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Environmental Factors on the Use of Wildlife Bridge by Striped Field Mouse

(Apodemus agraius)™
Gi-Yeong Jeong’, Ji-Hoon Lee’, Yong-Won Mo**
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ABSTRACT

Although wildlife bridge are built as a way to reduce habitat fragmentation caused by road construction, there
is still a lot of debate about their effectiveness. Monitoring methods such as footprint traps and camera traps are
used evaluate the effectiveness of wildlife bridge, but there is a limit to evaluate of effectiveness. In this study,
the degree of use the wildlfe bridge was surveyed by striped field mouse that is likely use the wildlife bridge

A4 202349 5€ 29, =4 (1xF 2023 79 199, 22} 2023 8¢ 28Y), AAEA 2023 8¢ 31¥

Received 2 May 2023; Revised (1st: 19 July 2023, 2nd: 28 August 2023); Accepted 31 August 2023

oddtistn ojek 2735k} AAL Dept. of landscape architecture, Yeungnam Univ., Gyeongsan 38541, Korea (kmc0110@yu.ac.kr)
ggdistn ojsky 78k} Al Dept. of landscape architecture, Yeungnam Univ., Gyeongsan 38541, Korea (ihoon423@yu.ac.kr)
gddistn 278k} 24 Dept. of landscape architecture, Yeungnam Univ., Gyeongsan 38541, Korea (csmol2@yu.ac.kr)
o] = FAHHY YR ITHA7EUY] ICT7|NE S FFE7T AAEd A 71e/fEAr Y] s ot A= S
(2021003360002).

* WAIAA} Corresponding author: csmol2@yu.ac.kr

—_—

O AW



=79 Suy SR ol gl vAle B 54 338

and surrounding as a habitat with capture-mark-recapture method.(4dpodemus agraius). The distance and route

of movement were identified by connecting the capture points, and the environmental factors on the use of the

wildlife bridge implemented a generalized linear model(GLM) with the capture number of captured as a

dependent variable. Consequently of capture, no individuals crossing the wildlife bridge, striped field mouse

use the wildlife bridge as a habitat.The environmental factors affecting the use of mice were vegetation

cover(1~2m, 2~8m, over 8m), vegetation construction, maximum diameter at breast height were positively

correlated and slope was nagatively correlated. In conclusion, it is expected that the effectiveness of the wildlife

bridge will be further improved by planting shrubs and trees and preventing high slope and cut slope increasing

the utilization of the rat, such as being used as a food source in the ecosystem.

KEY WORDS: RODENT, ENVIRONMENTAL IMPACT ASSESSMENT, GENERALIZED LINEAR MODEL,
MITIGATION MEASURES, CAPTURE-MARK-RECAPTURE METHOD
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oI7to]l 23t Aol Efo g QI =2 AL opE R
Aol FAAQ1 FEkE mIxItaL o] de] A=A ok Aks
3 ERi opIERO| o5 Weleks AHoR g3 Wy
ohel, ZEAR Qg opiEE ANIE 271, §44 el
LA ool ZHAIRE AR QI X924 ddo] Wy
= i Burkart ef al., 2016; Crooks et al., 2017). ©]9]
ok 7 A=20 ARRt F shrt AdelERo o AlEls
2 AR 92 9 i Foll et mrof| Xt Sy
Mgzt =2 ofefjo] sl gy e E= Rt
(Ministry of Environment, 2010). o] & S &-2 4 23
Al AASls Hes o ES tHEeR S AXA
07 RS 1Y 5 AES 24T SR/t Ministy
of Environment, 2010). S8 AJeE2= T o]AAS
0] oPYFEY ols= =T 4 AL AHEE W AAA
zqom AdE Aol % obge MY & ot
(Ministry of Environment, 2010). E3F B} A0
Hsl| opiEE osol o aabAgl Hijte = AN =7]% qhct
(Mata et al., 2008). olof wje} SeulzfollA= 1992 A4
o w YRERS AZoR A4 M407He] 3wE AHER
7} A= %th(National Institure of Ecology, 2023).

