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The impact of xiaomo highway and local roads in Xishuangbanna on Snakes’
activities

SUN Ge, ZHANG Li*

Collage of Life Sciences, Beijing Normal University, Beijing 100875, China

Abstract; The impact of highways on local snakes was examined on the new and old sections of Xiaomo Highway in
Xishuangbanna between Yunlu Rubber Factory and Manfen and a rural road nearby. We cruised along the three roads in
search of signs of live and dead snakes from December 2007 to December 2008. A total of 19 sites were founded with snakes
alive or dead on the roads. At each location where snake was found we recorded information of the surrounding vegetation
type, forest coverage and the distance to the nearest village. To compare to the background environment, we set 68 transect
points at a 100m interval along the roads and recorded the same parameters. We also collected meteorological data including
temperature, precipitation, and humidity of the day snake signs were found and of the three days prior to the survey date.
Data collected from both the snake-present and background control sites were analyzed in a forward logistic regression model
to identify key environment variables affecting the presence of snakes on roads. We then treated each survey day as a single
sample unit, and summed up the number of snakes recorded on all three roads in a day as the dependent variable. A
multivariate stepwise linear regression was applied to evaluate the correlation between the meteorological variables and the
timing of snakes found on roads. A total of 20 individuals of 10 snake species were recorded on roads during this 52-day
survey. The detection likelihood of snakes on roads with natural forest nearby was significantly lower than roads where
roadside was the farmland or the rubber tree plantation. The primary meteorological factors leading to the presence of snakes
on roads may be the lower maximal temperature and the higher maximal humidity two days prior to the survey date. It is
evident that humidity and temperature plays important roles on the activeness of sub-tropical snakes, but not precipitation.
The likelihood of snakes being crushed by cars varies among species, which may due to species’ differences in body size and
behavioral patterns. At last, among the 14 species of snakes found there were some of the rarest species in China such as
Boiga cyanea and Chrysopelea ornate. Our findings urged conservation measures including building culverts or pathways for

wildlife along the Xiaomo Highway to reduce the road mortality of snakes and other reptiles such as Varanus salvator.
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Fig.1 Study area and locations where reptiles were found

B,
2.3 Emakg EARHSARER

FE 3 ZR N EXSIA A, B R 100m B¢ 1 MR AL, 3645 68 Nl GBTG 21 4, B 3% 24 1>, SR AR 23 1),
I HX S 8 SRR E AR RAES . SICRIE EAREK 19 K —&i#1T Logistic [B]IH, HAFE N
FERETRICRBNE, BB R SRR FE AR RS | BE Rl K AR BE B B AR Ak BB S B B A T
ARAGREES BRI R BB A BB (3L 3 2%, SR BE BB BT A B (b AT T RR A EE LB
WFERER R (R AT R, BB SR — B, S8 L ERORE , B I 5 5 B i — U A A
T —— 00— o 2 B g 0, DU 3 5 — MM AL ) , SR A Forward LR YA BEAT 076 , 5 i HH O 22 B B XS
o b2 B T B ) R AR R
2.4 FZuiE b B R R R

TXHIBFRER B, X T ARSI A B, 3 B RRRBOA B3 25 N ORI 1d B84E 1 IR,
Rrde HAE 3 2o B LS ALAY BLRR BRI/ =5 BB A, AR 2 K1 [ 1 2% B i et (8] (BT 72 6h LA, JPHs
2 YORIIZ B RSB AN S B i S8R o T ISR B BOASJRARIR , R AR QAR UKL
WAFFEZ S, R H A BB RR | 2 B IO R ARK LB A0 28 B 1A Y EL IR AN AR ] , v BB S 520 L 21 Fr) g )
B prek, LI H BRSSOy R AR B, X H BB 2N B R AR AR EL B\ 28 s A B, A B4 H L\ 1d
AT \2d R 3d B8 e i I MR R T P SR L e R B /MR BE D B AR B, AT SOt P Rk [E]
JE, R Stepwise 325, it i t 19 B 2B B X b 22 B[R] B & AL &

hitp : //www. ecologica. cn



7082 = R S 30 &

3 R
3.1 JeATShIRRER R A R

TEVG AR 1 A0 (6] 3T R ECAT3h4 26 Fh (B 1) . Hop A 2007 4F 12 A 22 HZE 2008 4£ 12 A 2
H 1], i 52d, ERE8E 20 Ho LA 3 A ABRIMEOL LR 15 Hom “ RARPRELH]” 70 A B L5 2 il 4
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Table 1 Condition of the main roads in study area

