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Abstract: Wildlife-vehicle collisions ( WVCs) have serious consequences for both animals and road users, resulting in
fatalities and injuries, major economic losses, and high biodiversity costs. Reducing road mortality has become increasing
important for wildlife conservation, safe transport, and economic development. Among the community of vertebrate groups,
amphibians and reptiles are more vulnerable to road mortality because they often migrate to the habitats for hibernation in
autumn and breeding in spring. A recent assessment suggested that they accounted for almost 80% of the road mortality
among vertebrates. It is clear that road-kill is a major source of their mortality and may be contributing to their global
decline. Therefore, monitoring changes in the diversity of amphibians and reptiles within the road effect zone and identifying
the mechanism of its influence is a pressing issue. This article reviews ecological studies on road-kill of amphibians and
reptiles, summarises the main factors influencing it, shows its impact on population and genetic diversity, and presents the
ingredients for an effective engineering programme. Road-kills of amphibians and reptiles is related to external factors such
as weather, traffic conditions, seasonal and temporal factors, and spatial factors, as well as influenced by their own

biological characteristics, life history and ecological needs. China is very rich in amphibians and reptiles, Taiwan

E&TH AR AEM EH PRI H (2022CPB-B12) ; F K A AR FHE R 40 H (32370482) 3 -4 X REA PIREICAT sh P {23 550 H 9% 1)
%5 B A :2024-03-31; ™ 4& H kit B #8 :2024-08- 16
# WIRAEF Corresponding author. E-mail ; licheng@ cib.ac.cn

http ://www.ecologica.cn



9990 xR 44 %

established an island-wide road-kill monitoring network in 2011, with 123 species of amphibians and reptiles road-killed ;
Chinese Mainland has developed road-kill monitoring applications in 2021, and this article shows that 105 species of
amphibians and reptiles have been road-killed. In an effort to mitigate these impacts, many technologies and conservation
strategies have been developed to counter anthropogenic threats. DNA barcoding and radio tracking technologies are being
used to conduct biodiversity surveys; road construction needs to pay sufficient attention to minimise the pervasive impact,
from design to implementation of mitigation measures. Given the slow movements of amphibians and reptiles, traffic calming
and temporary road closure actions in an area of high road density may be effective options. Based on the migratory
behaviour, culverts combined with fences are necessary in the road effect zone, as fences can direct them into culverts,
55% of amphibian individuals use ecological culverts to cross roads, and exclusion fences can reduce the road mortality of
reptile individuals by an average of 54%. Finally, there remains an urgent need to improve and update the sustainable
planning of road construction and conservation initiatives in China, to ensure that regions that support exceptional

biodiversity with vital ecosystem services are protected.
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R 1 2010—2023 A E KRR R R WAECIT P 7 & R
Table 1 Species of amphibians and reptiles road-killed in Chinese Mainland from 2010 to 2023
FF5 H F i (SRl
No. Order Family Species Protection levels
1 £ H Caudata /MR Hynobiidae WAL Salamandrella keyserlingii I
2 JolE H Anura FUERL Bombinatoridae AR ITHWE Bombina orientalis
3 JoEEH Anura FAYEFRL Megophryidae SRUREHE Leptobrachium liui
4 Jole H Anura FAUERL Megophryidae T JG BRYE Megophrys carinense
5 JoFEH Anura R Megophryidae KRGS Megophrys brachykolos
6 JoRE H Anura I} Bufonidae rPAEMESRR Bufo gargarizans
7 TR H Anura WA Bufonidae HEWES Duttaphrynus melanostictus
8 JoE H Anura AL Hylidae H AW i Hyla japonica
9 JoFEH Anura iRl Ranidae "R E MR Rana chensinensis
10 JoRH Anura 1R} Ranidae ALk Rana dybowskii
11 JoFE B Anura il Ranidae R RAREE Rana kukunoris
12 FoFEH Anura R Ranidae U JE Mk Rana omeimontis
13 JoFE H Anura Al Ranidae AR Rana zhenhaiensis
14 JoRé H Anura 1R} Ranidae MR Tl Amolops nyingchiensis
15 Jole H Anura Al Ranidae AE i ik Amolops ricketti
16 JT R H Anura 1A} Ranidae WBERE Nidirana adenopleura
17 JoRE H Anura iRl Ranidae VA/KEE Hylarana guentheri
18 JoRé H Anura 1R} Ranidae K&k Rk Odorrana graminea
19 JoRE H Anura Al Ranidae Lk ELE Odorrana margaretae
20 FoFeH Anura I£#} Ranidae LU Odorrana schmackeri
21 FFEH Anura R} Ranidae PyitieE Odorrana versabilis
22 JTFREH Anura IR} Ranidae SBBEMIFE I Pelophylax nigromaculatus
23 JoRE H Anura X A} Dicroglossidae JESUIE Hoplobatrachus chinensis I
24 JeEH Anura G IERE Dicroglossidae BBl Fejervarya multistriata
25 JoRE H Anura X A} Dicroglossidae WK Limnonectes fujianensis
26 JoEE H Anura N F IR} Dicroglossidae Rt Nanorana plesket
27 JoRé H Anura W R} Dicroglossidae WM IE Quasipaa boulengeri
28 TR H Anura Fig A} Rhacophoridae " 5 3Z Ak Polypedates impresus
29 JoRé H Anura W iR Rhacophoridae BERRB UL Polypedates megacephalus
30 JRE A Anura W iR Rhacophoridae KU Zhangixalus dennysi
31 JoRé H Anura W iR Rhacophoridae FEREWIE Zhangixalus feae
32 TR H Anura iRl Microhylidae JNYRBERE . Microhyla heymonsi
33 A H Squamata A TR Scincidae S Sphenomorphus indicus
34 A% H Squamata AT L Scincidae T EA ST Plestiodon chinensis
35 H % H Squamata 156 7R Scincidae W5 A1 6T Plestiodon elegans
36 F 1% H Squamata Wi45R Lacertidae ALEIE Takydromus septentrionalis
37 1% H Squamata %R} Lacertidae PEBERRIT Eremias argus
38 H#H Squamata BRIl Agamidae P Laudakia sacra
39 1% H Squamata BRIEL Agamidae B Acanthosaura lepidogaster
40 H#H Squamata B Rl Agamidae KRBT Calotes emma
41 F % H Squamata Bl Agamidae A RIMT Calotes versicolor
42 H#H Squamata HleEl Typhlopidae FH M Indotyphlops braminus
43 A8 H Squamata R &fiE Al Xenopeltidae [N Xenopeltis unicolor I
44 £ 1% H Squamata BiSKIEFRL Pareidae TSk Pareas boulengeri
45 A% H Squamata ik kgl Pareidae i [E i Sk Pareas chinensis
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No. Order Family Species Protection levels
46 FiH Squamata Bk ¥R}l Pareidae BIEHISLIE Pareas formosensis

