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ABSTRACT

This study compared and analyzed the sexual size dimorphism of Rattus tanezumi
and the external morphology and skull differences between R. famezumi and R.
norvegicus. Additionally, this study predicted their habitats through Maxent analysis to
identify the morphological classification of R. norvegicus and R. tanezumi, an alien
species introduced to Jeju Island, and the characteristics of their habitat. This study
used the data and specimens stored in the Zoological Laboratory of Jeju National
University from April 2005 to December 2018. In addition, the collection and
observation were carried out in Jeju-do by live-trapping and camera-scouting from Jan.
2019 to Jun. 2022. R. norvegicus was captured in a wide range of areas, including
cattle sheds, ports, downtowns, orchards, landfills, and villages, at an altitude of
approximately 0-360 m. R. tanezumi was captured or observed in pigsties and roads
nearby. It is estimated that R. tanezumi has commonly been referred to as R. rattus in
Korea since its first report. However, the reports described that R. rattus should be
considered as R. fanezumi in genetic and literature reviews, it would be appropriate for
R. rattus to be identified as R. tanezumi in this study. By comparing and analyzing
the external morphology and skull differences of R. tanezumi in male and females, the
males were larger than the females in HBL, TL, EL, and HFL, except BW; the sexual
size dimorphism index was the same, and no statistical significance was observed
(»>0.05). In the case of the skull characteristics, the sexual size dimorphism of the
male skull was larger than that of the female skull because out of a total of 23
characteristics, 22 characteristics, except Lm'?, showed negative values. Among them,
there were significant differences in seven characteristics (p<0.05). Therefore, sexual
size dysmorphism is caused by gender selection, exercise ability, improved sense of
balance, and diet and environmental pressure restrictions. Comparing the external
morphology and skull characteristics of R. fanezumi and R. norvegicus, the external
morphology and skull characteristics of R. tanezumi were numerically greater than those
of R. norvegicus; however, statistical significance was observed only in TL and EL
(p<0.05). Among the 23 skull characteristics, seven characteristics, namely Lfi, Bfi,
Lm'">, Bm, Bcra, Hcra, and Li, were large in R. fanezumi, and the remaining 16
characteristics were large in R. norvegicus, statistical significance was observed for
seven characteristics, namely Lm'?, Lm', BM'!, DI, Bcra, Bi, and Ti (p<0.05). As

statistical significance was observed in seven traits, this study could be significant in



the classification of R. norvegicus and R. tanezumi. This study will be of greater value
if these data are continuously accumulated and many analyses are performed in the
future, as these data can show the differences between the external morphology and
skull characteristics of the Rattus genus. For the Maxent analysis, the required
environmental variables (18 wvariables) were obtained according to the R. fanezumi
habitat characteristics: elevation, slope, aspect, hill shade, forest type map, age class,
distance from coniferous, distance from hardwood forests, distance from mixed forest,
distance from unstocked land/non-forest, distance from the stream, distance from the
residential area, distance from artificial grassland, distance from inland-wetland, distance
from traffic area, distance from the commercial area, and distance from clean house. In
this study, the genus Ratfus was primarily captured or observed in urban areas. The
study set and analyzed environmental variables were closely related to the human
environment, such as distance from the residential area, commercial area, and clean
house. The AUC value, which represents the reliability of the Maxent analysis, was
calculated as 0.924, which indicated that the data are reliable. All 18 environmental
variables contributed to the habitat prediction. The environmental variables were
analyzed in the following order with highest to lowest contribution: distance from
traffic area, land cover map, forest type map, distance from clean house, distance from
unstocked land/non-forest, age class, hill shade, distance from coniferous, distance from
inland-wetland, slope, distance from artificial grassland, distance from the stream,
distance from mixed forest, aspect, elevation, distance from hardwood forests, distance
from the commercial area, and distance from the residential area. This order was
followed because animals belonging to the genus Rattus move to other areas as they
prefer moist areas and primarily feed grains, cultivated crops, and food waste. The
areas are predicted to be suitable for the habitation of the Ratfus genus based on the
land use status and habitat prediction map; the genus would likely inhabit roads,
residential areas, commercial areas, agricultural lands, golf courses, rangelands,
cemeteries, parks, and ports. As these areas are very close to the human living
environment, it can be concluded that the genus Rattus habitat is closely related to
humans. In Korea, the rat eradication campaign was successfully conducted from 1950
to 1970; however, many rodents were found again in residential and commercial areas.
Based on the environmental characteristics of Jeju Island, by dividing this region into
several zones, estimating the population of each zone, analyzing the spread trend, and
accumulating these data, complete control should be taken before the genus Rattus
population is saturated. Among other animals in this genus, the species that currently

live in Korea have spread worldwide owing to the development of human shipbuilding
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technology. Therefore, to prevent the additional introduction of alien species,
management at the port is required, and additional introduction into the island should
be prevented through biosecurity and monitoring of alien species. In addition, to
prevent the introduction of the genus Rattus, the monitoring system for introducing
alien species should be strengthened along with the monitoring system for diseases at
the ports and harbors. In addition, the mice captured in the house should be monitored
by experts. Alien species that have spread to the natural environment can be a
biohazard. When the animals of the genus Ratfus are introduced into the natural
ecosystem, they can affect the native rodents living in the natural environment of Jeju
Island as a medium for zoonoses and threaten the native population by invading their
habitat. Therefore, the population of the genus Ratfus that has spread to the natural
environment must be needed management plan; when they are identified before they
spread, continuous monitoring and capturing must be carried out via experts with
abundant knowledge in this field. The results of this study can be used as a model for
the morphological characteristics and habitat prediction of small mammals among alien

species that have been or will be introduced to Jeju Island in the future.
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A X E(Rodentia) S A A|AIH O F 333} 2804 2,277%0] &EA UYS AEE
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- (mammal)o| Al 7} B2 Fo] H3Je EFT o] th(Wilson and Reeder, 2005;
Witmer, 2022). AX|F= AAHCZE 71 de HAJE THFE G5iE5S Al
oletal e diFol FxstH, A, SAH, et a4k, A" AFA A7t
A o} ThFshAl EESFL I TH(Nowak, 1999; Yoon et al, 2004).

Yol Aast= AXF{= HIeE FH I(Cricetidae)2] WEF Craseomys regulus,

EWUSEEH  C rufocanus, BVITEBSEF  Cricetulus  barabensis, 317243

l_‘,

Lasiopodomys mandarinus, %% Microtus fortis, 5% Myodes rutilus, A3
Ondatra zibethicus, BI'GFRBF Tscherskia triton, “7E<T]°}F3(Myocastoridae) FEZ] o}
Myocastor coypus, %373 E.I(Sciuridae) ©HEF Tamias sibiricus, SFEEF Pteromys
volans, X Sciurus vulgaris, ¥ *HSminthidae) 1A 2] Zv}F Sicista caudata,
a8a F I (Muridae)e] sEF Apodemus agrarius, ATs=F A. chejuensis, 3
AelHm2F 4. peninsulae, "1EF Micromys minutus, A Mus musculus, B F
Rattus norvegicus, N5 R. tanezumi, =55 R. rattus ‘s 53 165 20&°] A24slaL
Ao, AFros A HgdEH, AFsEF, ALH, AH, HF, HFH, @G
A, AAR 5 53 74 8Fo] AAEE AR BUHJATHOL and Mori, 1998a,
1998b; Oh et al, 1998; Oh et al, 2003; Oh et al, 2013; National Institute of
Biological Resources, 2019).

Ratus %20 s=5< 2AS T ¥ &30 FEidd EFL 10 ARt 7t
AEe AYa i, FHES st S5%0] & wdete] FEAsy 57t
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o] Aozt oz EF oAH o] UthAlpin et al, 2003, 2011; Musser and
Carleton, 2005; Kim et al., 2013).
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THOh, 2006; Oh et al, 2007; Jo et al, 2012; Kim et al, 2015). 2% 7|7t 1+
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ATE 72 A <=2 BiE Thomas (1906)0 23+ ZA| V] Mustela sibirica
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o] Halo] gk A7} o] =] HTHON, 2006; Oh ef al, 2007; Jo ef al, 2012; Kim,
2015).

PR A £33t AH9H Aot o] tid A dRT AV dow, A
e SATE o] FEEH AT F=8 th’o|th(Maldonado ef al, 2004;
Meiri et al, 2004; White and Searle, 2007; Kim, 2015). ejH o2 A Fzo] = F
Capreolus pygargus’7t ¥t BEQS L 2RHT 22 A& B3R IL(Park et al,
2011), Fol FHA A4S B3l o Y EF 7S FASATHPark er
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Environmental Technology Development Center, 2006)7} ©]Fo{ % oM, o]& EO=
S5AE, FEZoF 59 E29F dEdte] g A7 1" v JAoKOh er
al, 2017; Yun, 2017, Banjade, 2021; Park, 2021). o3& & Ax|Fo| i3 A=
Kim ef al (2013)o] AF=NA ANE R norvegicus®}t R. tanezumi®] A12A|
I FejA 54 ATt o, AFAY FA=AAA S R norvegicusell gk &
£ 201639 AR StExAE ARog 23 A wele] AltEe] 20214
A= Aol AXste= HFol EXAIH deete]l nkd®E vF Atk(Jeju-si,

2016; Jeju Self-Governing Province and The World Natural Heritage Center, 2021).
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Table 1. The list of terrestrial mammals in Jeju-do

Order Family Species
Soricomorpha Soricidae Crocidura dsinezumi quelpartis
Crocidura shantungensis
Sorex caecutiens hallamontanus
Chiroptera Rhinolophidae Rhinolophus ferrumequinum
Vespertilionidae Myotis macrodactylus
Myotis formosus
Myotis bombinus
Myotis mystacinus
Myotis petax
Myotis ikonnikovi
Pipistrellus abramus
Hypsugo savi
Miniopterus fuscus
Miniopterus schreibersii
Murina leucogaster

Tadarida insignis

Carnivora Mustelidae Mustela sibirica quelpartis
Meles leucurus
Felidae Felis catus
Prionailurus bengalensis
Canidae Nyctereutes procyonoides
Procyon lotor
Artiodactyla Cervidae Capreolus pygargus

Cervus nippon
Cervus elaphus canadensis

Suidae Sus scrofa
Lagomorpha Leporidae Oryctolagus cuniculus
Rodentia Sciuridae Tamias sibiricus
Sciurus vulgaris
Muridae Rattus norvegicus

Rattus rattus

Rattus tanezumi

Apodemus chejuensis

Mus musculus

Micromys minutus hertigi
Cricetidae Tscherskia triton
Myocastoridae Myocastor coypus

Reference, Thomas (1907); Mori (1928, 1933); Won (1967, 1968); Namkung (1981);
Son (1981); Shim (1986); Yoon and Son (1989); Oh et al. (1998); Oh (2006); Oh et
al. (2007); Park et al. (2015).
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H B (vectors of spread after introduction)® &% 3 U TH(Wittenberg and Cock,

2001).
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Rattus < F52 L2 TGO, Fo-FotAor SAE A dom, 184

7] 2RE SR 2R o5 B 49 SoE AnEy, AAE IAY

o

Agr ZF Aol dy] EEFThInnes, 1990; Yoon et al, 2004; Musser and
Carleton, 2005; Robins et al, 2008; Kim et al, 2013). Rattus <9+ 7 AlA ol <F
66F0] Z3Eo] HAX&E F 7P & ERwol &5, SEYvetdl= R norvegicus,
R. tanezumi, R. rattus7} A23t= ASZ EHA UTH(Yoon et al, 2004; Wilson
and Reeder, 2005; Kim et al, 2013; Jo et al, 2019). AF3} & A& o] &3 F
o] LA HA HlE Tl A AAZCRE o]FHo AR, MASHA B Rarus
& FESS HFEE 9 ol sirt HeE sEolH, 53] dolAolet FdolA
ol A Aztet FAE I E ofr]|stal TH(Moors et al, 1992; Aplin et al,
2003). AF=olA A2l SRAH Rartus & &2 R norvegicus®}t R. tanezumi®] Tk
(Kim et al, 2013). @A R. rattus®} R. norvegicusv APATZ AAHA7} Bre A
S U(Kowalski and Hasegawa, 1976; Zheng, 1993; Musser and Carlenton, 2005), R.
tanezumi= VA7FA D4R o] ik ARIE B9 AA o, HPAFoqM= A=
HE &3 5032 {33131 9Ith(Musser and Carlenton, 2005). $-2lu-gloll A R,
norvegicus?} R. rattus= QA JHFToZ A AL AL AN ESTToIH, T
AENA 2 tidk 2 EHQ0 A W dF BT o2 WA JATH(Ministry of
Environment, 2011). $2Uztell Al Won (1967)° &8l R. rattus?7} A& 7159 #F
3L, o]% Koh (1992) &3l R. rattusE R. r. tanezunui= A|71A|+ v} 9lom,
Kim e al. (2013)& &AFHAsHA] HIS &l R ramus®E=: FH3 Fo] R
tanezumi® FASH= Ao BlEstttr FASIFE oYU HZoE R tanezumiol| tTH
kS

= =] O
SEHel JR RE SR AL

G R H R ratus® EE]3 JH(Ministry of

Environment., 2011).