NS £ YN 3 KA LL B % A H L)/ %
Road Length/km Road type Proportion of natural forest Proportion offarmland
KIE M /A #% Dalongha Road 2.3 E2EUN S 0 50
JNEEE I Old highway 2.4 N YN 90 0

Jiti T-(2008-03-19)
IS % New Highway 1.9 WK&A% (2008-03-21—-04-06) 80 0

FENE (2008-04-28—)

3.2 i BSBEA B M R ST

IERBIMICTT S L/ NE A B s S an B 1, Gt 45 R R 2. #4T Logistic [HIH B, BEIAEP KR H TH
3R(RAMR AT KR , P AP B (Dummy Variable) , BI“ B E# (1) 7 F0° B (2) 70 K
SRR B IR =g (52 ) NEN MR B S BROKF- o Bma e (1) BUE 1 B, 3 AR BRUE O B, RAMR . %
AR (2) BUA 1 B, R S BUE O B, g R, ABEEEIH, SR A BIENNAE B S RUK Y. &A TS
BEIHAER IS A — A5 B, Nagelkerke R =0. 146 ,Hosmer and Lemeshow Test y* <0.001,df=1,P =1.000,ROC
£ T AR 0.698 +£0.069 (SE),P =0.009 <0. 05, 3B BIHE A& BEAR X H AR B W @RI AR, MU
BEHERNES,

F2 TEEEREARMERTIHHETE
Table 2 Environment variables that may affect the presence locations of snakes on roads

AR All points B IR AT RARMRERIAE A

N=87 Points where roadside vegetation isn't
natural forest N =39

£ It Snake presence
N=19

Jeltg Snake absence
N =68

A i Snake presence
N=14

Joig Snake absence
N=25

B P do A B S

Distance to nearest residence/m

B R AR S i B 5

Nearest distance to natural forest/m

B AR IR B R

Nearest distance to artificial woods/m
P FH 5 30 B

Nearest distance to farmland/m

AR 5 30

Nearest distance to forest/m

T b R AR

Whether the canopy overshadows the point
N2 Road type
B H A2 Roadside vegetation type

314.7 +42.9 (SE)
432.6 £80.5 (SE)
157.9 +41.8 (SE)
307.4 +95.4 (SE)
113.7 +42.8 (SE)

22, H17

R12.82.P5
N5.,A7.F7

404.9 +31.2 (SE)
241.5 £40.7 (SE)
139.3 £11.9 (SE)
570.0 £55.5 (SE)
45.010.1 (SE)

£ 17,551

R23.824 P21
N43,A10.F15

321.4 £55.0 (SE)
582.9 +74.8 (SE)
150.0 +55.3 (SE)
85.7 +45.6 (SE)
150.0 +55.3 (SE)

21,%13

R12.S1.P1
A7.F7

274.8 £39.2 (SE)
638.0 £46.9 (SE)
103.6 £22.9 (SE)
69.2+33.9 (SE)
103.6 +22.9 (SE)

20,7525

R23.S1.P1
A10.F15

R: SHAR,S: KA, P: EEAH; N RAM, A AW, F: KkH

FH 3R 3 0, B AR B S A g N AR AR B, g b B PR A0 S8 0 S 3 KT B R R AR AR . R Tt B
PR y S AR S R
logit (y) = —=2.152 + 1.795 x B (1) + 1.390 x FEiAERE(2)
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BEAR N TARFIAR H e b BATORER R T R, B —F Z G T2 577 8830 o RAM MR S HERR S
FHR AT Logistic [8]J5, 45 2R Forward LR 3350 gt AR B 288 5 i A B AR SRR B BN AR, d B2y
ST E SR E S

£3 Hip EARMBSAXEETER Logistic B34 R
Table 3 Result of Logistic Regression about the variables related to the locations that snakes cross roads

5 25 B S.E. Wald daf Sig. Exp(B)
BB Roadside vegetation 7.775 2 0.020
B h AP (1) Roadside vegetation (1) 1.795 0.683 6.913 1 0.009 6.020
B 3h Bk (2) Roadside vegetation (2) 1.390 0.658 4. 462 1 0.035 4.013
I Constant -2.152 0.472 20.739 1 0.000 0.116

