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Abstract

South Korea is a road-dense country, with a road length of
approximately 1.15 km per km? of land area. To mitigate ecosystem
fragmentation caused by road development, more than 600 wildlife crossing
structures(WCSs) have been installed nationwide. Nevertheless, roadkill
incidents and ecological degradation persist, raising concerns about the
effectiveness of WCSs due to insufficient installation and management.

To address these challenges, this study pursued three major objectives.

First, biological surveys and evaluations were conducted in target areas
of the inter-ministerial “Korean Forest Ecological Networks Conservation
and Restoration Project” (Ministry of Environment, Ministry of Land,
Infrastructure and Transport, Korea Forest Service) to verify restoration
effectiveness. Ecological consultations were provided throughout the entire
process of WCS projects—from basic planning to completion—and
recommendations consistent with national guidelines were proposed to support
government policies for ecological axis conservation and restoration.

Second, the study analyzed mammal species composition and usage
frequency of WCSs according to road scale, assessing the appropriateness of
WCS installation by number of lanes. In addition, the functionality of the
integrated wildlife crossing structure management information system was
enhanced to systematically register and manage nationwide data on crossing
locations, types, managing authorities, and monitoring results. This contributed
to improving criteria for site selection and strengthening operation and
management of WCSs.

Third, a reliable national roadkill database was established through the
operation of the roadkill information system, including registration and
management of 265 road authority administrators and 8,558 surveyors, and
the review and approval of 91,162 roadkill records. Based on these data,
roadkill hotspots were identified, and the effectiveness of existing mitigation
measures and a newly introduced Al-based roadkill prevention system was
evaluated to support future nationwide expansion.

_vi_



Key results from the 2025 research include verified ecological restoration
effects in the Baekdudaegan Chupungnyeong ecological axis, where mammal
species richness increased from 14 to 18 species and average daily
occurrence frequency increased from 1.36 to 1.54 after restoration.
Pre-restoration monitoring of the Geumbuk and Honam ecological axes
confirmed road-induced fragmentation in both areas. Vegetation surveys
showed differences in structural complexity between the two axes, and
post-restoration monitoring is planned to evaluate WCS usage and vegetation
similarity recovery.

Evaluation of WCSs efficiency by road scale indicated that tunnel-type
crossings on four-lane roads showed higher efficiency (0.65) than those on
two-lane roads (0.48). However, crossing openness was identified as a more
influential factor than road width or lane number, highlighting the
importance of integrated design factors such as fencing and vegetation
density.

Finally, analysis of approved roadkill data identified the top 110 hotspot
sections. Among the top 50 sections with mitigation measures in place, an
average reduction or sustained decrease of 73.54% in roadkill was observed
over four years. Analysis of Al-based roadkill mitigation system data showed
that 202 detections across seven species were recorded, with a roadkill
occurrence rate of 2.48% relative to animal appearances. These results
provide a scientific basis for improving Al-based roadkill mitigation system
management and expanding advanced roadkill prevention systems nationwide.

keywords: Ecological Corridor, Wildife Crossing Structure, Roadkill, Wildlife Monitoring
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AAT 71E A7 AR FFgk(Jaeger ef al, 2005). ok 2 A=
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E
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sepe= AmEs | Ll MEE= AgEs | emeE Mgy
SE =3 4| =3 SEHE
YHEE - BLUHE
2% = HAlZ =Y SEHESH
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maR , MEEE DU | uEEE auRmy | #EE=susy
= i 22 T35 Tl ER UM =g | EmEEsE
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> EREE = oEEbes o
T SHEE M=3= ANZ 22
eHg=s ggae | | | sHELES | i ] 0 [ mmssaems | | SEHEE goEs
AT DEs 7 b — | EES Lt POTES B
HEFHE HE
wEE= 23 s x5 HE7|
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Zojof o=z me . YHEE o LEEs aemy |
wgsnme  weagn 7| TIEERE MdssE [0 EEEE |
M2 59 J :
e e == MEER
GEETEE wnTiEs g2z | MEjs =
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- i HE == SHE T =
: = siT =25
R K E | AE F@ HEES
E zZn e s=m=