1) Rattus tanezumi

R. tanezumi= T2 Rattus & &5 % OFAE X} AHO dis] =o= 3 Q)
T o2 diAE JIENERY E&HI FFHOE AAAI UATHMusser and
Carlenton, 2005). International union for conservation of nature (IUCN) Red List of
Threatened Species D/B (http://www.iucnredlist.org)ol| A= o}A|o} X ol oA 3}
STl glom, Sl wetoktm g ulek okmhsE, FF FHR, BUE, B9
3}

ey

)

filo

ofAJofo] EXdt= ZACE HIUEHI Utk X, FxolAs BE T
Z 33} %92l Hebei, Shanxi®} Qinghai A Holl EEdt= o=z B
H, oA FENEH EHOE R norvegicuset THo| 7153t o
Adeog Fibd AT 559 T FESE FA wiTol 74 ol

Hol| AMEEZ] A7AAE R tanezumi® A 1A3H7] oHoal HuEtt
(Huang et al., 1995; Hou and Jiang, 2008; Yang, 2011; Ma et al, 2012; Guo et al.,
2019). ol9] otz 7tEstmol = BAFASHA = 137] AHAlA R tanezumi
o] AAls B, vlmolAes AEEy ol MEPA AT Bud #p Itk
(Bastos et al., 2011; Conroy et al., 2013). Guo et al. (2019)= VA EIL3}= T2
oMY FI =AFTY o] o, FHokrote] AY e A =7EeE otz gt
T7tAE AR Qo AARE s FEAY, 24, #5d, AAA, 5%

ol
o 4

3
pul

i
jur}
-

[e})]
AR

9]

K

&
Lo

T

]

1>

ZA T Tkt oA AMAsta Jtiar R s th(Marshall, 1977; Musser and
Carleton, 2005; Robins et al., 2007, 2010; Truong et al., 2009; Bastos et al., 2011;
Kim et al, 2013, Ringani et al., 2022).

Ul A R tanezumi= 1991'A7MA|= R. rattus2 7592, Koh (1992)= R
r. tanezumi= ZAASFH L, ©|F R rattus®t R. tanezumi7}t SEF I o, FHA
2} e AolE TAHAZE R rattusE R tanezumiZ 73 oF bl A% vl
UTHKim et al., 2013; Lee et al., 2014; Jo et al., 2019). R. tanezumi= FEJZOZ
© 7t vE-E dojing A Zow, vE-w Zo| 114-224 mm, A2 0|
110-231 mm, #AZ°] 16-25 mm, A o] 30-43 mm<! FO|th(Stuart et al, 2008). &
o] AZe FZo] FAMAA FAA = A HjEe @2 @M o} £33

NS o= AR Joy F2 32 o]t(Heaney, 1998; Aplin et al., 2003).
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2) Rattus norvegicus

R. norvegicus®] Z4O.2 AAAE F7] Fhol2EAM|(middle Pleistocene)e] R.
HolA FRlEH o, Fgo|2EAN 2} SEA
(Holocene)®] R. norvegicus 715°] %= Sichuan-Guizhou A& FFEHENA &4
Hol 4k dE Er A, EFw Ao, dEAMgol A2 AAR T Ytk
(Kowalski and Hasegawa, 1976; Zheng, 1993; Musser and Carlenton, 2005). R.
norvegicus®| Z7] °lF< B Aol AARZEE Tl FYoFAoF H AfobA
of dHeog FAHNCH, 1500 thol FHell, 1750 ol Hrjo] =<8 Ao=
FA45 2 AtHArmitage, 1993; Puckett et al, 2016). Puckett et al. (2016)<
norvegicus®l G745 A FEotAotRS HR &, FHORE FA, AEFOE9
S VMR E FESIE oM, FEotAotRe W S Fobrote] izt
A T= BEY AITEY AV AEEH S5 BEAA oA olR o5
2 3R ow, G o Ae HAlof 5 AL H TF NAT
FRAATL o} FFEOZY o] 2 HAof H NATY olFoE FEHI Jh
Zog Ao Bee Aotrol T5H AHES AEREY Ager FEo] A
Aoy, Fotrlol AT, TF H Ao AT
TRt AEA o mE Ao, AR AF A TFRH sk, AT
= A8y, o =& 3
AARAR et Al 713 21249, gl 1-18utE7kA] EA4ksHH, Blojd &

8-12FHE WM2&Fo] 7Hsslth(Davids, 1953; Margulis, 1977; Yoon et al, 2004;

aff. norvegicus 3}Ao] d& E&

A

v

A&

FHA7} FE 0 ge v

NF AL F4A 5 FEARA M 8% A4

it

Feng and Himsworth, 2014).

Won (1967)2 S-gluetolA s&xdoz Rud A 7|22 1939d0|8t 91
o|F {3, 7IAZF, Viruse T o] ofolA &g AT} o] Fo{A 1 Utk R
norvegicusv= FEIHOZE W9} EF 186-280 mm, ZZZ] 149-220 mm, H'T 34-46
mm, 74°] 1822 mm, 7= A 36.7-48.7 mm. HF 150 g ©]’Fo|TH(Won,
1967, 1968; Yoon et al, 2004). B AMZ-g Fo] ZA = 3o, wlj= 34
< drh
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5. 2] o

1) FEX 2 g (species distributions model, SDM)

gurgy Bawe 3RS AAAR A, FH ALY, FAAA] B G

0% FARI gom, Ty L FA4 GPYS aRFoE BAR] s

HAAS 24 5 Bde AT A AEde B=Fe] A4A A¢Ad FrHE

FHE XY (species distributions model)S T AWE T2 Xt 2 X9
2 8 FXEAR I BAE FAS AAe v AAH FEE L AR A
35 dSste ot A & FAH A=EF EXE dF5ta, A Y
23 A2 2o EAS Adste] A2o] A3 o] FIEFOE o=
Aol BE=AE AR AHOE, AEFTY Fx7F opd FolA AP

Al
A 3 BAE AEA ARE T E4sts RlEAA 714, AT Bl 9
T X sty Aoz WAF A5E T sk SA
2 8 A3 Ry 5 T 37HA WFe 2 AT (Kwon, 2011). AR B

S8 AR AFE o &
L7 BAE 5 o], HAZole FAA 2 AP BY 7ES T FTEEE
g WHEo] wo] &85 3 QtH(Guisan and Thuiller, 2005; Degraer et al, 2008;
Song and Kim, 2012). T®X X 3-2 Generalized Linear Model (GLM), Generalized
Additive Model (GAM), Multivariate Adaptive Regression Splines (MARS),
Classification and Regression-Tree (CRT), Mixture Discriminant Analysis (MDA),
Generalized Boosting Models (GBM), Random Forest (RF) Hierarchical Modeling
(HM), Maximum Entropy (Maxent), Artificial Neural Network, Decision tree, Genetic
algorithm 2] YWHEo] AT(Nelder and Wedderburn, 1972; Hopfield, 1982;
Breiman et al., 1984; Hastie and Tibshirani, 1986; Stockwell and Peters, 1999;
Friedman et al., 2000; Breiman, 2001; Wikle, 2003; Phillips et al, 2006; Kwon,
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2011; Li and Wang, 2014). 25914 Maxent= S3/HEd AEE ZF 8=
sHA 211, A T EAEY AT E AAR gF& & F U] F

o MaxentE ©] &3 A7V} &4k o] Fo]x 1 AtH(Song and Kim, 2012; Sung

et al., 2018).

2) Maxent

Maxente th7d 2 28 A0 st W ASE dHsde W o
To| 2AHRY AT FABAE Stsstd AR ANAEEE + Ae

AgrEEd 5 shubo] th(Phillips et al., 2006; Park et al.,
2022). Maxent®] WjAYZFL 3 ALRAE 7o s e RPoz Fhd Ui o
del ERAEA ghERt obve B4 F7hel ok B oS o] FoiAH, H

o AERT S 42 7 549 7|HHol 42 Ht(empirical average)?t YA

o
rlo
2
ox
ox
i
1o
>
Y
il
jf_L
12
ol
ol
£
o\
do
N
2
ox
ox
4
=
Yo
)
o\
q,

= EL
AEAxEEe e #E E2F 5 o, o] T Hd JERY EFo

J%
4_4
o
ol
ol
z
rg
)
N

2009). Maxent %3-S receiver operating characteristics (ROC) 3
Q1 area under cover (AUC) #t= ©]&3sle A= 9 A=A

0.7017¢ A 218 2 FE =5 ZHAl ®th(Thuiller, 2003; Sung et al., 2018)
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ol
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o
rlr
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1. 8Yete] R. rattus®t R tanezumi® -5

YUt Ratus & =9 E7 WHLS Won (1967, 1968), Yoon et al.
(2004)2 R. rattus, R. norvegicusTt 71A3tH 3L, ©]¥ Kim et al. (2013), Lee et al.
(2014)2 R. rattuss R. tanezumi= FFal|loF Skl AT o] AFAA] o]
&8 AFE Rattus & SES] AEEC] Kim er al. (2013)°] o3 HefshA, F3
stH o2 BX3tA R norvegicus®t R. tanezumiZ SFJAETHA R, norvegicusSt R.

tanezumi= H 118+ 8} AT},

2. FEN5E 54

D A= AF

AT WFEA R norvegicus$t R. tanezumi®] AL 20053 4LH-E 2018 12
A7tA A= AFNgn FEFAFA B Jdd TEI 20199 1€
FH 20229 6€7HA] ©] ATFNM olF SN 8% Ade AAXE =
e agste] &, AT AW, AFE AW, el 287 8 5 AFA
o AAE dFez sl AQAFATHFig 1). AF =7 2 WH-S Sherman Live

A

Trap (size 7.6 x 8.9 x 22.9 cm, USA)¥} H Efl(size 11 x 19.5 x 9 cm, China)
S ©]&3t= Traping WHES ol &3ttt EFY te] HA AL 5 m oS
ste] 13] 28 Aol oF 2030704 EfS AXEAnh 7 Hele JAA
1 Age meiske] WAL WRA 2ol g ol®, 244, AE 5 EEA

15 °F 051 g A=E Yro] AHESHATHKIm er al, 2013).

