creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

844 8]

i
Al

Ao ERSE AKE 559
UF Y5} F 45AE

Activity patterns and interspecific
interaction of five forest carnivores

in the Republic of Korea

20233 8¢



4ol 2SHE %2 55

dF Fed T F22E

b

Aznsy F§ # &

1 O
o] =E & F

ol

44 el =Eoz AST
2023\ 7€

A&Hstn gk
SYHEALYR HYBAY AT
IR B

WA HA GAER S AZY

20233 8¢
H4 4% Hd 9 (]D
FH4% I e N G4 ))




i
N
i

A

1
=

ol A

3 opE R

F

3

9]

=

oF 4 3}

e

L

]

o]
O1:c>

Ly
=3l

]

S

il

file)

o

Ak

y El

MN(Canis lupus

=

—

S %ol (Felis catus),

ERE T E R

==
QLS

1
43 (sympatric)

o

oL

o

1
T

Al

=

=

AR

AGE= LAagl(Meles leucurus), U T2l (Nyctereutes procyonoides)

(Prionailurus bengalensis),

olghaL o 5]

%9)

o]
HH

B

familiaris)

=

[}

&} o]

S

A

J

c!

AT A

3t

o

_cﬂ

=

20224 69 5-EH 2022W 11€7}# 35009 F-olAA 7w a2

o]

e

el
B
Ny

|52 Azt w5 vee

HA

=
K3

s

o

w
ol
1o

o

N

0

o
o

o 3 5 = %] 4= (relative abundance index:

)

g]

o

Bt

ol
w
ol

‘ll'l - 1_“ ‘J'l L

2] <



Sy, whA oz A4 )

[}

o

it

ol

ﬁo
B

ﬁo
W
"

o=
- T

4

i
Ho
o

N

0

I} o AE e YAl ok, Endole &1

T

3 7

=]

3

J o7 vehgon] e of

o] 7} 7}

%

al

=

—

W e o

e Row ey

2e)9h Ue st 7

o)

O

o
00

=
=

Aow e, U sl

1A=

H

olp

L
;OO

)

,ii,



wzste] 7gs} 9

1
T

o]

=

= Aoz vehyth v/

A FREAFTL EopA]

AU ER T 7} Yol

9/]

Mo

7he 0.27%E 090744 T}

[e)
5 5%

]

A
o

)
—_
o
B
A

T
<
1o
]

B

.

A ez U, e A Yy

-
T

Aol mA

0
o

AL
00

ﬂ
il

=
=

dare] A% T e

HH

= KB

L AgA e

a9 Yy

=l

N
Mo

o))

B
P

0

™
il

A= g

ﬁo

pu—

J o

X

ol A

oo]:

L
=31

Ao R Hol e e}

-
1

7HA]

N

o]

i)

ol
M

NgA o

-
s

A o) A

fok
-

wf2}4]

B

—_

°
®
N

ol

—_—

of
A

fite)
N
Ho

o]

o

=

oF

T
Tor

0

)

iii



)

Ko

o
B

o

o

P 35AE, FAHFFE, AYA o,

A 7} o) 2}

|

T

—_—

n-

o

1 2021-29886

il

f13
Sf

,iV,



Hr

;@ﬂ 1 ;§§- ,);1 I e

1.

R

Hr

B

%.wmwmwmwmwmwmwu

=0

v B
=

A2 A A=

ﬂ T EH }2;"%

O] JE L AF R weeeerrernensnereriniiiniit e

2.

NI

Z 2odely

A
=

2.1. 51 A A 7} 2t

11

12
12

=0

B

14
15
16
17

o] 8 = (site use intensity) A e

s

Ho

18
- 18

F oceeritirirrrrec e

_XE

A3FIATE2R H 1

.

H
at-
Ho

BK
B
!
oo

N

Ho

N

No

18

21
- 24

Fu

amu_.o
)

=

| A 7} 2}

.

A

—_—

nH

o

=

1.3.

2. T o

25
25
43

A F T T H]IL ceeveeeereneninnniininnnn

=2 o
T

44



3.1. £ F7 o]& ZE(site use intensity) AT e 44

32, the o AUFEFEASI WAL GG BA o 50
3.3. 37 WMZETF U] R OB e 53
B4, TLZE e 64

;:]!-J—_/_.E_ §q_ ........................................................................ 70
Abstract ........................................................................ 77
Acknowledgements .................................................. 81

- Vi - M 2T}



£ 2 3

Table 1. Detection results from the camera trap survey during the summer
(Jun - Aug 2022) and the autumn (Sep - November 2022) in
Yeoncheon, the Republic of Korea, w - sssssssessssssssssssmsisisisiniiiiiinns 19

Table 2. The degree of temporal overlap in the daily activity patterns of five
carnivores during autumn in Yeoncheon, the Republic of Korea. The
highest and lowest overlap values were indicated in bold. =w«=weeweeeeees 41

Table 3. Matrix table summarizing the effects of a species relative
abundance index (RAI) on the other speciess RAI. Only significant
values from generalized linear models were given as estimates =*
standard errors. The species in the first column indicate explanatory
factors while that in the first raw denote response factors. Positive
values indicated increasing RAI while negative indicated decreasing RAIL

........................................................................................................... 52

Table 4. Matrix table summarizing the effects of an envrionmental factors
on the a species’ relative abundance index (RAI). Only significant values
from generalized linear models were given as estimates * standard
errors. The species in the first column indicate explanatory factors while

that in the first raw denote response factors. Positive values indicated

increasing RAI while negative indicated decreasing RAL «reeseeseeeseeeeees 55

T [ T

*Vii* -"*u:'ll'_.l."