AABARAY, Ad5E2 AJFAHNE YHFR 715 Brlst]
A BRI/ AYHoER  JBIA Redwm  BE
B3 - pelAelA AHNENE 2AT F YRS 3)
A7 SlE @ R ANEAE oWt
ANzl AHeFIR AMEA ool =
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zARAL.  olH@ EAE astus, HuAsge B
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2. 9743 9 3F

7h B2 R WE AHEE o8 A B}
D AHEE ZUET
A7 &8 AlZIE 20259 3ERE 10€71A] HE o,

THE dHolEe SoF/VF H2 HERE 897tx HFEH HlolHYEE
Ao &8t EYEH 75#, AA AEHEER 11204 E¢l=h
THRE 109 13% 13BOIUTHE 13, AHERNE #HF 559
IRF7F Edstd e A4JY), FEGP), FEIGS), AFUYV)ANA=
T4F 29 F 470 WTE OB FAHAT. A4 AANAE 97
144 14F9 ERF7F SHAHE 14). 1] AM B2F HAE 7%
oY EHFIF FlEHAeH, FEH(GP), FATUY)AA= Ho 11F9|
93t 52 £ FHEE HAY AHERZ 8 F S5 AR IX
Qo BE 4E A UEgom WMAREEY AL ANA X9
TYSARTHE 13-14). HARIFY =d2 HHFTES A2A A
w5 Swul(Martes flavigula), +H(Prionailurus bengalensis), =2 (Lutra lutra)
3FR Aoz FRAFHAJTHE 13-14).
# 13. HE2d Mefj &2 ZUEHZ s
A Fo | el | =Y | &Y | 2% | 27 | B = | 5% | =18
THatx | el | el EOAE | o A | weF | v | ox = | 514
i < (GS) | (GP) | (BD) | (sC) (UN) (JY) (HY) | (GG) (YJ) () | (HS)
(=9 2Rt 47N
1. Dt (Hyadropotes inermis) [ [ [ [ [ | { [ :
2 Uil Nkl peproctd I T
3. ‘- 2(Capreolus pygargus) | | | | | i \' | |
4. ch2tF(Tamias sibiricus) { | 1 1 1 ; ; ; |
5. *EHl(Martes flavigula) } } } | } } | } |
6. Sl S X|(Sus scrofa) } 1 1 | | 1 1 1 1
7. W EW|(Lepus coreanus) | i \’ i i i i i i
8. *H{Alrais bergaensd { | i i | | { | {
9. *%=HLuta la) ! ! ! ! ! ! ! ! l
10. @A 2(Meles leucurus) | 1 1 | | ! ‘. 1 !
1. SHU[(Mustelia sibirica) i i i ‘\ i i ‘\ i i
== ] T T I I I I \ T
12. F =} 1 | | | | | | | |
13. A 1 (Soiurus vulgalis) ‘ ‘ ‘ ! ‘ ‘ ‘ ‘ ‘
HHESE = 1 2 1 2 1 2
s T 6 6 3 5 5 8 2 3 6 5 4
FHEBSEMATV|IEE 2 EELT 1, I8
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E 14, MAX| Djx| muE2 #E

[
atx | el | rel | B¥ | 44 | 2% | 2% | #2E | T | o= | &% | =14
_ @S | @P) | (D) | (SO) | N | U | (V) | @@ | (v) | @) | HS)
(2ty) 2k M 4xtd

. D2l (Hyadropotes inermis)

. U 2| (Nagatss pogaany

. =2 (Capreolus pygargus)

ct2tF (Tamias sibiricus) | | |

*Ete| (Martes flaviguia)

ol =) X|(Sus scrofa)

. W E7(Lepus coreanus) | | | | | |

x| =
2 & | | | | | | |

®|~|o|o| s o]~

©

* & Piorailurus bengalensis

o

. * =2 Lura lura) | | | | | | |

_
—

. 222|(Meles leucurus)

12. M H|(Mustela sibirica)
13. F 1} I I !
14. BN B (Sciurus vulgals) |
HYESE 1 3 2 1 2 2 2 2 2 1 0
s T 8 11 10 9 10 11 10 7 8 7 7
THHESE(MAIIEE E= EER7 1, 118)

2) 5 FR WE ofAFE ol & Hlu - &4

2 A= AR xS AHEE Y F F AolE
H] . 3F 5 o} a2 (Hydropotes nermis), Y -2l (Nyctereutes
procyonoides), 42 (Meles leucurus)= e T2t AR I|X| FLFo A
=do] = ettt IE 33).

