12.8 24.8 54.5
Bare / sparse vegetation 19.1 12.0 - -
Built-up 3.5 36.0 - -
Day
Grassland 0.7 - - _
Non-breeding Permanent water bodies 76.6 52.0 100.0 100.0
Bare / sparse vegetation 29.8 - - -
Night Built-up 3.6 16.7 - -
Permanent water bodies 66.7 83.3 100.0 100.0

note: Breeding was defined as May, June, and July, while Non-Breeding was defined as August, September, October, and November

3.1.2. HEFH | A[7| L =0[2H2{0|
Holgmrl=  WMAVEr FE FF 59
(Permanent water bodies)ol4 &3t Aoz &l
E9len, BT1 KAl 3 78.3%, oKt 97.9%<] H]
E= FEF v&o] =A UEHT BT3, BT49] 4
& T 9 o] 8Eo] 27} 50.3%, 49.5%=, 5 A
Aol Z+7F 32.2%, 37.6%°l HIS| FF =kt ¥,

BT29] A% 3t G 49 o852 25.5%= 4
o=z vgtor, %A(Grassland)®t 5 X Y(Tree
cover)= ThE /AR HIx o2 8ot dielS
Heloh deiv BT4E AlQlIgh 7Rl A sigFE-so] oF
7ol F7bete AFE Btk HHAl7|E<t BT1
BT2%= % o] Hl&°l 42 76.6%, 52.0% &7
ettt BT170AI= WAI(Bare / sparse vegetation)
£ FoRtol 19.1~29.8%°] HI-&= ©|-85F3itt. BT2
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Fig. 5. Results of habitat use analysis (U-Test) (A), temporal activity pattern analysis (Chi-square Test) (B), seasonal
variation analysis (ANOVA, Tukey HSD Test) (C), and habitat prediction model analysis (Random Forest) (D) of the

Black-Tailed Gull.

WA SHEAAC HIS) 17 E AEA] D (Built-up)
H|-£0] 16.7~36.0%2 =7 GRIEET, o= I+
9 F FREL Z2 LA S A2 &Este
£ vttt BT3 9 BT4 Al visiA7] -
Ot 5 Skl A 100% HFEH, S4 A XA E A
o] Z-g-512] or= El-& B th(Table 4). BT32 A}
7HOsaka) A9 2] sf|FollA A4let= AR SRIE 9]
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Fig. 6. Home range of the Black Wood Pigeon (BW1, 2, 3) and the land cover map (A) and the current vegetation map (B) of
Ulleung island.

E A=A {19 Zol7t e DSt H(p < Bolzv71 9] A MAAE W ZE grol &2 A=A
0.05), 5~8€ Atololl A4k HEAH o] Heh o F AL 8909 dFE A T= AR 74
e S 2R 0T MAA] oS B 24 = ATH(Fig. 5). =AW FF2 ol & 7] 2] A4
23, A ZéﬁE(AccuraCY)L 77.5%= Hert o, £ dSste dl S8% dZ& siglen, & 24 A%



o]
=

oy

KX
=

218

A

=3
2

for

- vpA

Table 5. Day and night land cover usage (%) in core habitat (KDE 50%) of Black Wood Pigeons (BW1, BW2, BW3)

Time period Land cover class(community) BW1(%) BW2(%) BW3(%)
Pinus thunbergii 100.0 39.9 100.0
Pinus thunbergii - Camellia japonica - 0.7 -
Pinus thunbergii - Acer okamotoanum - 6.8 -
Zelkova serrata - Pinus thunbergii - 2.7 -
Carpinus turczaninowii - 0.7 -
Day
Acer okamotoanum - 6.1 -
Acer okamotoanum - Fagus engleriana - 41.0 -
Acer okamotoanum - Cornus controversa - 1.0 -
Neolitsea sericea - 0.3 -
Neolitsea sericea - Celtis jessoensis - 0.7 -
Pinus thunbergii 100.0 34.5 100.0
Pinus thunbergii - Acer okamotoanum - 5.5 -
Zelkova serrata - Pinus thunbergii - 93 -
Carpinus turczaninowii - 0.3 -
Robinia pseudoacacia - Camellia japonica - 0.3 -
Night
Acer okamotoanum - 4.8 -
Acer okamotoanum - Fagus engleriana - 42.4 -
Acer okamotoanum - Cornus controversa - 1.0 -
Neolitsea sericea - Celtis jessoensis - 1.0 -
Machilus thunbergii - 0.7 -
Folzdu7]= vl A Aol QITF FEat QI TERE, AR TR} YA, Sfiott FolA &ERt e
& Aok AFE Hol= 2o & s HTh & 2I=tkFig. 6).
3.2. EH|E7| 3.2.2. HEAH RAHE 202t 210
3.2.1. AEAH RS MAR| 0|8 THH SHE7] BW1 BW3 7HAl= S ool &&=

SH|E7]9] FFd2 F2 a7l $1xe 5 A
A(Tree cover)d 573X (Cropland), 171 € LA
A (Built-up)S o83 Aoz skelE et KDE 50%
9] A% £E293 T=EA]H(Shrubland)el HEE] ]
o, A5 A= 4 D AR oA s EEet 2
Fol Bttt SHIEV = T2 357 ¢ 424
- R A A AlSHE Aol &

o] Bo]¢Iql o F 1T} FURERT} A

HF, BW29] 4%
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o= AteEr.

e

= 100% °l-8sh= 545 Rtk BW1¥ BW3°] A
S e R A i
e A& SISt v, BW22] B¢ F3hel 4t
D24 =R (41.0%) 7 FE22H(39.9%)°1
A F2 2o AR grlEglon, 5o, 4=
-T2 w2 AHES Ko, Hol2E
I A M 2 QAEE o] 9lE A0 = Freher, of
Lol AT R A -V =R o] o 8-80] 1.4%
S7rotl o, EEwE el ol 8BS 5.4% YA Ao
= UERH BW2E A R U R g 5
8 AYAR o]-gsH, Ftell= He A He FAsto]
Hol S stEotL, ofztole HEhs 4 9l & Wit
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Fig. 7. Results of habitat use analysis (U-Test) (A), temporal activity pattern analysis (Chi-square Test) (B), seasonal
variation analysis (ANOVA, Tukey HSD Test) (C), and habitat prediction model analysis (Random Forest) (D) of the

Black Wood Pigeon.
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