Figure 1. Location and map of the study area at Yeoncheon-Gun in the
Republic of Korea. (.: Yeoncheon—Gun) ............................................. 8

Figure 2. Data collection points in Yeoncheon—-Gun, the Republic of Korea.

(.: Location of cameras;, N=35) testeeererrereresstrsetntiiiii.. 10

Figure 3. Pictures of five carnivores captured by camera trap in Yeoncheon,
the Republic of Korea(A: Nyctereutes procyonoides, Raccoon dog; B:

Meles leucurus, Asian badger; C: Prionailurus bengalensis, Leopard cat;
D: Felis catus, Feral cat; E: Canis lupus tamiliaris, Feral dog) ===+ 20
Figure 4. Pattern of relative abundance index of five carnivores during
summer and autumn in Yeoncheon, the Republic of Korea. =«=x=wsreeeee 22
Figure 5. Spatial overlap of detected five carnivores during summer and
autumn in Yeoncheon, the Republic of Korea. =ooseemereeeesesesessenenninnnen 23
Figure 6. Daily activity pattern of raccoon dogs (Nyctereutes procyonoides)
during autumn in Yeoncheon, the Republic of Korea. =w=xesererererereeees 26
Figure 7. Daily activity pattern of Asian badgers (Meles leucurus) during
autumn in Yeoncheon, the Republic of Korea. =wrwrreemereesrremseemeeeeneenes 27
Figure 8. Daily activity pattern of leopard cats (Prionailurus bengalensis)
during autumn in Yeoncheon, the Republic of Korea. =xoseseererereseereeees 28
Figure 9. Daily activity pattern of feral dogs (Canis lupus familiaris) during
autumn in Yeoncheon, the Republic of Korea. =wrowrreemereessrremsenseeeeneenes 29
Figure 10. Daily activity pattern of feral cats (Felis catus) during autumn in
Yeoncheon, the Republic of Korea, == sssesrsssersssssssessmsssinsesiisnsane, 30
Figure 11. The daily activity pattern overlap between raccoon dogs
(Nyctereutes procyonoides) and Asian badgers (Meles leucurus)
during autumn in Yeoncheon, the Republic of Korea. Overlap coefficient
(A) means shaded area between graphs., ««+w-«sssssssrssesesnssnsenneninnenne 31

Figure 12. The daily activity pattern overlap between raccoon dogs

¥ | -1 == —
- viil - S ,'L.]l 'J!_ 1



(Nyctereutes  procyonoides) and leopard cats (Prionailurus
bengalensis) during autumn in Yeoncheon, the Republic of Korea.
Overlap coefficient (A ) means shaded area between graphs. =«==:=we 32
Figure 13. The daily activity pattern overlap between raccoon dogs
(Nyctereutes procyonoides) and feral dogs (Canis lupus familiaris)
during autumn in Yeoncheon, the Republic of Korea. Overlap coefficient
(A) means shaded area between graphs. «t-e=ssesessseseseresessnenensenne 33
Figure 14. The daily activity pattern overlap between raccoon dogs
(Nyctereutes procyonoides) and feral cats (Felis catus) during
autumn in Yeoncheon, the Republic of Korea. Overlap coefficient (A)
means shaded area between graphs, -+« -wsssssssssesesssmiseseseisiiinins 34
Figure 15. The daily activity pattern overlap between Asian badgers (Meles
leucurus) and leopard cats (Prionailurus bengalensis) during autumn
in Yeoncheon, the Republic of Korea. Overlap coefficient (A ) means
shaded area hetween graphs, -+ --wwsssssserrsessmssmsesssisete e, 35
Figure 16. The daily activity pattern overlap between Asian badgers (Meles
leucurus) and feral dogs (Canis lupus familiaris) during autumn in
Yeoncheon, the Republic of Korea. Overlap coefficient (A ) means
shaded area hetween graphs, -+ --wwsssssserrsessmssmsesssisete e, 36
Figure 17. The daily activity pattern overlap between Asian badgers (Meles
leucurus) and feral cats (Felis catus) during autumn in Yeoncheon,
the Republic of Korea. Overlap coefficient (A) means shaded area
DELWEEN GIAPRS, = s +srsrsssrssrssssssssess sttt 37
Figure 18. The daily activity pattern overlap between leopard cats
(Prionailurus bengalensis) and feral dogs (Canis [lupus familiaris)
during autumn in Yeoncheon, the Republic of Korea. Overlap coefficient
(A) means shaded area between graphs. «twewssesesseseseresesnnenennene 38
Figure 19. The daily activity pattern overlap between leopard cats
(Prionailurus bengalensis) and feral cats (Felis catus) during autumn

in Yeoncheon, the Republic of Korea. Overlap coefficient (A ) means

~ix - —:,1i|



shaded area hetween graphs, -+ -+wwsssssersssssmssssesssisete e, 39
Figure 20. The daily activity pattern overlap between feral dogs (Canis
lupus familiaris) and feral cats (Felis catus) during autumn in
Yeoncheon, the Republic of Korea. Overlap coefficient (A ) means
shaded area hetween graphs, -+ -wwwsssserssessmsssistssisete s, 40

Figure 21. Comparison of overlap coefficient between wild carnivores and
feral cat and feral dog during autumn in Yeoncheon, the Republic of
Korea. Wild-Feral indicates comparison between wild carnivores and

feral cat and feral dog. Wild-Wild indicates comparison between wild
carnivores.(df _ 1’ pfvalue — 002) ..................................................... 42

Figure 22. Interpolated relative abundance index (RAI), as shown as spatial
distribution of site use intensity, of raccoon dogs (Nyctereutes

procyonoides) during autumn in Yeoncheon, the Republic of Korea.