5.68%
13.1%
23.8%
HEEZ (2K} HEEE(4EH) M2 XA MR 4xH)
migt] wmlFa| m2a =2|E}
a7 338 Mefjlsz 2 MAIX &8 Ae 35
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A tH] A E2E ol&ste T v AMHoR Faden,

SHHHY)T 2HDD)oIA 2 o]zl @A UEhgtHE 13-14). 48
224 F ThaE F FEGHE  MAANA  8Fo] =AU
AEs2olM= 6F0] Edstdeon HAHIZTS AAAet AHs=

25 15Ehe EdsFtHE 13-14). FEGP)= A A oA 11F0]
st oY AHEE o] &2 6F°] FAHNCH HARTFTL A2A
3Z(En], & FDAAA AHTE 2F@, FTDoE FLSAHE
13-14). FFDOD) A2A oA 10F°] FAHJoW AHEZ o] &
3FoE UYetpow, HAHIFLS MAX QAT 2F ZdsAHE
13-14). AAHGO A2 A oA 9Fo] EFI o HESENA = 5F°
FRAHJL, HARDTF 1F°] FAHJHE 13-14). ZAFUN= A4A
105 = 5F%o] AHSEE ol&sta, HARSFTES AHA 2FdA
A s = 15(Fr)e = a3 A tHE 13-14). %ZF(JY)L AR 11F T
8Fo°] AHTEE ol&3sta, HARIFE 2F°] FAH H=2 ol&
5&E& BEXRHE 13-14). HbdH, FFHY)S /“]/—‘47(101] 10F0] A2 &=
AEHEE o]&2 230 EHRFon, MARDSE 2T AHTE ol&:
SRIE A FAUTHE 13-14).