Jo
A

O

o
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125°39'8"E 125050 126° 126°10' 126°20' 126°30' 126°40' 126°50' 127° 127°10' 127°23'"17"E

34°3'49"N 34°3'49"N
o N . o
& o sxuke )
Chuja—-do S
A archipelago ‘? . o
._ ' Sasu—do
. South sea 5

" ) mmmw—— Kilometers 3
0 10 20
33°2'38"N 33°2'38"N
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Fig. 1. Map of collection or observation sites for genus Rattus in Jeju-do. Blue circle: Rattus collection or observation sites.
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2) 957384 % FHE &4

FEAL TRHF AN FE AREHE A SF B2 w5l (body
weight, BW), ®E|HE EHE7x2] Zo](head-body length, HBL), ZA2]Z°](tail
length, TL), #] Zo°](ear length, EL), ' 4 o](hind-foot Length, HFL)E =% 3}
ThH(Abramov, 2005; Kim et al., 2013; Lee and Oh, 2021) (Fig. 2). +/1& ¥4 23
7}A = Okulova et al, (2019)2] F71= Z A Zo](condylobasal length, Cbl), 33Tl 1
o] (zygomatic width, Zyg), & $8 =] (height of the upper jaw in front of
M1, Hmax), ©}2lE Zo](length of the lower jaw, Lmd), <FS}F Z(interorbital
width, Iob), Y& Zo|(the length of the nasal bones, Lna), Bl =2] Z(the width of
the nasal bones, Bna), d2}7]32] Zo|(the length of the auditory bulla, Lbull), %

ojwh & Frd Zoj(the length of the incisor foramen, Lfi), &roju FZ g

IS

(the width of the incisor foramen, Bfi), % X|€ Zo](the length of the upper
dentition, Lm'?), 3} X< Zo](the length of the lower dentition, Lm,), |15
o]y X7 Zo](the alveolar length of the first upper molar, Lm'), A1+ o F
9] #(the width of the first upper molar, Bm), A& <rojula} o gy Alo]o] 2
O](upper diastema length, D1), 35 rojwhs} oG] Afo]e] Aoj(lower diastema
length, D2), A1&H o549 HA A2 (minimum distance between the first upper
molars, M'"), A& F/M=Z2] Z(the width of the skull in the area of the auditory
bulla, Bera), 1% F7/1&2] =°]|(the height of the skull in the area of the auditory
bulla, Hera), X Z=2ZHE Y2 Zo|(the length of the incisor from the alveoli,
Li), ol Fo] = wlgro o] oy Z(the width of the incisor in the lateral
direction at the end of the tooth, Bi) & 217}A d&AS sl o, 271A F7}
A olglgd ] =o](vertical height of mandible, Vhm), %42 F7(total incisor
width, T)E ZHSATHFig. 3). AFIE L FAZ SHLS dAHYA A H 2~
CD-15CPX (Mitutoyo Co., Japan)} 50 cm Ah(rulen)Z, FAl= Z7]2 A AL
MW2-3000N (Cas, Korea)S ©]-&3to] =43}t
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Fig. 2. The external body measurement parts of Rattus tanmezumi and R. norvegicus. Abbreviation of each character: head-body length
(HBL), tail length (TL), ear length (EL), hind-foot length (HFL).
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Fig. 3. Dorsal, ventral and lateral views of the cranium and mandible showing the
23 skull measurement parts of Rattus tanezumi and R. norvegicus. Abbreviations of
each character: condylobasal length (Cbl), zygomatic width (Zyg), height of the upper
jaw in front of M1 (Hmax), length of the lower jaw (Lmd), interorbital width (Iob),
the length of the nasal bones (Lna), the width of the nasal bones (Bna), the length
of the auditory bulla (Lbull), the length of the incisor foramen (Lfi), the width of
the incisor foramen (Bfi), the length of the upper dentition (Lm'?), the length of the
lower dentition (Lm,s), the alveolar length of the first upper molar (Lm'), the width
of the first upper molar (Bm), upper diastema length (D1), lower diastema length
(D2), minimum distance between the first upper molars (M'"), the width of the skull
in the area of the auditory bulla (Bcra), the height of the skull in the area of the
auditory bulla (Hcra), the length of the incisor from the alveoli (Li), the width of
the incisor in the lateral direction at the end of the tooth (Bi), vertical height of
mandible (Vhm), total incisor width (Ti).
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3 A &4

4¥ 7] A}l Levenson (1990)8] ol we} At o lom, 2+ 4
o}
(Zidarova, 2015; Kim, 2016). 2t=9 Fto] & A5 dHo] FARG & 750

2

of a Az Z7] o8 A (sexual size dimorphsim index, SSDI)E A+&3}

R. tanezumi®] 8o W& =7] zpold tig FA= FE 7} 30 H|THn=13)
o2 HEFFAR Mann-Whitney U  test2 EA3FA T R tanezumi®t R
norvegicus® YFFH L F/=E A vHlae 5HEE t A (independent t-test)
< B FYgAE BT TA 240l IBM SPSS statistics 25 (IBM, USA)
£ ol &ston, A Aol {FoF Aol 95% AlFFFolA A=A

2. AHA A=

D AT ti&A

20053 4LRE 20228 6¥€74A Rattus & =] AFHAY FEEH AH 120
AAE FAo0R AFE A AY(YE: 34.000139 ~ 32.999583, A 125.999861
~ 127.000417)S A2 A o= EXUGAZ AASHA
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FANSE AGH 8% AUH 99l b FRoE TR AWM
B FAEE ALt Add aqe AP, 44, 34§ 37 BAUNSE
MAston, A9a 20 Exolge] BHAR ARE olgdtel 187h BAM

TE AAsStY 2ddugss FHEst=ul T GIS (geographic information
system) JIXFFAEE AAEHJT. AAF a9l F AP Q<AL EarthData
(https://search.earthdata.nasa.gov)®] Aster Global Digital Elevation Model V0032 A}
£-35Fo] 1% (elevation, DEM), AF¥H &F(aspect, ASP), 74 A= (slope, SLO), +F 7| &%=
(hill shade, HILL)S A &35l o™, 24 2918 4 A (https:/map.forest.go.kr) ol A]
}

AorH o2 HES] Al (distance from coniferous forest, CD), @I+ HOZHE 9

A

> o@
Ol
rlr

52 YHEE AHEStd Y3 E(forest type, IM), B (age class, YG), I

7 2l (distance from hardwood forest, HD), & H O ZXHE|S] Al (distance from
mixed forest, HHD), V|HEX|/H]AZHE S A (distance from unstocked
T 7SR R

Z Y (http://data.nsdi.go.kr)®] FAAFZoA s FAHAAES FE3H Ho=ZF

I

land/non-forest area, MRBS)E A|Z}3t% 1, shd 8% wENF

B 9] A<l (distance from stream, HM)ol th3t I HFA=E A

Iy
_OL
2
£
rO
Ho
2
oo o

Q1S 34 H(https://egis.me.go.kr)ol A A Fdt= TEF 5o EXIEZE

(

sto] EA 3] EE(land cover map, TP), A XA ZH-E1 2] A2l (distance from residential
area, RD), U-FZXZFE 2] AE(distance from artificial-grassland, IC), Y S5A =
HE < Ael(distance from inland-wetland, NS), Ao ZHE ] AE](distance
from commercial area, SD), W5 X YO ZHE ] A& (distance from traffic area, TD)
g SAFFAEE AR on, FHs¢2 A HEE AFAY B AFA
=7 o) A (https://www jejusi.go.kn) o Al Al FRERF O, A AZA A FH3E] A

A AEA 9 o] A (https://www.seogwipo.go.kr)oll A FE A QA o}, F-Fd

o

o] Bl 32 & (https://www.data.go.kr)S T3 A|F o} ZFHF

(distance from clean-house, CLE)E A 2}3} 3 th(Table 2). $HT A8 5
2138 ArcGIS ver. 10.8 (ESRI, USA)S &-&3}ith

FAANZRE S A, FAAGozREH o Ay, AFZAZFEHY A, aF

XN
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JozyEe Ad, FUNFiERE AL BPASE

olty. o] ATl Rarus &o] JFHoE ANFHAAY

e

il

ot &2l o] Maxent
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Table 2. Assessment elements of environmental variable for Maxent

Factors Division Environmental variable Data References Abbreviation
Natural Topography Elevation Digital topographical map EarthData DEM
Slope Digital topographical map EarthData SLO
Aspect Digital topographical map EarthData ASP
Hill shade Digital topographical map EarthData HILL
Vegetation  Forest type 5™ Forest type map Korea forest service. M
Age class 5™ Forest type map Korea forest service. YG
Distance from coniferous forest 5™ Forest type map Korea forest service. CD
Distance from hardwood forest 5™ Forest type map Korea forest service. HD
Distance from mixed forest 5™ Forest type map Korea forest service. HHD
Distance from unstocked land/non-forest 5™ Forest type map Korea forest service. MRBS
) o ) Ministry of land,
Stream Distance from stream Digital topographical map HM
infrastructure and transport.
Artificial Land use Distance from residential area Land cover map Ministry of environment. RD
Distance from artificial grassland Land cover map Ministry of environment. IC
Distance from Inland-wetland Land cover map Ministry of environment. NS
Distance from traffic area Land cover map Ministry of environment. TD
Distance from commercial area Land cover map Ministry of environment. SD
Land cover map Land cover map Ministry of environment. TP
] Point of environmental  https://www.jejusi.go.kr and
Distance from clean-house CLE

waste site

https://www.data.go.kr
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3) MaxentE ©| &3 A 4R &= 2dg

B Ao AM2aA] o= 9 E24LS Maxent program ver. 3.4.4 (American museum
AT TEWHTE R tanezumi® EIFE, 59

HAres T E AASt AMAA 9 =%, receiver operating  characteristics
(ROC) =4, & A2 A tg SFHF] 755 =3t

Maxent 239 o AFgEE= ROC =AY dFFHA ZE<Ql area under curve
(AUO)Z H7I3th AUCE 999 UA
A2 FESIAS AT AA i T =D ARl s el =38 A
Z o =3 H]&(true positive rate)?] EHIA| ZES HAOE =3 H]-E(false
positive rate)ell H3] ®ol Ut BEE AL Fo=E, 05914 140l e
zbk=th, o714, AUCY Fol 1o 7I7tess Y9 A5 A& =r}
Ch(Phillips et al., 2006; Sung et al, 2018). 2% AAE= AZ3A =4 H7lIEH=
HAT FAZE dold = Ao, BYY FREER AF AIFE ASS S8 wxt

7 Z(cross-validation)= 53] AA|ste] AUC = AHH3A T

of natural history, USA)S ©]&3

B
it
fru
T
rl
ot
@g
i)
K
)
o
e
ol
b
rlr
lo 4z
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n 23 49 1%

1. g9 R rattus® R. tanezumid 5

of A AHE R rattusSt R tanezumiol HHASF FEJSHH, FHATHOE
BE5F57} o]Fo1z Z& Koh (1987), Koh and Lee (1991), Koh (1992), Kim et al.
(2013), Lee et al. (2014) 5ol T}t Koh (1987)S AP ZEHF 15 @3t b
Z ¥JAe BEAsPom, Koh and Lee (199)E HAL 2F(R. rattus, R.
norvegicus)®ll B3 FE|A FA A A2xk Z o]y WS FAACE AT vt
ATk Kim et al (2013)> AF=A AN-E R norvegicus?t R. tanezumi®] *2]
A 8y FJeHFd EAHES B OM, Lee et al. (2014)= R. rattus’} R
tanezumiY <= w3 HEE T3 FASATE £ Won (1967), Won (1968), Yoon
et al. (2004)2 R. rattus= 71 AEFH I, Jo et al (2019)2> R. tanezumiZ R3S
}.