3.3 i BB ] R A R R A A

A, A 1d(2008-05-01) iR 2 3 ZRUEHALIL, A 4d iCFREN 2 F8E,9d TR E 1 /08, 42— K 4.
LR E SR, AR B E—2d A FE R (b= -0.097 £0.032 [SE],8= -0.380,¢ = -3.055,
P =0.004) .2d R AIBEE(b = 0.075 £0.033 [SE],3=0.285,:=2.290,P =0.026) , —FHWILLHALE
S50 0.14 #10. 51, R ENSHERREBEARFAELLE. Adjusted R* =0. 219, 7T AR 15 ORI
AN4F ; Durbin-Watson {E 7 2. 070, RBIBRZMAHE ML . 5 A7EA B B R BMIE KB v RIS

y = -3.758 -0.097 x2d Rij i +0. 075 x 2d R & KILEE
JrRER AR, BT IRA S  ARAI , BRI B A, i B 2% B OB SRBOR

F4 TR MG B ERRE MR E R
Table 4 The environment variables that may affect the presence time of snakes on roads

4 H i RNk CPME + FrikiR)
Number of snakes recorded of the day (Mean + SE)

HEER

Environment variables

0, N=38 1, N=9 2, N=4 3, N=1

AR 2L/ km Total patrol distance/km 4.85+0.33 5.00 +£0.46 5.85+1.48 6.50
NI RSRHK EL 5] Proportion of natural forest along the road 0.23 +£0.03 0.18 £0.06 0.13 £0.08 0.20
N B34 W LB Proportion of farmland along the road 0.37 £0.02 0.41 £0.04 0.40 £0.06 0.40
U KA/ The highest temperature of the day/C 29.1+0.5 28.4+0.9 25.0+1.5 33.0
MR EAKIEE The lowest temperature of the day/C 18.3 0.6 18.2 1.7 12.8 +2.2 21.0
4 RFER Precipitation of the day/cm 0.13 £0.08 0.26 £0.17 00 0
BMREEIRE Average humidity of the day/% 70.0 1.0 72.9 2.0 69.3+1.3 61.0
MR KRIBE Maximal humidity of the day/% 91.9 £0.5 94.2 0.6 92.0+1.7 89.0
U R f/MEE Minimal humidity of the day/% 38.0+2.6 40.1+5.4 32.3+9.3 26.0
1d Hijf% & The highest temperature one day before/C 29.2£0.4 27.7+1.1 25.3+1.9 29.0
1d RijFfKE The lowest temperature one day before/C 18.3+0.6 18.7 1.6 13.0+1.8 21.0
1d Rij%RY Precipitation one day before/cm 0.12 £0.05 0.14£0.12 0+0 0

1d B FHBE Average humidity one day before/% 70.9 £1.0 73.1+2.2 71.3 1.9 70.0
1d i K2 E Maximal humidity one day before/% 91.7 £0.4 92.1+0.8 95.3+0.3 89.0
1d Rijfx/MEE Minimal humidity one day before/% 38.7 2.6 42.8 6.3 31.5+7.3 44.0
2d R # =R The highest temperature two days before/°C 29.1x0.4 27.7x1.2 25.8 1.5 24.0
2d Fi# KR The lowest temperature two days before/°C 18.2 £0.6 18.7£1.8 13.3 1.4 20.0
2d Fif#%Wd Precipitation two days before/cm 0.13 +0.05 0.04 +0.03 0+0 0.70
2d FEEINRE Average humidity two days before/% 70.9 £1.0 74.2+1.3 71.5+0.9 83.0
2d BijE K2 Maximal humidity two days before/% 91.7 £0.4 94.0+0.7 95.0+0 91.0
2d Bif/)MZE Minimal humidity two days before/% 39.0 2.6 43.9 4.6 31.0 4.7 74.0
3d {if =R The highest temperature three days before/C 29.1+0.4 27.2£1.0 25.5x1.4 27.0
3d RijEAKIR The lowest temperature three days before/°C 18.2 0.6 18.9+1.6 13.0£1.1 20.0
3d Rijf%FH Precipitation three days before/cm 0.15 +0.05 0.20 +0.10 0+0 0

3d HiFH4E Average humidity three days before/% 70.6 +1.1 75.9+1.8 71.5 £2.3 71.0
3d i KIS Maximal humidity three days before/% 91.4 0.6 93.10.6 95.5 0.5 86.0
3d {iH/MEBJE Minimal humidity three days before/% 38.8 +£2.6 48.2 +5.4 33.5+4.9 50.0
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BFFE4E R B TR A B B G Tk F R T, 3% 5 (046 3k 0 (Aghistrodon contorri)
Sort AR VR S AR A B SR (B RS A 2 B A B 5 b
A BT 6. R SR L 074 i Pituophis catenifer ) , 46 B W MM B R RE (40 4% A B RO BE 2 37
FH MR SOHL s JESD | TR R 36 BE K, 4 M 72 000 A B RES Ak ) AR SR
FIBIRE A 522 SR I AR KA 2 5T M B3 RARIARG o 2 7 AT A BRI 0 LA B, 1 RS
PR bk T AR, AT AR P B0 2 e, 7 e WSS A5 P A A R,
S TS TAE PR FE B 3R T S T A T e TG B, et 0, i, %
S BFGOIT AR FUR 1o JAERTAS M FUA 20 4%, ELYA X 2 e BT Py 5 B 7 G5, T L
I | B OB 5 LT R ARG S AT
4.2 SUUEE b BRI A O