47 £ 1% H Squamata Bk IERL Pareidae LSk Pareas margaritophorus

48 F 1% H Squamata Fli ke R}l Pareidae 1A LM Pareas stanleyi

49 £ 1% H Squamata #EL Viperidae WAL Vipera berus I
50 £ 1% H Squamata PR} Viperidae JEA 3K Protobothrops mucrosquamatus

51 F 1% H Squamata #EEL Viperidae SRR SR M Ovophis zayuensis

52 FHH Squamata R} Viperidae BT Y Viridovipera medoensis

53 £ 1% H Squamata %%} Viperidae TR W Viridovipera stejnegeri

54 FHH Squamata R} Viperidae PEARE S Gloydius halys

55 F 1% H Squamata 7KiE#} Homalopsidae "R E KU Myrrophis chinensis

56 £ 1% H Squamata Kl AL Homalopsidae LK Hypsiscopus plumbea

57 £ 1% H Squamata JEiEF} Lamprophiidae RVPIE Psammodynastes pulverulentus

58 £ 1% H Squamata ARBEIEEL Elapidae HRIAUE Bungarus multicinetus

59 1% H Squamata IREEIEFR) Elapidae FHURE I Naja atra

60 £ 1% H Squamata ARBEIEEL Elapidae i PR Naja kaouthia

61 Fi 1% H Squamata IREEIER) Elapidae HRBE F0¢ Ophiophagus hannah |
62 FH Squamata IR EEIEA} Elapidae FPAEIIIIE Sinomicrurus macclellandi

63 F 1% H Squamata Wedg Rl Colubridae & AEME Chrysopelea ornata

64 £ 1% H Squamata WekE A Colubridae MU Dendrelaphis pictus

65 A H Squamata liF g Rl Colubridae LERIE Boiga cyanea

66 F 1% H Squamata Wele A Colubridae LACMIE Boiga kraepelini

67 A% H Squamata W#kERL Colubridae BRI Boiga multomaculata

68 A H Squamata Weke A Colubridae LNk Oligodon cinereus

69 A% H Squamata ke AL Colubridae R E /NI Oligodon chinensis

70 1% H Squamata Weke A} Colubridae FRTFUE Cyclophiops major

71 F % H Squamata ke AL Colubridae R EME Pryas korros

72 F 1% H Squamata el Rl Colubridae IKIEERHYE Gonyosoma frenatum

73 A H Squamata kAL Colubridae FERIE Lycodon aulicus

74 F 1% H Squamata Weke A Colubridae HHENE Lycodon flavozonatus

75 H % H Squamata ekl Colubridae S IR Lycodon ruhstrati

76 A H Squamata liFiE Rl Colubridae HHEME Lycodon rufozonatus

77 A H Squamata liFiERl Colubridae FI4EME Lycodon septentrionalis

78 F % H Squamata WAl Colubridae =R Coelognathus radiatus I
79 F % H Squamata Wikl Colubridae EBEHRE Euprepiophis mandarinus

