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x =

S|
(Synthliboramphus  wumizusume) =  +%  sel=3
FRILoA WA dte A% HsAE, mlgtes dA47EA dA
A A 7he-H gk fFlmolvh, weba] Igbe] o3 wihetzol] 1%
aole xAE Aol WA skE wH e AT el dFE =
Aox wadn. # Aqe aYe] FAI FE(TNR)O &
aolgt BHew AT AETHEAe T B e JHAT
714 BAg 15k ko] JHAS BEpdehs stk AAEi
al

fole] €t ¥

HAo] Jhgst Al 2002 ERIEY EF-AEF 7N
SAA FAAAE A #F Aol sdeA Al 207 (95%
A=A 20-24vk2) 7 FAEHJG. fole FEAH 9L AAA
o] &= Hefatr] Slsl 1071419 FA FAe AAeler, 1 Ay
Jfolel AEA A7|E= 12.0526.99ha (95% KDE: kernel density
estimation) o]l o™, MM AR F7]= 1.60£0.77ha (50% KDE) =
Uebsth A whE Asdd SAAAAA] A7) Alol= AR
FoskA ekeka, FHS NAs 10vie] F 8viEle ackolr} Hols
Tt Hw k2l AFAYGs HAPAMAAR o] &ednt. 1L o=
< b/hAS] qesUe B MAX FHYE Ao YEw

a1 A AP Ay iR ARGske] a19ko]
s4stel wE AT AEeHEA(PVA: population  viability

analysis) = AAIsFStE. 1eFo] FHU4855H2> 40, 80, 120v8]=

{

o

i A L) ¢



aeFole] xAom QIgh FIE Fol7] fa, 1ol JHAT #E g
ool Az a Q). vlgle U 22 oalo BAL s Al
gt FAst7E HEEA] A3 Eofof st FA e A o whE &2
QbetAb7t Sl AT A Fael] maAd Ao JgEd
Foo] : AT AETHEA, 1], BH e, $43 &, dEH,
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kol (Felis catus) & wwetA o= 255 (Carnivora) 1L9Fo| =}
(Felidae) ol &3k 11%Fo] (domestic cat) 2= 2> AZtelAl A=
N FE AHshz §olz FooAM T3] & F e BEE 1YelE ¢
A3 5 2001, Turner and Bateson 2014).

aFol= A @ Agstr SAERE Wy "ol As 9
03t of e R A9 ofpel #9) ¥ At (Fitzgerald
1988). agFel= 1del ) 53 mao] kst Ao 7147t
10mtg] 2 A go] wl$- 73t} (Sunquist and Sunquist 2002, Lessa
and Bergallo 2012). T3 119kol= 574 Ho|Yd S X587 Hupe A
AgAoA GA AT F Sl A Holdow MEsts 73524
(opportunistic) Q1 543} thekst Hol &
EAFo|t, o] gh A 54 Yo AlE
EoFsE kst BEiAlA 924 A &3k vt (Jones and Coman 1981,
Fitzgerald 1988, Devillard et al. 2011). o]} o] Zst H 2=} %
8= HEo® o fdd 1ol MATFE TlskwrAer Tt
sto] A4, AFS A EAE AT (Levy 2004).

A5 aekol7t Aol FE A HAF AALY HHoE FHEH
T YUY ngole AAAHA A Aol s AewE F
J¥@h(Bonnaud et al. 2007, Medina et al. 2011). A9 AEA= F
thegdol wra JoF dAZF sk 1/ (endemic species) 8] Hl &
o] 7] wel fJAFe Pl FHeFstrh(Fritts and Rodda 1998,
Williamson 1999). 53] gjeiFol &t 23 w3 B o= <l
af A A e EANS EAAAI T (Diamond 1989). Aol 4

g mofol A EAE wAAY ot niF BES AW 2 4

W= XA (generalist) & 7}%
b =R o Hubsk A28

EeX
=

H~

i :10

(e}

£



Ao AT ATH(Wolf

edina et al. 2011). w}5Al+= Ao

i
o2
oX,
Y
[P
1o
N
i)
2
r o
to
S
lo
Z i
B
oo
ol
rlr
N

(Moors and Atkinson 1984).

ol gt kool 9 ofFsE AME FRATIV] A& v A
A4 7] Yol A=tk (Medina et al. 2011). /A4 2] W
7hed 7 wol AMEE = A F43H(TNR, trap—neuter—return) &
F2E nFolo Faof HAE A WAool ErlsstEE Ve &

R s Yot = UE JhAlg B WHoRs of

%9
Fitzgerald 2005). 3tX|9F 9= & o8 A= =
22 B o2lo] SAE WA AR U= S e T JdRF
tekS A% 8kal ok (Longcore et al. 2009).

¥ e gli= =25 (Charadriiformes) HFtH2] 223} (Alcidae) ol
st 4% HSHE SA42 HE:L7IEeE A Stk AAA A
= AL 2,800 — 4,100% 0] Ehatr, 0|59 AAFE A&How
Aaskal ok 1992, Carter et al. 2002, Yamaguchi et al. 2016,
Otsuki et al. 2017). 7AAI #7229 F8 Q12 TR aLkolel
| ost 227 A odell 23t &3 (bycatch)?l Aoz UdeiA
At (Nettleship and Kirwan 2018). 24229 H2A A= tjstil= A
T A9y dE HF A9 FRIEAE dEA o, AFE F
e

£AQ1 rletEelA MAsE ATl AT FAHATEIRE 4
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I1.

nes
_“

>~
—ﬁ

ago) e FEd

¥ (home range)oldt, 7HAIZF o], M4, F24 & FHste &
7he] MR AHtt(Burt 1943). AF52 FF5d A7 by oR
Hol 29 (food resources)o] tgaEde= ZAA Yeldth(Sandell
1989). 11¢kele] ¢ W27 A W2 Jted Ae 327 98,
YA A7 HolE F7] flaiA sl HWolAE FoE Kl
t}(Liberg and Sandell 1988). o]&3t o] = WA 7|W FH 3 AHA

PENS FPW FBo] B3 F30] dRnd JUHos o We B

d

AS o] g3t Aoz oty (Koneeny 1987, Yamane et al. 1994,
Goltz et al. 2008, Buckmaster 2012). A2 x| o] u}z} 719 Y&
Hol ARG AAY A wE Y5 Zol7f YERA] 47| % &)

At (Norbury et al. 1998, Molsher et al. 2005, van Heezik et al. 2009).

OS5 2ol A, Al7] sl WE a1%ole dEd A7) HElE ¢
ol 1 12} 3tk (Yamane et al. 1994, Edward et al. 2001, Recio et al.
2010). o] Asd A= ool dustke s FHHE Hol
= Blaste] 224 d&f B A9 A =Holdg =R it
(Goltz et al. 2008, Van Heezik et al. 2010). T3t &2 AAF A
M kol BEdAs Sl AT AR E S 23 Ags FH
% 39 th(Bengsen et al. 2012).

FUeldE A AR FA FHE T BEd X
sto], T3t ofgh o a1fole] sy xpolel A ol g5 otk
Sttt 1 A ofghel] ] WIWEE olF g SFle



oFoli= o]

Aol I

:ﬂ

Cl

2001).