oA R. rattus= Nagahana (1937)7} A& A4S 7153152, Mori (1937)
= R4 AFE AMAE EasAT Won (1967)2 =W FREEAJoA R
rattus®] AR & BP0, AFEAAE FFolA AW J7(eF 1 km o)<
=2 FYIA A7 E0] Jou, R anezumi®] A7 ELS fIhal B aske]
o 1 %, Won (1968)°l A= sl ol AF=olA YL 7|50l s Fof &
Z SANAY AF7ELS ARoY, 19651 o] F FUoA AFHE 7EFS FATH
o]% TA| R. rattus7t o F2 HuH ok A 7]EL Koh (1987)8] 5ol
A AA-E R norvegicusﬂ- R. rattus®] ASEFEHR] AFE AT v} glom,
Koh and Lee (1991)= HF, X, 1, &4, Ad, 2% A AHYHA R rattus
o} R. norvegicus® AF-FEA] FAo| g AF7F UMY Koh (1992)+= R.

rattuss R. r. tanezumiZ OF% YL A|QFSIYH AL, Yoon et al. 2004)= F FF
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oA R. rattusZ AR ©|F Kim et al. (2013)2 AF=NA 2N E Rattus
%ol %31 F Yol Fels) cytochrome b (CYTB) NSl BFH T S
B 183 E W, R ratust SRJAEFA FR, R tanezumi®t AW FAEE U
ERJ ] R rattus7} oPA R, tanezumiZ HHS= Zo] EFESTE AT TS Lee
et al. (2014)= Rattus 52 GAE AEE T3 R rattus7} R tanezumi®} L3I+
FO 2 SR ol % Jo et al. (20199 M= R. tanezumi7} Sl UElol A 25
RS %7, R r rattus®} R r. tanezumi® HWHE Fi =Ao] AU, ©]F Koh

(1992)= -Bluetel A A3t= R rattusE R r. tanezumi= SRISFFR AL, Kim et al

2

im

(2013)2 AlF=oA AMFE R rattuss mtDNA £49& T3l R tanezumiQ-=S R

St Skl A tHE-EQ] R rattus®] 55 R tanezumi= A F oo & A A}
At

w2kA, Won (1967)0l4 E31E R, rattus’}F Won (1968), Koh (1987), Koh and

Lee (1991) 59 =< B3l 7|A A2 AREHM, Koh (1992)°A R. rattus®]

obF FF R 1 tanezumi= BATIF o, AA7MA Bid £37°] R rattus7}

A Aol ol FBAA Ramus Ho F F AWES R orattus$t R

Fll‘

norvegicusSt WA E o] ¢ =S ggrxorg »o & How FAHETY T#Y Kim
et al. (2013)9] EAFHSTAHRJA HE, Lee et al (2014)9] &3 HEE 53 R
rattus®] R. tanezumiZ ™ /fA el oA Oigk Y& FES 1y E Tksh
Folet A%t vlE o] AFoNM R ranus7t FREA %ok, R tanezumi$t 2
ARl vy} o| FAA| A LUAT, S R tanezumi®t R. rattus A 50 gk E

AR, 2Rt Aol U vx 5 DU AF ATE Fa) el A
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2. R. tanezumi®}+ R. norvegicus®] JE|HH EA

1) R. tanezumi®}; R. norvegicus®| | H-FEH] FA vl

AFEoNA ANHA R tanezumi 137WA 2} R. norvegicus 3571412 ] F-e] 2
= Hlaste] Aegk A= Table 30 AA AT AA oA BWEY =
9.9-185.9 g, HBL 74.5-207.6 mm, TL 62-203 mm, EL 12-26.27 mm, HFL 15.5-38
mmz YEST. | RFE 2o TA 4 ZAFA FoFHA Aozt yERG
P42 TLH} ELOIRI(p<0.05), 14 Afol7} YehtA] &2 ¥4-2 BW, HBL,
HFLO] ATH(p>0.05). BW<e| A% R tanezumi (34.2-183, 94.59+47.41 g)7} R.
norvegicus (9.9-185.9, 82.81+45.1 g)°ll Hl3l FA& ZA3Fo| Yepytont, o3 xt
o]= {1ATHp=0.097). HBLS R. tanezumi (112.76-182, 151.45+26.63 mm)7}
norvegicus (74.5-207.6, 149.07£33.26 mm)Z UE}FS O (p=0.448), HFL-
tanezumi (27.2-34.52, 31.8£2.35 mm), R. norvegicus (15.5-38, 30.24+4.34 mm)=

tanezumiZ} R. norvegicusBtF ZAwWrH o2 Z 7g3Fo] Yettoy FolF ztol&=

R A

ATHp=0.265). ¥rA, TLAA R tanezumi (118.74-203, 166.26+27.43 mm)2}
norvegicus (62-187, 131.25+30.55 mm)E Bl 3S o, R tanezumiZ} <F 35.01 mm
Ao (p=0.002), ELANA R tanezumi (18.25-25.45, 21.54+2.41 mm)2} R
norvegicus (12-26.27, 17.53+2.5 mm)E Hln3tA <= ®, R tanezumi7t <F 4.01 mm
AE o dAthp=0.001).
R. tanezumi2} R. norvegicus® HFFEH FHA LS vH|u3HE W] FAFOE BE
Aol X R. tanezumi7} R. norvegicus Tk B 2 7Z&FE& YERIAT. AT TAA
A4S S8 FAAS A7 A3 TLH ELAAT TAZ fFodo] deton
(p<0.05), YA 3714 FAoM = FAHCE FostA= FATHp>0.05). <7
I Fd T BW= Fd EAG AARAA, AR R, oA, AR A7) o |

37 oYkt FdolBE Wl gdstAl UElg F o(Kim er al, 2013), 2

A dZo oJHE 4 Aok TLF ELE AolE RS uwl, R tanezumi® 735 A
o] dol7) FFe] dolRt ¢F 148 mm AR O™, R norvegicus®] 735 #El 9]
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Hol7t #59 ZolEtt o 17.82 mm FUTE o= AP A7A3e FA 2
3}o] ™ (Marshall, 1977; Seong et al, 1999; Yoon et al, 2004; Kim et al, 2013), %L
2] dolo g ol FAA FAol UERH(p<0.05) EE R tanezumi®t R.
norvegicus®] 7o Ewo] He AHARZ AGEY. ELS R tanezumi®t R
norvegicus BI2LAl R. tanezumi7t 401 mm § oW, FTAXHOSEZ {Fo|3tA EL
U(p<0.05), A3aATF} A 235 UERATHKim et al, 2013). AXF 4%
B dare O Ad FHE wet bE o UTK(Glass er al., 1988; Feng
and Himsworth, 2014). ©] AFolA R. tanezumi7} JZEHAY AR E A HLS =A
2 HA Holg ARTE FA BISHUE AYola HAE

BA2™, R norvegicus7t SAE A FL& EAAHANAN FE FAZHAY A5

oy, R norvegicus®| 7% 42t tE AAE 53 Hol &R A o] )

IS ERIEE

i)
e
o

AHe ASZ FZHTH(Gardner-Santana et al., 2009; Feng and Himswrth, 2014). wh
2tA Hol HAAANA R tanezumi7}t R. norvegicus BT Bl F HA Hol|E HT

F 9o} 9RFEHAoE U & AFPHS Holk AoE F2T & gk
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Table 3. Comparison of the external body measurements between Rattus tanezumi and R. norvegicus collected in Jeju-do

Overall (n=48)

R. tanezumi (n=13)

R. norvegicus (n=35)

b

Character® p-value Significance
Range Mean+SE Range Mean£SE Range Mean£SE
BW (g) 9.9-185.9 86+46.04 34.2-183 94.594+47.41 9.9-185.9 82.81+45.1 0.097 n.s.
HBL (mm) 74.5-207.6 149.714£31.62 112.76-182 151.45+26.63 74.5-207.6 149.07+33.26 0.448 n.s.
TL (mm) 62-203 141.14+33.63 118.74-203 166.26+27.43 62-187 131.25+30.55 0.002 *
EL (mm) 12-26.27 18.62+3.05 18.25-25.45 21.54+2.41 12-26.27 17.53+2.5 0.001 *
HFL (mm) 15.5-38 18.62+3.05 27.2-34.52 31.842.35 15.5-38 30.244+4.34 0.265 n.s.

* abbreviations of each character: body weight (BW), head body length (HBL), tail length (TL), ear length (EL), hind foot length (HBL).

5
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2) R. tanezumi®} R. norvegicus®] F/N= FZ vln

R. tanezumi 1370 A2} R. norvegicus 27/WAe] F/N& 2371A] A& Hus}o]
Aelst A= Table 49| AAISFAT. R tanezumi®}t R. norvegicus®l F/NE 3
S vwg 23, AA 237k Fd F FAA fodol UEhA ¥ ¥de Obl,

Zyg, Hmax, Lmd, Iob, Lna, Bna, Lbull, Lfi, Bfi, Lm'®, D2, M"', Hcra, Li, Vhm©]| %}

i
()

2 H(p>0.05), TAA FolAde]l A" ¥ Lmys, Lm', BM', DI, Bera, Bi, Ti 7
7FA @ A=l A tHp<0.05). AA HA Lm;o BMHIE 58-6.8 mmFA L™, Lm'
2.6-3.8 mm, BM' 1.6-2 mm, DI 7.3-13.1 mm, Bcra 12.3-17.3 mm, Bi 0.7-1.7 mm,
Ti 1429 mm=Z uYebgth A2 fo4de] vehd 77k4 ¥4 F BM'S R
tanezumi 1.93+0.07 mm, R. norvegicus 1.81+0.11 mm= (p=0.008), Bcrax R. tanezumi
15.46£0.99 mm, R. norvegicus 14.89+1.35 mm=Z YEY (p=0.036), R. tanezumi’} R.
norvegicus Rtk o & AEFE BJ{T WA, Lmis= R tanezumi 6.13+£0.16 mm, R.
norvegicus 6.29+0.29 mm (p=0.029), Lm'S R. tanezumi 3.01x0.17 mm, R. norvegicus
3.19+0.29 mm (p=0.033), D1 R. tanezumi 9.28+1.29 mm, R. norvegicus 10.64+1.55
mm (p=0.022), Bi= R. tanezumi 0.93£0.13 mm, R. norvegicus 1.1£0.18 mm
(p=0.002), Ti= R. tanezumi 1.90+£0.32 mm, R. norvegicus 2.23+0.31 mm=Z YE}L}
(p=0.008), R. tanezumi’} R. norvegicus 2T B 2t 74FS 2 UEMST

FAE FEAA @ HEHlmw A 23709 FE F 77FA FA-dA R
tanezumi7t © F o™, YMA 167}A] FAANA = R norvegicus7t T A YERS
o FAA FYde] et FdL2 77HA F- oAt (p<0.05). ©l#d A= R
tanezumi® 7% FE BEAEH= Aol FA=g Avists 7 2 wUF FH A=
< B#ste AaoA FAHH, F2, AAF, #d & FE AFHSIL
norvegicus®| 79 FAPOE AR HssteE 2o & AFHe Aol 3|
Uehd 232 AdE ti(Singleton et al.,, 2008; Feng and H

AA R tanezumi} R. norvegicus® FN=E Bl A= wlg BE% A
o|th. Rattus 59 FEES AFFHAHOZE ¥F QY JHAL Ao, FA
gt 22 SHE8Rle] FFS Y] WEel F Fol A AAsteE AYdA=

