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Abstract  The roadkill that animals die after bumping by vehicles on the roads is acting as a factor to decrease
the size of various animal populations. It has also been known to be the biggest artificial causations of Vertebrata
deaths not only in urban areas but also protected areas such as national parks. Nevertheless, in the national park
areas which are major protected national areas for conservation of national biodiversity and ecological diversi-
ty, snake roadkills occur frequently. Up to date, related studies are rare. Therefore, in this study, we described
snake roadkill patterns on the roads in six national parks between 2006 and 2015. We identified total 736 snake
roadkills compromising 10 different species. Five species, Rhabdophis lateralis, Elaphe dione, Gloydius ussuri-
ensis, Lycodon rufozonatus, Gloydius brevicaudus occupied more than 91.7% of total roadkill cases. Active
forager snakes were killed by roadkills more than ambush foragers, and the snake roadkill frequency was the
highest in September, a migration period and in August when the young individuals dispersed at between 100
and 799 m altitude areas. Roads where roadkills were frequent lie between forest and hydrosphere or between
forest and crop field road sides. Our results could be used to identify the trend of snake roadkills on the roads
in national parks, and to establish effective roadkill mitigation measures and policies.
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DA BEZo] X&AH o7 WAstT Qth(Kim and
Kim, 2013).

™ (Forman and Alexander, 1998; Trombulak and Frissell,
2000; Clevenger et al., 2003; Forman et al., 2003; Andrews
and Gibbons, 2005), §3] ¥ #73& /54 S5t
£ W9 o5& AFsAY ddsts FHor g3ttt
(Andrews and Gibbons, 2005). =240l A A FEo] <
) 2L TEL ousts 2= (Roadkil)S FE A
3715 ZAA7|E 89e 2 28313 ¢ O (Fahrig et
al., 1995; Reading et al., 2010), E27} Z 93t T AR
A2 EE AMEIFY SP3EY Z2 B3N E
HAEFEY AMES fdske 7P 2 93 dddes
&2 A 1tk (Bernardino and Dalrymple, 1992; Kline and
Swann, 1998).

M PYFE ZEY T ATk FU, A9
¥ 2oy B PYL FUSHY 3T RdYsel &
4 AGQelH 2ELL St T BY ASAFES v
Hrbste] EgHolT AAT A% YA £YSE | 2

A= A3 9Jtk(Meek, 2009; Gunson, 2010; Baxter-Gilbert
et al., 2015). 53], AA Ao webr 2EZ tjifo] H=
Zo Y W= Zol7} A& P sto] 7HEdt thRt
AHAS} FRolN REY ATE AASD S (Gu er
al.,2011; Hartman et al., 2011). 14 T EZ2 = dutygo=z
EZ{HF7F 7H8 &L (Spellerberg, 1998; Chen, 2015), At}
Hog s et REY AT AL e FEw)
st} @A o2 AA oLt (Andrews et al., 2008), A4 &
g 3= £9 5 A (Andrews and Gibbons, 2005;
Roe et al., 2006; Meek, 2009), =2 A% =2 & 35|
= Ak 59 P55+ =9 (Bonnet ef al., 1999), =2 I
o &5} ZHe (Andrews et al., 2008) 5 THFgH Bofo A
A7F AR =L

TN = L4l Fobit, Aokit 59 FEFHoly
A&EEROL T2 A HoA 2 ZHFEY 2/RE F U
o232 A7 =35 v} 121 (Song et al., 2009;
Choi et al., 2015; Seo et al., 2015; Son et al., 2016), FE| =
29 HAE AT 7MY HAo OE a8 Bt A+
(Yang et al., 2007; Oh, 2009), ¥ 3+73& ZAlste] 7t
EAo)| &2 2= 9 HlT BA (Choi and Park, 2006),
GIS B &7 7|¥ 5= o] &sto] 4uBAE £4% &
= (Kwon, 2006; Min and Han, 2010) 5¢ 937} 335
ok iRl didt 2EZ A 9 FEFE A9 gyt

2= g o £3 235

E2E YgAeZ A3y vt 9o (Park et al., 2017), A3
A FH o gt A=A £ (Son er al., 2016;
Park et al.,2017) 59 A77F P4 v} Qict.

ol e He FE2 3 2o IA dFS I
o, B2 Fo| =29 BAA gl 53] WstaL(Lilly-
white, 1987; Peterson et al., 1993; Zug et al., 2001), %=
e A AN ES A8 EQoR stER 2EZ
Z 3%t MAE SR § FHeFslth (Forman et al., 2003).
T3 AR A FA00 oA Holakeo] F3hdA ] 3o
A A rFAdE Y3l i 583 EF(Song and Oh,
20060 BT b7 FhelH WR 2o @
ol thgt AT ohS 223 AFHoI R (Kim er al., 2013b),
53] 2o} ARGPAT A el 232 2T
A AN WRE o B ATE A2 Yt 44
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Table 1. Rroadkill survey road sections in six national parks investigated in this study.