3} mHAQA A

s
=)

B
g

Gl

HAA FamT Hel

2009).



qpokol= A A 713 F A E2AF(opportunistic predator) &
ol o] Tl TR wef thekst
M et} (Fitzgerald and Karl 1991, Barret 1997). ©A] &2

F9] ol T Hs} SAE 2AYV|E HolPo g o] &3hA| %k

juod

of MAsts Yol 2R/FE T8 Holdo R o] &gttt (Jackson 1951,
Fitzgerald and Veitch 1985, Bloomer and Bester 1992). #HA]=
Natividad AdelX= Ea2Fel & wtgj7t 40.57F2]¢] Black—vented
Shearwater (Puffinus opisthomelas) S X23h= Z O =2 ZALE QT o]
Aol Holde] 90%E AAete Aoz yErskth(Keitt 2002). &
ot =l slgel $1*3 Juan de Nova 419 11kl F=2 FFolL}

FHAZE E2AE Y Sooty Tern (Sterna fuscata) 2l A 7]ols= HoldS

3l

mepelo] EAow ok 309 vhele] £F MM FauE Qo *
o]

A 2-7% ool A g Zlolwl, wld mekele] ofal At
o xR ok 19-39 skt HAPHE oz FAHU



International Union for Conservation of Nature) 2] 5% (red list)
9] 915% (CR: critically endangered) .2 5% Woylie (Bettongia
penicillata), Mountain Pygmy—possum (Burramys parvus), 3 °F&
(VU) ¢l Southern Rockhopper Penguin (Fudyptes chrysocome) &= >
FE AT olgtels 400F9] HFE= (2R 123F, FhyF 58F, HA
27 F)ol megole 22 FFe] 93 dHE Y= AR U
t}(Doherty et al. 2015). Medina et al. (2011)2] oA = 120719
A3l 22 Aol A sk a1efo]l Z Ao o3t JIE AFsE Ay 2
123F, Ef5F 27%, 357 25F°] aLckolel oa /WA47t a-st
= Zo® HIHY. old ojFE AAAARGAYS] ISSG
(Invasive Species Specialist Group) ol A= o] E “AA &2 100
o) @ E(The 100 Worst Invasive Species)’% 3ty=Z AR At}
(Lowe et al. 2000).
aFole] EA Holdg wotalr] fF Aate widES ol & W
=24 (Apps 1983, Konecny 1987), 99 &9 U&&E 4 (Bayly
1976, Jones and Coman 1981), H o & 213k wo]E F=Aste] #2435
+ "W (Churcher and Lawton 1987, Carss 1995)& ©]-§3to] a5
ATk Aol EE q1gko]e] x4 Holdo] #Ek A= i )

=

=

dEs olgste] A7HdT Agatdt dv A T ako] #H
TAAN LRF 65, 2F 15 13 25 15, &% 8% 1437 24Y
ATHEAF 2001). 283l A0 9] A+5 T8 THF 15, =57
237F d&) F5ol F7hE . 9 = 3l S o] =gt
UZbel ofal WAH= 28] 9ol ok 1 IHRE EshE
Zo] gl gl



3. /MAZ AETHEA

MA+ HE58HEA (PVA, population viability analysis) < 374 &
1 g ajFFe] Wiy FES o] geto] Aol dA A AE fdH
ngje]l A Al Vs S odSsth a8a HEAVIFE HAEESN
A7) Fol s dRE Awste] /MATe] #e 2 54 AP &
W2 ol AFg-E T (Morris and Doak 2002). # o= EE$715 9
MAT HAaE B BAES 98] A=Y a9 53 A=s 74, 4
A W 220 G, AFe] JHAle dHE A WRer A

T AETEEAOl AMgEH Y (Willilam et al. 2002). F=

py

ke

Wuyipengo| A+ Giant Panda (Ailuropoda melanoleuca), V= Isle

o| 1= Woylie (Bettongia penicillate obillbyn) 2] LA =4
AESQ] kS e vk vk (Wei et al. 1997, Licht et al. 2017,
Pacioni et al. 2017). "= 2] Isle Royale = H & dolx= FFA7F5A
Canada Lynx (Lynx canadensis) =2 =324, dAajHel AEV}
sAS FHrrstnAr AT A H A AT AEsEEAE
7 100¥ ¥ Canada Lynx® 7Aool FX49 &2 0.360 %A1
10d 712 o & s A=dE 35 MAT A S5 0.98=
S7he oz BAHAT(Litch et al. 2017). Ul & BFEA7F
19 (Vulpes vulpes) &y =712l (Rana chosenica)®l A= % HFAL
AgkS Fstaxt MAT EsEiEAo] AAHAT(E & 2009, Lee
et al. 2013). EE7] 199 o499 HAdS 9 oMt =755 A
= AR dEe Aule wet Wstets A A7 CSssith 1
Ay A=Yst= MAL dEE wa F7]AQD o MAT E5S 96l

A ud 12vke] 9] AEgle]l B Aoz Yebsth(Lee et al. 2013).



lefFel x4 It AFE F& EEAVIFY AT Al v
A= G dotry] 98 BEsE Aol o] &4V skt Keitt et
al. (2002)& 9WA|7 9] Natividad Ao @A &t= 3¢Fo] o] E A0
Black—vented Shearwater 7JA|tol v X&= Feke utobalr] Q& A

S Astolet. ko] xAo] wAEA oS A¢ Black—

(i
ofr

vented Shearwater 7HAI9 AAELS 1.0102 FAHHX T, 119F0]
Alo] wkAst AL o]59 MHAEL 5% A= AoE eyt
%,

T3k aeko] JRATe] A7

kel

N
-
o|\
N
-

o

HIEA L AT #eE 98 @ol ATHIY. e Rl
A st 43} % (TNR: trap—neuter—return) ¥ FEHALES =31 7)
A WstE AS5stqleh. 1ol AT Hads 43 F&o] <tbe
APRG B 53 AEE AAHojof g7} Qlo] FEAE JRAlF Fh Aol
o ayAdel Aox EAESY(Andersen et al. 2004, Foley et al.

2005). 349k McCarthy et al. (2013)= A F=1 AzdAES

=

3t =X 3}(TVHR: trap—vasectomy—hysterectomy—release) 2] 7%
A B7FseARE 3220 #gow AT A o2 ANAlet AAlY
e 8] wiEel /WAL F7FE Weld Aoz A8kt (Kendall
979, Pineda and Dooley1984, Tabor 1989, Nogales et al. 2004).

3 F71Ao® Woks W TVHRS TNR#H =] 7iAe] AEES ¥l
A 9k7] wiitel QbeEtAtE T JRAI Aol adAd AowE ettt
(McCarthy et al. 2013).
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rlo
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. As 9 34

ol (Felis catus)© 215+ (Carnivora) iL%¥o] ¥ (Felidae) 8] &
=2 9,000 A FAALE] W) 7hE3ke op A aLeko] (Felis silverstris) &
F8 71 &t (Driscoll 2007).

Felis catus®ll &3t EE 1YolE A5 11%9] (domestic
cat)’ghal A sk A2 Aee] wEl oo ske] W R Al
At Al Ao A A ek opgolA A&t Eal%kol (feral cat)’, Q!

23 AW BAE P FAL A £ s F0e A Fage)

¢

HEg BF3t(Centonze and Levy 2002, Turner and Bateson 2014).
2 AFo = vigtro AMAshs 1190l E 37MA] HER FESHA

Ay HHAE BE 39Fo]E 119Fo] (domestic cat) & A 53T}

10



2. 23243

24 @ 8= (Syathliboramphus wumizusume) = %= 9% (Charadriiformes),
vtk @ 2 9} (Alcidae) o &ab™ witha e elat Zhedl JHAl7E B
At B ews A4 dFVIFer AAA AATE 20174 V%
o2 2,800—4,100%] =¥}ttt (Otsuki et al. 2017).
AIAAA B A (TUCN) o] A M E5 (Red List) 2 4 dE FoF
& (VU: vulnerable) &2 /31, gl BEFH7] oS E 1T
gl AAVIEE A4505 2 A st Hestal gty 3k E e
Q9 WXl dEAE 2225 National Monument® A% 3}
9

N ol

e

2383 At (Carter et al. 2002, Ministry of the Environment 2002,
3413 2005, BirdLife International 2012, g4 % 2017).

B eds U@ AEgFAy AR Faiel WAske slo
2 BuEa(d 1992, Carter et al. 2002), ol WA A= L] vl
2Anp dow AAA = ee JhAFe] it Grl o 3,00070 A7}
HAGH= Zlog 2addA b (Nakamura and Ono 1997). =ujeofA+=
1983 Ak dir=kolA A wa e WAo] iy (d
1992), o]% 5% (A3 f 2005), W% (Park et al. 2013) oAl ¥ 2]o]
BRE . Ao AFE SR st ulgls Alo] o] &fakd
A AT ASH R ARV wdo] AFE e Ba e w4
o] ¥ th(Kim et al. 2012).