80 A% H Squamata IiFIEA} Colubridae LEIRBRME Oreocryptophis porphyraceus

81 1% H Squamata iRl Colubridae M Elaphe carinata

82 F 9 H Squamata WAl Colubridae H 453 Elaphe dione

83 F 1% H Squamata el Rl Colubridae HE M Elaphe taeniura

84 £ 1% H Squamata Wit Rl Colubridae FrRUBERIE Elaphe schrenckii

85 F i H Squamata el Rl Colubridae LGP Oocatochus rufodorsatus

86 1% H Squamata Wik iR} Calamariidae REWI kM Calamaria pavimentata

87 FiH Squamata Wik iRl Calamariidae B WS WE Calamaria septentrionalis

88 1% H Squamata IKIFRER} Natricidae HSBERE Amphiesma stolatum

89 A8 H Squamata JKIEHERl Natricidae 1B 4% ke Hebius boulengeri

90 1% H Squamata JKIFRER} Natricidae FrREBNGHERE Hebius sauteri

91 FHH Squamata JKUFIERE Natricidae HiEME Pseudoaghistrodon rudis
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b H B Fif S Akl
No. Order Family Species Protection levels
92 F i H Squamata JKIEtERl Natricidae E L #RE Rhabdophis himalayanus

93 FHH Squamata KU IEE Natricidae i /) U AE. Rhabdophis leonardi

94 8 H Squamata JKUFHERE Natricidae ALY Rhabdophis nigrocinctus

95 £ 1% H Squamata KU IER} Natricidae 2T SR I Rhabdophis subminiatus

96 FHHH Squamata KU IERE Natricidae JEPESRE M Rhabdophis tigrinus

97 F 1% H Squamata JKIEIER}L Natricidae YYFIE Xenochrophis piscator

98 H#H Squamata JKIERER} Natricidae R 1 JG B Opisthotropis cheni

99 HH Squamata KU IER} Natricidae IR JGWWE Opisthotropis latouchii

100 £ 1% H Squamata JKIEIERL Natricidae IGARNFIE Trimerodytes aequifasciatus
101 F 1% H Squamata JKIEIER}L Natricidae B AEYFIE Trimerodytes percarinatus

102 £ 1% H Squamata JKIFIER} Natricidae FAMUENE Trimerodytes yunnanensis
103 £ 1% H Squamata FHIERL Pesudoxenodontidae SRLRMEENE Pseudoxenodon karlschmidti

104 A% H Squamata FHg R Pesudoxenodontidae KER RS Pesudoxenodon macrops
105 1% H Squamata #igFl Sibynophiidae SBABIE Sibynophis collaris

4 BRRFRIETT 3026 35 00 S S B 52

B RN PR ICS T 3h W) B 2, BL2E KT T MO 22 A F 5 DR BT tk 25 0 S | Al T R e it 24
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Frshsds sz 0 TRl o ) S ST AT AR AN TE I A ) 22 B AR B A T R T T A R A A
Jog S 5
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Hh A 128 RIS g SRR | 51 43.7% % . DNA 4JE65( DNA barcoding ) #2417 7 {5 B ALK 43252
PRHERIA R A3 24 T B SEBL T AR ARV 5 o o0 T 2 R RO AR ™ | 3 ad SR AR B A R U AR 28 B
YL U DNA AT, 55 [ B NCBI 56 DR He X, 45 5 T 25 24 0, T LA 255 i 0 A S % A 1A 1) 4 o
B
4.2 TCERHIBEER AR YA A2 2T T RIS

i TG LB R A R T2 B T R ICA T s iz sl RIURN A B e 1 55 01 FH 25 AR 8 40T i
Xif 6 A 58 UR BRAE S 5 AL G 10 7 ik (GEAT B G2 072 g el T 45 ) | TEik A5 3 B S ICT 5 3 4 1) 12 B
B IR A SR B A 0 e o2k r 8 B R R 9 A 38 5 S 300 A 0% 1 P AT A T 3, ANRBIR A T
HAG S A8 e SRR D B A B e 5 ) FH 45 A 2 2 ) L, 3 3 208 R W T AT TR A T sl 0 R A7 ol > e
WFoE S PRBE P R IR W B R T 55 ) (YOG 2R, 480 7 Bt 247 28 1k g A7 2 b 6 2% | ¢ B HL O A 2, b 2
ASJERTE , DTSR — 244 2R 6 A% 0 S DR R T 5 i o 9 A o it , I T 28 O )1 2 S i L B AR 9 1X R
FHIGLE f s B H AR TE R T Wi sh 4 (0 B A i1
4.3 ERKMAESOA TR BRI