A FRo] oJHe Aol Uthk(Ringani er al, 2022). F o R IFE wuE=
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AgATz AgPH A7 o Kim er al, 2013), FAZFL HlnE o] Fo

v glo] o] ATE Ratus & FE° S5-I FUE FH| AolE RAFE

ARZE 7HA7F Jdvkal & 4 UTh
B

& Fuste] EAo| o] Foixdl
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Table 4. Comparison of the cranial and mandibular measurements between Rattus tanezumi and R. norvegicus collected in

Jeju-do
Overall (n=40) R. tanezumi (n=13) R. norvegicus (n=27)
Character® p-value Significance”
Range Mean+SE Range Mean+SE Range Mean+SE
(mm) (mm) (mm) (mm) (mm) (mm)
Cbl 27.1-42.3 35.50+4.2 27.6-39.6 34.03+£3.99 27.1-42.3 36.21+4.11 0.243 n.s.
Zyg 14.2-22.1 17.94+2.22 14.4-20.3 17.37+1.78 14.2-22.1 18.2242.35 0.433 n.s.
Hmax 6.1-11.8 8.97£1.27 6.1-11.8 8.57+1.29 7.4-11.8 9.17+£1.22 0.521 n.s.
Lmd 15.8-24.8 20.48+2.38 15.8-24.8 19.85+1.97 15.8-24.8 20.79+2.50 0.515 n.s.
Iob 4.6-6.8 5.68+0.44 4.6-6.8 5.65+0.35 4.6-6.8 5.69+0.48 0.564 n.s.
Lna 8.1-17.4 13.05+2.14 8.1-17.4 12.41£1.79 8.1-17.4 13.36+2.23 0.188 n.s.

a

, abbreviations of each character: condylobasal length (Cbl), zygomatic width (Zyg), height of the upper jaw in front of M' (Hmax), length of the
lower jaw (Lmd), interorbital width (Iob), the length of the nasal bones (Lna), the width of the nasal bones (Bna), the length of the auditory bulla
(Lbull), the length of the incisor foramen (Lfi), the width of the incisor foramen (Bfi), the length of the upper dentition (Lm'®), the length of the
lower dentition (Lm,s), the alveolar length of the first upper molar (Lm'), the width of the first upper molar (Bm'), upper diastema length (D1),
lower diastema length (D2), minimum distance between the first upper molars (M'"), the width of the skull in the area of the auditory bulla (Bcra),
the height of the skull in the area of the auditory bulla (Hcra), the length of the incisor from the alveoli (Li), the width of the incisor in the lateral
direction at the end of the tooth (Bi). vertical height of mandible (Vhm), total incisor width (Ti).

 * and ** indicates means different at 5% and 1% significance thresholds and n.s. indicates means not significantly different.
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Table 4. Continued

Overall (n=40)

R. tanezumi (n=13)

R. norvegicus (n=27)

Character® p-value Significance'
Range Mean+SE Range Mean+SE Range Mean+SE
(mm) (mm) (mm) (mm) (mm) (mm)
Bna 2.9-5 3.97+0.42 2.9-5 3.88+0.44 3.4-5 4.01+0.41 0.721 n.s.
Lbull 5.6-8.1 6.67+0.55 5.6-8.1 6.49+0.45 5.6-8.1 6.76+0.57 0.246 n.s.
Lfi 4.4-7.8 6.60+0.88 4.4-7.8 6.73+0.83 4.4-7.8 6.54+0.89 0.578 n.s.
Bfi 1.9-2.9 2.42+0.27 1.9-2.9 2.524+0.18 1.9-2.9 2.37+0.29 0.196 n.s.
Lm'” 3.4-7.1 6.43+0.59 3.4-7.1 6.45+0.31 3.4-7.1 6.42+0.68 0.683 n.s.
Lm,; 5.8-6.8 6.24+0.27 5.8-6.8 6.13+£0.16 5.8-6.8 6.29+0.29 0.029 *
Lm' 2.6-3.8 3.13+£0.27 2.6-3.8 3.01+0.17 2.6-3.8 3.19+0.29 0.033 *
Bm' 1.6-2 1.85+0.11 1.6-2 1.93+0.07 1.6-2 1.81+0.11 0.008 wx
Dl 7.3-13.1 10.2+1.60 7.3-13.1 9.28+1.29 7.4-13.1 10.64+1.55 0.022 *
D2 2.3-73 5.83+0.94 2.3-73 5.45+1.07 43-73 6.01+0.8 0.178 n.s.
M 2.8-4.8 3.74+0.54 2.8-4.8 3.51+0.40 2.9-4.8 3.86+0.55 0.163 n.s.
Bcera 12.3-17.3 15.08+1.27 12.3-17.3 15.46+0.99 12.3-17.3 14.89+1.35 0.036 *
Hcra 8.3-13 11.26+0.97 8.3-13 11.55+0.76 8.3-13 11.13+1.03 0.132 n.s.
Li 2.1-6.6 4.99+0.96 2.1-6.6 5.16+0.64 2.1-6.6 4.91+£1.09 1.000 n.s.
Bi 0.7-1.7 1.04+0.19 0.7-1.7 0.93+0.13 0.8-1.7 1.1+0.18 0.002 wx
Vhm 7.1-13.1 10.39+1.63 7.1-13.1 9.93+1.41 7.1-13.1 10.61+1.69 0.531 n.s.
Ti 1.4-2.9 2.124+0.35 1.4-2.9 1.90+0.32 1.6-2.9 2.23+0.31 0.008 o
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3) R tanezumi FAT FTA T ARFH FE Ao

R. tanezumi® YAF FH RFE FAO Hlu AF+= Table 59 AAISHS
ok B8 AA Aol R e 57kA ¥ (HW, HBL, TL, EL, HFL)9] M9 &

BW 34.2-183 g, HBL 112.76-182 mm, TL 188.74-203 mm, EL 18.25-25.45 mm

-

HFL 27.2-3452 mmZ YESTH HFH o2 BW A 92544184 ¢ <&

S

~oox

97.1+53.08 g HBL <A 156242534 mm, 9Z  146-27.04 mm, TL <
169.6+23.48 mm, <A 162.4+30.96 mm, EL 7 21.942.35 mm, &H 21.1+2.

),

mm, HFL % 31.942.37 mm, &3 31.7+2.31 mm& YETH BWE o] &
ARG ¢F 46 ¢ A= © FAHY, HBLS ¢F 102 mm, TL ¢F 7.2 mm, EL 0.8
mm, HFLOIA ¢F 02 mm B=7} 3] O =A Vel SSDIE Fig. 40l A
A &g o, BW 4.96, HBL —6.52, TL —4.28, EL -3.94, HFL —0.72 4:=%dth
Zt P2 We 9 SSDI EF BWE A|93F HBL, TL, EL, HFL #t2& 3 o] <
ZART o 2 43S Yetlidoh stARE A F FH Atolo R H FHA S
FAACE EAAS e TAE Fo4S A} THp>0.05).

R. tanezumi®] ¥AF} FH 9 EFH 5712 FAo| tigh SSDI £4 A BWE
A 9)g 47}A FAMHBL, TL, EL, HFL)S =5 FZAA o & AFS Jeldd.
BW2| 9 MeantSD7} 94.59+47.41 mmZ LA I} FH Alolo] HF TFHAE

o
w2
5]
o
L]
:
-
3
(¢
X
o
O
=

of EA17 7182 Mann-Whitney U testS 2335 S wj, =5
SAA g YElUA & th(p>0.05). BWE A3 4712 HoM e 25
SSDI7} 9] @< YEtdol, 43Rt F3lo] o & AddT AAe dAste
Z o] FRAEATHKim et al., 2013).
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Table 5. Comparison of the external body measurements between both sexes of Rattus tanezumi collected in Jeju-do

Overall (n=13) Male (n=7) Female (n=6)
Character” p-value SSDI
Range Mean+SE Range Mean+SE Range Mean+SE
BW (g) 34.2-183 94.6+47.41 34.2-153.4 92.5+41.84 36.72-183 97.1£53.08 0.945 4.955
HBL (mm) 112.76-182  151.5+£26.63 114.1-180  156.2£25.34  112.76-182 146+27.04 0.445 -6.52
TL (mm) 118.74-203  166.3+27.43  122.78-194  169.6+23.48 118.74-203  162.4+£30.96  0.863 -4.28
EL (mm) 18.25-25.45 21.5+£2.41 18.32-25.14 21.9+2.35 18.25-25.45 21.1+£2.4 0.534 -3.94
HFL (mm) 27.2-34.52 31.8+£2.35 27.2-33.83 31.9+2.37 27.96-34.52 31.7+£2.31 0.534 -0.7

% abbreviations of each character: body weight (BW), head body length (HBL), tail length (TL), ear length (EL), hind foot length (HBL).
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Fig. 4. Sexual size dimorphism index (SSDI) of external measurements in Rattus tanezumi. The SSDIs were calculated as a negative
value in 4 of the 5 characters, showed a male biased tendency.

? abbreviations of each character: body weight (BW), head body length (HBL), tail length (TL), ear length (EL), hind foot length (HBL).
b abbreviation of SSDI: Sexual size dimophsim index. SSDI value: negative, male larger than female; positive, female larger than male.
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4) R. tanezumi AA I TA I FHE FA 20

R tanezumi FAIT FH Aol FHE Ao gk ZIb= Table 6°l A AISH
Aok SAHY SR HA gkl A

A A F 17 - (Lm,)S AYS 22714 FZH(Cbl, Zyg, Hmax, Lmd, Iob,

et

HFA L SSDIZ AHEst9 T B4 % 237}

Lna, Bna, Lbull, Lfi, Bfi, Lm'?, Lm, Bm, D1, D2, M"!, Bcra, Hera, Li, Bi, Vhm,
TS 27 =9 @2 450 s3] dARY & AFS Btk £49 4
#}= Hit (SSDD=E AHEH, Aol F#AEY © Z Lmis 9F 0.005 mm
(0.08) A= &3 zo)7F Yehgod, 3o ©f & 22714 &AL Cbl oF 1.21
mm (-3.48), Zyg <F 0.5 mm (-2.84), Hmax7} ¢f 0.22 mm (-2.55), Lmd ¢} 0.5 mm
(-2.5), Iob ¢F 0.3 mm (-5.23), Lna ¢F 0.01 mm (-0.12), Bna ¢F 0.34 mm (-8.48),
Lbull F 0.14 mm (-2.14), Lfi ¢ 0.15 mm (-2.21), Bfi ¢ 0.03 mm (-1.13), Lm'?
F 0.05 mm (-0.85), Lm F 0.11 mm (-3.5), Bm ©F 0.03 mm (-1.33), DI ¢F 033
mm (-3.48), D2 °F 0.5 mm (8.84), M"' ¢F 0.14 mm (3.87), Bera ¢f 0.05 mm
(0.34), Hera ¢F 0.33 mm (-2.85), Li ¢F 0.05 mm (-0.96), Bi ¢F 0.06 mm (-5.97),
Vhm ¢F 024 mm (-2.42), Ti ¢F 0.12 mm (6.33)A%E o & AFS X I THFig 5).
SEAIRE, A H FA Abolo] FUlE FEE FAZHCE BASAS W FAA F
oL 1A FUTHEP>0.05). FN= F&e ko] =g SSDI= 23714 A
% Lmss A3 227H4] FdoA F9@%<s Yt s3I o & Aol U
Etov, SAA 1942 A FATHp>0.05).