SR, Se AElER] Aol theiile 23Eet =
Ao) olofA Sirk o ATAL AR 55 o] Yol
A& o]x] ekom(Roedenbeck et al. 2007), ThE A7t
of wlsl Adol w2 H-§o] 22QEfo] HI-E thH] Aufo] et
OJF-S A|7|1McKSijtsma et al., 2020). ¥ FUolA= 2+
Aol AEA oz Belgm aabd B7EE R8skl gl
(Woo, 2021), ZF(Park et al., 2011), A} E5-F(Park et
al, 2021) 52 Hog Hads Bkl e A=

om olF ¢l Sy AElERrt SRt At qlrt
I R olof whet Said AelERe] BlEtiR] Al
E0]7] I8l o EE AE 71 el mlAle dFkE BEsHA
B7lek= Ao] #9835l van der Grift et al., 2013).

SIAE 9PA] ol ZIegE Ao HiHEol| H 714 AR
o] ZARIE. AA, dvrdor AelE= W obdsE HUEHY
of ol-&u= Wl SAEH(Kim et al., 2016), 7HH|2HESY
(Yun et al, 2017) 52 22 7Y SESHC= 15k A5
go] HhEek = ik =, EE =2 S0 Aokt st
o AA|= opEEe] AEE=E 53l oFsdi=Alol gt e
gk mjofo] ok AlA, 2 FE Zirel 28 7L
Qo] st T A AAR|Z o[ g 4= Q= AP ER
ol thet B7pt fE5sich AeiA WollA SISl $AIgh
B9l AR5 81559 Holzl¢(Mata et al., 2020)
AR U] o8 22} EXKJansen et al., 2012) 59] &
slo] 7l 2717t v oPEES] AAIA] Holl Feke mE
4= Sltk= Aol Fasict U, delez = 2Hdel gt
a7t BEsich opiEEe] AeHleRE ol8sh| flsiM=
olgof FaFe mAl= AeE= T 2 S tigh =
ZQ3tHBaechli et al., 2021). IHAF(Ministry of
Environment, 2010)o|4= AeElE2 Ax] A] ZJEL} UjEo
TR fARE AEEREE 24T Zle TBAISIL AN ot
ez SARE ek sAlo] HaprL Heks s
gl gt arert Bk AEts R 2 A9 = AR
Ot Ak Hajel AR Wi g QR HEE 7 50l
HPgsH, ARzto] Aol wet APdFerE 2 AR T AR
29} tf=A| e 4= ik o] 23t Afi 2 9] WS =
Aol Qlsl 77t A Halslo] 2 5499 FokE ERIsk
=g X577} o] 857 = dHtHLee et al., 2006).
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RO AERO] ol GAHES} o] el MAE B BAS  HlER 7ol Fel] AT} S Qlgu|do] HAIE]
sjolsti Gk ARAOE A, SEFVE AERE A sichFigure 1) A1G9] 29, AR v A4 48]

T2 o5 e REA OlESI=AIE 8-S WS o835t ol AES AlLfehH UR|eh 22 P o), A48 Aol i
A B8 sh ek B, MEERSL 20 A0 B o] Rl sUol ZERO} AREBFI B WEE ekt
2 4ol 5EF19 AHEE ol8ol mXl= Fks dWiEl ok AEieE T A9 AR TR olulsg Ago] LTe
A5 23 (Generalized linear model)S o831 Elslix} , WE=O0 Ao g1 A8 Qi)

Bk, 3 Q7 SERI) AHER olgAES HYHoD el

slo] ezl AR BRlehiL o8-S 7= B4 2 E=3| mEl-xjEE U 0|”RE BA

AS 2l = Qs oA oot qlrkar & 4= Qi
a7 AR AAY 9 22 AAAIE LS (Lim,
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A= Aoz d#A QJrtkNam, 2001; Lee ef al., 2020). 5=
Tl 232k 2022 84 3URE 849 29U7HA] F 235
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AoFe . 2005H0] Z3E|glom, Zlo] oF 40m, = oF 20m ZANEE 3 O] o7t 10mel AWs AXE Ual(Lee
712ke] 2wE AelEZolc) tRIRIE o Yxsle] FHito| et al., 2006; Lim et al., 2007; Welegerima et al., 2020),
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Figure 1. Study site and transect.
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n7l= 2 B2 ARRIAL oS0l 134 v|7lE wA|F:
o= Sl w77t AAY, A7 ZEE s Aol
WAFEZILE AHgle] n7lE AR ERE i ©F 74]
Zdol ERIskaL, 23)H &= Y, X8 AXE 7SS
H WAE AEl] $Jt ear-tagging S AAGH 3 golsEal
CRA] #= 32323232 capture-mark-recapture method)
ARSI Lim et al., 2007; Lim, 2015; Lee et al., 2020;
Welegerima et al., 2020).