No National Park Route Survey road section Road length (km)
1 Local road 446 Woljeong Elementary school~Sangwonsa 11.30
2 Odaesan National highway 6 Byeongnae-ri~Jingogae~Samsan-ri 17.50
3 Local road 861 Cheoneun vister center~Dogye~Naeryeong 26.70
4 Local road 865 Yeongok vister center~Jikjeon 2.00
5 Jirisan National highway 18 Hwangjeon campsite~Hwaeomsa 1.50
6 Local road 737 Dogye~Jeongnyeongchi~Gogi-ri 12.00
7 Local road 60 Gogi-ri~Guyong branch office 6.00
8 Local road 597 Worak Samgeori~Samun-ri 16.00
9 Woraksan National highway 59 Seonam Parking lot~Banggok Samgeori 12.00
10 Local road 997 Jeongnang Valley~ Araeneulti 6.00
11 Local road 32 Hwayangdong~Song-myeon Park boundary 3.00
12 Songni-san Local road 517 Oessanggok~Song-myeon Park boundary 3.00
13 Local road 505 Witgalmogi~Hwanghaedong 3.00
14 County road 202 Mansu Valley~Mansu-ri 3.00
15 Local road 49 Naejang Reservoir~Chuyeong Parking lot 9.00
16 Park access road Bueochon~Geumseon Bridge~ Vister center 8.20
17 Naejang-san Park ring road Naejang Tunnel~Solti Bridge 2.00
18 County road 16 Baegyang Bridge~Ilgwangjeong 3.50
19 County road 17 Namchang vister center~Training center 4.00
20 National highway 37 Laje branch office~Won Samgeori 20.00
21 Deogyu-san Local road 49 Hajo Village~Gucheondong Tunnel 8.00
22 Park access road Oebukchang~Jeoksangsan Upper dam 10.00
Total 6 22 187.7
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H%= Ato]o] AHBAE whofstr] 93 ZH3d W ==
of| A AAFEa ] gt AHH AT} gle Aol
ojof AFTHFS o]&3t UL F Al dEFH H
E4E o] 831 QO =2 (Choi et al., 2010), =253 U]
AFedTF 82 AA S A Y 7123%7F AFE o8-8t
3, 2F=F 1d]9] 4910] g4 (Korea National Park Research
Institute, 2014)3ch= AR S 043514, 200697 E 2015
| Afo] 2EZo] WAYZ 4L R EH 119714 67 IHFH
o AFFHFS ST ARE o853

3. Xlze| M

2939 U Wel 222 A% 4R JFoE $Y,
AR, dEY, 9d AP @, 48, 7ke), 1R,
E29 H9 slgae BFSHER AR B
oh A4S 30 e 2ED WE 24 23 (Ambush
predator)¥ &5 (Active predator) 27} IFOS =2 FE3}T
Jot. A B A (Gloydius ussuriensis), 22 A Gloydius bre-
vicaudus), 7YX A2 AL (Gloydius intermedius)St 22 ZA
3+ (Viperidae) 2 HolE 7] g3l W A E 0|54
T B4 ac] oA A oEY Yt BE SHS W
o]7] W&o FAEF o2 B73% 1, =5 (Elaphe dione),
8 B0 (Rhabdophis lateralis), 7% ©| (Elaphe schrenckii)
9} e W3} (Colubridae) EEL HolS 27| Y B
HA o] Fshs FF S4S 7ML o BEFLeE F
ot B3, 39 22 AR HIE A BA
Zolofl Afol7t 91| thE] 7V BHE 2180k
NNEer 7 3UE AT Aolof 7hA] (LthAt
1.60, A A 2.68, DoFAt 1.56, &84 1.00, WAL 148,
Y44k 2108 Hgstel A& BANEE ol oisict
Ago R= AFo] dadt 3¢ A A (Preacher, 2001)9]
A AZBHE TS ol §dte] fo4 AFE At
A FRFY 2= YA HlE Ato]¢] A= Pearson
AT AE SPSS SAZE 1 (ver. 25)& 0|83k B4
SHAT.
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E. schrenckii
(n=2, 0.3%)

E. dione
(n=166, 22.6%)

R. lateralis
(n=171, 23.2%)

O. rufodorsatus

O. spinalis
(n=5, 0.7%)

(n=6, 0.8%)

G. ussuriensis
(n=140, 19.0%)

L. rufozonatus
(n=103, 14.0%)

G. brevicaudus
(n=95, 12.9%)

G. intermedius
(n=25, 3.4%)

Fig. 1. Composition (%) of roadkilled snake species investigated in
six national parks between 2006 and 2015.

