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Abstract

Road construction and operation, as a typical form of large-scale human activity, have
become a strong disturbance to natural ecosystems. A rigorous understanding of road
impacts on plant communities and their habitats, particularly how vegetation and soil
vary with road age and distance to the road, together with the associated extinction
risk of narrow-ranged species within the road-affected zone, is essential for
evidence-based biodiversity conservation and ecological restoration along road
corridors. Here, we investigated a major infrastructure project in the Sino-Nepal
transport corridor on the Qinghai-Tibet Plateau, the China-Nepal Highway (~1,000
km). Using field vegetation and soil data collected from the road-induced indirect
disturbance zone (10-150m from the road edge) on both sides of the highway,
including 9 herbaceous sites and 19 shrub sites, we evaluated road effects at both
community and species levels. Linear mixed-effects models (LMMs) were used to
assess how road age and distance influence vegetation community attributes and soil
physicochemical properties. Redundancy analysis (RDA) and Mantel tests were
applied to examine relationships between community characteristics and soil
properties in herbaceous and shrub communities. In addition, MaxEnt models were
used to predict the potential suitable habitats and extinction risks of four
narrow-ranged species within a 5-km buffer along the corridor. Results indicate that
the 10-150m indirect disturbance zone is a key area of road-related ecosystem change.
Roads act primarily through disturbance-driven changes in soil physicochemical
conditions, which in turn shape plant community characteristics. Changes in
herbaceous community composition and diversity were mainly driven by soil
moisture content (SMC) and pH, whereas shrub communities were influenced by
SMC, pH, total nitrogen (STN), total phosphorus (STP), and soil organic carbon
(SOC), with effect magnitudes varying with distance to the road. Within the 5-km
buffer, the highest predicted extinction risk was found for 7axus wallichiana (Tibetan
yew), followed by Rhodiola himalensis and Rhodiola crenulata, while Meconopsis
horridula showed the lowest risk. These findings advance understanding of how road
projects affect ecosystems on the Qinghai-Tibet Plateau and provide practical
implications for restoring road-affected ecosystems and conserving narrow-ranged
species.

Keywords: road infrastructure; ecological impacts; Qinghai - Tibet Plateau;
ecosystem change
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EH i AE SRR T R ENANRES 2 —, HAESE WA R 2B =
W, A& BARIAEE P AR THIH EE R L (Trombulak et al, 2001) . &AM ] &
BUEYIR ) A0 T80 A% 5, i 0] BE AR BEYR A AT 3R 15 P (Tan et al, 2024) .



BARER BRI T AT RE, Ry kS8 KE MK (Meijer et al,
2018) , {HIE S HIRER RGAH R IE B RS0 22 TR S M SRy A+
JL[EESR A HHRr (Forman and Alexander, 1998) . AW A A/ UERH, 185
RIS RGNS BRI AR k.
B A I G, XA O g R AT 2 RE (Spellerberg, 1998
Forman, 2001) . JUETEMAN G H /DS B, (HIEASEZ Az KT HAY)
HRE. A2 KIEESE, BRI E LR 1%, A0 &L 20%H) 500
(Forman and Deblinger, 2001) . BE#&E &0 K RFraEdt, BB ERIEANITRN
iSO B W7 e —, IR — 224K (Patarasuk, 2011; Xie et al,
2021) o BRIk, GEER SRS RN SRR . AN s g AR
M2 FEMERR R E R TR IR AW 7L (Jackson and Fahrig, 2011)