Figure 23. Interpolated relative abundance index (RAI), as shown as spatial

distribution of site use intensity, of Asian badgers (Meles leucurus)
during autumn in Yeoncheon, the Republic of Korea. =ce=reresereereeeeees 46

Figure 24. Interpolated relative abundance index (RAI), as shown as spatial

distribution of site use intensity, of leopard cats (Prionailurus
bengalensis) during autumn in Yeoncheon, the Republic of Korea. -+ 47
Figure 25. Interpolated relative abundance index (RAI), as shown as spatial
distribution of site use intensity, of feral cats (Felis catus) during
autumn in Yeoncheon, the Republic of Korea. =sssssseeerrmereseeesmmsasninnnns 48
Figure 26. Interpolated relative abundance index (RAI), as shown as spatial
distribution of site use intensity, of feral dogs (Canis lupus familiaris)
during autumn in Yeoncheon, the Republic of Korea. =se=reresereereeeeeees 49
Figure 27. Changes in the relative abundance values indices of five
carnivores by the distance to road, s 56
Figure 28. Changes in the relative abundance indices values of five

carnivores by the nUMDbEr Of tree, «teeteeseerererescestarortitiii. 57



Figure 29. Changes in the relative abundance indices values of five
carnivores by number of dead tree, - -s-ssessssssrmssmsmsssiesess 58
Figure 30. Changes in the relative abundance indices values of five
CArnivores by the elevation, =« - -+-ss-sssssserermmsmmnseisteteise 59
Figure 31. Changes in the relative abundance indices values of five
CArMIVOres Dy the Slope, e swrsssrsssmmsmsssmmsissetete 60
Figure 32. Changes in the relative abundance indices values of five
carnivores by the grassland, - sssesemmmmsmmmnmnmsinese 61

Figure 33. Changes in the relative abundance index indices values of five

carnivores by the built 101 TR L L L LR R O ILTILITIIL R 62

Figure 34. Changes in the relative

carnivores by the bare/sparse vegetation.

abundance

_Xi_

indices

values of five

A &) 8



A1d A2

1. a9 =7

FU A ) A FES ARHA 44 )

ol

2 Edu
AdE sty Wl A4, 4 2 e84 59 #dAE e
gk Fke] AP AR e e AN ess AASe 5’4’1‘:‘
Aol Q<lo]w(Sih et al. 1985; Sergio et al. 2003), &9 +3 W &
Aot #8S FAste b =L8% AR o A Gurevitch et al.
2000; Prat-Guitart et al. 2020) *@Eﬂfil”ﬂ TS AsAEE gte v
o] Fog FAH Jdo d2 A
e e T Al ¢ H E=HRota et al. 2016). WekA Z
o] Fxo| FEFE H A= olE A 8y HAEA B4 84
AR olFfslof st ol& ofAEES H¥ o] FEAd
Al Alel tH(Rota et al. 2016).
53] FEjgAow fAfstal ERA R A
< AlgkE ] =30 ofEfell A AlFZHASl FF
AAELe] 2] (Gause 1932) & wAg 4=
B Roz oA ti(Deng et al. 2021). thFsk &
st A A Ul T8 7255 ATty g9
AETSEd 724 714 55 oldlste o I+
webs] FAA Fo] s Yy 3 dEE
82l olsfate= A2 T A He T FAAER 0}‘4‘3} 2H7 ‘55}/]
A Al e olsfsti=dl A A o]t (Alexander et al. 2015).
A Qg0 JEFe R W FTEo| thdd A AeAe ¢ =
2 orH o g =¥ A (Hughes and Macdonald 2013), 53] &L%o
(Felis catus)®} SN (Canis lupus familiaris) 5°] A A AAZAHC=E
Z7kel™ AejAel] 9&S v X AtH(Plaza et al. 2019). oFAolAl of

152
-
il
(o]

o

°

El

lr

N

oy ATZLE

O
ot o
nl O

ﬂHN'

_uO_\_L,

_



Y AF&o] EAstA] &= FuldAdE v, i, o 53 2E T
a9 Aol EAstH o5 AHA oA FEA N fAE F
A A A8 EZAFe AT 2d T3 2ol A4 AHAE FAS
=8 2% 98S v (Roemer et al. 2009). A 5E2] 3 WA=

1 =2 §__

<9 A7), A A9, AHE Thsek Aol Hel Tl wet A, £,
TAY e gkt A28 o] WA (Fedriani et al. 2000; Grassel
et al. 2015). o] gk = AFE] ok oA A Holrta = &
ol Sl AEA U 2AREA ofAEE x4 AW i 4
Wk T 2 AHPAJ] FsAgo] AT F Adth(Young et al
12 Ao /‘]’EZ}%QEH ==

A2 A
21 Z (encounters) S ] &}7]
-‘H@H 2] ]«] :rLl"?‘ s /\]%7&;‘4 T T Z2E dEAd viAYUSES
B 4 At} (Durant 1988; Karanth and Sunquist 1995; Karanth et al.
Eagolet M A AAACE el Exstal i, <l

D
S
[y
J
ol
20
2
(e

-0k =& A (human-wildlife interface)oll oI A =7+ wA o €
slo] oA EE 1 Aty BF UHE BALNE B4, o5

ok o] A= vl wH] gk A A o]tk (Serpell 2017). =] E1%ol 9}

Sohel Al A Fush ojSo] AARAd F FFE A ¢l
on 44 $AFE B0 454e 9 AdAd A= dgol o)
Aol A wA AW 150 AR U AP 1T FAFET

lo,
>
2,
o
X,
ofo
=2,
=
o,
2,
%
-
a2
i
ot
r o)

g Xd%t THs s v Faet
}H(Campos et al. 2007).