& A2 3 A A, FEGGE AR A TE T 3Tl
AHSEE ol&stAa, MARITFLS 2TA 1Te= A ATHE
13-14). oAFYD= AdAAA 8F F 6T TEE o] &3,
HARSZE 2% =Wt 434 #3b F+ 7V 53 FAE
ZIE3ATHE  13-14). FFChe AHA 75 T 5F°] AHETEE
olg3tH oy, WARITZTS AAAAT 1F ZSSATHE 13-14).
SIHHS)2 XA 75 F 4F0] AHE=E ol&slen, HAEARZFLS
FE BTl FAHA FUATHGEE 13-14).
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15. {2y MElSZ2 287 &8l
atx | T | Tl | 2 | AH | 2% | &% | '5E | 7 | ox | &% | 31
(Gs) | (GP) | (DD) | (sQ) (UN) Wy) | HY) | (GG) (YJ) (CJ) (HS)
s(=y) 2X1 M 4%
1. D2t (Hyaropotes inermis) 0.01 1.16 0.02 1.20 0.07 0.59 0.25 2.20 0.47 0.42
2. U e|(Nagates pogaan 0.01 0.14 0.01 0.43 0.30 0.01 1.07 0.71 0.11
3. ‘=F(Capreolus pygargus) 0.01 0.09 0.20 0.08 0.02
4. Ch2EE(Tamias sibiricus) 0.01
5. *Etd|(Martes flavigula) 0.04 0.01
6. sl =HX|(Sus scrofa) 0.08 0.02 0.05
7. WEN|(Lepus coreanus) 0.13
8. W&/
9. * &N Pionairus bergalensid 0.01 0.19 0.04 0.01 0.01 0.02
10. *=Y(Lutra lutra) 0.05
1. 2a2|(Meles leucurus) 0.08 0.28 0.06 0.15 0.54 0.1 0.03 0.64 0.62 0.04
12. M H|(Mustela sibirica) 0.02 0.11 0.01
13. # ot 0.01
14. M 2 (Sciurus vulgals) 0.02
o 0.01 0.13 0.01 0.14 0.05 0.09 0.02 0.01 0.29 0.13 0.04
HHESE = 1 2 1 2 1 2
=z T 6 6 3 5 5 8 2 3 6 5 4
THEHESE(HAIIEE Ev B9 1=
F 16 MAX| mix] dE A &3l
et | T | T | = | AH | 2% | &% | mE | rel | ox | &% | =1
_ (Gs) | (GP) | (BD) | (sC) (JN) (JY) HY) | (GGQ) | (YJ) (CJ) (HS)
E(=y) 2% M 4xFA
1. D2t (Hyaropotes inermis) 0.15 0.47 0.17 0.15 0.06 0.50 0.50 0.33 1.51 0.52 0.66
2. W 2|(Naeates pogaany 0.05 0.07 0.59 0.06 0.04 0.10 0.31 0.95 0.54 0.25 0.16
3. == (Capreolus pygargus) 0.01 0.01 0.06 0.03 0.06 0.13 0.08 0.03 0.01
4. ch2F(Tamias sibiricus) 0.04 0.01 0.37 0.05 0.01 0.02
5. *Etd|(Martes flavigula) 0.01 0.02 0.01 0.01 0.01 0.01 0.00
6. sl = X|(Sus scrofa) 0.10 0.04 0.01 0.03 0.07 0.03 0.00
7. W EW(Lepus coreanus) 0.04
8. WFF 0.01
9. * &N Plonairus bergalensid 0.03 0.17 0.05 0.02 0.01 0.01 0.05 0.01 0.01 0.01
10. * S (Lura lutra) 0.04
1. L22|(Meles leucurus) 0.22 0.19 0.17 0.11 0.31 0.21 0.72 0.08 0.35 0.28 0.16
12. Z M H|(Mustelia sibirica) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.06 0.01 0.04
13. # 1} 0.01 0.01 0.01 0.04 0.01 0.01
14. BM B (Sciurus vulgalis) 0.01 0.01 0.01 0.05 0.02 0.04
o 0.04 0.07 0.07 0.06 0.04 0.07 0.13 0.10 0.18 0.08 0.08
HEESE F 1 3 2 1 2 2 2 2 2 1 0
s T 8 11 10 9 10 11 10 7 8 7 7
THEHESEEAIIEE Ev ST =
HAA AR YAA A 2o 2ENEE mel Fe =,
oAF=(YDel A 1.51, SAHMHS)ANA 06602 IFAFHIJITHE 16). Y T8 =
TH(GGAA  0.95, FHDDA 0.59= = Uelstorn, QoA
SFHY)AN A 0.72, < —zr(YD Oﬂ A 0359 HIEEZ FEAFHJATHE  16).
HHEZ RoMe] AT 2ANEE JE) F A4 12 &Y



2.20, 2FH(SC) 1.20, T&E(GP) 116 o2 &L o]8ES HYoH,
HTg s F(Y)) 1.07, =FC) 0.71¢ =FNEES 725 tHE 15-16)
YD AHGEO & IF AFolxe 54 T MBHEE ol &
FH AR A4 YeluE BoldS RYTHE 15-16). AA
ANEE 7Eo2 & v, AHEE 9%+ 2IVET 7 =2

o)

3 o
!

7

of T m

l
=
T =
o
=

)

= FYD=E 0.29¢]H, AHESO 0.14, F4(GP) 013 <£o=
UERGTHEE 15-16). ¥Hd, dHF NI 7P 2 A2 FE(GS)
0.01, §DOD) 0.01, (GG 0.01=2 FAHATHZE 15-16). FTFAFHY)I}
TH(GGHE ol&E&2 0.16% 0112 A Yepgo(:E 15-16). 53
iy k(HY)«] A AR dEF EIHNEA50E Eou AUEE 9FF
Z0.29% ol AAA W AAT EEIF =dsolE BTt
fFrdol dEskA @2 AEH] Ao= wmeofdETH(E 15-16).
V= AAA x4 115, FHEZANA 8Fc] HEH B
BA T THYEE BN AHAE dAA o] M ¢t AgeR
ATHE 15-16). FHHY)S A=A shA|olA 10F, A= FZ)A]
wHEEo] AAA W FTHFES
FRAFATHIE 15-16).
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¥ 17 HEd M S2 diol8ux

G | T | T | 22 | A8 | 3% | 2% | g2 | 7 | 0% | B | 28
_ GS) | @GP | (OD) | (50) | GN) | v) | (HY) | (@) | (Yd) | {C) | (HS)
s 274 47k