Yamaguchi et al. (2016) & H|W2A7]F<t a2 o] ojs|
olr 7] Q& EH e 3viElE FA F45
Tsugaru dg 2+ Kanmon 38, Bungo @& HAH £7tol%, AFEd,
Hob 2 el vWArIE Ryl Z2e® dehgth E3 Ida
(2008) = BRI 7] Seto alelA mAd=iAL AAE A &,

f
32
i
-
o
7
Q
lo
i

E
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olF Fall mWAre & e olFd we dobr izl st At

waed e vwaY] ozl Yt At oA wugk Ao,

7h

Ao WA S B2 TR BHodd O A7 £d w5l

t}(Yamaguchi et al. 2016).
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2. AT

2 ATE AFSEAAE AAEA kgt (E 1267 16' 05", N 33°

07' 02"l AU}, vletEs BEF)A FEH o R 11km, 7Ho=
ol 5.5km "X =E FHgwkol| AT Fololrh Ao WAL
30ha®, E&H4do]l 1.25km, §A4°] 0.5kmeZ E&Ho=x Zo|7} 11
Bt ol mefolrh(e 9k & 2015). mietes A F - A= BAHE B
AS fal 19920 sy gdez, 20000 HA7IEE #1423
T2 AAso] A AAUAL 85%7F HE Aoz e 9t

Ao A¥t7] 22 17.0CeIH 2018 #7122 8¢, 33.5CoI%
A, HAZIES 180 —3CE ASHUT. 487 wietioo =g
395H 697049 7] 11.8-22Tqth whgtee] A5
1923.0mm, F5 8.1m/solH o5 Fvpdels HEo IdS ©ol
W=t (71747 2017).

nhebEel] HAE AMEES AFEAE sidet] 7S Y =5
shdste] dAl Adele 2 <ol §loh 199193 19924 F& & 717
Aol ArEo A FdFole NEH (Pinus thunbergill) ©] 274 ¥ 3
i, FelE M (Miscanthus sinesis) 22 T (Zoysia spp.) 7} &
AT (A FEA] 2008).

et e AAA Aol R R T Fokrlol-tYF o] &8 = (East
Asian—Australasian Flyway) el QX3 Hox ZAAYE o]sste
Arzol &ARdE qUXE EEFste S 7IFAE ARRETG S
2009a, 2009b, 7 & 2010, =HxAAT¢d 2013). vt =/
ATdy, BEFEH7E]  E58 (Pandion  haliaetus), Bvll (Pernis
apivorus), 12X ( Tersipone atrocaudata) 5°] HZHAJAG (A %
2010). =3+ 22 g9} AMMNY] (Locustella pleskel) &) ¥ 2]o] 2ol

A3l U v EFe FEIINEAZ (Pitta moluccensis) 7} A = Stk

m[n

M
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2009a, 2009b, w3 2F5).

L=
o

&
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3.1. 1o]9 AATE 27 € EA

& spebaholeh. b WA vhbE A AAE dgoR SYa 18 =
A A 24 Azl W dely 48kmAdth 2 A7 BH 2} A
4g Agshs 39 7944 S5,

afo] A Al "o My By Fo 54 (Figure 1), A4, 9%,
A X1} sk A7) (Figure 2) & A4 #&eto] 7| Fakqla, 43t
2]
A% #E A9 7E9 54, AE, A9, 2 JAE ol &St AE
21 &9t (Dawson and Miller 2008, Silvy 2012). 9528 HAo] 715
3 1d ofdE AAlL 19 mivks vAS AR ek V] EsT
(Andersen et al. 2004). Aj7] areFole] #Zo] o] 7] wite] migtx
= o ol AH A71E It A7 FE AbEst
o A JHAIE A7I9E Ay, v S2 Tl

Sl #E w7 AT AEsHEA o AR E AT

15



Figure 1. Individual characteristics (such as facial markings, coat and

socks) of domestic cats on Mara Island
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Figure 2. Kittens found during the survey (upper: five kittens, lower:

six kittens with their mother) on Mara Island

. A2 of &



3.1.2. TAH < ol&F A AAT 27 F4

A #wEy x 3 -A3xE WU (capture—recapture method) & Ab
= FA3A T (Silvy 2012). rlg ==
31o] Aoz HASHA 1HE Sl o}
ebA mhepE o] areFo] JRAlES o] o]Fel ok JHAlF Wkt gl
#H 2 WA (closed population) o]tk Z & —A| 3] ®HES o] &3 7|
o A7) FAHL program MARKE o]&3fo] W&t} (Silvy 2012).

A A arekolZh e A 1, BHEEHA I AF 007 JF
st 4S5 €, AL /AR g2t (Cooch and White 2006). FA}
23] gk 11, 10, 01, 009] 47kA12] 7F3l5=7F A sk, 2 A
TolA= 00 URAZF EAHA T WA R ke Af)S WA Y=
Uil 7Hg ek Huggins EES ARESto] 415 W38tk (Huggins
1989).

w2 g5 @) I AAE FE(e)o] ARFMY), #F FEMMy), #F
ALl o] A (M), F&F sla (Mo) ol e} Wsteles RAE vy 74
= 23U (Otis et al. 1978). 4715 4714 2dlld} ol 233t F
7F 4782 EEl (M, Minz, Monz, Mibn2) & 870¢] & o] §3ato] /HAT
71 FAe ARgsith BAE 2l Jked 7 A2 AIC (Akaike

Information Criterion) ¥ 78 ¥ model weightE 717 A& 2 E

i

o
%
%

@ waz Adsen, dud vas o rletee] A5 YA o

s

kol o] JNAFE F43FA T (Otis et al. 1978, Lukacs 2006).
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=
=
Poland) &} Gper (Spacosa Inc., t3tel=r) 27FA] & o| &3} 2

o] #A= 247 80g, 60goI R, o F ol TAVIE FEE w2
|-
-

>
NN

2

|

Al

L=

e}
2

7] F22 AAE ez AAS T (Brigham 1988).

Felis collari= 4417] (base station)® ¥ ARE F4 2271
(Tracker, Ecotone Inc., Poland) & &3l th&Z=35}%lal, Gpere A|x
AFe] Catch loc (Spacosa Inc.) Aol Eo|A] JHE FAlSHIH. 41
FAA = 1089 JRAe 91X ZHE RS A, e 13]

J

P HOIEE FAlSEA T
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3.22. ¥4 F4

PED FNE FANNFAL B Y AL S0} 50 o

o] 35} th(Seaman et al. 1999). 119Fo] 9]

2 #¥et], TEAe dAstel dEdAS Fotele Wit
(Worton 1989).

KDEAA 5 RS d4sh= HE uj7f¥4 h (smoothing
parameter) + referenceE T3 HoX= oz 1A (Silvy
2012), fixed KDE+= 50%, 70%, 90%, 95% = 4¥ dFsdS A=5A
ot 50% KDE?] A= HAAA 2 A] (core area), 95% KDEE &

2 7+F38lgth(Kauhala and  Auttila 2010). 48 R program
‘adehabitatHR’ (Calenge 2011)2 ©]£€3+% 3, ArcGIS 10.3 (Esri
Inc)< ol&stel 49 FeUd migte A=E AU 110l

45 WA 27 AolF vhets] 918 Wilcoxon testE A5k,

20



3.3. 19F0] T3] WE o] NAT AE Y EA

3.3.1. 7]& Auge 8F

s weko]l TAE & AdE vy g8 AT BES
RS AAE 0 BA o= VORTEX 10.3.1& AH&3F9th(Lacy and

Pollak 2018). VORTEX:= 7HAIL S BEsH e 4ok AledolAd
zrIOfoR, oflless MATS HALS A4S dvistes 24«
2~ (deterministic forces) 5 ofuy2} 7|A8H4] (demographic), 2
B4, 784 o ARE AETHEAY 24E EIFTAT= F|
7Fs3tth (Licht et al. 2017, Lacy et al. 2018).