A SO TR RS B it 253 2 AT T — 2 MU S AT R, F 5 3% B A AR T R 2R e Xk
SRR BI04 % A AR H A AL, 55% (WA B 25 ) FH A A T 2 B %) TR TE R R BE AR R T0.4 m,
WL S 0.5—0.9 m, £ 100—200 m, ¥k AEA R | T WG sh P ik A A= A5 5 1% b s BB X R IR IE A 5 3
W5 A RCR AR AT, vT LK TCAT 300 11 38 5 B80S BB AR 5491 5 1 X% i 2552 Bl BB 1 R I RE ) 3058 1

http ; //www.ecologica.cn



9996 xR 44 %

A.,100 e =5 R PR 14 BV X AR OR R g 8 B A LA A0 o B880% , mT ABELLE 93.3% g 2™ — ol
AR NZERIA TR, SR SRS 7 15 it BT AP ) DG A S 6 53 DRl il S R 7 AR AR BRI 3—4 H P AV
S EHI, H 17:00 K H 07:00 HIHES (4405 LR DX AEAT , 05 i WA Sl i R RCR 35 fE
I D)1 4 L T Y AR DR AP X8 ARG Sl R E 5 e B, 8 T 2 Y o A 2 5 BB G B0 0 O ) S B D R
HEARMERETICE 455 P IR RIAE AR I PR IR K J 42 730 B 3 IR A5 0« 1 0 2 R 1
W LS A IE B, NS AT BT S I AR SRR X N S W T AR 2R
PECR AT ARG (4 L TR

A AR ATEOR 2 R L RS L4 PN B B A TR0 H 7 AL A B AR v, A 25 SR B LA
% BB 8 U 4 [ A () i o ) 2 5% 0 i AR SRR, TE 28 B AR e b XA Al | T 7 A 25
o AR X/ el O g T o G T B A B AR A R LR P v [ A 2 e G e A S ) 2%
21 AT SR R A B AL R S R E T 17 AN T AU DX, E UV O A A AR Y OGS X
AP A L S e DX IO [ 502 T B4 B R R A S A SR R 14 A SR SRORIAT A i A 4R R
Xt AT ICAT S 5 i RO FRL AR BE , PP PR IC A T 3 10 e A% ) S R 5 0 2R 5 R 8 DR 3 O TR PR AR AR BT
R ARIIR EE b A (03 BT A D7 1 A, i g A A P A TR A0AS PR G 1) PR AP 8CR

S % 3k ( References) :

[ 1] Forman R T T, Sperling D, Bissonette J A, Clevenger A P, Cutshall C D, Dale V D, Fahrig L, France R, Goldman C R, Heanue K, Jones J A,
Swanson F J, Turrentine T, Winter T C. Road Ecology: Science and Solutions. Washington: Island Press, 2003, 1-481.

[ 2] Ibisch P L, Hoffmann M T, Kreft S, Pe’er G, Kati V, Biber-Freudenberger L., DellaSala D A, Vale M M, Hobson P R, Selva N. A global map of
roadless areas and their conservation status. Science, 2016, 354(6318) . 1423-1427.

[ 3] Taylor B D, Goldingay R L. Wildlife road-kills on three major roads in north-eastern New South Wales. Wildlife Research, 2004, 31(1) ; 83-91.

[ 4] Hobday A J, Minstrell M L. Distribution and abundance of roadkill on Tasmanian highways : human management options. Wildlife Research, 2008,
35(7): 712-726.

[ 5] Garriga N, Franch M, Santos X, Montori A, Llorente G A. Seasonal variation in vertebrate traffic casualties and its implications for mitigation
measures. Landscape and Urban Planning, 2017, 157, 36-44.

[ 6] Canal D, Camacho C, Martin B, de Lucas M, Ferrer M. Magnitude, composition and spatiotemporal patterns of vertebrate roadkill at regional
scales: a study in southern Spain. Animal Biodiversity and Conservation, 2018, 41(2) . 281-300.

[ 7] Pagany R. Wildlife-vehicle collisions-Influencing factors, data collection and research methods. Biological Conservation, 2020, 251 108758.

[ 8] Grenl, Jagerbrand A. Calculating the costs of animal-vehicle accidents involving ungulate in Sweden. Transportation Research Part D Transport
and Environment, 2019, 70. 112-122.

[ 9] Borowik T, Ratkiewicz M, Maslanko W, Kowalczyk R, Duda N, Zmihorski M. Temporal pattern of moose-vehicle collisions. Transportation
Research Part D; Transport and Environment, 2021, 92 102715.

[10] Rytwinski T, Soanes K, Jaeger ] A G, Fahrig L, Findlay C S, Houlahan J, van der Ree R, van der Grift E A. How effective is road mitigation at
reducing road-kill? A meta-analysis. PLoS One, 2016, 11(11): e0166941.

[11] D’'Amico M, Roman J, de los Reyes L, Revilla E. Vertebrate road-kill patterns in Mediterranean habitats: who, when and where. Biological
Conservation, 2015, 191, 234-242.

[12] Forman R T T, Alexander L. E. Roads and their major ecological effects. Annual Review of Ecology and Systematics, 1998, 29. 207-231.

[13] Laurance W F, Croes B M, Guissouegou N, Buij R, Dethier M, Alonso A. Impacts of roads, hunting, and habitat alteration on nocturnal mammals
in African rainforests. Conservation Biology, 2008, 22(3) . 721-732.