TE 0T A2 25 R G 52 S LRI PR K R 5 AN TE S P )R] 2 AN T T . 5]
U1, AR FE 0 IR . BRARGE I AR ZH R ) 5 1 AT S AR 22 B TE I 2% 30
KIGHEMN (Deljouei etal, 2018) o HMIZHEANE (ANFEAMMNMA) PLERA
SRR ) HERIE B ER B VI IS, BRANUIRSL, K2 H AV T B BRIE
PRI ZER BN 2 (Arjmand etal, 2023) o AW FTER, FRMRE KX
TV ZAEVEA 5 R SO PR PR T 2 P ik 45 0K, (HREE RIS A A S KGR
(RIARAL LS i PR B AFAE 22 57 o FENDAPA RTT T, FEITIE BRI X 48, A (R A ke
Vi an e B T B T R ) X A, AR NARAEAT AR T A A
% (Haider etal, 2018) . IbAh, EEEATLL 3% pH AHLE Kok Kk,
BB & EAARMX . JHRIMX 50X 2 BN REZ R, SO H RS
[ 7B (Yousefi etal, 2016) o EFXS i = MUl NEREKIDT IR, DFt 45
PR M (A 3Ky RE, ¥ pH E) {EEMARIT X 5AEIE B IX
ZIRfEEREZESR, MIXMERAZIERFREN (Zengetal, 2012; HFE2,
2011) o &b, TE B0 R T B <e Je AEAH AR 8 rp i) B AR GE sl aE, 2022) .
BN, FEFHR BRI, DL 5 e B RIS RS B S ISR (0-300 oK) &
BEGUT R, HrhiEmia g 1 KV HE N TR S e . Rt &g g
Jit o SRR R A U R B, R BOE R T IX S R TE BT P X B A A R
WAL R R I AL

T R e A R BR B = A, O SAE AR AL BB A IR T A6 (Yao et al,
2012) o R ASAR S AT . TEIERANG 35 45 2 R G HH AN ER IR B It o U
(Miao etal, 2021) . HT &%, TRENRERES, ZXATSRFL ERAEAR
5 NRIE S AR R W 5 KRR . ARk, s YR . BEVR 451
MAEBRFEINGEL KA TRIITRA KA81E (Liu et al, 2022) , JoH &8 Bk
BT S A S RS R T IR (Yietal, 2011) o Bltn, FmABIS
2 OV 2 AE R Ak S PR R ) B AL (Liu et al, 2021) » REH
HIF 70 S 7~ 1% X v FE S (AR ) 2 REEHE B T B — € W1 (Chen et al,
2024) , HEE X FECS N THEEEEA GBELIKHESKE (Xu et al,
2006) -

AT JERTE A Y TE B 5 R U A S BEIE SR B AR BT S, BEARIE 1 X3
RIEERNE, Wik T AS A HhE (Chenetal, 2023) o AHF 5T UL & R
i JE X2 JERIE (The Sino-Nepalese Transport Corridor, SNTC) K& TFEH JE



PR TR B, 38 SEHURE T I A A NI AT, SR PRl 1B R R
VENEIR S R e AN S EAG R BT RIS, A R A BRI R S A
DX 73T B R 2 ARG, A DN 75 e i T ) PR A 25 2R G Wk R St S (e
FARYE, SCFph e i i e A A S R G R 5B B (Sun et al, 2024) .

RTINS AVIRSE A E/TENE S

1.1 ARXER

B AL I JERE A7 T A [ PR VR X RS B TH R H R A A SRR R
Ft, AR R B EE R E Sy, HARY 74200 P A E, P TRCN
4489 K. JREREES = SRR ALY, SR ZARUEX, B T = SR LK
A B P 7 o BN T e A BN R I Ll 23 XX, o SR T RS 40 BB X T v S
FFBEBRAE, ETHRIEN-16C—14°C, FEKEN 294-325 =K. JiiE
[X I 28 1) B VAT IR A o B AT VL R ot Ve AR 5 e A V1 B JFL B S g I e ve] A
VAT, e L ZE BOK, R T MR R, R S I 22 AR S R G R R
FEMNESRGRMATESERBEAS RS, SEEAHESRE. SEA—T
LM HRAES RS sl — LIRS RMRAES KRR K—FLAES RS,
P AR Al A F5 5 0 23 A X P v Ll BT AR Lt g SR AR . R TR
DX 1) 1o P o v 0 i e 9 ) A e TR RE A JER T P B KT % R A R A
W ek LS 2 X B R A B . B ARKSE SNTC R BB T2R, Rildhi
5%, PHEIHRORME O, A5 G318 1 G219 FHil, &KL 920 AH A
fi, HA e EBENZ) 806 km, 1EJETF/RIENZT 114 km, & #E T4 X815
5214000 K (Wu et al, 2022) o AT 1965 FFEAIHZE, 2002 4% 2010
TENH], N T RO RFEEA KR B S8 K FERAWIE K ATt 2R, A EEUF XS
Hb 47T 7 KR T 20 4 (Yao et al. 2012) o A, A FE DI JE AR G318
1 G219 EHIE NI X GZIF T, B 5 1 85°12'E & 91°03'E~27°59'N & 29°39'N
Z X (KD .
1.2 BB EE