npets a¢kolo] AEFHEA 7] Ay 2 (Baseline) & 7HAIT
FH= 98l AAS dFxA AdE vtge® Sl ®Ao] rhed
A 20mE AMAFE dEekith. kol v tHA (polygamous)
of w2 AAE wEW ®A7I7F AsA A vk (Turner and
Bateson 2014). ZAM1ZE F<2tb 29 lAlsh 7iA 1wtelE dskqla,
g stz Hdl ekl e Har shlAl 7z 50140 S
o 3gfo] AL A A TAEAA 1d Alolo doju= A&
Frasto] A A A WA dAFe 1dez AASA T (Turner
and Bateson 2014). &2 Hoj WA AL Pascal (1977) 9] A4
g dEste] 7der st Ai71e Adul= AAlet FdEA 50%
2 ARSI agkele 54 7ol WA 53HE oA 7] uel A
A W Ee 9238 #2324 S o Aoz A5 (Say et al.
2002). 2APF w3 ofgel JAEHNY] witel et Az HAES
gtota = glo] & Aol H3qE A+-E Farste] AdAsE 2719 #H
Fee 27 27.87%, 73.16%% A7tk (Van Aarde 1978, Izawa
and Ono 1986, Danner et al. 2010, Lessa and Bergallo 2012). v}&%

-

off
o [

>~
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= HaE FFtel7] wiiEel <L w kA (inbreeding depression) & A
7bsAdol e AoR AFHARE ofA kA a1kl e] FmekAlel df sl
dTd A57F Q7] Wil A sHA ekskthar A2 skt (Devillard et
al. 2003, Nutter 2006). ©]9} A A& Ab3}(catastrophic event)
ok WgskA kvt Ak AT EES A (sex) ©
ddd B2 A4Skl 2 AdE 2= 10003 ®bE Al#ske] 20
S0 AT A7 E =5t (Table 1).

2 (carrying capacity, K)< 9FZ5FH o] it =}
o] FH- AN = = = Ho AL AVE v dth
Hol| et O ol FrhskA 7] wWEel S

sEEAAA HdTEey e AT A71E Adete 92s
ol e 1ol dx Ax T MY 2
9 (4vtel/ha) o] A5 Faste] 1209 =
H2001). F7F= @A W4 7hs JiAISe] 261 40
40, 1209 &3t @<l 80vtE HulF&sHoxr A4

9}
FEEY WER BIHAYL 7] A8 BEARE 1002 Y
o}

(o

=
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Table 1. Model parameters for the population viability of domestic cat

population on Mara Island

Parameter Value Reference
Scenario Setting
Number of years 20
Number of iterations 1000
Extinction definition only 1 sex
remains
Initial population size 20
Species Description
Inbreeding depression No Devillard et al. 2003
Reproductive System
Reproductive mode Polygynous Turner and Bateson 2014
Age of first offspring 1 Turner and Bateson 2014
Maxim reproductive age 7 Pascal 1977
Maximum number of litters
per year
Maximum number of litter
size
Sex ratio at birth in %
50%
males
Mortality Rates
Juvenile Mortality 73.16% Van Aarde 1978,
[zawa and Ono 1986,
Lessa and Bergallo 2011
Adult Mortality 29.53% Van Aarde 1978,
Danner et al. 2010,
Lessa and Bergallo 2011
23



3.3.2. T3 AV 474

S

4

A3 s AN E W AT BstE dotrR 7] fla] 7] A
e o] grolld T3t Al wet o RMAES vEA 245l

(F#: % adult female breeding, <% % mating male).

3t 535 vwsisiv. 43 Fe By s AA N 2719
&S Wrgetion, Al uE FA43 A=+ 10-90%, Az +
Astole (Miller et al. 2002). #H853 2 12002 A48t o
A3 FA F A3 a9t 52 AES o] g35te] AA A3 #e F
EE AlEstete] AT AAl 142 19, 29, 3do® Sla
g ZAre= g A AT 2719 30%, 50%, 7T0% = AAsgt A
Al 144 #e] A%+ VORTEX Function Editorell Equation 1+ 19

ste] AASATHLacy et al. 2018). %= Weale] UAg Axtebis
QA WAz} 19 W BE ke 1= 7 99 YmAE 00 g
Rojstol AN 117E S AESHRA /R A es F4

A
g AL W AAT 2] Aol W HFE, BEFEAE

off
o

100— (ax (Y%b:l)) ............... Equation 1

a= 43} A%, b= T3 HAA =), Y= year
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3.4. 1Fo] FA3}] BE B2 AT AESEYEY

w7 ¥21 33t &4 (predation remains, AH, 9 5% 5)&

Al wal el WP FHSA 1ol AAT AL

o
Y
i_:“
il
=
o
o
il
i
(i
ol
32
I
[
off
iz
>
to
o
iz o
1>
)
N
2
I
rlr
o
kit

Figure 3. The wings of a Crested Murrelet (Synthliboramphus
wumizusume) predated by domestic cats (Felis catus) on Mara Island,

recorded on April 19th, 2018.
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3.4.2. 10| TS wWE e AAT Ay 23

ea e A
e MATLE dA5stAk skt (Lacy and Pollak 2018). #2] 2%
T oA7HA] A e AF7E ol 1AH A kobA] AT AEFTH
Ao Aot wiyfAFrE RSl weba] gelo] Erbed 4

al

SR 7P frAketa el gheh A5t vl

M
0%
I
olr
an
M
I
o
O

28] qoko] LA 07 i

rir

%

:V‘.:

=
&

52
o
2
o
i,
T
Ry
)
Pox
o
I _1>4
“
E
>
=
o S
§
IS
>
=
»
Y
IN]
=
Q
=
=
2
1o
=2
=
=
i
fl
Y

AP mhetools 225740 EA eyt M Row F

%Ittt (Nettleship and Kirwan 2018). ¥-(2013)¢] F+=%A Rk &
e Ao wEw, 2 el shajiteo] H 2.2vHg YA,
AT 1d wwke] e FHARES 57.69% % THn=26). °]2]2] Hj7|

%
e Atta e el o] A5 giAste] A4S g skglth virka 929
o 9239, A WA A" 29, Al77E 23 FH AESH] WA R
ole = & 44% 183 A HAME 23%S Falste] EH e
AESHEA o] AFE-3F3lth(Nettleship et al. 2018).

17 F aoFo]l AAl 20wk el & AR wH o= 240t
g2 FAHA MR AR), 1Fe] AA g mielrt wid 1.2v91E] ¢

EN
>
A



m

3t A A3 FES AYRS wo AuE Hjuste] F
o] wa e AT A7) Wt vA= YT dolH A AT
VORTEX Function Editore] MIN AARRE 9l=&ato] q1eko] 7| A2

HUFEegS 24, T8k g 1ol MATF AFES ¢
2313 ok (Equation 2).
1.2X (MIN((20xAY-1);K))
1 —_—— i eteeseses Equation 2

450 x1.00Y 1

1.20 o] AA g mpg]7t 223 Ao w o4ty s Baed AT
200 A ko]l 4 MAF

A1 q19fo] FAd ke wE AT 4AE

K: a1eko] 7jAle] Hd+ 8549

450: Aoy F4 MAF

10071 EH e MAT YEE

27



Table 2. Model parameters for the population viability of Crested

Murrelet (Synthliboramphus wumizusume) population on Mara Island

Parameter Value Reference

Scenario Setting

Number of years 20

Number of iterations 1000

Extinction definition only 1 sex remains
Initial population size 450

Species Description
Inbreeding depression no

Reproductive System

Nettleship and Kirwan

Reproductive mode monogamous 2018

Age of first breeding 2 Nettleship et al. 2018
Maximum lifespan 23% Nettleship et al. 2018
Maximum number of 1 Nettleship and Kirwan
clutches per year 2018

Mean number of clutch 9 Park 2013

sizes

Mortality Rates

Juvenile Mortality 57.69% Park 2013

Chicks returning rate 44 G Nettleship et al. 2018
after two years

Adult Mortality 23%* Nettleship et al. 2018

* Data for the Ancient Murrelet (Synthliboramphus antiquus)
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Iv. 94723 4 &