[14] Laurance W F, Goosem M, Laurance S G W. Impacts of roads and linear clearings on tropical forests. Trends in Ecology & Evolution, 2009, 24
(12) : 659-669.

[15] Dique D S, Thompson J, Preece H J, Penfold G C, de Villiers D L, Leslie R S. Koala mortality on roads in south-east Queensland; the koala
speed-zone trial. Wildlife Research, 2003, 30(4) . 419-426.

[16] Collins C, Kays R. Causes of mortality in North American populations of large and medium - sized mammals. Animal Conservation, 2011, 14(5) .
474-483.

[17] Clevenger A P, Chruszcz B, Gunson K E. Spatial patterns and factors influencing small vertebrate fauna road-kill aggregations. Biological

http ; //www.ecologica.cn



21 4 I A B PIRICA T Sl 4 A 2 R AL A B DR SR s 9997

[18]
[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]
[39]

[40]
[41]

[42]

[43]
[44]

[45]

Conservation, 2003, 109(1) ; 15-26.

W, ARRIE, RIAL T T PG LU B S A0 () [ BB 2 S PR AP . AEASERARGK, 2012, 31(1) : 81-86.

BT NALFER AR - ORI ST, Bz, FIXUL, LBV, ER, S T EEHxT A S o Bk S 8k, 2R, 2022, 30
(11): 233-250.

Danks Z D, Porter W F. Temporal, spatial, and landscape habitat characteristics of moose-vehicle collisions in western Maine. Journal of Wildlife
Management, 2010, 74(6) : 1229-1241.

Stuart S N, Chanson J S, Cox N A, Young B E, Rodrigues A S L, Fischman D L, Waller R W. Status and trends of amphibian declines and
extinctions worldwide. Science, 2004, 306(5702) ; 1783-1786.

Pounds J A, Bustamante M R, Coloma L A, Consuegra J A, Fogden M P L, Foster P N, La Marca E, Masters K L, Merino-Viteri A, Puschendorf
R, Ron S R, Sanchez-Azofeifa G A, Still C J, Young B E. Widespread amphibian extinctions from epidemic disease driven by global warming.
Nature, 2006, 439(7073) ; 161-167.

Becker C G, Fonseca C R, Haddad C F B, Batista R F, Prado P I. Habitat split and the global decline of amphibians. Science, 2007, 318
(5857) : 1775-17717.

Gibbs J P, Shriver W G. Can road mortality limit populations of pool-breeding amphibians? Wetlands Ecology and Management, 2005, 13(3) :
281-289.

Gryz J, Krauze D. Mortality of vertebrates on a road crossing the Biebrza Valley (NE Poland). European Journal of Wildlife Research, 2008, 54
(4): 709-714.

Hamer A J, Langton T E, Lesbarréres D. Making a safe leap forward; Mitigating road impacts on amphibians. In Van der Ree R, ed. Handbook of
road ecology. Wiley, Chichester, 2015, 261-270.

Beebee T J C. Effects of road mortality and mitigation measures on amphibian populations. Conservation Biology, 2013, 27(4) : 657-668.

Heigl F, Horvath K, Laaha G, Zaller ] G. Amphibian and reptile road-kills on tertiary roads in relation to landscape structure: using a citizen
science approach with open-access land cover data. BMC Ecology, 2017, 17(1) ; 24.

Hels T, Buchwald E. The effect of road kills on amphibian populations. Biological Conservation, 2001, 99(3) ; 331-340.

Mazerolle M J, Huot M, Gravel M. Behavior of amphibians on the road in response to car traffic. Herpetologica, 2005, 61(4) ; 380-388.
Orfowski G. Spatial distribution and seasonal pattern in road mortality of the common toad Bufo bufo in an agricultural landscape of south-western
Poland. Amphibia-Reptilia, 2007, 28(1) ; 25-31.

Andrews K M, Nanjappa P, Riley S P D. Roads and ecological infrastructure; concepts and applications for small animals. Baltimore: Johns
Hopkins University Press, 2015.

Lima S L, Blackwell B F, DeVault T L, Fernandez-Juricic E. Animal reactions to oncoming vehicles: a conceptual review. Biological Reviews of
the Cambridge Philosophical Society, 2015, 90(1) ; 60-76.

Fahrig L, Pedlar J, Pope S, Taylor P, Wegner J. Effect of road traffic on amphibian density. Biological Conservation, 1995, 73(3) . 177-182.
Andrews K M, Gibbons J] W, Jochimse D M. Ecological effects of roads on amphibians and reptiles: A literature review. In Mitchell J C, Brown R
E J, Bartholomew B. eds. Urban Herpetology. Society of the Study of Amphibians and Reptiles, 2008, 121-143.

Coelho I P, Teixeira F Z, Colombo P, Coelho A V P, Kindel A. Anuran road-kills neighboring a peri-urban reserve in the Atlantic Forest, Brazil.
Journal of Environmental Management, 2012, 112, 17-26.