020 | 1.83 | 0.10 | 1.96 | 065 | 1.22 | 0.28 | 0.13 | 412 | 1.89 | 0.63

NAX ddE 7
&5 053 | 038|098 |049 | 039|076 | 1.50 | 1.09 | 1.00 | 0.64 | 0.97
=t T
gsS= duiolsv= 0.27 1 0.83 | 0.09 | 0.08 | 0.63 | 0.62 | 0.16 | 0.11 | 0.80 | 0.75 | 0.39
MIZHOI-“E?-” E gy 0.48 0.51(0.65")

0y F=(vJ), EF(CJ), et (HS) Hix

EH“ZW doiol&RlsE g2 TGP 7HE =3%ke™(0.83), oY)
0.80, =(C)) 0.75 o2 UeHtHE 17). sid AeHE=7F A2 AAA
PAHT opYFES] F2 olF AR P PAAHAEA w9 T3
qdde gL AT H4T ¢ v AHEOF FHDD)Y YHT=
Fddol 8 s 22 0.083 0.09%, &4 thd= F 0.1 #vhe] @& #E
HAHE 17). ol= &g AFAA sz ol& W=7} 1‘/‘rE oA o]
Hléﬁ diFozs W AFFHAES UEhls 2=, & &4 89

2 0 Adolgulze] HHFZEE 4xA4
?{(0.65)01 22 -—TL7P(O.48)P_E} A 74] YEFHTHGEE 17). o= 434
T2 ofEEAA o Z ol & g2 st TR T
oEETL AR woe Ae /\IA}@E}.

—

1% HF

3 LR

gad 2HGoO= 5 l FA Oﬂ/ﬂ Xﬂﬂ st =9 4 E2(Spearman’s
rank correlation) 23, AEHFZ o|&ES =2 A Fo g F9
BHBAE BHAoH SAZHCE Foud Aae YEhA] gFhth(-0.245,
p=0.495)(&F 18). ol EE A F7t T EY AHEE o8&
A-A #IHol HeS Yu|dtt. wehA, AHFEY Ao o] 8H=Es}
o FH(GS), FHDD), FYHY), FHAGOE EE FE= TARC
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te Aea B4l o) YHER olgo] Aotn AN 5 ok ==
Z3 QB o8 o) FVHS B A%}, 58 Fo] 2 44

THEO AHFE o8 © & FFS "X A2 Yeou, o] HA
FAFHCE Fo3t IS vAA] LUTH-0.479, p=0.165)(3F 18). HIHA,
A5 2o W ees sz o8& 7&:} & FHBAE HioH,
TARCE Fen|

e
of
oot
flo
=)
X
rlr
P
lo
ut
dos
O
_‘rﬂ
N
s
\]
w
oW
o
&
o
=
5]
H
x

¥ 18. Spearman AtZEA A1}

E2 XM 2 = HE
A =(p) -0.245 -0.479 0.733
72| 2tE (P-value) 0.495 0.165 0.016

Aelszol Adol&Rl=rt w2 FeE(GS 027, =EHDD)  0.09,
SHFHY) 0.16, 72#1(GG) 011 =2 7} obd & AEd 54
et ATz ol &RIEY A2 Aoz dddn tgxFoew FEGe<=
Aes=z U A FHo B AfAA=E &8FH e AdE 3
S7IAIe] ol o wWet AEER WHE olFsts olsEcl
A2 Aoz FAHATHIH 34-35).
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U3 =2 ZQ0mIANAE olg&H =7} 0.11(78GO)## 0.80(AFY)H=E
Ho =g zo|7F Y= AO=E UEYTHE 19). ol EE 2 9=

o] i, LAY BAF 5 O
2952 TSl TEFAALMS Fd KU WFES T
Atk m@, ggAe] Aol BRF Aol waw BAsE YA

H 19 HMXYE £E2 XM £ E2 F

A = = _ —
AR ey | 72y | grer | Al | & | &S | #er | 73 | ofF 27 &y

Z=(8tH) (GS) | (GP) | (OD) | (SC) | UN) | @Y) | (HY) | (GG) | (YJ) | (CJ) | (HS)
T2 AM F 2 4
E2 E(m) 10 9 15 9 9 15 17 | 20 | 20 | 23 | 20

