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Abstract: Road construction and operation, as major forms of human activities, have become important sources of disturbance to

natural ecosystems. It is essential for biodiversity conservation and ecological restoration along transportation corridors to
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accurately understand the effects of roads on plant communities and their habitats, to identify how vegetation and soil
properties vary with road age and distance from roads, and to assess the associated extinction risks of narrow-range species
within road-affected areas. In this study, we investigated the domestic section of the Sino-Nepal Highway, a major road
infrastructure project extending approximately 1 000 km across the Qinghai-Xizang Plateau. Based on field surveys of
vegetation and soil conducted at nine herbaceous sites and 19 shrub sites located within the indirect road-disturbance zone,
10—150 m from both sides of roads of different ages, we evaluated road-induced ecological effects at both the plant
community and species levels. Linear mixed-effects models (LMMs) were used to comprehensively assess the effects of road
age and distance from roads on plant community characteristics and soil physicochemical properties. Redundancy analysis
(RDA) and Mantel tests were applied to examine relationships between plant community characteristics and soil properties in
herbaceous and shrub communities. In addition, the maximum entropy (MaxEnt) model was used to predict the potential
suitable habitats and extinction risks of four narrow-range species within the corridor. The results show that the indirect
disturbance zone within 10-150 m of roads represents a key area of ecological change in road-affected ecosystems. Roads
influenced plant community characteristics primarily through disturbance-induced changes in soil physicochemical properties.
Changes in the composition and diversity of herbaceous communities were mainly associated with variations in soil moisture
content (SMC) and pH, whereas shrub communities were influenced by a broader set of soil variables, including SMC, pH,
soil total nitrogen (STN), soil total phosphorus (STP), and soil organic carbon (SOC), with the magnitude of these effects
varying with distance from the road. Within a 5 km buffer on both sides of the road corridor, Taxus wallichiana exhibited the
highest extinction risk, followed by Rhodiola crenulata and Rhodiola wallichiana, whereas Meconopsis horridula showed the
lowest risk. The findings contribute to a deeper understanding of the ecological impacts of road infrastructure on the Qinghai-
Xizang Plateau and facilitate the future restoration of road-disturbed ecosystems and the conservation of narrow-range species.
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Fig.1 Distribution of the study area and sampling points along State Routes G318 and G219 in the Qinghai-Xizang Plateau

Transport Corridor (SNTC)
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Table 1 Results of the linear mixed-effects model (LMM)

for herbaceous plots

T2 EAHEMEZMERESMMEE(LMM)SER
Table 2 Results of the linear mixed-effects model (LMM)
for shrub plots
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By -0.089  0.076  -1.164 0.288 i8It 0.020 0.016 1.223 0.239
®E 0.000 0.001  -0.181 0.857 Y 0.000  0.000 1.385 0.167
STN W 0.000  0.001  0.503 0.633 STP [GEL3 0.000  0.000  -2.648  0.017 *
el 0207 0183 1.126 0.303 Bl 0.000  0.001  -0.291  0.775
e 0.000 0.000 0.065 0.948 e -0.001 0.001 -1.948 0.052
STP Wik 0.000 0.000 0.957 0.341 SOC %73 0.000 0.001 -0.649 0.526
By -0.001  0.001  —-0.502 0.616 By -0.042  0.033  -1.264  0.225
iENe 0.000  0.000  0.759 0.449 T BB KB (SMO) s A2 M BT : 2 A (STN) &8 (STP) |
SOC R 0.001  0.001 1.188 0.280 A B (SOC) Al pH.
5 1 0.183  0.115  1.587 0.164

W RS K (SMO) s 2B i : 2 A (STN) &5 (STP) |
A WL (SOC) Al pH.

MG LMM 4387 45 5 (£ 13 2) , 18 5 A iE
I N O ) ) N oL B W S 7 B =
(P & P<<0.001) , Ph Ko i K B Hb 19 A B 08 55
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(P=0.01). AN, g 3 XoF E A BE 7% 10 8 26 13 A0 SF- 3
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Fig.2 Redundancy analysis (RDA) showing relationships among soil properties, elevation, and plant community traits in relation

to distance from the road for herbaceous (a) and shrub (b) plots
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8 P A P T R R A R B 8 A XA B PR AR
Ml Alpha Z FEMEMK SR B B & 52w (& 2). Ho,
TR RN RS FHE R B RE I8 IR A B
(P<<0.01) ; 76 B A V% b, 4 1 SMC A1 pH X #f
EMRA B R (P=0.002) ; 4 #E AR REE b, £
% SMC ,pH . STN . STP 1 SOC % #f 7% Mk 4 A
i % (SMC: P<<0.01; pH: P<<0.01; STN:
P=0.002;STP: P=0.002;SOC: P<<0.01) (5 3).