A R tanezumi® AT+ FAATE AFIE FE ol F Jyow, HH AE
A AFTE o] Fo] R vl Ao} AN R tanezumiS VI E3FA Rattus 52 A
A AF= MAFCER ATV} g F=3 A A o|th(Hiiemae and Houston, 1971;
Canals et al, 2000; Bergmann et al, 2006; Mori et al, 2017, Alamoundi et al,
2021). kA, 2 Rattus 52 R norvegicuss FFaLsHH, AT FH Y 9H3
Bl gdo] zto]7} YER= A& Bergmann (2006)914 AlAJolEE A A 7EA] (0 to
84 days)e] EE o2 & A Zol(head body length), /1= Z4o|(skull length), Tl
¥& Zol(femoral length), 18] Zo|(tail length), A7Fo]w] Zo|(tibia length)yE =

gakel AWM we =7] Folo] 9ol PR} FR AolelA FAX F4
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(p<0.05)°] YEY} FZ o]|FAdE& &<2Ig vl QS 1, Reichling and German (2000)
2 R. norvegicus 187NA1 2] 74¢k= Zo|(humerus length), &+ 4 o](radius length),
= 10](ulna length), THEZ Zol, d7olw Dol& EA st =3 F74o]
mol A2 olPAdH FAA Fo8(p<0.05)= HIiLEATH

ZFFNA A de(sexual selection)S & wF S AEste] MgEH wojo} W
2l e] -91& AHst= dl F2lskAl th(Lindenfors et al, 2007; Kim, 2016).
Tz FES el mele FA, Z7] Tl o F F dun

LA o ™(Bergmann et al, 2006), o] H FAZH AdHFG AfFoz s A

Y
ikl
N

Z olgAdo] Yeldtta ATH HE tH(Wescott and Moore-Jansen, 2001; Ukoha
et al, 2011; Jansky et al, 2016; Alamoundi et al, 2021).
wetA, AFZANA ARE R tanezumi T A Ao Qo] FH o] IHA
Fele AAE AR At FHo] dAEHY 5ol o & 4
Aoz AGHM, AT WA AE A A4S Lol A i HT 3
o @wol] zt7] 98] yeld AFoe =z FAH T (Lindenfors et al, 2007; Feng and
Himsworth, 2014; Kim, 2016). ©] dFolA 48 F7/0Z &4 vl o] SSDI
ANA FAZ TP FJAFHA FUAAT, FEF AN BW, F/HE FZHolA
T AFS JUedol &3 =4 A

FH9 Aot et AR o) Qe A & + ATk
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Table 6. Comparison of the cranial and mandibular measurements between both sexes of Ratfus tanezumi collected in Jeju-do

Overall (n=13) Male (n=7) Female (n=6)

Character® p-value SSDI

Range Mean+SE Range Mean+SE Range Mean+SE

(mm) (mm) (mm) (mm) (mm) (mm)

Cbl 27.6-39.6 34.03+3.99 27.6-39.6 34.59+4.14 28.4-38.2 33.3843.71 0.628 -3.48
Zyg 14.4-20.3 17.37-1.78 14.4-20.3 17.6+1.96 15.4-19.7 17.1+1.49 0.836 -2.84
Hmax 1-10.4 8.57+1.29 6.1-10.4 8.67+1.46 7.1-10 8.45+1.04 0.731 -2.55
Lmd 16.7-22.4 19.85+1.97 17.1-22.4 20.09+1.89 16.7-22.2 19.58+2.01 0.628 -2.5
Iob 5.1-6.3 5.65+0.35 5.3-6.3 5.79+0.33 5.1-5.9 5.48+0.31 0.234 -5.2
Lna 10.1-15.1 12.41+1.79 10.2-15.1 12.41+1.85 10.1-14.8 12.4+1.73 0.836 -0.12

a

, abbreviations of each character: condylobasal length (Cbl), zygomatic width (Zyg), height of the upper jaw in front of M' (Hmax), length of the
lower jaw (Lmd), interorbital width (Iob), the length of the nasal bones (Lna), the width of the nasal bones (Bna), the length of the auditory bulla
(Lbull), the length of the incisor foramen (Lfi), the width of the incisor foramen (Bfi), the length of the upper dentition (Lm'®), the length of the
lower dentition (Lm,3), the alveolar length of the first upper molar (Lm'), the width of the first upper molar (Bm'), upper diastema length (D1),
lower diastema length (D2), minimum distance between the first upper molars (M'"), the width of the skull in the area of the auditory bulla (Bcra),
the height of the skull in the area of the auditory bulla (Hcra), the length of the incisor from the alveoli (Li), the width of the incisor in the lateral

direction at the end of the tooth (Bi). vertical height of mandible (Vhm), total incisor width (Ti).
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Table 6. Continued

Overall (n=13) Male (n=7) Female (n=6)
Character”® p-value SSDI
Range Mean+SE Range Mean+SE Range Mean+SE
(mm) (mm) (mm) (mm) (mm) (mm)

Bna 29-44 3.88+0.44 3.7-43 4.04+0.24 2.9-44 3.7+0.53 0.366 -8.5
Lbull 5.7-7.3 6.49+0.45 5.8-7.3 6.56+0.44 5.7-6.9 6.42+0.45 0.731 2.1
Lfi 5.4-7.8 6.73+0.83 5.4-7.8 6.8+0.77 5.4-7.7 6.65+0.89 0.945 2.2
Bfi 22-28 2.5240.18 2.20-2.70 2.534+0.15 2.2-2.8 2.5+0.22 0.945 -1.1
Lm'” 6-7.1 6.45+0.31 6-7.1 6.47+0.35 6-6.8 6.42+0.26 0.945 -0.85
Lm,; 5.8-6.4 6.13+0.16 5.9-6.3 6.13+0.15 5.8-6.4 6.13+£0.18 1 0.08
Lm' 2.7-3.4 3.01+£0.17 2.9-34 3.06+0.18 2.7-3.1 2.954+0.15 0.534 -3.5
Bm' 1.8-2 1.93+0.07 1.8-2 1.94+0.07 1.8-2 1.92+0.07 0.534 -1.3
D1 7.3-11.2 9.28+1.29 7.3-11.2 9.43+1.31 7.6-10.8 9.1+1.24 0.836 -3.48
D2 2.3-63 5.45+1.07 4.7-6.3 5.69+0.58 2.3-6.3 5.18+1.4 0.945 -8.8
M 2.8-4.1 3.51+0.4 3-4.1 3.57+0.36 2.8-4 3.43+0.43 0.731 -3.87
Bcera 13.9-16.7 15.46+0.99 13.9-16.6 15.49+0.97 14-16 15.43+1.01 0.945 -0.34
Hcra 10.5-12.8 11.55+0.76 10.5-12.8 11.7+0.81 10.5-12.2 11.37+0.65 0.366 -2.85
Li 4.1-6.3 5.16+0.64 4.1-6.3 5.18+0.73 4.5-59 5.13+0.53 0.937 -1
Bi 0.7-1.1 0.93+0.13 0.8-1.1 0.96+0.12 0.7-1.1 0.9+0.14 0.534 -6
Vhm 7.7-11.7 9.93+1.41 8.3-11.7 10.04+1.29 7.7-11.7 9.8+1.52 0.731 -2.42
Ti 1.4-2.4 1.9+0.32 1.4-2.4 1.96+0.31 1.4-2.2 1.83+0.32 0.628 -6.3
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Character®

Fig. 5. Sexual size dimorphism index (SSDI) of skull measurements in Rattus tanezumi. SSDIs were calculated as a negative value in
22 of the 23 characters, showed a male biased tendency.

* abbreviations of each character: condylobasal length (Cbl), zygomatic width (Zyg), height of the upper jaw in front of M' (Hmax), length of the lower jaw (Lmd), interorbital width
(Iob), the length of the nasal bones (Lna), the width of the nasal bones (Bna), the length of the auditory bulla (Lbull), the length of the incisor foramen (Lfi), the width of the incisor
foramen (Bfi), the length of the upper dentition (Lm'?), the length of the lower dentition (Lm,;), the alveolar length of the first upper molar (Lm'), the width of the first upper molar
(Bm'), upper diastema length (D1), lower diastema length (D2), minimum distance between the first upper molars (M'"), the width of the skull in the area of the auditory bulla
(Bcra), the height of the skull in the area of the auditory bulla (Hcra), the length of the incisor from the alveoli (Li), the width of the incisor in the lateral direction at the end of the
tooth (Bi). vertical height of mandible (Vhm), total incisor width (Ti).

Lm1-3
Lm1-3
Bfi

Lfi
Lbull
Bna

lob
Lmd
Hmax
Zyg
Cbl

-10

SSDI (mm)®

w
N
-
o

® abbreviation of SSDI: Sexual size dimophsim index. SSDI value: negative, male larger than female; positive, female larger than male.
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3. 44X Ag 2 AAA 3 2dY

1) Rattus 49 A A o mnd

7F 8RS

AT FRHCIHE Rarus & F=2 AH{A 2 BZA] A} MAA] o]&

=4¢ Fastel Az o] ATNA Rams & FEo| BAHAY APA A
A 91%A FelA FAHgon], Exo|gHo B

ol

=
FAA, A, BAA, AR, A, FF BE ETF FoIATh E, Ratus &
sEeT A AZIL oyolMY T8}

= OB Z(Kim et al, 2013), A&
S2E IE(Fig. 6a), AA(Fig 6b), FA=(Fig. 60), +F71E=(Fig 6d)st 44

rr
o}}i

Ho g AN E(Fig. 6e), Y (Fig. 6f), FATFZHE AL (Fig. 6g), TFTZHH
°] A& (Fig. 6h), EREHOZHE ] A (Fig. 6i), "HEA/MILFEAZRE] A
(Fig. 6)= AAsgon, stHHozE st o2 HE 9 AT E(Fig 6k), JYd &
AL FAANZRE A(Fig 6l), AFZAZFE ] A (Fig. 6m), WEFAZH
Elo] A (Fig. 6n), FYAGOZREIS] AT (Fig. 60), AEAGO2RE] 7
(Fig. 6p), EA T ES(Fig. 6q), FH3}--22ZRE Q] A (Fig. 1) FHAHFZ A
st A2 E T3

B
=
o
g
>,
g
o
rlo
2
N
>
rlr
N
fu
iif
%
o
o
o
=

o] BX3}H, 89, 9972 EX3t JA LUTHFig. 6f). HAFZHE A
gl °F 0-2.6 km (Fig. 6g), F-=FE 9 A < 0-3.1 km (Fig. 6h), EEHO
ZRE 9 A o 0-3 km (Fig. 6i), IHFA/MAGAZRE ] A oF 024 km
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(Fig. 6j), sk zXE o]l A8 ¢F 0-3 km (Fig. 6k), FAAZFE S A7 o 0-3.1
km (Fig. 61), QJE=AZEES] Al <F 0-3 km (Fig. 6m), WEFAZFE 2 A
°F 0-5.3 km (Fig. 6n), ZHAG=ZHE S Ag °F 0-683 m (Fig. 60), LFAHL
2RE ] Ag ¢F 0-582 m (Fig. 6p)& YElGon, EXaEce FARY ZA
o, FHAY, &3 A - FAAA, 28AY, FIAEAY, = B, AEAEA,
S, 7T A, G954

(FA, AAUA, ZTehdA, WES, P57t Bx23he 202 UESTHFig. 69).
ZA3t-29k9] A= <F 0-808 m (Fig. 6r)&F YERSTH

L ARFY, TEY, AARA, AFEA, WEEA, o
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Fig. 6. Environmental variables used in Maxent analysis.
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L}, Receiver operating characteristics (ROC) =1

Maxent 2@ ZAyto] A% AL receiver operating characteristics (ROC) =41
ASE T3 o]FoIA W, ROC 419 sFFHZ 2k area under cover (AUC) %S
2 B4 Azle] Ak o] AHHATH(Sung e al, 2018). Thuiller (2003)04= AUCY]
el 0.7 oY W A2 A Sl tiste] ofm|7t Ak #skal gl

o] AFA =ZFH ROC FAl AZFolA AUC @2 09242 e} A=E
AT FAGE = AThFig. 7).