Yol AWl AR A B, Y F-5SEF-0] Hebius vibakari, T
Z}A| Oocatochus rufodorsatus, AW Orientocoluber spina-
lis, Fo)), 736218 2EZo] ZAEIL o] F FBZo|
7F 17178 (232%) 2.2 714 Wokal, =29 16674 (22.6%),
A RAL 1407 (19.0%), 5-FF o] 10374 (14.0%), A=A}
957 (12.9%), 7 AAEAL 2574 (3.4%), NEFEE0o| 234
(3.1%), AW 67 (0.8%), FZA] 57 (0.7%), +38°] 24
(0.3%) ol 2EZo] AT 49 5F0] AA ==
29 91.7%% A8t Q) 3tk (Fig. 1).
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T P EE FYT Zol7t e AR YEHTh
(X*=58533,df=9, P<0.001). B E0|7} 1714 (23.2%)
o2 HAY ¥eE Hyon fFPo|7t 2 (03%) 22 4
HIEE HYth(M+SE: 73.6+21.88). A441434E dhul

= AEF o] 260112 (354%)H2H, BFF o] 4764
(64.6%)%2 VFebStTh SR T, = Jek 7he] 227 WA vl
= ol o3t Ao 5 Holx] bk (XP=2.329,df=1,
P>005).

ded BARE A Fo3 o7t e ALE U
B th(X?=197.56, df=9, P<0.001). 2009 0] 1304
(177%)2.2 A ¥z, 201590] 224 3%)E 4 ¥l&
FThH(M£SE: 73.6+12.71, Fig. 2A). €94 AT FA]
F23 Zo7h Y AL 2 YERYTH(X =386.37, df=7,
P<0.001). 90| 1904 (258%)2.& H HIEE Hgo
o, 80| 1877 (254%), 1081} 790] Z+2+ 1167 (15.8%),
11074 (14.9%)2 & o]9loH, 9¥0] 674(0.8%) 2.2 A&
HE S HYTH(M+SE: 9242519, Fig. 2B). 0| & AZE=R
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R HEE 1xo AR §3 Zo|7t Qe

o2 Uehgth(X?=204.05, df=9, P<0.001). 200~299
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499 m F7to] Z-zZF 10674 (14.4%), 10274 (13.9%)°] et
1,000 m ©JAro] 104 (14%)2.2 7 Y2 v S Bgrt
(M*SE: 73.6+12.92, Fig. 2C).

=29 e /MR AHEL G, 53 A, AL |1
7hell T2 WA Rl=s o3 ZFo|7t Yl A2 UE
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© 2 370 S0 A 9 EEko] AAY 93.8%F AT
FA-E2-07F SR k=297 @] Z+7F 1

(0.15%)0.2 7} F2 "= 5 Bt (M+SE: 92+52.84,
Fig. 2D).
3. DY WMYITO S RoY WAEE

ZAREZE o] Aol BAT U A Y EE
Am EE 2| g Alo] 404,774 (30.9%) L2 7HA Wk, o)
AF 37927 (29.0%), YoFAT 18727 (14.3%), BG4 145.6
(11.1%), WAAE 105.174 (8.0%), &) At 887 (6.7%) =01
t}(Fig. 3). Z9EE s Ay SN =L &2AS
A L)stal= T°r4 o3k Zpo|7t Qe AL R VeI (P
0.001), ¥4, 1=, =2 9] ¢ 7Pxte] S EA | wet
A= Fou|gt Zpol7t gl AL =2 YEETHP <0.001).

Mt. Odae
(n=379.2, 29.0%)
Mt. Songni
(n=88, 6.7%)

Mt. Worak
(n=187.2, 14.3%)

Mt. Jiri
(n=404.7, 30.9%)

Fig. 3. Relative amounts of snake roadkills among six national
parks between 2006 and 2015.
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e §R|E A9lslL B BE £3} 9

< #E gk Z}o]

‘2‘14(P<0 05). AR} Fg o], HAEA: 7247}
FEo|ot ARAL FrPolE Aty b 2E T
o3t ztol7} U= ALz UrhYtH(P<0.05). 557t
1z 2e SANEE GO3 Zo|7t o (X =
165.94, df =36, P<0.001; Fig. 4B), 7F&A2] 4 EA 7+
o= §-9J3t Afo| & Holx] 9kth(P>0.05; Fig. 4C).