2 A b 2 (camera-trap) 7159 =oFF e W HF A<
Mo R BA o] oygld Fo EdH AT T
Aol o a3 WS AFstd(Nichols et al. 2011; Prat-Guitart

ol
el

A
et al. 2020). FAA R e} A= Abzle] #HFE AR kY] AR
£ EdE F9 dF P35 Hhdd s 5 FY ¥ ¢ ATA
Ao ag Aol a A olth(Ridout and Linkie 2009; Rowcliffe et al.
2014; Karanth et al. 2017). @WebA] 2 A= FJAAA 7L 2E o] &-3F

-2 - A "T.' 1_]| of



ol

—

-

p—

0
e
Tor

i

ol

0

Ho

i

v

Qx| (Meles  leucurus),

s

A4

Aol

$ejerel

(Nyctereutes procyonoides) “1¥ il 2V (Prionailurus bengalensis)<

X

T 2

el

)
file)
B
A

o
<

)

B

a0l

Tgomm, s dgaee 3

)

=

AT

)

!

@
s
N
Mo

X
i)

el

B

o

il

—_
file)
oF

]
2=
Hr

G
&

o2l 4 o

X
R

Ak
y Tl

S5 v, ead

=K

il
)

B

el

HH

4

e

ATt

o7 d#A

i

ot
Nio

0|
He

N

kA oo m dHzl ygtd], &4, gfel ol&

& ]

11

5
-

- T}

2] S



=

iy
o

yAO

o
o

o

)

oF

=d

7H 2]

=
=

o= Sl

AR} A

[ =

- o
.

7N

=
=

ol

o t}

=
=

A4 ek waA ol

o}
=

Aoz

(<))
2R

of Edel Slof w3

o =
E

oF -

oF

b2

op s = A M A dH

EE2s

& AT,

=
[}

AE A

1A=

[e)
= "

,_._mo
7O

0
N

Njo

o] (Trombulak and Frissell 2000) o]l tf



1. 9+ dEF

B AdTE sEve A" g5k A YElUE ofd A SE 3T (84
yg], #ha Eadel 1 oz Fastddrt. WA 4
g &8 ZAu g &t LHFE gl AAEE ofAlo} o4

= EvErE v Este] Fa, 4B, §F, FdoMrol, RtE s
glar gAjofe] BxFa vt A E I A AgH Ao A4 s}
I o (Heg 9, 2019), #HEH, FEAY AFG FHolA Aopzitt
(NIBR 2010, 2021). #& T4 A&sie F2 wo] 5sts ofdyd &
EO|tH(NIBR 2010, 2021). 242 o] FAo| #Asfjx= F=2 Aol

(¢}

oz E,}quﬂ

o= 1:rLE1L *—1%% Mol &ote= THFE vkl A A4
st fFde M R s Eolt UTEe FolAlol EFFOR -y
gHE W RSt i 1% Sl A AlHElol wF 1Ela QlEAPo|u
5& S #xsta o fHe Ag, 45 IVt E =dEo] ¢
To=w FIEsa MU}(Horecka et al. 2021). vFgl= ek 4bdol
A 7P &3 TRF T stuE A" E v RS Al A9 22 v
&gk FANA AA e, AR TREAE Y I7F Sl M e A S5
o] Abol7tt}(Okabe and Agetsuma 2007). T2 wol] &%53F= ofdA
TEE 4AS FAE AYete] e N 5 T oA s
= Ao duA vk dubdow 1149 STEFE 3E7HA sHEHA R
7120l FobAH oy Hels 7]k FH(NIBR 2018). W29 H
of A4 #aA = 73 FoA TAAE LA Jdom FAPgor %
< s, A, A3, A, ol 2o A2 7] 58 HelE e



t}(Sutor et al. 2010).

Boackol el &3l EAFE Eve WS doedA A2
il v Frddt aold oflEEolH HEH kYT E 27
AE o oh(urE sl 9], 2012). #F2 FAlol, Fo, AlWglol UdE
skal oM (NIBR 2018, 2022), =l A= ATt A =4 A5
Aelg Haol] AAsiH, S HFEd = W 2A i FA4 T
of A AAste FR2 s AAAE I SH(NIBR 2018, 2022).
agFolet FASH AN A4l A, By FA s vho] @
olt}. 2tel Ho] FA #AME FE HAF, 2F 28
He sow dex UTHNIBR 2018, 2022). ©Fa7d
Z&atAY U e Alole] IS o] &dtE Ao

[e) [e)
e AlE

m

;{Pﬂ g{lﬂ o fo
0 of\ ofk
> Y
il o{ﬂ 2 l"o“
Jm R
o

2L off o
go, 2
LANRUARE UNin
oL

mlo

S
o2
o,
rir

o

seelst THFE oF 10,0000 A oprlofe] u] &
w3hol A AEAR ok ol (Felis silvestris) Z4-
A (Driscoll et al. 2007). L Fol= A AAXHo=R BEsta
vhetell A= 17 & 17F FR, A 1Ela gk 5 Ao

2] ZCH(NIBR 2018). aL9kolo] o] HFA o 7= M HF9}

A
HES R

L

S b
£ oy
N
=

—‘oﬂmﬂ

o
& H
i)