Cairo S L, Zalba S M. Effects of a paved road on mortality and mobility of red bellied toads (Melanophryniscus sp.) in Argentinean grasslands.
Amphibia-Reptilia, 2007, 28(3) : 377-385.

Gu H J, Dai Q, Wang Q, Wang Y Z. Factors contributing to amphibian road mortality in a wetland. Current Zoology, 2011, 57(6) : 768-774.
Garcia-Gonzalez C, Campo D, Pola I G, Garcia-Vazquez E. Rural road networks as barriers to gene flow for amphibians: species-dependent
mitigation by traffic calming. Landscape and Urban Planning, 2012, 104(2) : 171-180.

Lesbarreres D, Lodé T, Merild J. What type of amphibian tunnel could reduce road kills? Oryx, 2004, 38(2) . 220-223.

Zhang W Y, Shu G C, Li Y L, Xiong S, Liang C P, Li C. Daytime driving decreases amphibian roadkill. Peer, 2018, 6: €5385.

Glista D J, DeVault T L, DeWoody J A. Vertebrate road mortality predominantly impacts amphibians. Herpetological Conservation and Biology,
2008, 3(1): 77-87.

FOCHS. TR RO X B BT PIR S AE [ D] JEaT . P EREEBER Y, 2018.

Carvalho I, Mira A. Comparing annual vertebrate road kills over two time periods, 9 years apart; a case study in Mediterranean farmland. European
Journal of Wildlife Research, 2011, 57(1) . 157-174.

TR, £x=, B8, PEM, 8, K&, 60EH, AAES. KAWEZRA KRR X T2 89108 B BOCRE T, s ek,
2015, 50(6) : 866-874.

http ; //www.ecologica.cn



9998 JAE = 44 %

[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]

[69]

[70]
[71]

[72]

[73]

[74]

[75]

[76]

[77]

Arevalo J E, Honda W, Arce-Arias A, Higer A. Spatio-temporal variation of roadkills show mass mortality events for amphibians in a highly
trafficked road adjacent to a National Park, Costa Rica. Revista De Biologia Tropical, 2017, 65(4) . 1261-1276.

Seo C, Thome J H, Choi T, Kwon H, Park C H. Disentangling roadkill ; the influence of landscape and season on cumulative vertebrate mortality
in South Korea. Landscape and Ecological Engineering, 2015, 11(1) . 87-99.

W, N JCZk HL B B RS 7R WA S B R A 22 e B35 22 S SRR [ DL JEat s P ERFEBE R, 2022

Fahrig L, Rytwinski T. Effects of roads on animal abundance: an empirical review and synthesis. Ecology and Society, 2009, 14 art2l.

Jackson N D, Fahrig L. Relative effects of road mortality and decreased connectivity on population genetic diversity. Biological Conservation, 2011,
144(12) ; 3143-3148.

Holderegger R, Di Giulio M. The genetic effects of roads: a review of empirical evidence. Basic and Applied Ecology, 2010, 11(6) : 522-531.
EER. BT DU B85 1 AR SRS T AROL T S B, Sl ARE, 1964,6(2) : 70-76.

ARACIE , ZEMESRE, SRETDG, TRk, ZRUSUEE ATE SR A AT AR, S EAkak, 1998, 33(4) :14-18.

SR, ETUL, PAERE, B, R, ANEINE S)H S AR S. TR =4l . AARRHAR, 2015, 51(3) : 79-83.
Tliz. AR ZE ILEOr SR AM T A BRI [ D], Kb PRI AR, 2020.

Baxter-Gilbert ] H, Riley J L, Lesbarreres D, Litzgus J D. Mitigating reptile road mortality: fence failures compromise ecopassage effectiveness.
PLoS One, 2015, 10(3) : e0120537.

Sullivan B K. Observed differences in body temperature and associated behavior of four snake species. Journal of Herpetology, 1981, 15(2) . 245.
McCardle L D, Fontenot C L. The influence of thermal biology on road mortality risk in snakes. Journal of Thermal Biology, 2016, 56: 39-49.
Beaudry F, de Maynadier P G, Hunter M L Jr. Identifying road mortality threat at multiple spatial scales for semi-aquatic turtles. Biological
Conservation, 2008, 141(10) : 2550-2563.

Gibbs J P, Shriver W G. Estimating the effects of road mortality on Turtle populations. Conservation Biology, 2002, 16(6) : 1647-1652.

NI, SRAL. VUGN /IS 3 i B TR 00 T e v g 20 sl 2. AR 2524k, 2010, 30(24) : 7079-7086.

W, BOSCHE, WA, ORI, EPEDR, ARBL, R. Z AT X B CAT SIS, AR AR, 2022, 42(7) : 2648-2656.
Ashley E P, Kosloski A, Petrie S A. Incidence of intentional vehicle-Reptile collisions. Human Dimensions of Wildlife, 2007, 12(3) . 137-143.
Beckmann C, Shine R. Do drivers intentionally target wildlife on roads? Austral Ecology, 2012, 37(5) : 629-632.