BFFE4E T, 2 AT IR R0 7T LA S0 1 A B AR . 7RI, SRR 05 (O R
T IE G522, P S RN SO SE85 A0 5 7 VR B 25 e B B 38 (L SR A AR
1, VLB MBS T, DR S AT A 2 SIS S R IO . ELA7E SRS I , £ 198 Calloselasma
rhodostoma) Tl BE BHML I 1715 3h M- A BORTEC P75 SHUE B8 115 S0 SO REXHIR 8 5 ARG , T 5 W 2R L
BB 5 T AR BB HIE T MK T A S X, JLR RS 3B b 03 W0 5 R A
S HBERR IR, 52 Sy S AR, K 25 Liasis fuseus) B9 e 55 F1 A 3 , Tibe ik
U Tropidonophis mairit) W 5536 BEA 36 1) B0 136 BT v i X TSR s s, P9 39 ) G L ) 7°C
(2008-12-02) , 4 B4 B S 52 1 738 60— LRG0 ;UL E AT, T A 2 0 R 1 T U8 , AT
ST BOESIE N 5 17T By TR ST 3hiR 8, X AR IR B T B 1 10 FI AR 11 A P4,
WA 51 T O A U 1 WAy & T, D T B, AT S A BB e —— e
SR AR EL R S BRSBTS | T R e RS 5 A S
G0 D0 L5 B 2 M0V 30, A1 9025 96 B B N, 00 T, MK A 12 K b
Sl s P SR K] — AR AR 2 R4 30 1) B T s A T, B B OB K
WAL LR 7 B T Wk B AR B S R BE A, ALK B A A

BFSTIIIEI A B ESERBN 0 17 Z6FEHEh R 6 T AE AT 1 BLIEAN, LA LR 45 4 DU A0
R B 2T BELTE DX AU B e O T B 5 3 1d AT A 36 (LG5 R B 5 2d
0 R R BRI B AH 56, A RO T RS B 2 T 2 AT — O e, SRR 77
TERERMBOFTEE R, JESN, RSS54RIk B 2 BT R 7 46 A R 25 TR — ¥ T B
Z Rty AR R, o1 T TR AR ] GRAB B 5 ) 5 B ShHE A T 22 5 W R
10 R L TTASTFSEREA R AR L2 67 A Y OB Bk, DR A S — S LA A B 0 X
T B R R A R
4.3 N ABER R R

A A BBV RR 5 ST HEAT 36, ZE A B SR 10 R e, 985 140 241 UM i ( Rhabidophis
subminiatus) FIUR BUE( Pryas korros) 45 5 (LSRR (A B 1P ) 5 S T#R R R EATHE PR A B0t
e NI IE ML 8 HOF0S ,  W  th BUAE A B b o 3 b Dendrelaphis pictus) F SR WERR  (EL 15 B #E
RS B DUMORS | ELBEAT | DR A Lok LT S b, MR B MER T R/, VB RES 60 2
504K Boiga cyanea) , PR BYBUITIIIMG 36, 6 B E IS B0 = 2 RS, b 25 B MO ] 36 75 4 o
(2008-05-01,08-29,11-19) , 3 H. 1 YKIT 7 (2008-11-19) 2 15:17 WE i KIFIHELIE R AR, T 24 i 1E 2
S SRARELBOR 20 VR B 1984 SRR P KA WUR BB 4 o B UK I o
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IERE RO, (ARIEA B L RIT BRI , B /DFERF I3 2 FHE P RER A — B MR . =R (Elaphe
radiata ) J& V8 SR AARRIEE = K ke, 78 2 b 0B 20 B RN ZRpR o B 85 10 R B, (HAERF 5T Hh A 1a PHALIE ]
1 YK EAMIFSE 8w , KRB E N BR B R B R T/ et ™ (BRI 5 380 16 3 B A 30 3 308 & g R
Fifr, 33 AT B8 R A 24 XU R FF R i LBRE R 5 R, BF LA RIHL LB bk 2o ik s KA Rl 5 L, IR e g L 20 A 48
RAAK B o N8 (Xenopeltis unicolor) 16 B WG ST B 45 rp W5 o “ WifE” ™) B L4730 AR 9%
PRI A S L N B MR AR X /0, 2 B M — A9 — IR T 57 (2008-09-06 ) R A SE 3d [ TG 5 I PRI A A%
/N ( Oligodon swinhonis ) , ME — ] — YR i 5% (2008- 09- 08 ) 1 & 76 KT H € | P& i, 8 SU A e (R.
nigrocincta ) 76 H EAL L FHE AR ™ 8 A B B A TR . B8 £48UE ( Chrysopelea ornata) , H E Wi fE3h 4
LR BN W fe” T, — S MR LIRATAALL 10 B | Bk BT BRTE/INE 2 BRI 2 B, (B A 38 67 19
BRI XM A B i B — RPELIE R4 (2008-09-024) o Ak, 7EBEBF 5T X R0 (M P SR A B
N 1 3RIE SR BIHRE T 0 ( Ophiophagus hannah) o R I, X2l b /A B BB 9E B TR K MISE PR S0, A BERf
RE AR AT T 35 5 12N, AT AR AP X SR BRI . e, 76 12 A iR B E K 1 Ritdrsh iR &
L3 ( Varanus salvator ) € I NP A BH A5 B3R , $R000 4y MGG R R4, BRI G /E 27 K BT BRI , € 1 T3 44 1
FERLVDWE, AN RBTEATRESE I , W-th 23 HZ R AR = A A E
4.4 XTABE A EW