Mo
LD
[0 o M

m 2oy @
o2
HU M2

X1 o= oA Arh
}A] e ASE A 2FFE A Aﬂ?ﬂéOE =3xSt 3

o=l F71AS 2 A AR AXL e aAd s 2007), W

>}L

opgste =7l= 7F 2 b 9 aga *J% sl *1*—"’6}% Ao
wolup ol5e] AHl F4 teiAes =W A" wirh AR Ao
oS08 Hol sdeRs A Tl MY 22 dd Wt gle
Felvete] AuA A Hge 2440 €S & 5 doen A7 o
Y, A7 s A s& ARgste] EAskE o] Baie wh AARHEAE X~
A 2021, 2022) o] &foll = thEg HoldS HAT Ao AAXIG



sul A o)(38.0351, 127.076)°1 A

ol Wl
N -1

el

}1\1_

I

H

i

o~

1=

18 = A hH(Fig. 1).

_o/]

77

)

T
yol

676.32km* o] ™, =

= &)
< ?i;ﬂt

A

34km?* o] o},

Z o
o

)

5}

& 7€l 342, HA 7L 2023

o
FEe 1320mmE oA 9

3 744 At

<l

o] %

A

0.9%= a1,

1

ol

ol

7177 2022 Absol o

1ol

gl

9]

e

-209=

ol o714 2022).

(Quercus aliena)®} 22U (Quercus mongolica)®t

B



@ 3:)
<
"
[IRE
LN )
&
) ,'.)‘.' Iy
o
L
v, '
o
¥ Y
L ] . 3 S
4 $
Syl i J"‘x'
' k Lo
Civilian Control Line
o
O'
o&z :
O
&
&
&
¥

Figure 1. Location and map of the study area at Yeoncheon-Gun in
the Republic of Korea (@: Yeoncheon-Gun)



2.1 FAAA7 v 2 R A5 F3F

g FEe AF A% L AT 28 SIS

4 S Fhetetr] fske] 2022
6€5E 20229 119 3097bA] A+ A el F 3B FAAA 7 2t
(Bushnell Trophy Cam, USA¥ Browning Trail Cam, USA)E A% &
&ttt FAAA e AX A HE dAGs7] fske] AP £4 %
AbE EEl AT i Fo A ARE FR1E AT A9 AUE AT
HAbE B e oA EEel o ZuMAl WMASs AE F HA
500me] HAS T FHRYE 509 HS FAEAH(Wang et al
2014; Weng et al. 2022). 5071¢] & 7F&dl =AM S 3 & A= AL
7hsd e AP A oRE HdAste] F 35719 Td*ﬂ/ﬂﬂuﬂﬁ‘ri Ry
st oh(Fig. 2). Zhvlgle AW o ZHE 19-50cme] ol TE&Eo] A
qus 255 Fetes dAon AYE vige] wA 9 fﬂ oY +

e A PESAT B REE 2N U ASH0E 453

= =1



Figure 2. Data collection points in Yeoncheon-Gun, the Republic of

Korea. (@: Location of cameras; n=35)
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2AAAH B Wt xRy 2 A A7) 7Y AAAH HeEE S
et HA m A &7 HS4(micro-level habitat factor) 2= 74|+
TA2Z2 10m x 10mY AAR=S A A5} ’*‘“/194 g Ego] 7H w2 o

£, 9, %}%, Ze ?&”—1 SEge 2399, o9 WA D,
ANE, e aen AveE AN Aoy =2Ae] A A
98 =43

H 9=(macro-level habitat factor)E& 333

73
ok Qgis (ver 3.30.1)9] BAFAA AF WIAE F=35to] 7HvetE
st 7F AR FrEFE vEE 300me] 9d 79 (buffer)S AA st
2 9-F = (European Space Agency)oll A Al &3l 10m w9 o] EX| 3
T dlo]HE ARgste] d8 79 Wl 570 (forest, grassland, cropland,
built-up, bare/sparse vegetation)®] EA 3% (land cover) WA S W
T2 F=3FYTHESA website).
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ekl vhebel dash A7 J1Zasith BU Fol dLow Fs]
A% Fol Az 498 WA AL /8L, FHHQ
g5 wAes] g6 08e AFew de AAw Adee s2ay

H(Louvrier et al. 2022). =9 dF PF L=
pattern)< 35 &9 AlZtdlo] Fo] AAE FES YEdH A

o
 7AE@ U =FA (kernel density estimation)S ©]-&3Fe] Al 7ktfol] uwlz}t

371 918k R (ver. 4.3.009] #74olA Overlap (Meredith and Ridout
2014) H71AE AFEste] F7He] AIZFA QD F# (temporal overlap)S &
At THe AYEEFAHLS AFESEe] 0 (no overlap)ol Al 1
(identical activity pattern)7k#]¢] W& 7FA & FAQA SAHA F3HA
= FAsE WHolgd(Ridout and Linkie 2009). did Ao A=
Weitzman(1970)¢] #|ekst F3 A4=( A, coefficient of overlapping)E A}
&3, ol F & FA ol Ae WAHS gugth. A& o<}

Gl
2 f(x) gx)= F EE A4S rEth

O

A9 = [minf (). o(e)dz

SHAT ARkl v FA-82 5707F AP L™ (Schmid and
Schmidt 2006), 98 &3 doAx= A HA F /W7F sdsta Al A