250 | 167 | 0.76 | 0.80 | 1.48 | 1.30 | 0.75 | 1.59 | 0.80 | 0.80 | 0.75

0.27 | 0.83 | 0.09 | 0.08 | 0.63 | 0.62 | 0.16 | 0.11 | 0.80 | 0.75 | 0.39

b
il
=
ko
o

02 AHEE o]&ES vy, 234 =2 9o
29 Ajo]gHlsE= 0482 YENGI, 434 =2 99
2o Adolgdlz+= 0512 YEeEGTHE 19). o] A=
1 AAEE B2 7 S7HETE AHSE o] &E9|
git= gty A3E B Y oHClevenger, Anthony & Waltho,
2000; Clevenger & Barrueto, 2014; Simpson et al, 2016). £ ATF-oA =
4210 =29 AHTE o]&E°] 2x4 =R AHETEY ol&EHG
g4 =4 Uesioy, 5 52 43 1 o] &F& Aolv IAA #FE AL
SRIFJATHE 19). o83 Ax= AA, 4o 28" FE F7}
A4E AHSE7F did e 2]

=
Fste] olg ool FFIAU AA,
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o] &% shEdel EolAH, 234 ERoA= =2 o] Aoy o=
golsl dF AV AgTERE I =2E DT Jtsd=
AT wmEA =2 qrRe #ddE odd AuEskd adss
TRHo= a3 FrF A7 B8sH, =2 A A sE=9 °ls4
A S4e 3 49 Aol s7dY wEHY =2 £
S7He o EEANA F1EQU 2EY s 2oz Fed sHsAdo] ok
A

8¢9l
3 AFe wad, =29 A7t AdEFEE &S
L5271 FUbetal o =S ol s Wilste 8 84=E #A8T
AtHForman & Alexander, 1998). I3k, 4x4 ool EZoAE
AR T2 A7), $1A, FTEEE, 183 F =
Aele= ol&&Ed Fo3 IdFes HE +
DeVault, & DeWoody, 2009). wztx, AEe)T=
E4e 183 sHAd Aol Hestth 53 4xAd

j
SR MAZ Ged BYH FEUS wesE AL dol, A4A

o
off
[
o
k]
o
fo

=
24 A3, 2u @3, wEeEY 2X A3 5 FHEA A
o] FoHof gt} ERL HY HXFTY A FHAH T AHFH A=
mO

U AHEE $38E FEANZE 29 -9 2 153

D AYS=zE sday AEA2H dg

20259 129 J|Zom AHRA2HAE Smd 411449 BHIH
21574 & & F 6267140 AHFEI SEFo dow, =Rl AHE
T3l AHEE AR =3, R X A= A¥ F 7z HAHE
FAE 4 JeHd 36).
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SEHEUEHSE F7|= 2 S5 4764 271= 2HdAl SREATEUSA
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SE2| dEHE= 2T BB BUS FEa 1S 3T 213M SERSF HHALRERE|Y MR EAARL IENEE
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SM2 HErE2(1) SHUT ST TN 42/ 430-17 2= 2184 FEDES GHAYIEVRY OUREBUIRL Eanb L
ErEIptot ] AU 74354 FE==3U F2EE3A
HAD| LEHEZ IET2 128M SRT2TA FEE2SA
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ME2| gEE= 3T 2454 ZENER QARYZTERL|H SYUTEA2ARL ZENEF

@ ddce=c

7gE

BEf AT

BAEBAZA

S ABARAL

A e A5y
SPAYBRA
#EHEE

&2 B7HHE

€€ €| |€[<€|<€

2|27 SEE e

02 36 MEER S3me HEAAH 2ol MulA

AL B 2 e g b
e 2 orr oo

roi'
O:l:.‘
fuj
X
_,VL
“‘E
>
1>
>
)
i)
VRN i1
o ;
_l (
. =
T o
of =2
(i
N =)
o &
f %
(o}
'@j‘ of
X
)
£ N