5270 SR o8 42 Sfole] 244 ol o]F
gk 7AS] ofs 2L} ofs AlE BRIsISIT: FAIE 7HA|9]
RE ArREeRE SRIT 4= glo] ekt AR o] ofH7|
mizol HE olE AAE = A =2 A 1 sk
T Sl ARE T9RIE olF BRY AYE ==l &7
7F RS Fdsio] FH ARIOR oS g A% AHE
B2E olF RE ol8dk= 4, TEFIF A SlslA] ¢t
A FeEEE 97 4 Ee AR 52 AeieE YRt
= o5 A= sEFH S EE AAXE QAR
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SE7| MEISZ 0180] B 017 BY S4

RS SR ol gahe AR Al 4o 2
£3) o] g wo] o]t Im2l M) WETE F3s)o]
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S Asseg UE o, ARk, B9 0 A S
FAAA, A4 THOE, AT BAH O oA

Table 1. Environmental variables

U, AAFO AEHE RHdsto] o] & A 4 Q= HE
ASIGtHLim et al., 2007; Welegerima et al., 2020). =
AT ESES 25%E T9IE, 0% F$- 0, 1~25%2
F= 1, 26~50%%1 A= 2, S1~75%Q1 Be=
76~100%%] = 42 M-S L BAEE B 1L 5
2, =5 30= SRt ol A4 W AR Y
< ALt ERY 9 Fo ot FAE 27 lem, 10emE
w9= RStk A S T W AAY =S
TEOR 2, W, woR, Aol gl e YR VS
slglom the Aol 40% ol waEshH = A BEE VIR
Sioinh s 8 A4S AR HakE W] ffal Fa
2789] AL §A Z43ck(Table 1.)

AR 3P B4 A=l AR 2 Bl
3 AeRER, J& A, 5 ARIORE o] 3 B4
O] HIES AkbslGitt. AA| EY 3270 F 2 Blale] o]
B2 29712, 12} 2ALofA 3719] Ejio] EAESY] o
2ol oA AAE Il ALJstRrt.

S2710) B o}gol ulxl B B4 Sls] St
EAEA o= 2Mls} A3 2&(Generalized linear model)©]
o gEISlT). ik} 47 e St £, vmslon
SRR 8 W} o] A3 ¥/} ofd 1) Sl
i 70 TAS TRIT 4= Gl HAoIch EAA
o 9igk vlole] AAj2] ol 207) S ol 241
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Variables unit range abbreviation
<Ilm VEG 1
. 1~2m VEG_12
Vegetation cover 25% 0-100% =
2~8m VEG_28
>8m VEG_8
bare - BARE
herb HERB
Vegetation shrub - SHRB
Dominated vegetation type tree - TREE
herb and.shrub HE SH
herb and tree - HE TR
shrub and tree - SH_TR
Litter width cm - LITT
Maximum DBH cm - DBH
Topography Slope low, middle, high - SLOP
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Table 2. Result of Spearman’s correlation