A= AFES 4= ¢l7] wliEel(Ridout and Linkie 2009) v =] kel A,
Ay LRI A9 Fe ARESHAl "k AEe A7) 7 50 WRED A -l
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A9 S, 75 ol ASolE A, o #HS AMESE Aol A4S

o] (Meredith and Ridout 2021) &4]o|A] AL-&3¢F o] Z7]o] uwtet 3
F3te THATE AHESEAT

9% AlF S F4387] 98l bootstraps  AFE-3sEe] 10,0007 £

bootstrap FH A (A Z)E AASA L, bootCle] 7|Fo2HHe FEH&

7h&-H basic0®] #h& AF-&3F A tH(Meredith and Ridout 2021).

ofAl A& EQl o4, YTy, 4 e g ofd ASEY 51

o, B kel AF FES wud FY AF Felve @A

g %o}
EJ_X} HRG FAe W 7hd Kruskal-Wallis test #2418 718 s}

[ |
- S,
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& 24

EAS #a deolHe ZF A AFHAAMY Fo AT FEAT
(relative abundance index: RADZ A3} tHO' Brien 2011). F2] 4
FTHEEATE 6953H 119717 €= 1594 F 79 712 U
T 12709 #7185 AR oem 4 7719 FdAAMzbd e #Z9 ATt
74 wRkl Aol EAel AdshA fvkal ddste] i HolE =

AR5 2t (Chen et al. 2019).

L
O

o AUFTHEATE T A A HAA g Fo mHAJA TA
(independent detection) #< 3l4E& 7idgtrt H#9E d5=2 Yre &
100& #3ted AR 1), 9 FUTH=ATE Fol 100¥ &
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(e}
o
%,
o
=
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a
2
1o
o2
oft
o
riN
i)
N
)
fo
%
]t
oxl
o =

AgaFon, siF EA e A5 99% Winsorizing
B9 99% rrE T & "HolH & BT 9%l dTetes whez X353l
H(Moyer and Geissler 1991).

o s AFzel WE Fo FA} PA NE ARE EOZ 24 A4
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12 QGIS9] g7 ollA 118 = 2

qA2g 75 (IDW) EIFHS AL
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FEAF 7S HA 004 Hd 10002
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Table 1. Detection results from the camera trap survey during the summer (Jun — Aug 2022) and the

autumn (Sep — November 2022) in Yeoncheon, the Republic of Korea.

No. of independent detections (Relative abundance index)

Season  Trap nights Camgra trap

sites Raccoon dog Asian badger Feral cat Leopard cat  Feral dog
Summer 1661 35 388 (26) 494 (26) 47 (3) 35 (3) 5 (0)
Autumn 2188 35 539 (27) 247 (11) 125 (10) 67 (3) 58 (2)
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10-23-2022 00:46:58

09-02-2022 01:39:36

5010 G

[0 @oso3o1 S7F13 CO 10-05-2022 13:47:52

Figure 3. Pictures of five camivores captured by camera trap in
Yeoncheon, the Republic of Korea (A: Nyctereutes procyonoides,
Raccoon dog; B: Meles leucurus, Asian badger; C: Prionailurus bengalensis,

Leopard cat; D: Felis catus, Feral cat; E: Canis lupus familiaris, Feral dog)
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Figure 4. Pattern of relative abundance index of five carmivores during
summer and autumn in Yeoncheon, the Republic of Korea.
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Figure 5. Spatial overlap of detected five camivores during summer

and autumn in Yeoncheon, the Republic of Korea.
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2. 39l me 4F Y5 Fotz ww
21. B 4F F5 P4 v

BTN ASE 5Fe AF PEe BAI A o, Yre
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=
rlr
_l
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&
o
=
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=
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aC)
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eyt th(Fig. 6, 7, 8, 9, 10).
olE Higo R 5% dF TS vt Ay ygElel 2= 090
o FHATE MY =2 #E RAoH([Fig. 11, U8 22 0.65
(Fig. 12), U789 S0 032 (Fig. 13), UFa et Sa%dolx 0.279
T3S BYh(Fig. 14). 2489 2H2 069 (Fig. 15), 2489 &=
0.35 (Fig. 16) Z28lal o 2gle} Ea%olE 0309 THASF e 714
tH(Fig. 17). 13 E3%olel 4% 047 (Fig. 18), 213 E70E 0.60
(Fig. 19) 283 At Sx%ole 075 (Fig. 2009 = A+ 7S 7HA
t}(Table 3)

el T3
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Figure 6. Daily activity pattem of raccoon dogs (Nyctereutes

procyonoides) during autumn in Yeoncheon, the Republic of Korea.
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Figure 7. Daily activity pattem of Asian badgers (Meles leucurus)

during autumn in Yeoncheon, the Republic of Korea.
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Figure 8. Daily activity patterm of leopard cats (Prionailurus

bengalensis) during autumn in Yeoncheon, the Republic of Korea.
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Figure 9. Daily activity pattern of feral dogs (Canis lupus familiaris)

during autumn in Yeoncheon, the Republic of Korea.
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Figure 10. Daily activity pattern of feral cats (Felis catus) during

autumn in Yeoncheon, the Republic of Korea.
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Figure 11. The daily activity patterm overlap between raccoon dogs

(Nyctereutes procyonoides) and Asian badgers (Meles leucurus) during

autumn in Yeoncheon, the Republic of Korea. Overlap coefficient (A)

means shaded area between graphs.
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Figure 12. The daily activity patterm overlap between raccoon dogs