Secco H, Ratton P, Castro E, da Lucas P S, Bager A. Intentional snake road-kill: a case study using fake snakes on a Brazilian road. Tropical
Conservation Science, 2014, 7(3) : 561-571.

Maschio G F, Santos-Costa M C, Prudente A L C. Road-kills of snakes in a tropical rainforest in the central Amazon Basin, Brazil. South American
Journal of Herpetology, 2016, 11(1) : 46-53.

Chyn K, Lin TE, Chen Y K, Chen C Y, Fitzgerald L A. The magnitude of roadkill in Taiwan: patterns and consequences revealed by citizen
science. Biological Conservation, 2019, 237 317-326.

Andrews K M, Gibbons J] W. How do highways influence snake movement? behavioral responses to roads and vehicles. Copeia, 2005, (4):
772-782.

Jacobson S L, Bliss-Ketchum L L, de Rivera C E, Smith W P. A behavior-based framework for assessing barrier effects to wildlife from vehicle
traffic volume. Ecosphere, 2016, 7(4) : e01345.

Rosen P C, Lowe C H. Highway mortality of snakes in the Sonoran Desert of southern Arizona. Biological Conservation, 1994, 68(2) : 143-148.
Row J R, Blouin-Demers G, Weatherhead P J. Demographic effects of road mortality in black ratsnakes ( Elaphe obsoleta) . Biological Conservation,
2007, 137(1): 117-124.

Jochimsen D M, Peterson C R, Harmon L J. Influence of ecology and landscape on snake road mortality in a sagebrush-steppe ecosystem. Animal
Conservation, 2014, 17(6) : 583-592.

Gongalves L O, Alvares D J, Teixeira F Z, Schuck G, Coelho I P, Esperandio I B, Anza J, Beduschi J, Bastazini V A G, Kindel A. Reptile road-
kills in Southern Brazil: composition, hot moments and hotspots. The Science of the Total Environment, 2018, 615 1438-1445.

Capula M, Rugiero L, Capizzi D, Milana G, Vignoli L, Franco D, Petrozzi F, Luiselli L. Long-term, climate change-related shifts in monthly
patterns of roadkilled Mediterranean snakes ( Hierophis viridiflavus ) . Herpetological Journal, 2014, 24(2) . 97-102.

Rugiero L, Capula M, Capizzi D, Amori G, Milana G, Lai M, Luiselli L. Long-term observations on the number of roadkilled Zamenis longissimus
(Laurenti, 1768) in a hilly area of central Italy. Herpetozoa, 2018, 30(3/4) . 212-217.

Meek R. Temporal trends in Podarcis muralis and Lacerta bilineata populations in a fragmented landscape in western France: results from a 14 year
time series. Herpetological Journal, 2020, 30(1) : 20-26.

Bohm M, Collen B, Baillie J E M, Bowles P, Chanson J, Cox N, Hammerson G, Hoffmann M, Livingstone S R, Ram M, Rhodin A G J, Stuart S
N, van Dijk P P, Young B E, Afuang L E, Aghasyan A, Garcia A, Aguilar C, Ajtic R, Akarsu F, Alencar L R V, Allison A, Ananjeva N,

http ; //www.ecologica.cn



21 4 I A B PIRICA T Sl 4 A 2 R AL A B DR SR s 9999

(78]
[79]
[80]
[81]
[82]

[83]

[84]
[85]

[86]

[87]

[88]

[89]
[90]