VEGl VEGI12 V2G28 VEGS

BARE HERB

SHRB TREE HETR SHTR  LITT DBH

VEGI12 0.209**

V2G28 -0.227** -0.209%*

VEG8 -0.428** -0.03700 -0.01000

BARE -0.07600 -0.26100 -0.32300 -0.16600

HERB 0.301** -0.181** -0.170** 0.00900 -0.09200

SHRB -0.01000 -0.384** -0.342%%* -0.229** -0.168** -0.210**

TREE -0.313** -0.208** 0.344** 0.425** -0.19700 -0.24600 -0.44800

HETR -0.07600 -0.261** 0.187** 0.09300 -0.07400 -0.09200 -0.168** -0.197**

SHTR

0.290%* 0.332** (0.219%* -0.243** -0.109*0 -0.136** -0.247** -0.290** -0.109*0

LITT -0.334** -0.117*0 0.341** 0.259** -0.252** -0.04900 -0.03800 0.170** 0.134** -0.05600

DBH -0.138** 0.09300 0.227** 0.468** -0.245** -0.306** -0.348** 0.631** -0.105*0 0.10**0

0.107*

SLOP -0.372** -0.236** -0.01600 0.190** 0.07100 -0.04400 -0.02000 0.13300 0.07100 -0.22200

0.0450 0.15100

*<0.05 **<0.01

WS Al 00z AR BRsiglon HE0RE oY S
seueR Agelr B SARA A 8 B4 71 ok
S4/dE FRIsl7] #1sll Spearman AHEA| A UABHA
o w= 2 EA] ARTE 0.7 olskE Uehot(Lee
et al,, 2020), §2I5H4) QSIRl T B9l 8m op A=
2 (VEG 8), UX|(BARE), 2%|(HERB), AAF=(SLOP)=
(Table 2.) TEFIE U3 HAF7 Aol FSagt gk v
4= Q= 3 EAo]7] wjEof(Lambert and Adler, 2000;
Maleana et al., 2015; Welegerima et al., 2020) A|L|5}A]
AL B AEIgIeE e 5A 8412 SPSS Windows
for ver.27& o]&33ict.

s
2 Y 3

1. SEFI2| YEISE 0I8=

EI AP B F 3T SEFE BT, 24P
&3t F 599 xR EYY F 23 Al AElE
2 UIAE 870D, = A 1207041 29714), E3 =
4 23 e AR 29, Al 19392 AEiERer =
A 22 AlE B gl

M= BE 2 A olde oledt sEFe & 1577
RIERIH. ofs H=E 2RIt Ay AeieRE Fdsio] 4=
b olgt TWke ERI=A kel wet SETke s EE
AAA A ol gRtetaL e t(Table 3.). AYeE=E Ads)
Al AR AeRERel ARE ofset AHlke & THAIR(ER

AH 3R, =5 AR 471D 2] 60mE oFe it AeE=et
AR U ofe?t Aike & TR, Al UiRRES ofFsdt
WAks 674, AeE= Wiitke: ofsdt 7k 17HAP 241E]
Utk A WiRRES o &l ZHAIS] A5 2H| 40mE o F5
o, Y= Wik olEdt 7idls 20mE oFs Rtk of=
= A Wl SEFE A F2CF 50m) B EIRARKCF
30m) 2o} = o)z} gtk Lee, 2011).

2. defS 2ot FH MElo| Bty £ Hw

AR} dEE Allo) 37 B4 =9 H&S SR8
s 23} AEEe} Ak 7 37 B4l Holr} 9l alelet
% IgickFigure 2). FAAOZE Im ofsle} 2-8me] A4
w|SaelA] Xl Beldt 4+ qgitk 2 2EFOR T4H
Im o]t A= are] 45 5pas]o] £A1go] ute} A
AAIR)S] el fAIRk AEReA o WS Selg
% GlolehFigure 2a). AS TR FORL o)/ EE,
23} 5o ZER} i), A, A Bo| AnERE
Ak AAo] AHIsHe HelS ek ole} uile AL
Yo A9 SUR, 3 59 WHRE AY 298, AeER
QTR HER Fof AR KO Ak WAL WA
% gsiek

1~2m ASEaRe Alak AR B wresta) ook
th A4 F918 A SO Alle) A9 K, 2o}
&, oML Bom, B4 Ed AR At 2ot
2 o] A% 22 Bl 5 gl Wl BeEReIE
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Table 3. The installed live traps (left figure), moved individual’s start point, end point and distance