1. 2ol AAT 27 % 54
1.1 Fd #22 T AAT 27 43 hds =2

aeko]l AT A4S worstr] fa F 219 AFFRALE WP
T RASE AR SHE A F 1823 BFEHSY. AA AAE 497
AL o] F 34ntE|7F AHEEHAH(Table 3). AA= A 7rkg], F
7 7eke] mEkl 6ubE R F 20vkel b EelEa, vAdsAE SR
3eke], £7 4vtE], ekl 22vkE] 2 F 29vbe|7) EelEglon o]
9utel= ZAMIZE 5 wARSESATE whEbA] whebe] qieko] WAl AL
= 407 (A 20, A7l 20) & e TH(Table 4). ojule} A7jE=
TE F 57 ThEwe]l #EEG e, o] 13 Fele qekolo] A
MATF= F7 8t S B9t (Figure 4). olw] g2ly wofo]o] 3t

Al 714 5.00+1.58wt2] (n=5, W]: 3-7w0}2]) .

r
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Table 3. Summary of observational surveys on domestic cats using natural marks on Mara Island

Number of surveys Number of cats detected Detected individuals Re—sighted individuals

21 182 49 34

Table 4. The number of domestic cats in different sex and age groups detected by observational surveys in 2018

Adult >1 year) Juvenile (K1 year) Population
Female Male Unknown Female Male Unknown Dead size
Number of
7 7 6 3 4 13 9
cats 40
Total 20 20
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Figure 4. Cumulative curve of the detected number of domestic cats
over time. Notice the rapid change in the number of cats by

recruitment and death of kittens.
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Aol Bgap Agkel] wheb g gHEo] WEkehs Mt 7 A 9% B
g2 e E A (Table 5). 7H 2 AICcE zte RHYE F4¢
A MATE A7 209k (20.39, AICc=180.38, 95% A1 &A]: 20—
2avie) 2 A4 #ES FE Aoek Tde o R SAlHny. K o
glo] el oA oAbl 2 A w3 dre vd e 7o
(Table 6).
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Table 5. Closed population models to estimate the abundance of cats using the capture—recapture method on Mara

Island in 2018

Model AlCc Delta AICc AlCc weights Lillz/gl)icklleolod Num. Par Deviance
Minz2 180.3825 0 0.67845 1 9 134.1576
Mibhe 182.4838 2.1013 0.23726 0.3497 10 133.9381

M, 185.5812 5.1987 0.05042 0.0743 7 143.8924
Min 186.6562 6.2737 0.02946 0.0434 8 142.7167
Mbnz 192.2932 11.9107 0.00176 0.0026 4 157.1567
M 192.4156 12.0331 0.00165 0.0024 2 161.4878
Mh2 194.1859 13.8034 0.00068 0.001 3 161.1691
Mo 195.7241 15.3416 0.00032 0.0005 1 166.8549
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Table 6. Estimated population size of domestic cats from different closed population models using the capture—

recapture method in 2018

95% Confidence Interval

Model Pogjltailrtrilc?rtlejize
Standard Error Lower Upper

Minz 20.39 0.699747 20.03679 24.10059
Miphz 20.14 0.497086 20.00583 23.32477
M, 20.10 0.320398 20.00448 22.11981
Mip 20.83 1.971759 20.0563 32.30752
Mbhz 23.85 5.363031 20.50243 49.47954
M, 21.37 1.818544 20.18866 29.88626
Mh2 20.56 0.867012 20.06448 24.88901
Mo 20.19 0.446537 20.01228 22.79717
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T 2072 (95% A E|SHAl: 20—-24vte) 2 FA QAT dvrA oz A
s T AT BES ZE A gRlo]l o] Wil FgETt

} A3538# k= H o)tk (Link and Sauer 1997, Silvy 2012). 3FA|
RE R A g s atE Feste] aglEe] glow Ayt ghulst
K71 WEel, A 20wk T 1wk E AlLE 199kt AdE Ao

npgt = o] 1oko] AT FE(95%) S E=EALS] moko] Ay Ay (=

of
S
©
%
=
(o,
kit

T
)
w
oo
(-
‘QQ
of
N
)
o))
o
ﬂ
N
o
i
=
_O|L
38,
o
2
=
—o
=i

nhebE A A arekolo] Avle= 1i1(9R: 7, FA 7, mEll 6) = ¢F
A FAY AAF7E Bdsdrt. e AEH Aol HEZEoA Wy H
AT (n=94) = = Av|7} A3 Aow A= vk (Prescott 1973).
nhet el @ AE ol HEEe] ako] Al o] UANMA O R ¥ fF 9
d HlES HFH(49.3%), TAGOTR)E ALl FAFSHAITE Bl AlgE 2}
o] FFlo] f wol] Hojdt}(Prescott 1973). Holxgl7} &3}=9
Marion A9 A+ 11%o] Adu]7t 1:1.85 (n=205)Z FFHo] A s}
$al(van Aarde 1978), Galapagos %9 1%l AH]= 1:0.38
(n=42)% 4F 2 v &o] Z Aoz FAHH(Konecny 1987). °l+&

gA 7], HolZE, dF X o FRY AEdy #do] 3=
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A& bt (Barratt 1997). S Goltz et al. (2008) ¢ w2 A

AL A7} & 57 3ko|7} bR weFo|rtt x4 S
oF whebA Au] Thers 2 dSE o
o} s ARk PEE 49vby] S Adk o)A

ZANZ T oEeld vlAds JiA 299k T 9vke] (31.03%) 7F AL
ol 2 671 mwke] Aj7]ith. S 1009 olste] A
aFelE tidow AR A3 HARES WeE 14.8%-48%c°|th
(Jemmett and Evan 1977, van Aarde 1978). &3t 9]&& sk a1k
ol A7l 169vke] T 48%<%1 81viel7} #Abel= Aoz SQlE I
(Nutter et al. 2004). SiL%fole] A7 HARES] 5 A7 o] oY
o et JAE oA HANE JarFol e A7 HAREE
ALt (Levy et al. 2003). 28]y FH-3F #ol9} Al
Aackolel Hld MASAES 7HRY] ol vietee] A7) #HARE 2
31.03%% Farekelel A7l A eI A e R dtetd v (Jemmett
and Evan 1977, van Aarde 1978, Nutter et al. 2004). & A7] #HA}
2 e vl ngko] MAlT ] TS Aoz oAt

mln ﬂ“
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J9ko) o] AEA 7|8 AR o] &

2.1. 354 %

slebE o) 3ol F % 109k (@} 4nkel, R 6wk xHe
of WAV FHYE BE AAY dold Falo] YIFAI A
BE A AE dolEst 507 oo FAW NE AA P

& F43sHtk(Table 7).

FAYLE 21.25%22.87Y0la, FAHAAAFA HE FE 4455+
504.7570 %1tk HlolEl 7} 7 ol 7159 JHAl= FELO3CS 2 F27]3F
89%, xS 1,9007001H, FELO7] FH 713t 49, HES5 54702 7}

¢}

F AA FAEAT. FELO3S 7€ A4S 3191, FELO9:= 41 7]
b 2t 6712 ulke] Aj7)E X FolSlth 1070A1 9] SR A

71%= 1.60+0.77ha (50% KDE)°]i % I7]= 12.06+6.64ha
(95% KDE) o] Sith. i A A = e} s e] Aol 71 & JAlE

FELOLO|93 7b3 e aidAash JFae /b A 27 43

P

FELO98} 47 FELO6°]%th(Table 7, Figure 5). 43+ 10vg] =
FELO1, FELO2, FEL0O4, FELO8, FEL10 5v}g]7} #2298 HAX =
£3F= o] &l At} (Figure 6-7).

Aol wE WA Aol T vlme A3 AW ArlE A

1.24*0.49%ha (50% KDE), % 1.8470.93ha (50% KDE)©°|3lil 3§
T A 11.78£7.97ha (95% KDE), % 12.23+£7.06ha (95%

1
KDE) it} #7119l siz=o] o719 HezAHT IA SALYIYA, &
AF oz Fogt Apol= YA Stk (Mann—Whitney test, 50%
KDE: W=6, p—value=0.257, 95% KDE: W=12, p—value=1.000,
Table 8).
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Table 7. Information on tracked adults of domestic cats and their estimated home range sizes by kernel density

estimation (KDE) methods in Mara Island. FELO1 and FELO5 were tracked in two different periods.