Average Sensitivity vs. 1 - Specificity for Rattus
T T T T T T T

J Mean (AUC =0524) ®
Mean +- one stddey ®
-~ Random Prediction ®

Sensitivity (1 - Omission Rate)
£ = = o B
wa = n o ~

T T

Ed
[
T

=]
i

=
f=1
1

0.0 0.1 0z 03 04 05 086 07 08 04 1.0
1 - Specificity (Fractional Predicted Area)

Fig. 7. ROC curve of genus Rattus. The AUC of the ROC curve was 0.924, which

was higher than the reliability criterion of 0.7. Red line, receiver operating

characteristics (ROC) curve; blue range, standard deviation; black line, random

prediction. AUC, area under cover.
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7HA B QES vHen, JoeA 8 VjdEs aFAGozREe] AY
(23.1%), EX Y E5(14.4%), Y5(13.4%), FH3--222E 9] AE(8.9%), nlHE
A marE A 2 2E o] AT (6.7%), FBF(6.6%), =F7EEZ(5%), AATFZHE 9 A
(4.3%), WEFAZFEH AE(B.6%), FAE(B4%), AT2AZTE 2 718(3.4%),
st o ZHE O A2(3%), EEHOEHES] AZ(1.1%), AFAEH0.9%), 115(0.8%),
dPFZRE ] AP (0.8%), FHAG2ZHE ] AT (04%), FAAZHE ] A
(0.1%) =22 B THTable 7). & Rattus & SEES HHE ZAX Yo
gy BxsiH, 4, AZA, AujA oA F2E HHHJAGE APAT+E A}
AR A3 2 YEFSTHGuisan and Thuiller, 2005; Htwe et al, 2012; Feng and
Himsworth, 2014). Rattus 4 SEEY AT &0 2 X& SEHATE &3
AR wEAGo2RE Y AYdA TtEsE A4EEC] Be HoE
HAEH, olF Ratus & &S T2 Qo] &3t LFFHd o8 & A
Hog olFHeE EALS VM4 UEd AFRE AGHDG(Moors et al, 1992
Nagorsen, 2005; Feng and Himsworth, 2014; Ringani et al, 2022). T3+, Z]EFA|H)] A,
stz He A, WSFAZREHY ZgdAs 7hess A4 gEel
A Ut Ratus & =S 543 Ad9e AzsiH, 5&, AEE, 4=
287] & FTE AASte TECIEE Yehd AHE AGHTKGlass er al, 1988;
Yoon et al., 2004; Traweger and Slotta-Bachmyr, 2005; Feng and Himsworth, 2014).
AW go] WE SHIFALS A7t ®go] WE Maxent EF IO FHAAAE
YERd TZfzoltt. o] AFolA ZHETt w2 S w2 AuE, WEA
o 2HEe] A A4EE] 0 molX 7HE wkem, F 150 mellA &E©°] 0
o2 A= AL FAT 4 AATHFig. 8a). EXATETE= 20 (Z]EFAIHIA])0
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A A gEo] 714 E=A YEREI(Fig 8b), YAENAE 4 (BFADNA M =

F22REH AZE 0 molA 7P =0, HojdS
S8 e O M(Fig. 8d), MIHEA/MILHAZTE S A
o] Z7kste] <F 370 mellA YAMAE ez YERTh
Yol A(Fig. 8f), 97185 ¢F 180 mollAl(Fig. 8g) 414
g5o] 7} Egtom, AYPFERE ATE 0-50 m (Fig. 8h), WEFEAZHE 9
A= oF 10 mollAl 7H8 A2 8HEo] EAThFig. 8i). HAALE °F 4-5° (Fig. &), <!
Z2AZREY Ags 0 mollA AA3E] 1 = AL A5 THFig 8k).
st oz RE S AT 0 m (Fig. 8l), TAYOZHEI ALl F 640 m (Fig. 8m), A}
AL 58 0-22.5) 1 A(Fig. 8n), L= 0 m (Fig. 80), EFFTZHEI Al <F 320
m (Fig. 8p)olAl A2&E0] 7HE A Jetsth FdAYGoZRE S A 0 m
(Fig. 8q), FAXZRE 2] A °F 0 m (Fig. 8r)ollA A2&Eo] =& Aoz Ey
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et al., 2003).
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Table 7. Contribution of environmental variable

Contribution Percent
order Variable contribution

1 Distance from traffic area 23.1
2 Land cover map 14.4
3 Stock map 13.4
4 Distance from clean-house 8.9
5 Distance from unstoced land/non-forest area 6.7
6 Age class 6.6
7 Hill shade 5

8 Distance from coniferous forest 43
9 Distance from inland-wetland 3.6
10 Slope 34
11 Distance from artificial-grassland 34
12 Distance from stream 3

13 Distance from mixed forest 1.1
14 Aspect 0.9
15 Elevation 0.8
16 Distance from hardwood forest 0.8
17 Distance from commercial area 0.4
18 Distance from residential area 0.1
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Flg. 8. Correlation between environmental variables and Maxent analysis.
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2}, Rattus 59 AAA 2%

Rattus 42| A2 &S5+ Maxent program®l &3] =ZFEHAoH, AFEA
9 Rarus & FEES BF HEE o83l AFE W AXAE AFSAT
125,000 39 Yd=ol= FAETE TFHA Fob BF/F] I, D
HolE7}F AjtE o] #£4o] o] FoiAA] edgkoyt AFr REL A dFd g

of & JFL VXA o} olF At BUHHATHFig. 6e, . AHA JSEE

o>’
|
o
N

maximum (Fig. 9a), median (Fig. 9b), minimum (Fig. 9c), average (Fig. 9d)e] 237}
SEHR oY, Ratus £ AAAR AFH Hiae AFA AU, AAZ Aol F
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v QO H(Aplin er al, 2003), FAS, FHAA, FHAS T AdFAe] #AIL
]9 UHS AS RAF= AAZ T 5 Tt (Meerburg et al, 2009; Arai et
al., 2012; Kim et al., 2013).
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Fig. 9. Habitat prediction for genus Rattus based on the collection and observation records in Jeju-do. Areas

probability of being a habitat primarily included urban, villages, ports, and ranches. The blue areas are areas with a low habitat

(d) average

with a high

probability, and the red areas haves a high habitat probability.
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4. AFA Yol AASt= Rattus 58 T

AAFe A MAZcZ A AETSA Uit 2 gacloln, A AejolA
o] AEGFAG Ao EFAVIAES dHdE 7P F $1F ol th(Whittaker, 1998;
Glen et al, 2013; Hong, 2014; Pichlmueleer er al, 2020). =3+ 2] HUFL FY
ZAA, A7 2 73} Ak A4 thE R 43 FFS v A KRussell ef al, 2017).

He SED YEUIHS BASE dE AHAR 43 Fu dckds 1 A9

WAYE 4= Qth(Jeju Regional Environmental Technology Development Center, 2006).
mEbA, AR QlgfF oA Y Y FAtol] tiste] A iAol PA= ¥
F A 7S Aom dqAHER, TAXAA L SfFe] o, A, b
ojddell WE B T ATl #I EE AFY AEZHQA o= #AYU} o] F

o]z oF &ThRussell et al, 2017).

H

20021 ful2~=(United nations education scientific cultural organization,

UNESCO)¢] Al EHdX X A (Biosphere reserve) 22 AAHH A|Fos O A=
To] AHste EAAYGoRE =Y oA o FAERIE do 5 U,
ol23t Wt R e HY} 1FFTY FFHVIE AL JhsAdol =o
(Vitousek, 1988; Bellard et al, 2016; Park, 2021). WetA, 2T F3Fo] & =A
AY SolAeE 42U BeAgS FHskd At T A=A s wet

mhelo] B a5t tHLee ef al, 2016).

o] ATolA AMFEFAY HAZAHE FTL R norvegicus®t R. tanezumi 2E°|T} R
norvegicus® 739~ Kuroda (1934)°] 2J3ll AF=oA A3 7155 2H, Oh and
Park (1994)2> AF=9 EFF FTESF 7]A3AJejudo and Hallasan
Ecological and Cultural Research Institute, 2006b). ~L ¥, Ministry of Environment
(2011)°] AefAY - AN ETTS MG, A ALl +-H AV E
Tao2 A Astd FElEal JATh(National Institute of Ecology, 2020). R. tanezumi
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o] A% TEL A77F a3 o]FoH 1990l AlFZoNA FAFZA kot
Kim et al. (2013)°] S H1u¥E Fo02, A A ALo|H7t A2]o] wtelr] o] o]
ATdAE EUFTLE FF3ATh sHAT, 4T AR tEiAe 5 AT
7 B o]FofR ol & Zlojth AEL AHolA LJFe FHHL oF T

(establishment), &Z(expansion), E38}(saturation) TAIE HAAH A=A

(]

o
L

rit
o

N
©

(Shigesada and Kawasaki, 1994; Kim and Oh, 2017). PP EL oY S F+=
7HE Z3F oy, o]l E o] WMo o] RojR Foll= 2] Ao E7bedt
8 27 @ACAN Zdas ol gyEe] Belol 747 &7 ol chRejmanneck
and Pitcairn, 2002; Russell et al, 2017). WEtA], AFA G| o] o] A 23h= <]
g AAF 2 QT a3zl FYE AT Wk AR ok

o]
H

©

D E)UGAZ FAHEHE= R tanezumi

A FL olF Fol 71F, BEFAFH FA T MEE @A BASA Xsh=
7d$-7F dlF-Eolth(Lockwood et al, 2008). SFA| Tk, ©]& oAU HAAA L %7]
of o4 A5 tEr] A v = AV e R e @A ddEY
(Poland et al, 2021), 4 A SAIE I8l vEHo] M= ojof g}, HAX|Fo| ¥
< 3 A2A, YFHE ]8T FTEETIF a3 o E d#A AtHTowns
and Broome, 2003; Jeju Self-Governing Province and The World Natural Heritage
Center, 2021). B8 Alel&= T2 FH 42 TEY ¥4, 35 5 ALAE 183
HAZIAE Holet A AX|ste= WHHol d#lx AT (Taylor and Thomas, 1989;
Taylor et al, 2000; Tompkins, 2000; Jeju Self-Govering Province and The World
Natural Heritage Center, 2021). 3}A|5L, @A AFZoA E1E R tanezumi®] ]
Zo| Uik AEe gow ¢ $e TES FF

CEREE P
o] AR T FZo] Hasit}h uwElA, o] GAE FAHE = R tanezumi®| 73

ol A wAR AdelNe] FFAeln %A mUHPL ) AAFE
shotalm Ao A4S 1AW AAF FelEio] nlaHolor ¥ Holr}



2) &4+ @A R norvegicus

AdoAel = = A WA B Ao AFsh= A9 R AR A
ABAA 7 AThKueffer et al, 2010; Blackburn et al, 2016; Russell, 2017). 2174
57t 122 EAAYS P =Y wesTAX(F, ddh, #3448 5o Ay
A, EETFEe] gFd D, AHAAEY Edo] &LetA o] FoA= A Yotk
(Carrete and Tella, 2008; Hulme, 2015; Russell et al, 2017). & Fo] =d =] vphd
e BV 7hed EE dol SAtEE AV)AQ #erl HesH He, tE
A gog2ol Fiks WXA|St= Zo] F Q38K Poland et al, 2021). &3F<Q1 oY%
o Bel= AHA, A8 & AtE #elo] Hikol weEt S =H, AAF SR FY
o sl wet FAF LHFY FUF AL UMY JhsAol doeE=
(Chornesky et al, 2005), @A #gste]al st YTl tete] kel & =+
U= AENA &3] 9 FQa3FtK(Beisner et al, 2003). FYFe HA= G4
Haslatal AYPAtel o8] A= AdTFE sAsy] A8l AHEEHE B &S 9

Hshe, oldF ojule] FEL FYFE oY, AL AW, BUHIY, ARFY, 2

29 35 &5 AT 5 7HAE Udth(Poland er al., 2021).