B :|o m{m .I-lrlI

2006 5-E] 20159 Ato] 2TZlo] WHAYEH 4%551 11
A 67 I E LY YA £ 2R 77,6934 B
24 11¥90] 16,1233 F (20.8%)2.2 7% g,}_ﬂ’_‘l\ﬂ, 10
Yt 8Y¥o] Z+zF 14,861 H(19.1%), 1221734 H(15.7%)
402 wolth zF T ¢y gl &2 jgEFo
2 A 3t 7 3] 9 227 RlESek] A
AE %—ﬂ 2 2%, 0/ 39 2R F W ol A

A YT AolE Holx| Agkth(P>0.05; Fig. 5).

A

B ALANLE T8 A% =2E Jdsts AF 5
35354 = (Bonnet et al., 1999) 091 A 8=
o] FTAEste] FHTHE A HolA WiF 2= W=
of Fojst= Ao weET

T 2ed Vs 3UEE Ao 9 Y B4 9
A ZF ol& A7l wt 254 Zol7t e, HAA
S 2E FEEC] FEY, AUARA FFHO], ARA &2

2 Eoltt ol m2ot AW £ AAE Aok 24
£ (Vijayakumar et al., 2001), I12|1 Hol& HIHO =2
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F3l= WR9 27 7F5Ao] =t (Bonnet ef al., 1999)
FeiA gl olde) A7AIEI AAelE Aol
FUBoI9} AunAE Rl 1 B AN WS
7FA =4 (Lee et al., 2009; Kim et al., 2011), & Eo|= &
=R & Y thofst AR E AMLSHE AEFHoE
Ho|E et ZAIR}o|H (Song, 2007), 2| AtRAIE EE
Kol AT LIS YBE P2 AT, JBHoE
A ZAAA W] FelEe Foz dEA Slo] (Do
and Yoo, 2014) 0|23t 891E50] =2 ZE7 HIEZ o|o]
e Aoz Hlt =592 XV]EH 741‘1]—‘?—‘5% AFA
A7HA] ThFgt A AR oA ElEa BFAdo] IH, Tk
3t Ho]E o|&(Ananjeva et al., 2006; Zhao, 2006)5}=1|
o3 Q2150 =2 2t HIER o|ojFHL AR H
e}, 5ol taret o] A SYA $EST 3
© ™ (Kang and Yoon, 1975), 7t E th= of7to| @o] &5
3= oA o2 A EEA o] =1 (Kim et al., 2013a),
oitol A 2WL 3 GEAN R THOE 1o}
(Dodd et al., 1989; Rosen and Lowe, 1994) 2=7Z10] HIH
3 MASke Ao Holth Amate] A9, HArmAtet §
AR 938 942 2E WIEV £ oz Btk
oA, THEY W oF{ 22 PN = G
A= Qolog2 M3 AL (Park er al., 2017)9F SAFSE &
W uE solg £7 UEAH Y% 5L 2 09l B
5 qlon], FYFY Yol W ==L FR5) A9
A AA 2249 91% o= AASHL Qe 850
5 49l 53 TRolo} g BARAY BEY] op
< F UAeE a4 AP YA A& Zods B
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4 22 WA A 94 S 7HAL e AL
2 Yetgth AAE 8893} 99 2= v|&o] A9
51202 S ¥, BAL 4958 097 22 N
o] HAH o2 7RIk Aolch. wixluro 2 11910
08%2 W&ol Wt A 2EZo| BRETE ol
ohoolEfet WA AFE TEE A7} gloy 3 e F
g AZtEE 53 $3 (Kang and Yoon, 1975)2 531+
ZFo] AR wotAaL, 5~697 9 BAl7] Al7] (Lee er al.,
2011 wE &5 571 oF 84 HE A&EE= R332
old A9l 7] EAF(Bonnet et al., 1999; Meek, 2009),
904 S&HE 108 Fwol o|FofA= THARY oF
(Kang and Yoon, 1975) 59] theFst 8¢l &2 Re=
IE]_—E]—E]I‘,]— HZ_S} 1182 %%5’—0 Fé—l:ﬂ-ﬂ]jq— ;‘(]-Elf “IEEkO]
7F3 @& A)7] (National Park Institute, 2008)24 =E7|
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