(Nyctereutes procyonoides) and leopard cats (Prionailurus bengalensis)

during autumn in Yeoncheon, the Republic of Korea. Overlap

coefficient (A) means shaded area between graphs.
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Figure 13. The daily activity patterm overlap between raccoon dogs
(Nyctereutes procyonoides) and feral dogs (Canis lupus familiaris) during
autumn in Yeoncheon, the Republic of Korea. Overlap coefficient (A)

means shaded area between graphs.
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Figure 14. The daily activity patterm overlap between raccoon dogs

(Nyctereutes procyonoides) and feral cats (Felis catus) during autumn in

Yeoncheon, the Republic of Korea. Overlap coefficient (A) means

shaded area between graphs.
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Figure 15. The daily activity pattern overlap between Asian badgers

(Meles leucurus) and leopard cats (Prionailurus bengalensis) during

autumn in Yeoncheon, the Republic of Korea. Overlap coefficient (A)

means shaded area between graphs.
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Figure 16. The daily activity pattern overlap between Asian badgers
(Meles leucurus) and feral dogs (Canis lupus familiaris) during autumn
in Yeoncheon, the Republic of Korea. Overlap coefficient (A) means

shaded area between graphs.
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Figure 17. The daily activity pattern overlap between Asian badgers
(Meles leucurus) and feral cats (Felis catus) during autumn in
Yeoncheon, the Republic of Korea. Overlap coefficient (A) means

shaded area between graphs.

- 37 - ,-:'A -:“.':I- 1_” 'ch]I_



© /\ A=0.60 —— Leopard cat
o | . X
S / | (cr046073) Feral dog
\ .
¥e] : \\ ; A “.-/‘ \,
.a. g _ 1/ ) ,/ \\.
-a g \\\
5 / \ ;
o | / : .
(=] o .-L:“‘_///
o
N w
\ /
o
8
d |IEHIII " IIH L1l I|1= }H!l\\].\HIIUJ J‘ '” |Im 1 Vi T A I‘I L “IN‘J I}HH }‘Iill HIIIII ! 11 H‘\ ‘\II 1l
0:00 6:00 12:00 18:00 24:00
Time

Figure 18. The daily activity pattern overlap between leopard cats

(Prionailurus bengalensis) and feral dogs (Canis lupus familiaris) during

autumn in Yeoncheon, the Republic of Korea. Overlap coefficient (A)

means shaded area between graphs.
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Figure 19. The daily activity pattern overlap between leopard cats

(Prionailurus bengalensis) and feral cats (Felis catus) during autumn in

Yeoncheon, the Republic of Korea. Overlap coefficient (A) means

shaded area between graphs.
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Figure 20. The daily activity pattern overlap between feral dogs (Canis
lupus familiaris) and feral cats (Felis catus) during autumn in
Yeoncheon, the Republic of Korea. Overlap coefficient (A) means

shaded area between graphs.
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Table 2. The degree of temporal overlap in the daily activity patterns
of five carnivores during autumn in Yeoncheon, the Republic of
Korea. The highest and lowest overlap values were indicated in bold.

Asian badger Leopard cat Feral dog Feral cat

Raccoon dog 0.90 0.65 0.32 0.27
Asian badger - 0.69 0.35 0.30
Leopard cat - - 0.60 0.47

Feral dog - - - 0.75
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Figure 21. Comparison of overlap coefficient between wild camivores
and feral cat and feral dog during autumn in Yeoncheon, the
Republic of Korea. Wild-Feral indicates comparison between wild
carnivores and feral cat and feral dog. Wild-Wild indicates comparison

between wild camivores.(df = 1, p-value = 0.02)
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Figure 22. Interpolated relative abundance index (RAI), as shown as
spatial distribution of site use intensity, of raccoon dogs (Nyctereutes

procyonoides) during autumn in Yeoncheon, the Republic of Korea.
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Figure 23. Interpolated relative abundance index (RAI), as shown as
spatial distribution of site use intensity, of Asian badgers (Meles

leucurus) during autumn in Yeoncheon, the Republic of Korea.
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Figure 24. Interpolated relative abundance index (RAI), as shown as
spatial distribution of site use intensity, of leopard cats (Prionailurus

bengalensis) during autumn in Yeoncheon, the Republic of Korea.
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Figure 25. Interpolated relative abundance index (RAI), as shown as
spatial distribution of site use intensity, of feral cats (Felis catus)

during autumn in Yeoncheon, the Republic of Korea.
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Figure 26. Interpolated relative abundance index (RAI), as shown as
spatial distribution of site use intensity, of feral dogs (Canis lupus

Sfamiliaris) during autumn in Yeoncheon, the Republic of Korea.
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Table 3. Matrix table summarizing the effects of a species’ relative abundance index
(RAI) on the other species’ RAI. Only significant values from generalized linear models
were given as estimates * standard errors. The species in the first column indicate
explanatory factors while that in the first raw denote response factors. Positive values

indicated increasing RAI while negative indicated decreasing RAI

Response factors (species)

Explanatory factors Raccoon dog Asian badger Leopard cat Feral dog Feral cat
(V. yctereytes (Meles leucurus) (PrJonaz]uz:us (Cam's' ]upus (Felis catus)
procyonoides) bengalensis) familiaris)
Raccoon dog - 0.005 =+ 0.002" 0.014+0.004""" 0.014+ 0.006" 0.036+0.001"""
Asian badger  0.005+0.002" - 0.016+0.003" " 0.032+0.004" " 0.026+0.004" "
Leopard cat  0.024+0.005 0.041+0.006" - - -
Feral dog - 0.061+0.005 - - -
Feral cat 0.010 +0.000""" —0.005+0.003" —0.021+0.010" -0.035+0.029 -
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Table 4. Matrix table summarizing the effects of an environmental factors on species’
relative abundance index (RAI). Only significant values from generalized linear models
were given as estimates * standard errors. The species in the first column indicate
explanatory factors while that in the first raw denote response factors. Positive values

indicated increasing RAI while negative indicated decreasing RAI

Response factors (species)