FRAFAS SCLEIR , X AR A BB IR AR S DA R B0 - 28 % T 2538 ST 3R IR — I IR 47 283847 5 e Ab, 1T 45
] DABEA /N S B A s R B B R e a4 S A EE R G AR AR M
INEUEE AR B 1—2 %, DAJT /NS . B HRR R B, AR 11 H BEAE | g b BR AR R AP
K, L T IEEHRIK K AL, BRI T A 3R , B A M ) B 28 T BB th A &2 5 TR I i I S SR B — S 1 e, 7
L1—1 A 15 BR 22 34 B 0 45, D232 X AR P R MR T, 0 T R S0 M, 3 1 K 2 3 , o o el e
Sh N B A SR A s T, AR SR EBURE O ) B 1 i
Brigt: VU XURAN B R B AR D X B AR D0 BT ke I 45 T 5 B, R B0
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BT FAREENE R BMEL BRE LM X E R CIT e
Appendix Reptile species recorded on and around the roads during the survey period
PRI b PR XA b
K Speis Nt o || S Nt oo
on the studied roads on the studied roads
1 JK B Ptyas korros 5 2 21 F 35k i Rhabdophis subminiata 5
3 LM Boiga cyanea 3 4 4k i Pareas chinensis 2
5 Wl Dendrelaphis pictus 2 6 N85 Xenopeltis unicolor 1
7 =R Elaphe radiata 1 8 Eeb/N kg Oligodon swinhonis 1
9 SR ikl Rhabdophis nigrocincta 1 10 4H3PME Bungarus multicinctus 1
11 4%JE I Ahaetulla prasina — 12 H JE I 88 Amphiesma boulengeri —
13 44 Chrysopelea ornata — 14 M8k Sibynophis chinensis —
15  [REBEM Varanus salvator 3 16 AW Calotes emma 2
17 W kM7 Acanthosaura lepidogaster — 18 BE KW Draco maculatus —
19 KEE[E Gekko. gecko - 20  #HBLE Gehyra mutilata -
21 JREMi B Hemidactylus bowringii — 22 HEEMT Lygosoma indicum —
23 KB Scincella doriae -

- RN GRS EARLE TR 3 4K BiL R3], Hid R T ALK
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2009 £ FEYER BWE SRR E F 710 ZH T
(BT 2010 4 A5 CSTPCD Ui )

e -3

e Wl o ston | Ondes WP o ingaet o
1 EFER 11764 1 EFER 1.812
2 N A 9430 2 TEYETHM 1.771
3 YA RER 4334 3 N AR 1.733
4 FEAbAE Y= R 4171 4 Yt 1.553
5 HERLE 4048 5 ERFLE 1.396
6 T AEE R 3362 6 [iip| sty =i 0.986
e
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 TR A )R 1773 9 YR 0.841
10 BAE2E 1667 10 YR 0.809

* (AEZSEAR) 2009 FEFERZC A 1964 PRSI TIHER H B85 10K 11764 I, £ EHEAE 1; FuH
T 1.812, £ EH RS 14,55 1 ~9 JRIES 9 F AR EE AL AT P ERBBSHAT
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