SANA AR A Bado



AR AEsA, AEETE 2AXE 23T o5 2 A diF

HASIESE AEH Ao, FVIEE T4z T AHEE 2A 7kt

FAGFRNAE =2 24 L AL Ajlo] PYFE olFl HE
ki =

(Ehel: TH )

e S0y EEE A
s 37 38 75
471 = 78 25 103
MESEHA| 30 1 31
SIH A 6 - 6
SHET 43 17 60
EHEE 42 22 64
CH & 2 A 10 3 13
M ESHXR[A| 12 - 12
Melgd = 21 18 39
Hets = 37 36 73
TGN 2 0 2
R 24 23 47
BNES 54 24 /8
Al 4 - 4
5oL A 6 i 7
SAE A 5 4 9
MEEHXA = - 3 3
SA 411 215 626
SERFEE AHTE Ax ds AYEA, 50 AXE AEHFE7}
Sy 122714, B¥Ed 1IN4AE Z 23342 71 gL Ao=
e tHE  2]). 02 Al - - FRoe= Sud 193714, HEF
Mam T 22270 47F AAHOY 59 FARE FEe BAoH, 15E
MM, A= 72704 o2 SRJAHJATHGEE 2D. ol A 270 oY
EEFYES A Fdstes AHTES & AR UEET
TEUY EEFFE AEHETE X dFY S dHFHoE ==
TEZF 22 Al -7 - FEIAANE HETE AX| 7} &detA o] Fo XAl
A= Aotk dutd o= af o] AtglolA e &E 2214 o]ty AR
T2 AeHszE A7 AFHORE o|FAAH, IEEE Ee 59
2ol A= FU7F i wEEo] & EEE FALE HAHe= Ao
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Husy ek vk, egudtelA olgidk X ol UEtudes A2
a3 A AAFAA AAEE
Ao} olo] wE Az A ool HSHo wEd AR AT
2
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2 ofAFER AF (o FEE LDAYSIEE, ofF ot AY
2 FEY F Jdth AA, oA FE0]
YA o2 Adste] ALE st AY WA s
oty oflEE FEEEHEHE QA AR ANAHAE, IU9
AgAFolA 4 AE FAaA7= H adFolw BlE iy
aeAol 2 AeE RunAtH=HAYE A, 2020, 2023; Clevenger ef
al, 2001, 2003; Jaeger & Fahrig, 2004; Rytwinski ef al, 2016).
oRk fFEEEE Y AR AXe ANA dds AFAFE F
Rev=, A ohERRE FHe AREES A AXsteE Ao
HtghAlsith. ol & Fol 2= S AT H FAC EEE TEEA A4 A
AAAHS FAT & AdHClevenger et al, 2001; Rytwinski et al, 2016).
£33 AMAGY Az T 22 2L BFst FUFe R lkm o]dY
FTEZEE AX7F Ade AFole oMEsE =Wy EAAA(deer
grating)S AL F JHIYE 42). =2 Wo| 2" IFol’S
Axetd,  fEvgtlA 32 Al HIY A= FE
a2y (Hydropotes inermis), = 5-(Capreolus pygargus), "= A (Sus scrofa)
Y EE MYs aHHoE A9 F o, olF T At TS

dure 4= Qo (Mastro & Frey, 2008).
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A, e Fosh AF £ Ao FAYOEH ALE
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DA ThsAdo]l Fobxlth xR g4% e 2AS 23 AR olofA
Aol AT
o3t FAE &3ty A% diEZAQA WHoEE ofdE
FEAT X7} AvkRytwinski et al, 2016). FIEAFL T
S

AgpA el wls AA FIE Aol Ha, A wgo] W= Aol
At 2HY FAW =F 7Rkl AViEE Ay AV AAAH=
BAE 7 e SHE AT oked, A¥ SEE HFHo=
SAstA ALE AT e AEERE dEIHSRAE ds, 18
S5)7E Ak Rk, ol Al AR A= 474] 71&3ke] ge|, AA
2 g HE, A AR FHA At T THH R aoF

24 due AT IA4F dye 2= 9 =EI(ADDWS,

Al 2~

Animal Detection & Driver Warning Systems)e] &3 HAFE TAO=E
23 JokHuijser er al, 2015; Sibanda er al, 2019; Puppala et al,
2025). o] A xzHlE E=d HAXH A JiWgrt o E P
s, Ay HAFAES FI O EHAANA FY ASE AFSE
w2l o 7 2= s ch(Huijser et al, 2015; Sibanda et al, 2019; Puppala et
al, 2025).