No. of ;
ID Sex Capture date tr(;(():rkr;ﬁ lgei;leacie Tgii::d colle.cted E;X;d ke;r;zl hom;eor;nge ;};Z Remark
coordinates o o ¢ ¢
FELO1 M 10 Apr 2018 26 Apr 2018 17 641 3.59 7.08 17.45 25.58
24 May 2018 03 May 2018 11 227
FELOZ M 18 Apr 2018 28 May 2018 41 959 1.54 2.81 6.58  12.47
FELO3 F 18 Apr 2018 15 Jul 2018 89 1900 0.93 1.67 3.61 5.78  Pregnant
FELO4 F 18 Apr 2018 26 Apr 2018 9 162 1.29 3.70  14.08 22.32
FELO5 M 18 Apr 2018 23 Apr 2018 6 140 2.02 3.47 6.86 9.33
28 Apr 2018 30 Apr 2018 3 140
FELO6 M 28 Apr 2018 14 May 2018 17 99 0.87 1.57 3.33 4.67
FELO7 F 28 Apr 2018 01 May 2018 4 54 1.93 4,48 10.47 13.62
FELO8 M 30 Apr 2018 09 May 2018 10 449 1.34 2.58 6.67 10.21
FELO9 F 24 May 2018 17 Jun 2018 25 317 0.83 1.52 3.42 5.43 Nursing
FEL10 M 25 May 2018 16 Jun 2018 23 258 1.71 3.32 7.59 11.16
Mean -+ SD 21.25 445.5 1.60 3.22 8.00 12.06
T22.87 T504.75 T0.77 *T1.59 *T4.47 T6.64
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Figure 5. Fixed kernel home ranges of free—roaming domestic cats

on Mara Island, from April to July in 2018
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Figure 5. Continued
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Figure 5. Continued
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FELO1 (M)
FELO2 (M)
FELO3 (F)
FELO4 (F)
FELO5 (M)
FELO8 (M)
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Figure 6. GPS fixes collected from 10 domestic cats tracked in Mara

Island, from April to July in 2018
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Figure 7. Fixed kernel home ranges (95% KDE) from 10 domestic cats (shaded colors; males in the left panel and

females in the right panel) and their overlap with the breeding colonies of Crested Murrelets (horizontal bars)
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Table 8. Difference in home range sizes (mean*standard deviation) by sex calculated from the fixed kernel estimation

(KDE) in Mara Island in 2018. Comparison between male and female is based on a Mann—Whitney U test.

Fixed kernel home range (ha)

50% 70% 90% 95%
Female 1.24%+0.43 2.83*t1.28 7.8914.56 11.78%6.91
Male 1.84%0.86 3.46*1.73 8.07%14.40 12.23+6.44
W 6 11 12 12
p—value 0.257 0.974 1 1
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2.2. 1F

FFH AFolME= grE MCP (H4AUZ3E%, Minimum Convex
Polygon) 2} KDE (kernel density estimation) S HHZ o # Alg3ic}
(Mohr 1947). 3tAWE MCPE AREE ¢ AAZ AMgalA] ¢be A
o] X A FFART A HAE FEo] Foh(White and
Garrott 1990). %3t Swihart and Slade (1997)+ MCPX.t} 95% KDE
= 5% AFd F4o] o Attt sl

T AT A77F A2 mi e E gide® Skgl7] witel| KDERF
o ATelA ARESE KDE& A1241#] 9]
ol §WEE FASE HEFA WRoRE FFd BRIy AAS ¢
stedl @A oltk(Worton 1989). sh#RF KDE+= 35 Rk wjnn
HA tsolF w7l h (B8A5) & 24 wet AsAae] =A77
GepA 7] wiel A ASH hike AAsor stk hs A dAskd A4
of Il YA HA ARGSFA] b= Aol EFrEo] o] AV E
&5 o] A&¥t}t(Kernohan et al. 2001). wpehd A3 hE HA =
Zlo] KDE#AelA w-¢- FQ3lth(Silverman 1986, Seaman et al.
1999, Kernohan et al. 2001). & Ao 53 i Fo wE 3
A Fo 2ol Z WA Et7] ko], hikS h reference WS o] &3}

2 10vt] 9] Hyel 347 13l FEAS AEEE fixed KDE #
Al AAEHATH

npeteel] M AskE aeke] 107k 9] A +A Ay P AL
12.06 £6.64ha (95% KDE)o]a ;M 2A= 1.60£0.77ha (50%
KDE) & uelstth. &kelo] Mauna Kea® i19Fo] &5 d2 929.45ha
(100% MCP) 2.2 Aol AMAst= 119kl qed 5 7H 2 dsd=
ZHA AT BEd A7IRd 777 2 Ao ®E e T (Goltz et
al. 2008). ©] yelk Zdetatars, Ao oo At A, T2 A F
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B SelA A7d mepole] AEAL BE webre] AEAC v W

om (Table 9), ol wletwo] WAo] Arjrow F7] wel Aow

A 259 Aldolrl Xy AR e WA el FHeld
%

a1oFol o] slFEAo] HojX = YAto] ElE Tt (Table 9, Figure 8).
of FAE FE& SAYT Q] 253o|A ¢ efo]o] S M

Wk Liberg et al. (2000) 9] A4 = URtdo=w F79 35
o] 4HRHT} 3u] F AoRE &Gt (Konecny 1987, Yamane et al.
1994, Goltz et al. 2008, Buckmaster 2012). ml2}% 119ko] Ao u}
2 e vl A9, 4H 11.78+6.91ha (95% KDE), % 12.23=*
6.44ha (95% KDE)= 719 Pgdx} S A = ARy Ta3)

A SAA T TAH o Z 2ol 7 gt (Mann—Whitney test: 95% KDE,

W=12, p=1, 50% KDE, W=6, p—value=0.257). 72 #=2] Dunedin,
T AAF A FEO ngo] AR Ao mel {2 AolE
Holx] ARt FHlo] xF ¢ & dedE A= HAEFS BRIY
H]
[e]

(Bengsen et al. 2002, Molsher et al. 2005, van Heezik et al. 2010,

]

2 Aol QRAT 3ol 23 ¢ 2 PFAL A A

(Norbury et al. 1998). %19 FHL Holo] FHE Urof upe}

AQE 1 FA PTULE GHY Hold FHREFE HaZIh(Liberg
and Sandell 1988). w}z}a] mlg}E 119ko]o] Ao wE PP o

ol 5ol ARVl wZel AFeol7k S Ao ek (Hixon 1980).

gt =2 s AVE Yol FHEI =575 F& FoE
%13 (Calhoun 1955, Jones and Theberge 1982, van Orsdol
1982), 1fole] s Wk AT, 14fo] FAAst o] Ao

g8 MARE Holst e RelME 4L FEAS ML Ao Fal

i
bk

At} (Buckmaster 2012). Ho] FH %7} tFE Tagus Cove? Cerro

Colorado % 719] A& Blwst A3t =olE 7] QE HelA 1ol



A desds 7P 7€ ATk didiEe A3 =EEEHY
(Koencny 1987). °]= ¥o] FF 7} S7taFE Algdo] S7dtvs

pai

)
A
e
o

AEAe  9AX (threshold model of territoriality) =
(Carpenter and MacMillen 1976). vlet® 319Fo] o] A2 X = Y
7F RS Aor e AFAL 470 "y Aoy FHEU
3L Hol7k FHe oA S FFEdAS THAE ASE e

22 AWF 1] 53 6vke F 4nH (67%), LB 4vhe) F
5 e

o

(Figure 7), ¥ e7 Wax<l A

a}
AAR eFol7t MAAE AAAZ o]&st= AE Flakqlth(Figure

rd

s & Ao oAddn. agole Adrdyelrs dAERY AF
o] A7I7F & FHo] ¥ B 2R/E I ke AoE AT (Goltz

et al. 2008).
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Table 9. Comparison of home range sizes of domestic cats in eight islands from different regions

Home range (ha)