Environmental

Raccoon dog Asian badger Leopard cat Feral dog Feral cat
factors (Nyctereutes (Meles (Prionailurus (Canis lupus .
procyonoides) leucurus) bengalensis) familiaris) (Felis catus)
No. of tree 0.04340.008 " - 0.05140.033 - -
No. of dead tree - 0.041+0.023 - 0.082 +0.042" 0.098 +0.026
Distance to road ~ —0.002+£0.001""  0.004+0.001" " 0.004%0.001""  0.00540.001" " —0.011%£0.002""
Elevation —0.021+0.002"""  0.017+0.003""  —0.038+0.006" - —0.073+0.008"""
Slope —0.020+0.003""" - 0.042+0.005  —0.067+0.021"" —0.129+0.015
Grassland - 0.002 4 0.000 " - - -
Built up - —0.0014+0.000"  —0.00440.001" " -

Bare/sparse vegetation —0.024+0.003" "

—0.009 + 0.004"

—0.029+ 0.009"

—0.043+0.015"
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Figure 27. Changes in the relative abundance indices values of

five carnivores by the distance to road.
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Figure 28. Changes in the relative abundance indices values of

five carnivores by the number of tree.
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Figure 29. Changes in the relative abundance indices values of

five carnivores by number of dead tree.
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Figure 30. Changes in the relative abundance indices values of

five carnivores by the elevation.
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Figure 31. Changes in the relative abundance indices values of

five carnivores by the slope.
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Figure 32. Changes in the relative abundance indices values of

five carnivores by the grassland.
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Figure 33. Changes in the relative abundance indices values of

five carnivores by the built up.
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Figure 34. Changes in the relative abundance indices values of

five carnivores by the bare/sparse vegetation.
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Abstract

Activity patterns and interspecific

interaction of five forest carnivores

in the Republic of Korea

Min, Kyunghae
Major in Forest Environmental Science

The Graduate School

Seoul National University

Identifying the interactions among species living together within the
same area and understanding the co-existence factors are important
to comprehend the potential effects of environmental changes.
Especially, research on the effects of feral animals such as dogs and
cats and their interactions with wild animals provides key information
for efficient management and conservation of species. However, little
1s known about the interspecific interactions in sympatric carnivores

which are expected to occur various interactions and their impact on



the ecosystem. Therefore, this study aimed to understand the activity
pattern and interactions among five carnivores raccoon dog
(Nyctereutes procyonoides), Asian badger (Meles leucurus), leopard
cat (Prionailurus bengalensis), feral dog (Canis lupus familiaris), and
feral cat (Felis catus).

For this study, I monitored the occurrence of the species at 35 sites
using camera traps from June to November 2022 at Yeoncheon,
Gyeonggi Province, the Republic of Korea. In the fall, when all
species were at their high occurrences, I analyzed the activity
patterns of each species and calculated the interspecies overlap
coefficient between species.

In addition, the site use intensity was identified through the relative
abundance index (RAI) of the species collected at each site, and the
spatial overlap between the species was identified. Also, in order to
understand the effect of environmental variables on RAI micro—level
habitat factors were collected through field surveys, and macro—level
habitat factors within a radius of 300m buffer were collected through
remote sensing data. In addition, the species’ RAI at the same point
was analyzed together as a biotic environmental variable.

As a result of the activity pattern analysis, raccoon dogs and Asian
badgers were nocturnal, feral dogs and feral cats were diurnal, and
leopard cats were crepuscular. Raccoon dogs and Asian badgers
showed the highest temporal overlap, and feral dogs and feral cats
showed high temporal overlap as well. In contrast, it was observed
that raccoon dogs and feral cats had the lowest temporal overlap.

As a result of identifying the site use intensity and spatial overlap
of species, the highest spatial overlap occurred between raccoon dogs
and Asian badgers, while the lowest spatial overlap occurred in the

case of feral dogs and feral cats.
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As a result of identifying the effect of environmental factors on the
RAI of species, the effect was various for each species. The RAI of
raccoon dogs and feral cats decreased as the distance to a road
increased, but the RAI of Asian badgers, feral cats, and leopard cats
increased. As the bare/sparse vegetation increased, the RAI of all
species except feral dogs decreased.

In this study, the five carnivores in the forest showed various
temporal overlap coefficients from 0.27 to 0.90, with the highest being
raccoon dogs and Asian badgers and the lowest being raccoon dogs
and feral cats. In the case of the effect of environmental factors on
the RAI of species, raccoon dogs and feral cats showed similar
patterns. Since raccoon dogs and Asian badgers showed high
spatiotemporal overlap, further research on co—existence factors is
needed. Raccoon dogs and feral cats have similar patterns on
environmental factors but low temporal overlap, and there is a
possibility to regulate their activity pattern cause they could be
potential competitors. In the case of leopard cats, there was a lower
level of temporal overlap with feral cats than other species, which is
thought to be a phenomenon that appeared to reduce negative
interactions between species sharing similar taxonomic and
morphological characteristics.

This study suggests that for species with high spatiotemporal
overlap, it is necessary to do further research in focusing on the
co—existing factors, as well as to identify species’ activity patterns
and interactions in response to various factors such as human effects

and seasonal changes.
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