THAHY S 7FR, SHTLTE, L 2FDX AFFFS A5
20243 FE 20273 7}A] mjd 17 o]42e]  ADDWSE AX&
AGoltH =g e, 2024). =3, AX| =] AAH A9 A4 A

=
Az 723 HrHE s, Az se4de ASeal FF g A8
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ok A ool
BoATAE 20249 2EZ AZUACIFR - FER) O we
HAE AL ohE 9 100 T F A7 9% == 639 g9
94 B 55AL QNoR §F 9% 2AE FAsAT 24 ARE
Mo, 2eg oY Azde 94 829 $E A sbvizkst LED
A AFH AA AN L MH FFL AMHOE HgHL 1
Zaqeh. ol Fa, FF AT vl Fy Aee A
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(el 20
75 dAokelsm | se | owe | S
EEZ HEAAY 30,133 1,098 29,007 28 697

HzHoz 9], 16274/] A=t} Eﬁ] =3 THE 25).
25 20244 2EEZ HE X ¥y

(Ehel: )
T = ol d5
EEZ YEAIAH 27,904
HEAAH FEIXE 63,258
A 91,162

2ed AJEA2H] 2" ARE HReE EFTE 3d At A
AgS BMS Aa, THF Ak 85592002 A 90.6%5 A3
7M=& Hlss EATHE 260). O el E2s 2F/7F 5412400.94% =
HASAUS. i, A JRAe ARAZE AdsiAl #lEsHY SR Aol
ofl& AR 2,8397G.11%) Et= 2= YESTHE 26).

2 =R 2EZ HE
(Et2l: 7)

TE | EZRF =7 AMF | TEF | 0|SH A

202413 | 82,502 5,412 14 305 2,839 91,162

HIE(%) | 9060 5.94 0.02 0.33 3.1 100.0
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257 ABRA2"H HAHE ofEE EZRFF 28,6071
b Ax, metyrt 192587002 7 Z H|EE A=
AHE 27). 2 HAE ol YFE(Nyctereutes procyonoides)
,1984, L—_E(Capreo]us pygargus) 1,18471, ZA|¥|(Mustela sibirica) 89971
1 28 (Meles leucurus) 7257 <02 YEFGTHE 27). o] 99
Net2 FAAR 1,34340= =2 (Lutra lutra), $H(Prionailurus bengalensis),
b AAF T OGS o ZHFVF 23H AR FHHJATHE 27)
P E HAA 2o ¢ 21%S i}xlé}ft] oMFE EfF Z
AL FNME 67.32%% 71 E& = B+ T2 FAFHAS
Tl e F4E J3 = Olvi Tr’GHOME =2 AgHa oy
AAAARZAAMIUCN) A EZ = FHFF(Vulnerable, VU)o =
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}11
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25
ERFE, S0 P HESI Eol AAUS sH AW AGL
Faoz Adsts BAL AAHGHAE 5, 2018 A4 5, 2020,
YT HHH SHOE A =2 AW AH)He] FA W=} wO

24 AL WA b B 2 A0 deA Aok ;e AP
FEe A9 3G FAH UL olold & glom, Ax o] F A}
A& ANHA Fe A5 234 AE FAY 9Fo] ATHEAAHY

2019). ol#ldt H<= Ested, 20199 ol =Wl 2=d A AL
IHYE F8 dEdFeE AT A Wde TALE FAFHAL ATh

20243 2EZ EA F wRE THE RSP 414%E AR

52.15% %, WE A

ou] o] Eo Fzolth wmE
Yndoz 2y AAe FAo =
2007; ZotE 5, 2017). 99t A AA 5 Zrel mat A4
AARAA FUEEA =2 AF AddHe 2F WEs} Zrem
Azﬁ ool me HZ AT WHE A Zlee ATFS Bolm

ﬁauﬂ FAT Y ZHFoI,

2 ASE Jled 34 AT B4 A5 4R Be T UTde,
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AA =9 oF 570%, THF 32 Al 18.17%E A=
eI THE 27). EA8E dAA A9 0.99%, 545 Ao 3.14%=
Z}A S FTHE 27).

E27. 0MSE ZIRF ZEEZ &M A 55 g

(E491: 74)
T2 | aefd [ 42 = | =m8 | 9= | JIEf | oA
202414 | 19258 | 5198 | 1,184 | 899 725 | 1343 | 28607
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