Moved type Indciz)l(ii(lual Start  End Diz:llr)lce
B-4 X6 c2 40
B-9 cl X3 20
B-12 cl X6 50
Forest to wildlife bridge B-14 c2 B1 60
R-2 A2 al 30
R-14 Al cl 60
R-15 B2 al 20
B-5 X6 Y6 10
B-6 Y6 X5 10
B-7 X4 X4 20
Forest to forest B-11 Y6 X6 10
B-17 Y1 Y5 40
B-18 Y2 Y3 10
R-8 B5 A2 40
Within wildlife bridge R-1 bl b2 20

fro] a=A FEJk ol diAIZE Ak YR, AR}
AEER A BFE A teel, A diie
2~8m AAYSRIR] ofuESo] W] 2 oA} -
A3t o wlel A 7P| ARlER dFRelMe A9
G| AT 8m o AR AElERet Ay 1
7 U P Bk AR A9 @ ARl
=5 Aol A7 R Assial IRl AElE=ol
e ASotA] oty EFY 1 Fd a5 Fad B
A AEER B vt o Beletl, EY AR A
Aozl =t B Hke] Woll AAFEol= Etslal A
oA tAlR W2 ghe Bk ole AR 27171 Im=,
FH wEFo] £IHE 2ISHA] o] e e Utk
AR TS AElEROIA U, Bs/ame] S-S 2]l
S QI e/ aso] WhERh A2 nE Akt 1
Ao, AR AR7T ARER7IA] ST, 0] A
< W o] £E o HAS F - AHRE RN
© G2 s A2 gho] thfile ], ArES] i) 2
S AN Hefledl, AeeR Aol HEH Ak
U AT E 22 A GellMe 9is AV AdiAeR 49k
7] W2 Aole} ek,

o

3. SE7I0 MEHS2 0l0l nlxl= B S4

7] 91t ¥k}l AE mEe dYE= 2 B4 5 shuEl=
AR ol 8ol FaFE A Al FoJ3t HP R wEkE 54
o] Slr}. =9 A== p=0.000002% FoFaL, H2|F
Boll Y3 vFE o B4 ERIg 2} 1~2m APga)E
F(p<0.05), 2~8m AP E=H(p<0.05), 8m o A YuEF
(p<0.1), 25 ARRFF(p<0.05), E =91 o 45 Farz|
A([<0.05), HAE7Hp<0.1) &gt Table 3.). ZF SHH
T7F TEHP| S A= HEQl S4H](odds ratio,
exp(B))= 1~2m AYIESK1.131), 2~8m AYujEgF
(1.420), 8m oJAF AT E=H1.279), 72 A1X-53(2.039),
EqY T A 4= FA2AH(1.793), BARE(-1.082)2 A
TRto] st 29 AHAE Holrk 1~2m AguEs)
< grol F7IErE AR 28 a7 SR, Al W
1~2m APRIE-9] 938821 A, Sgotx 5 gato] wugl|
HJaf] SR (1] Wier} Yol ARt AR wjsh] f1gt
ZAAZ A olgo] 7k whiEd Aoleh ke
(Dalmagro and Vieira, 2005; Doherty et al., 2015). E3]
A Egro] 9kd 29 EfY Zart Al3el= HAR
o7} #=ok=tl, AR ol 8EE o7 flsiA= AYH
= 24 A 1-2mo] IS UEE =Y Fart Qlok vk
sl ERro] S7IE ZERko] SRRtk AT
2= g (Nam, 2001; Lee et al., 2020) 1m o|5} AAulE=F
O] A BAXCE FolskA| lth thdAIS] Im ofst 414
SUE olF = A Fo2e WIEE vy 9 22 Y
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(a} Vegetation cover « Tm{VEG_1} (b} Vegetation cover 1~2m (VEG_12}
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D south of forest
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Figure 2. Comparison of environmental factors of wildlife bridge and surrounding forests through the proportion of
trap count.
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AUBRE vIESlo] 3, BUYE 59 WAT 5 O 4
o] %2 BRlat 4 ir, AR Yie] s o]
U 2R} oPIER ofel el HekE = 9loKim
et al., 2016), 1m o]a} A 295 o]FL AAJo] 930
RS o] 8t FAISHA] iot7] wiizel ool TRk PR el
S AT 2~8m AP ERE, 8m o4} A EE, w
A 9, EY W ZJEH T FALAHS AH O]9
g BAE Z HolRl WAR, BE FlRE 28
e F7hC, RO R SR 24, A7) AAE A
Sihal A Qlet(Nam, 2001), AefE=olA = Atol
7P B TSR 2 sele 5 It dhAeliE
2 A3 S04 AT ZE B S0} ol 42 AL
olell ket AejERelA 557 o182
=0]7] _?4—5}0:] /}_]—anl,]- AT AAE 2AJE I a7t k.
ARRS] 49 WA e el AAkEd] T ofg
T ZJolE 2RIk 4= iglon, AllollMe A7t ok
2 =za0] ojgo] 7Hasls AS BRISH 4= Igich Awtle.
2 52 AAEE EORAS TRk Aol 24l
3RS mRIchal A& ) .o (Pimentel, 2006), 2184 Hol=
F2 2315k 5EH19) oo G ulH(Lee ef al,
2020) 7H3AIQ1 FREE WUGkS e Aok EZ =S B
ofgo FAAQ FFS A= Aor= defA Sk =
=old Y ZfHHE ez 55 olsel niAle I3
= ERIE At AAlE, HEAPE Zo], ANTEE, ke |
7F FAAQ FakE mIRAL ol 2 A At vlsssk At