Location Size of island (ha) Reference

Unknown

MCP Kernel

method
Tagus Cove, Galapagos 410 111 Konecny 1987
Cerro Colorado, Galapagos 7,000 338 Koencny 1987
Ainoshima Island, Japan 125 82 Yamane et al. 1994
Mauna Kea, Hawaii 1,043,000 929.45 Goltz et al. 2008
Kangaroo Island, Australia 440,500 738.69 Bengsen et al. 2012
Hong Island, Korea 642 41.03 Bing 2013
Schiermonnikoog Island, 19.907 31 van der Ende 2015
Netherland
Mara Island, Korea 30 12.06 Present study
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Figure 8. Relationship between the size of the islands and the mean
home range size of domestic cats on each island. A simple linear
regression line (black solid line) with 95% confidence ranges (grey

dotted lines) was presented.
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Figure 9. Domestic cats detected by trail cameras at breeding

colonies of Crested Murrelets on Mara Island.
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3
ES dotry] 98 HulF&sg= 40vke], 80nke], 1207k = A st
of A AT AIgke] Aol wEt AT Hl 85 o] 80, 120¢
HAFE&syg7tA A4 Aoz Yenta Hoegsgo] 40mted
5utg7bA] etk A S Z YES T (Figure 10).
7Hgsta bR A Azks S5
=S 3t A, YA s BE Al A sfATe AdAdE]
Attt 5k 50% e HAle T steld whekol A4
of MAF7F #Had Zow FAHAY. AR A A e &
< Ayl A A WHalalA] okgk7] Wil 3 T3
x 0

= MAIE A dEFS wAH] T AoFE oiEt(Table 1

)
uj
>
ofo
olr
B w
o
o
o
q
AL
it

ol
o
i
R
o2

F‘LI
oX,
o3
i
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Figure 11).

A3 & A A AE FoR dAEE RS w4
3t AAl A% B Fes AEststel Ay Hd F85HE 40
vkg], 80wte], 120wt 2 vi A4S APtk Al 7k HdleEsY
EF wid 50%9F 70% A=, 2dvnttt 70%2] FAstE AAE o 7hx
T A7 T ASRE g FHUH(Table 11, Figure 12—-14). %3
AL AAT F7HES 1ol HulFgsEo] 40vtE] o o B ¢
Ao 72 et (Table 11, Figure 12).
3drit Ay E = FA3} Ayel e vk Aaes aroke] A

rlo
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Figure 10. Projection of the number of domestic cats with three

different carrying capacities (K) in case of no intervention
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Table 10. Results of VORTEX simulations with different neutering

management scenarios when the carrying capacity is 120

Percentage of neutered Population
Scenario individual (%) growth rate
Female Male (Stoch— 1)
Baseline 0 0 1.25
F_Neuter_10% 10 0 1.19
F_Neuter_20% 20 0 1.13
F_Neuter_30% 30 0 1.06
F_Neuter_40% 40 0 1.00
F_Neuter_50% 50 0 0.93
F_Neuter_60% 60 0 0.88
F_Neuter_70% 70 0 0.84
F_Neuter_80% 80 0 0.80
F_Neuter_90% 90 0 0.75
M_Neuter_10% 0 10 1.25
M_Neuter_20% 0 20 1.25
M_Neuter_30% 0 30 1.25
M_Neuter_40% 0 40 1.25
M_Neuter_50% 0 50 1.25
M_Neuter_60% 0 60 1.25
M_Neuter_70% 0 70 1.25
M_Neuter_80% 0 80 1.25
M_Neuter_90% 0 90 1.25
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Figure 11. Projection of the number of female (upper panel) and male
(lower panel) with six different TNR (trap—neuter—release)

implementation scenarios when carrying capacity is 120.
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Table 11. Summary of the estimate mean stochastic growth rate

with 10 different neutering scenarios in case of three carrying

capacities of 40, 80, and 120 cats

A

Scenario K=40 K=80 K=120

Baseline 1.2 1.21 1.22
lyear, 30% 1.03 1.04 1.05
lyear, 50% 0.92 0.92 0.92
lyear, 70% 0.82 0.83 0.82
2year, 30% 1.11 1.12 1.14
2year, 50% 1.05 1.06 1.07
2year, 70% 0.98 0.98 0.99
3year, 30% 1.14 1.15 1.16
3year, 50% 1.1 1.11 1.11
3year, 70% 1.05 1.05 1.07
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Figure 12. Projection of the number of cats in different female neutering scenarios when the carrying capacity is 40

cats. Legends indicate the neutering interval and the percentage of neutered individuals.
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Figure 13. Projection of the number of cats in different female neutering scenarios when the carrying capacity is 80

cats. Legends indicate the neutering interval and the percentage of neutered individuals.
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Figure 14. Projection of the number of cats in different female neutering scenarios when the carrying capacity is 120

cats. Legends indicate the neutering interval and the percentage of neutered individuals.
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32
JE

ALY 43, SAE HAAeA dske o HulsdsHo]
,120vH Rl Alube] ol AT e] AV AAE HuleEsH
S7hke AoR FHT. AN HulE&s o] 40mke el 4
QoAM= AT A7)7F ot WA WL A7) wiiel] Wk 9
(density dependence)©] WAt 7RAF2 F717F H585 5ol
X &= 35nkE| bR SUbE = AR FAEtk(Figure 9, Lacy et al
2018).

Qe e T3} e AETEHEA
AlutE] ol AT 4
oo AL AEEC dFe mAA EKdhs Ao yEhdtt
(Table 10, Figure 11). ©
& JHAT e ofHAN dAe] S AT S HaATled &
W7k 7] wiEd ez dekElth(Fagerstone et al. 2006).

A= o R AA A Ay AR 27 FEoR ARt
atol 45 s Ay wid 4Z AT 50%E FAE3 & A5

Ao &7t YERsTE w52 Randolph, B2FE 9] Ilda Grande

o ATl E wetEe] AdErt 20-30% & 70-80%<] <
23 re A AT A7 A4 23t e AR EAEHIY
(Andersen et al. 2004, Foley et al. 2005, Nutter 2006, Lessa and
Bergallo 2011). ©]= wigteel A2t HAIF7E 20vke = Ao, &
Ao ARgE A7) HARE (57.69%)¢] WS- =k7] wlEow ddkEch
(Andersen et al. 2004, Foley et al. 2005, Nutter 2006, Lessa and
Bergallo 2011).
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= o) 243t} (Fitzgerald and Turner 2000, Turner
and Meister 1988). w&tr] FA3E 23+ /MAT HAE V| FHozE=

= A 3kl AMATE =ol7] f18l AHE-
It} Courchamp and Sugihara (1999)+ 384 TdS o] g3}o
FIV (feline immunodeficiency virus)E &3 119Fo] <kebalr} 2/ 70

AT W3l n A= Jas ool vk 9Tl FIVE o] L3 Qreral
Ll

=
TE5 FAStE A2 axdolgl ¥t (Courchamp and  Sugihara

1999). shARE ketAlE Fall B adolE AAse A2 FUE9
i) 59 ol dAHCR =k ZloR oAddEn. wEA FA
o flv SiLYClE WO R QFEAL 52 9 WhES JAste] B
2o tigh A8 WAL FQlo] e Hadels 43 Fes Fl
MAL S7He WA gvhd SAske o] g3 B4 ey As deRn
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4, 31%0) FA3}te] wE B e MATE AES
g

>
K
0_3.:
ol
o
b
£
i
e
('Y
lo
K
)
2,
M
>
T
k0
lo
E

AMAEE dAA FAS FEo® AXE ASE vERdtH(2=1.00).
SEAIRE a1 gFolef o)gh xAo] WS AdselA JNAIT #ElE shA o
S A, 1ol HulFgsgo] 80vkE o d w 20 F wajed

st Z107 o 2® ok (Table 12, Figure 16—17). 20d
HodA B AT 50%E FAH] AsiAAE wid SR ek
o] WAL 50% old& F4sslolr & ZoE YErtth(Table 12,
Figure 15—17).
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Table 12. The mean stochastic growth rate (Stoch— A1) and probability of extinction (PE) of Crested Murrelet with 11

different female cat neutering scenarios in case of three different carrying capacities (K) of cat population on Mara