Anderson S, Andrén C, Ariano-Sanchez D, Arredondo J C, Auliya M, Austin C C, Avci A, Baker P J, Barreto-Lima A F, Barrio-Amorés C L,
Basu D, Bates M I, Batistella A, Bauer A, Bennett D, Bhme W, Broadley D, Brown R, Burgess J, Captain A, Carreira S, del Rosario Castaeda
M, Castro F, Catenazzi A, Cedeo-Vazquez J R, Chapple D G, Cheylan M, Cisneros-Heredia D F, Cogalniceanu D, Cogger H, Corti C, Costa G
C, Couper P J, Courtney T, Crnobmja-Isailovic J, Crochet P A, Crother B, Cruz F, Daliry J C, Daniels R J R, Das I, de Silva A, Diesmos A C,
Dirksen L, Doan T M, Dodd C K, Doody J S, Dorcas M E, de Barros Filho J] D, Egan V T, El Mouden E H, Embert D, Espinoza R E,
Fallabrino A, Feng X, Feng Z J, Fitzgerald L, Flores-Villela O, Frana F G R, Frost D, Gadsden H, Gamble T, Ganesh S R, Garcia M A,
Garcia-Pérez ] E, Gatus J, Gaulke M, Geniez P, Georges A, Gerlach J, Goldberg S, Gonzalez J C T, Gower D J, Grant T, Greenbaum E, Grieco
C, Guo P, Hamilton A M, Hare K, Hedges S B, Heideman N, Hilton-Taylor C, Hitchmough R, Hollingsworth B, Hutchinson M, Ineich I,
Iverson J, Jaksic F' M, Jenkins R, Joger U, Jose R, Kaska Y, Kaya U, Keogh J S, Khler G, Kuchling G, Kumluta Y, Kwet A, La Marca E,
Lamar W, Lane A, Lardner B, Latta C, Latta G, Lau M, Lavin P, Lawson D, Le Breton M, Lehr E, Limpus D, Lipczynski N, Lobo A S, Lépez-
Luna M A, Luiselli L, Lukoschek V, Lundberg M, Lymberakis P, Macey R, Magnusson W E, Mahler D L, Malhotra A, Mariaux J, Maritz B,
Marques O A V, Marquez R, Martins M, Masterson G, Mateo J A, Mathew R, Mathews N, Mayer G, McCranie J R, Measey G J, Mendoza-
Quijano F, Menegon M, Métrailler S, Milton D A, Montgomery C, Morato S A A, Mott T, Muoz-Alonso A, Murphy J, Nguyen T Q, Nilson G,
Nogueira C, Nidez H, Orlov N, Ota H, Ottenwalder J, Papenfuss T, Pasachnik S, Passos P, Pauwels O S G, Pérez-Buitrago N, Pérez-Mellado
V, Pianka E R, Pleguezuelos J, Pollock C, Ponce-Campos P, Powell R, Pupin F, Diaz G E Q, Radder R, Ramer J, Rasmussen A R,
Raxworthy C, Reynolds R, Richman N, Rico E L, Riservato E, Rivas G, da Rocha P L. B, Rdel M O, Schettino L. R, Roosenburg W M, Ross J
P, Sadek R, Sanders K, Santos-Barrera G, Schleich H H, Schmidt B R, Schmitz A, Sharifi M, Shea G, Shi H T, Shine R, Sindaco R, Slimani
T, Somaweera R, Spawls S, Stafford P, Stuebing R, Sweet S, Sy E, Temple H J, Tognelli M F, Tolley K, Tolson P J, Tuniyev B, Tuniyev S,
Bziim N, Buurt G, Van Sluys M, Velasco A, Vences M, Vesel M, Vinke S, Vinke T, Vogel G, Vogrin M, Vogt R C, Wearn O R, Werner Y L,
Whiting M J, Wiewandt T, Wilkinson J, Wilson B, Wren S, Zamin T, Zhou K Y, Zug G. The conservation status of the world"s reptiles.
Biological Conservation, 2013, 157, 372-385.

T, AEade, WREW, BAEM, JR0000, #H, BRiER, Z5ar, S8, T3k, i P EWN RIS ER A . Y Z R,
2020, 28(2): 189-218.

BRUR. T INTHRB DA B 28 R GEXT MAICA T 309 A AL T I B X5 [ D). Kb Aol B K% 2008.

BE . W TR L E 5 A AR O X A ICAT S 2 AR T T S AE i B3t [ D). Kb gl B R, 2009.

Ez, FMEF, KF, L. PR IAREEA BEXTEAE SIS, 2SR AR, 2013, 32(2) : 425-435.

Wu Q, Sun T Z, Zhao Y M, Yu C, HuJ H, Li Z Q. Temporal and spatial patterns of small vertebrate roadkill in a supercity of Eastern China.
Peer], 2023, 11; el16251.

Damarad T, Bekker G J. COST 341-Habitat fragmentation due to transportation infrastructure; Findings of the COST Action 341. Office for official
publications of the European Communities, Luxembourg, 2003.

XLk, BRI, sKEFRE, BAATH, JARR. JER A BORTE LM SR QRIS T i . LE e, 2022, 30(10) ; 334-354.

Woltz H W, Gibbs J P, Ducey P K. Road crossing structures for amphibians and reptiles: informing design through behavioral analysis. Biological
Conservation, 2008, 141(11) . 2745-2750.

Patrick D A, Schalk C M, Gibbs J P, Woltz H W. Effective culvert placement and design to facilitate passage of amphibians across roads. Journal of
Herpetology, 2010, 44(4) . 618-626.

MacPherson M R, Litzgus J] D, Weatherhead P J, Lougheed S C. Barriers for big snakes: incorporating animal behaviour and morphology into road
mortality mitigation design. Global Ecology and Conservation, 2021, 26: e01471.

Schmidt B R, Zumbach S. Amphibian road mortality and how to prevent it: A review. In Mitchell J C, Brown R E J, Bartholomew B.eds. Urban
Herpetology. Society of the Study of Amphibians and Reptiles. 2008, 157-167.

R, BOCH. 958, IS, RAK, 2019,(2) : 58-61.

Zhang L, Dong T J, Xu W H, Ouyang Z Y. Assessment of habitat fragmentation caused by traffic networks and identifying key affected areas to
facilitate rare wildlife conservation in China. Wildlife Research, 2015, 42(3) : 266-279.

http ; //www.ecologica.cn