d
o

._'

Table 4. Result of generalized linear model(GLM)

BtiJeong et al., 2021). SHE EZfH5ol B3] olF
Selo] 402 ol AHFL S Akl <le] o]

Sol Age 4 9, ol wjet eHER 74 A
e Fe AR Best o

HEAR

4, 22 Y M
B AT Sy AR HuS Ko ks
7] $pete] S5410] o122} olgo] ulxl 3 B4 Bl

Sk SEA AERE Fasto] olEshA gheo] utet
FEA YUEES ofF T2} obd, AR o|geE o
% 9ol 537 olgell e 7= B BHoRL F9
AAY] (1 ~2m, 2-8m, 8m o}, W AT, £
o 2] 55 o] ojel AR, At g
WA folgeh. T, B SEHY olgel YA

03»51-__ 0|2 34 Exjo] T wE= Aldiu|Eako] LS

2RI = U SEF = AEA WA SHE 54
q'é‘l st} 22 W9y
o2 dHA Ql=(Choi et al,
2012) o2 NeER A4 A] PEI} wE ARulEERe =
A ekl SEHe] o182 ERITh el 7 A1)
o] AR A& A S 9 Fole) wekwc,
oJL )7 ArkES] B
A W ARREER ol w2 dEARC] Al
Aol At =0t 5EF 7 ol

Variables p-value exp(B)(odds ratio) abbreviation
<lm 0.78400 -0.171 VEG_1
. 1~2m 0.041*0 1.131 VEG_12
Vegetation cover —
2~8m 0.020*0 1.420 VEG 28
>8m 0.083** 1.279 VEG_8
bare 0.34800 1.348 BARE
herb vegetation 0.13200 -1.223 HERB
Vegetation shrub vegetation 0.35600 0.782 SHRB
Dominated vegetation type tree vegetation 0.059** 2.039 TREE
herb and shrub vegetation - - HE _SH
herb and tree vegetation 0.99800 21.975 HE TR
shrub and tree vegetation 0.15200 1.513 SH TR
Litter width 0.64100 0.283 LITT
Maximum DBH 0.023*0 1.793 DBH
Topography Slope 0.083** -1.082 SLOP

*<0.05 **<0.1
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5] ofete BHOE 2RI B AL A v
EGFO| o|%S 7IAA|7]T(Jeong et al., 2021), AAYo] Az}
< o|#7 slod(Pimentel, 2006) TEF19] HOAHS A
2 % 9)(Lee f al. 2020) Tz AER ] 52419
8- =o17] floto] Aefg= Y757t 3 4H o) BAE
2 e Wl 24T 2ok o,

2 At AL oE g AN AR Ak
=719 A #gle] wE A= o8 HlE & o fltk=
ol k. SEAE Aol net T2 o|% A wol]
tiZoll(Lee, 2011) 7|7t} HUE RS F8 HolEE T4
Tk Ao 2 SEHS AYER olgEE HAUY -
St ol Slels SEH9) ol U FEe] vjA ant B
QAolA] ZARa 7 B4 o|2lollE ] Z¥(Mata er
al., 2020), £ AEF9] B3 (Malena et al., 2015) 5]
ke 2= qlov] 37 B4 Fvhz 2Ajsle] B4l o}gshA
L} op 0] AHlEE o8 AHE AAZEeRE SRIT
%= GPS(Lee, 2011) 52| HebdulE Sgtichd oS 4
@ 5EA9 A5 old= Wbt s ol
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