SR T — 254 s B R R 6 R B A R, R
Mantel 7 M J7 3 K 58 T FE 90 B 75 PEIR L Alpha 2 £
PR ORI R85 A8 i 2 (B A A DG L A5 R R R
B 7% TR 3 . SMC Al pH 5 B 7% MR A1 Alpha £ 4%
PE 150 35 M 6 (P<<0.01), SOC 5 BEI& PR IR 2

R3 BHRMIEBNERNERTMERNEMEYBEEN

KR TR (RDA)ER

Table 3 Results of redundancy analysis (RDA) showing the
effects of elevation and soil properties on plant com-

munity traits in herbaceous and shrub plots

R’ plE piH%E R’ plE piH%E
WK 0.5452  0.001 0.002  0.2856  0.001 0.001
SMC 0.1659  0.001 0.002  0.0641  0.001 0.001
pH 0.1685  0.001 0.002  0.0793  0.001 0.001
STN 0.0016  0.893 0.893  0.0495  0.002 0.002
STP 0.0261  0.178 0.236  0.0538  0.002 0.002
SOC 0.0243  0.197 0.236  0.0783  0.001 0.001

o B K (SMO) s fh2E 1k T . 2 A (STN) (2 #E (STP) |
+ 54 B (SOC) Al pH.

e i 35 AH 56 (P<C0.05). XF - AR B 7% | i 35 Fn 5 Fif
A B AL M BT SR R I PR Y A A G
(P<<0.01). 4, 4k (P<<0.01) F1 SOC(P<<0.05)
EHEARBET Alpha Z FEMEHE B2 M W 25 A DG (81 3).
3.2 PRI T X g K g XU RS TE 4l

R A MaxEnt A5 81 A5 401 Ji $H A BiF 5% 3% £ 32 i
F T AEFRHE M 26 (Receiver Operating Characteristic
Curve, ROC) A ) AUC {8 0 iy 1 450 Y [ o 1 A2 5
AUC {19 BUE 5 BBl 7E 0~1 22 6] , % {8 5 #5045 1)
R L IE A OG OQ FR L B A K, 3R 7 B AU ] IR fig ) A
i, 2 AUCZ=0.9 B, BRSO AR 1 . 45 2 1
L 2R G G AUC=0.992 (|8 4a) \ KAELL & K
AUC=0.955( ¥ 4b) , B & 21 5t K AUC=0.928 (||
de) VUL TA2 AUC=0.948(1& 4d). A] W, , pu Fift 52
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Fig.4 The receiver operating characteristic (ROC) curve of the four narrow-range species
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Table 4 The proportion distribution of the four narrow-range
species in the potential suitable areas within the buf-
fer zone along the road
TE P 5 T 22 1 DX AR TE IS 2 X L
ZIHA mEEK PEAEK REAEX dREEX
(#@) (Hesk) (# ) (£L8)

S T 63.75% 31.25% 5% 0%
KRABLTHK 62.5% 36.25% 1.25% 0%
EREFIR - SN 50% 45% 3.75% 1.25%
[if #AN=R A 6.25% 21.25% 12.5% 60%

R A U A % 3 ) F A G B P 5 km 28 o X
P A ORI AR 3R AR X b, TE B S km 2%
LN R rRE R N = AR R S E A S
B (63.75%) , e AR 1Y S PO 41 A2 (6.25%0) 5
TE % PN 5 km 28 ob X3 B AR E AR X R
B W) Tl A T B2 S AL (60% ), B AR 1 ol 22 ) 4 4,
OV )RR = ROO%) (F5MEL). £
AW b, A B N 5 km 28 oh XN B — i B
JE I v A X, 0 SR AR A A IR A Y Y A
T AR T BE K X T 40 DX I A A oy W s AR X

4 g

41 BERIBRBEAESZWMEX

E A R UF R W], I g% TR il e s B it
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T bz HCAH G 5 il i i B o5 B9 R 28 5 1K A
PE B AS AL, T B A R B Rk L B IR
iz & 51 R By - S 3h i i 1B R B SO
[R] BE B8 T A9 A= 5% 5 MR, DT G A 9 1 O IR RN
Po#h 2 B M A T % i (Godefroid and
Koedam, 2004 ; Gieselman ez al., 2013). 35X Y& £ 1y
P E TR B AR PR EE SR L TR LB s B
AN [R) T AN [ AS i 9 i — 20 B IE 1 3 S8 A0
FEIE S A S R IR E SRR
LB A (STN) FA HLEK (SOC) 2 Bl I [1] f) 1
T, 55 5 T T B S 0 D A A B IXAR I
A2 AR S R A S R 0 R A B KCF
T/ Bk A AYD - TR 3R 40 A R B Y pH
{H F1 H#1 5 2 (Johnston and Johnston, 2004). UL fE /Y
W5 22 0% 5 9 e D A ) S RE RE A 2 1k 5+ iR £k
A M BT AR B Bk &R 2 K (Dong er al., 20125 Luo
et al., 2018) . A5 W) Bk — AP ESE , 7l % (6] 4+
P DX, R B 0 AN () R B Y 4 M T 2 b 35 R ) A
Yy RE Ve PEIR L B 2R S A(E AR T A 1 B
A FRTE S 2 A A Tk S A P A KL
Xof VB R R B AS T i 1 5% k) 5 FE A P AN () D3 % X6
FLAHE VR ) B Z FE R B T PR T B i G R 4 ]
FE U T 7F 0 b 2E 2N R G0 0 18 B BT, APk AR W) B Y
Afz (Hansen et al., 2005). i % , i % N 281 2 1Y
P A TE 22 57, Ah G LU AR I — AR A M)
F M E BN S W DL A M 2 AR YR E
(Ullmann ez al., 1998).3X 5% H MW 545 R —2.
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