AT 2023 4F 6-8 HAE SNTC ) G318 Al G219 US £ w4 K i B3k AT
AN A o R B A B B A BRI 7 VSO P v A 308 (Liu et al,
2013) - SHRCUEMIBETT, 8BS 0 S 3088 75 PR B TE B 100 K DAY 5o I 2
(Haskell, 2001; Deljouei et al. 2018; Arjmand et al, 2023). #E ik, 752 B iE B0 2%
10m. 30m. 50m. 100m A1 150 m Fo/MEE S5 AL E 7 HARE YRR (B 1) HF A
B, T RA 0 NS AR Y AEAR BRI AETE R . BRI KA 0.5mx0.5m F£ 77,
VEARKHA SmxSm FEJ . SEANMFEFICRGEE. VM4 k. EE. SE. wd%.
FeAp A EAEYESREE . SHETE T 28 MR, RS 420 NEETT (135 MEA

FEJTS 285 NREARFET) 5 ARELUT 420 N EEER A, LUTRERNES RS
HIRZ M T 7T o

FEHEHEREE LR JE 0 (DHBTEF3E, SR st TR A A B/ s (2) 5301
FHE AR AN Al NSRS B8 S X BB B B s (3) R o8 A2 A 9N 58 BE
WA (FFERSZ N TASEE TR ) X 5

TIERE R T RIS, BRIAEDT AT fr AL 0-20em 2= K4
T, RBHIRE K AR BRI 200-300g L3RR, Wb IR B &
RRAT DGR E O, RSl E AT BT AWESUIE 1 IR 1 5
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KA (5. TZS-5X-G, WiiLit) TEFEHWELZ I 2 I s BUE A
RAERT ] PH ERH AL @R E AL A (LS. P9OL, _B¥gEGRD
AR, AXEHEEE N 25°C F<<0.2PH; STN XAHLIKERILNS; STP K AHE
SR EEIEINA, A AL (345 Smart Chem 200) HEATIE,
AP FE BB <1.0% CV, Filli%#<<0.01 mg/L. SOC K F B 4% R4 25 By
13 o FESRAE 22 M K P SRS 2R 5 5 A S0 2 R0 22 N R 2 A ik Fp e B 47 T
AL A 5E -
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Fig.1 Distribution of the study area and sampling points along State Routes G318 and
G219 in the Sino-Nepalese Transport Corridor (SNTC). (A) Location of the sampling
sites distributed along the road corridor. (B) Design of vegetation sampling at each



site, consisting of five transects spaced at 5 m intervals parallel to the roadside. (C)
Representative photograph showing field monitoring of a roadside, illustrating
vegetation survey at 10m form road.
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2.1 ERIREESRGEWTENSE

N TIRRE AR AEARRE I P E RIS TIRRE 2 M X R, £ R &
P {EH vegan 1 inkET BT T TR 20 BT (RDAD IR B9 F4 AH 5¢ (Mantel)
K56 o RDA S AT I RETE RFEAD alpha 22 K0 8 B0 omm W AR &, B i il £
et SR MR &, O R A VA £ A B (O AR A% (Hellinger)
e, HHATAREA, DAREOLRIM I sZm . T ZIKE T (VIF) $PEER
SRk E A 2 B . A ST AR ) VIF [E5<5, AE
FEFLZME . Mantel a5 BEVA TR FEREM @R A T Bray-Curtis #H5, MEiEE
FEREM R T RRIREE R, E#HRECN LinkET FAFEERAR 999 K.