[sland
Neutralization Percentage of K=40 K=80 K=120
Scenario neutered
interval (year) females (%) Stoch— A PE (%) Stoch— A PE (%) Stoch— A PE (%)
Baseline - - 0.89 0 0.81 11.6 0.77 79.00
lyear, 30% 1 30 0.92 0 0.92 0 0.92 0
lyear, 50% 1 50 0.97 0 0.97 0 0.97 0
lyear, 70% 1 70 0.98 0 0.98 0 0.98 0
2year, 30% 2 30 0.90 0 0.84 2.1 0.80 19.80
2year, 50% 2 50 0.91 0 0.90 0 0.90 0
2year, 70% 2 70 0.95 0 0.95 0 0.95 0
3year, 30% 3 30 0.90 0 0.83 4.20 0.79 42.5
3year, 50% 3 50 0.90 0 0.86 0.20 0.84 0.90
3year, 70% 3 70 0.91 0 0.90 0 0.90 0
No predation - - 1.00 0 1.00 0 1.00 0
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Figure 15. Projection of Crested Murrelets population size with ten different female domestic cat neutering scenarios

in case of the carrying capacity of 40 cats
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Figure 16. Projection of Crested Murrelets population size with ten different female domestic cat neutering scenarios

in case of the carrying capacity of 80 cats
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AZZALE TS 2018d 7|Fo® qiokolo] o&l] xAE EHQ

Y= 24vbe] R FA I ko] 3 wigle] oa 1.2vbe] o] Ea et

TARE Ao AT (RE AR). vlEre BHed AAE A
E5e R A noe] AAFTL el wheh B AATL 3

2% Zor FAHRY. 53] adkol HulgsHol 80vky o]
o 20d ¥ 2 eds viekEeA dEd Jlo® o (Table 12).
webA 20d F AR JRATE 50%9] wHewE BAsH] fHAE

Wl 50% ol4kel 9 Tkl EAFHE Aader B Aow BAHY

nGolE TAIEA ¥ AF MALS T AdsEsHA F
=1

7beklal Hhrge el weh &4 e A
2

p
1&

rlr
o
PN
ol
ol
N,
=
\®)
o

40vHE] Rl B Al oo Ea e AAT A7)
9 oF dE ThsAde it Fobesith sHARE Hdlr8s o] 80 HE
= 1207k ol FA43tE B9 MMAs Y AEVF v A5

A7 FAAde FAE Hold, 20| Hels dEsis Aoz FAEh
(Table 12, Figure 15—17).

w ATelA AREE EH LYl vz o5 AH AT B
o= G AAA} old & A L uE FoRFEH foX A
E ARESI7] wiEel B AT A @Al AT (d F 2009). whet
A oolgdt S Retsly B e BAS Q1 A AT dEF
HEAS felA = vhetRel MA sk ol At WA E, AMY

E
B ed AEHE detstr] A% 7] A 2APF 2o Zlow aAcd

rlr
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V. ¥% 1% 4 ¥ ¥

O

aFolE RIzbel oa wrEE, AAF A o ZFAHOE Al
FAEAL o] F HA ool g =staith(Long 2003, Nogales et
al. 2004). Holtk A& oz Ao z
Aow AoA MAskE Fo AT il & FFS VA o] F
HEShAl = W A EY =i Ao gHFe] FHokstn 19ko]
¥AgFowr s dEF, dE 9D JHATE stk (Moors and
Atkinson 1984, Courchamp et al.). ¥ A= wmlgleo] WH2Alsh= 5
A718 BHegE HAsty] 98, # 3z
olo] /ATt deAe FAsIAL, TS W HAT WSS
Mg Sal BHey HAS 9% AUt £H HFow F

wae MAF RS 218 ko] A we] el el kA
Phebieell AA ek arfel Adel sk Ak ARFSIT vhekeel =
& 40vke o] aekolrt Mk Zlew FAEAL, AA= 20wk, Al
715 20mke it kel A4 st
of wtu, dRbAo® 11cko]l] Aol wEN WAEC] £V Wi
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(Scott et al. 2002, Levy et al. 2003). 1L¢o] A A 10vta]E x5}t
qesds FAs 49 P53 A7|= 12.06+6.64hacl it 183 F

Wete] mopelsk MR 0w FIHo] vhebee] mefolst B e
HAe] Fzatt Aol HAHA ngel AN FAREE B
o WAAE ol gakt 1Yolst Fksel B ew T WESE 7

& Aoz ofAdsisivh weEbd e A BAS fleis Aol
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Abstract

Demographic status, home range, and population viability
analysis of Domestic Cats (Felis catus) for the conservation of
Crested Murrelet (Synthliboramphus wumizusume) population

in Mara Island, Korea

Kim, Yujin
Major in Forest Environmental Science
The Graduate School

Seoul National University

Domestic cats (Felis catus) have been determined to be a major
driver of biodiversity loss, causing extinctions of insular endemic
birds and mammals. In particular, seabirds relying on insular breeding
are vulnerable to introduced mammalian predators because they
often lack behavioral, morphological and life—history defenses
against predation. The Crested Murrelet (Synthliboramphus
wumizusume) is categorized as a Vulnerable Species’ by the
International Union for Conservation of Nature (IUCN). Mostly,
Crested Murrelets breed on deserted islands located in South Korea
and Japan. However, Mara Island, the southernmost territory in
Korea, is the only breeding site with human inhabitants living in the
nearby vicinity. Therefore, the predation of domestic cats, introduced
into the island by humans, may reduce the population of Crested

Murrelets. The goal of this paper is to contribute towards the
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conservation of the unique murrelet population on Mara Island, Korea.
To achieve this long—term goal, I aimed to assess the population size
of domestic cats, understand their spatial use, and estimate the
demographic change of cats using population viability analysis (PVA)
in different scenarios of cat TNR (trap—neuter—return) programs.

The total counts of domestic cats using their natural marks
revealed that Mara Island is home to 40 cats, and 20 of them were
adults capable of reproduction. A capture—recapture method also
estimated 20 adult individuals (95% confidence interval: 20—24
individuals), the same result derived from the total counts method.
Ten domestic cats were tracked with GPS—based telemetry units to
understanding their activities and spatial use. The mean home range
size of ten domestic cats was 12.05+6.99ha (95% KDE: kernel
density estimation) and the mean core size was 1.60+0.77ha (50%
KDE). There were no statistically significant differences between the
sexes in the home range and the core size. The home range of the
domestic cats overlapped with the residential area, where they could
easily find food. Moreover, Telemetry results also confirmed that 5
out of 10 cats were active at the breeding colonies for Crested
Murrelets.

Population viability analysis for domestic cats was conducted
based on their demographic parameters on Mara Island. Three
different carrying capacities of cats (40, 80, and 120) were used for
the PVA. The PVA results suggested that the cat population would
gradually increase and eventually reach to the pre—set carrying
capacities, and therefore, that cat management is essential to control
the population growth on Mara Island. I tested the effect of a TNR

program as a potential management option for the cat population by
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applying different TNR scenarios into PVA. As a result of the analysis,
TNR for males did not change the pattern of cat population growth
for any of the scenarios. However, female TNR was effectively
reduced the rate of cat population growth in all scenarios, and in
particular, an annual program neutering >50% of females and a
biannual implementation neutering >50% of total females were
estimated to decrease the cat population size. Another PVA on the
Crested Murrelets based on a known predation rate suggested that
the murrelet may be extinct within 20 years when the cat population
size 1s greater than 80. Therefore, for conserving the Crested
Murrelet population in Mara Island, TNR must operate to maintain cat
population less than 40 reproductive adult cats. The PVA also
indicated that 50% of female cats should be neutered annually to
maintain 50% of the current Crested Murrelet population size by
2038 (20 years later).

Cat population management is connected with reducing the
extinction of wildlife by cat predation. Female TNR should be
implemented for the Crested Murrelet’ s conservation. Given the
difficulties of the intensive TNR on Mara Island, eradication
(euthanasia) or taking cats out of Mara Island should be also

considered for the conservation of the threatened Crested Murrelets.

Keywords : Population viability analysis, domestic cats, Crested
Murrelets, TNR, home range, conservation.
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