SEuEs 19508t 7 1970 o7k FzeEel BAZ vk 9lem, 1970
FEA o2 Qlste] ARFH st Al HF7|w5ol
o] Foizl H} ATHKim, 2018). ©]¢} £ HAFJI&F AFH o= PHo] FH
MAF7E EE vE o, 1990 ol S0 HJPTIREFS O o A=A &
oK(National Archives of Korea, https://www.archives.go.kr), @A) FHA = FLA Y
AN FH7F Al FAFHL ok Iy @A JIEY wiA 5 o] EEEH A,
AR 77 v R o, JAeFEadle mArE Bus d4e Ay o
SA YT A=A AT esS Adsrde & oHwe] OE AoE AW

Ak ShAEL AFEE Tkl BRHL Aolohs BP9 SHL olgstel, 7Y

fu)
=2
rlr
N
o\
N
ok
1>

S UH AEVE 283 UHYIT A55HS T3 R norvegicuse] A& F
A, 4 Fo] T 43, ol ARE FH5t JiATe] 23AARE X

7] Aol A7 o] FojHoF & Aow AdHET
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o|

3 I B ETAANAL HF ol

o] AToA Ratus %0 AR e EAXWH ole} W7} ErEE =T

ANA geld AHe AFE, FAET, ASETF, AAZY, EFEFAA FAHA
PN
T

Rattus & &= < QA oyt Adsts $52 ZF A3t A¥brj&s 59
WHstAA A AAIFHSZ HZ Fo]th(Nagorsen, 2005; Bonnefoy et al, 2008; Feng
and Himsworth, 2014). 2tA], &JHFe] F7} olds =7l Haixe oA &
27t dastH, Ao #ele HF S Biosecurity 3 TAIE F3 A o2
F7F o4& 9= Aol A A EojoF gFth(Hauser and McCarthy, 2009; Route et al.,
2011). Biosecurityfﬂ AL dutrom AY 7HA), gSE2XZ BEHEY, Ade
=% T Al

2 T 9Fe S GAstE Wog 8HTHRussell er al, 2017). o] 2|3

¢

SHAHANAM, =& Foll, doll =32 Foll o] FAR|aL, A

rr
b

Biosecurity= @WHH o® 2JF-oto] HZo] o]Fo|A = & YA o] AHA 3
of Agst7] Blwd HA9w, A 9 FFAH Ao AHH™I ey} o] Folzintd
&2 Biosecurity’t 2 4 ATHCook et al, 2010; Heikkild, 2011; Richardson,
2011). WebAl, Ratus <59 F7F o|de 27 ko] 477 2 F A
XA AR B ZAAAL A AT ool tT FAAAE Bt
statefof & Zolm, o] mE MEZF JHAY 28 9 BF] A7 GA 2Y
B o] "asitt shalh

AAgHoz Fid JHFe HESHH Q2 Y(biological pollution)S doZ <=
3

B

r
g
ya

A THHowarth, 1983). Rattus <& SE AAAEH A olYdE A AFFFAY

o] /WA ZA(Kim, 1996) AF= Aol AMAsts A F F&FS =

Al gk Boj7)&to] kgt nyd A FEN AEES AATHY AANA
g3t 1A Ath(Howarth and Ramsay, 1991). A|FX=9] AlEE HW, AF=0

=
&3 HEole XSl AMEEE ESA Calonectris leucomelas®] =U Ht WH2AI x| o]},
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2006} 3l R norvegicus®] oYL= <l & A7E EAEt WAL FEC] wlf
grolz Aol HAUEYHNam et al, 2014; Jeju-si, 2016; Jeju Self-Governing
Province and The World Natural Heritage Center, 2021). T3+, AX|F+= ZHAolA
3717V 8% 98-S dh=dl(Nowak and Walker, 1991; Nagorsen, 2005; Feng and
Himsworth, 2014), ©] ATrollA XA EfN A #ZE Rartus & S=3F AAA7F 43
A= AF= Adel Aaste AAFEe 53 2715 viasta HdeFHE A9
g AFFEFH, AEHE 59, wE-m%F 4ol ag ZHo|, A ZAo], i ZHo]
oA BHF & AgES YENNEZ(Won, 1967; Yoon et al, 2004; Han et al, 2015),
AAFde et FEFS 71 7 Us AR AdHET A, AASdE R
St AE Rattus &2 MAFLS &
= TAHCE HAZ Byl Basith AdSE AHe 2 ke Fo Y= &

e Hadsjolstes, Amy, B4, dukel 2 AEVE AUEd Ve R

A7l A, Rattus & ZEo| FH xA3E AY

= =
9 @82 o welHoof v, ojo} BAW AHo] FRG AEINE Faho] 4
A RUEY 2 3L Asstelol & Aol
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AF=o olYdE H:WF Rattus & 2F R norvegicus®t R. tanezumi® FE|SHH
7 Rattus 59 A2 A 54E B817] 98t R anezumi®] 47 Z710]¥, R
tanezumi®}t R. norvegicus® L|F-FEH 2L FINE o], Maxent A0 = AR o
ol g 75 FHsEA

R. tanezumi®} R. norvegicus N5 2 AE& 20053 4€FH 20183 12€7FA] A
T w FESEAFH HAHE A5 B FES o]&sia, 20199 1€FE
2022'3 6€7HA o] AFolA AldE AF= W Ranus &) AAT Zow o4t
= Aad EfiS AXst EHAY #EH AAE diPdo=E it R
norvegicus= ZAb, T, AW, Fed, 287 wigd, vk 5 A AGolA A
HAL, 1EE 9F 0-360 m HAANA ERA=ATE R anezumi= =AF R EAF A
E2oA A 2 #EFHAG

eyl A R tanezumi= A& R rattusZ 715H F BELHOZ R rattusE
#nele Aoz AL AW, Kim e al. (2013)F Lee e al. (2014)914 572
HE, & AEE 53] R rattus® R. tanezumi F3S T3 npe} o] o] A
NM= R rattuss R. tanezumiZ BQ3I= Zo] BT Aoz AT

R. tanezumi®] ¥AI T AFFH 2 FAE FELS vlusty B3 A3,
BWE A|€]g HBL, TL, EL, HFLO|A <47 =
Az|zte] AFE AL A3dE TS YESAT, SAA 78S YERA]
RATHp>0.05). FNE FHANME F 237F4 & F Lmse A 22714 4
ANA BT o g& Uiy F3A o F AFel vehdes A3 A7)0 &

Attt 7L F 77HA F-AAE 7oA Zolrt UEFETH(p<0.05). A2 =710l
o] Yetde AL AAE, 559, #3737 Y, Aol F A 4Hel A
°of To= sty Yehd A= AdHT

R. tanezumi®} R. norvegicus T EXF FFE9} F/E FHES vEHFS o,

R

Fe) Aol FHYOR BT

v

i

. tanezumi’} R. norvegicus® T T & A3}
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E UERAAINE SAIE 794842 TLH ELAAIRE UERGTHp<0.05). F71= FZ&
AE 2374 ¥4 Z Lfi, Bfi, Lm'®, Bm, Bera, Hera, Li 5 77F4 d2& R
tanezumiZ} A YEFG oY, UM A 1671A] - A= R norvegicus7t B =A Y
Ebgtom, BAA #2942 Lmyy, Lm', BM', DI, Bera, Bi, Ti & 7714 #ZolA
UEFETHp<0.05). ©] A= 77HA FHAY FAZ  fFolAdol yEht R
norvegicus}t R. tanezumi® 7ol Aol ov|E 7HE 4 flow, FS AE5HA A
=7 F BHo] o] oA WA Rartus & FE2 2RI} FAF F

BAFE= 2824 ¢ 2 71X E AU Ao2 Add

nHEAHAHA R R E O] A, sFHoRRE A, FAAZRH AL, AF
A 2HE ] AL, FFAZRE S AL, dFAHezRE ] AL, ARG
2REHO A, S22 REY AR & 187HAE 2AsIA o] ATl

Rattus %52 T2 AR A AHJHAAY B2EN oW, FAAZRE S AL, &4
Ao gyl A, S22 R H AP 5 A i DRI A

o] v AAWMTE AAst A F EAEATh
Maxent 2439 AIZ]EQ] AUC #2 09242 EAFH A 4+ J+= As5=2
SEH, MR g S 73 AFMEFE 187K BF 719t 7R s
WEAHOZHE ] A, EXIEE, 5, SH}F2E2HEH] AL, vgE
MIAEAZREY A, I+, 97155, IGFEFHY AR, WSEFAZHH
o] A, AAE, ATz ZERE o Ad, stHoTRE A, TEFHoZHE
% o

AY, AR, 1E, &

)

Ir

R

HAste FolnE slose] #A7} §ish go] EEE ZloT BaHdh

AAA AF=ol A A=A AGsHA AFH AQe] EAo]&S Ay ET,
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V. 38

o] A= AF=ANA ANHE Rattus % 2% R norvegicusSt R. tanezumi®] FE|
T AR 54E W7l A8t R tanezumi®] S15F-FH 2 FUHE A
of tgk A& =Z7]ol¥, R tanezumi®t R. norvegicus® AHF-FE] L FAE FH9
Zko], Maxent 45 B3 AAA dF AFE FHSATE R tanezumi®t R
norvegicus N5 X A5E AFE W Raus &0 AAT A= A== FAL
&, AW, 5, 297 g, vhe, 24 SO EfE At 28s A
A2EE MAE ez P YUl A R tanezumiv *S R. rattus= 7=
H 3 #ALHOT R rausE 2L AoZ FAHAT A, APA TN A FE)

[ 73]
==
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i
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r_l
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o] o] AFoAANE R rattuss R. tanezumiZ= Q3= Aol 5§ Aoz AdH
o R tanezumi® AT FAHY LEFH U FUE FE BWE AL3 HBL,
TL, EL, HFL 47}A @A SsDI7F o =LAl yehstou, A4 fo4e ve
YA A tHp>0.05). FHE FANME F 23714 & F Lmse AQSE 22714
FHo] FHA O & AFS UEllon, 11 5 77HA A
o|7} UEFRTHp<0.05). A2 Z7|ol@o] Yehes AS AAHE, *F%Y, #3%
Zy B, Aol B s ZA e Aof Fo=E st yEhd A

tanezumi®t R. norvegicus = EXr YFFEH 9} FHE FH

Bl M= R tanezumi’t R. norvegicusRTF U & ZAI}E YERI S
o] TL# ELOIA] UEFSTHp<0.05). F= FAoA= 23714 & F 77HA
FHL R tanezumi7t A UEFSOY, UM 1671A] o= R norvegicus7}t
O A vetsen, A2 794 77 F- oA YERETH(p<0.05). o]’ A
H= R tanezumic 32, AFHF, FA Tt S4S Msske ¥HE, R
norvegicus®] 735 FAHOE MR HIste S2o] TE AFHY Aol o)
Uehd Axtz Jddn o] A= 77HA FHdM e FAZ #olide] YERY R
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