HEM, RHSMIREGBNEER (LMM) VY 7 PR ES . adk i E fniE
PRAF RS (RIS B DRI AR, DUFE AL THED SRS RHE. 2
FEMEAN IR PR A M BT AR o . FEARAY PR, PR Mg HRORNTE B AR AR D [ 5E 2K
MNAEAIN, KH CAREONBENLN, 402 o ke, SRR A — NS
R, RIINFEHLRIZE . H R0 R B850 50 1 B R R . B b I
A HH IRAZ BT DL 38 G 5] N 22 OB AS TR T LU ) REAE:, [] 5 A% A B oA gk
AT H AL ER AL AL R . BB 22 K BB ML RAN. 73 A >R T2 Wi Al performance
A1) check_model BREHAT AL, 4303 T TG PIINERSS . 26PE 0 Rk
. [R5 2. maei pk . Z2EILE M REIESM. ML RS
fariero fFH Imed ARG HA (IR 1K 2) , T ggplot2 B KL R
AL . BT ST BT IAE R 4.5.0 BRA (https://cran.r-project.org/) AT, &5
REIR, BRRANA RIF, 4t RS, L&A e Bilisr 2Kk, B
MG R A SRR .

2.2 BRI

AT TR BEEAGFIFR E N a0 . (1) 7R PR X A 5T X YE L A
BIRAAIF: (2 PHIN (R EAEZ A AL K- SEEDE) 830 (E
FE R EAEEY AT K2 EF R YM, D& TUCN Vg o BA Wi fE 554
WPFRs (3D EEF MR AL B A T R LB AR AR DL B @ i
i, BATRE T IEE AT X N ITAG B YA BRI, 530 o8 2 Rl sk ok . KA
AR BHLFR. TSRS, DU U8 B B AR R 3 70
690. 171. 118. 223,

YFh 3 At A (Species distribution models, SDMs) & H T 55 ¥F0 4 Y
RIS SR M B 788 1 72 AR 8 28 A R ()5 FH TR . SDMs 38 FH T Al TR )
A IS S B, T e A PR RN 2 1, DA S PN A Ao S AR AR AR 1
B, Hodr, HETH WL TR A X PR AT MaxEnt #2728 . Domain
7, Bioclim #%), GARP f5%, ENFA BAI%%, X bL FiRix sy, FHopRy
FEFE T 12 MaxEnt B8, B ARV AR SHR BE B D I 0L T
2 vy R OO A 55 R A A ) o)

Rl ACHF 7R H MaxEnt v3.4.4 BB PP AR Y8 s i i fE & A o A X



IF] B i 4 [ B AR R 97 Bk 22 TUCN (International Union for Conservation of Nature )
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s ECHIE A JE S/ SOWBIEAL . SRR AL ST I K 4 . FH T
TE PRS2 ME TAE K BRI, XIS ZR Skm 22 i X AR S m] B2 FEAR 2.
H R X3, 9 XN BRI B ORI SR A D SR AR o A Tk 52 R TARRHIE
£k (ROC) ] AUC {H 55 1E Maxent BAUBULE R, H{H AUC=0.9 I, Ay
B BCR AL -

Maxent 151 DU AR P23 A7 10 3% Z 0l I B A S Hb i & ATEE I T X A
TR o340 1 SEL KRR GS A kA . Hidr, i sl A 1950 4L
kb E BN L E SRR A R A A B, WA o A R R IR 3 A S GBIF
(https://www.gbif.org/). H [ E ZFrAF & (NSII, http://www.nsii.org.cn/)« H [E %
FHEYIFRATE (CVH, http://www.cvh.org.cn/) . 5548 &AL & A ik Beda A1 L 3B 5 s
P, HIEHE R AE B 2Bk G — L3RR FE (HWSD, www.fao.org.soils-portal.en),
O M E N lkm o AR B R B MR R & R E

(WorldClim,http://www.worldclim.org) , Z[E3#% A 10m, L7 Biol-Biol9
A A SARA &, AT R FE 21 A gy AR A AR A T AR PR IE FH o 38R
RRZEPPARG 0 Tkm, bR R0 WGS84, ZE G Sy H S

3 ZiR5 0
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RMER A RNVART (LMM) 2558 T T8 B U 28 RE b S R 7 I B 451,
UL BB B I B P A 35 S A 1] 7 RN o ARSI 5T R AR TR PP T B B
VREIR B T AT B A WA AR YD BREVE R AE | alpha 22 REPEHEKIORT 343 R AL M 57 A i
SRR, H 2 B R B 1 PR B IR 2 R AR MR R RE R ) LS
¥, GFEEARFEHA SMC M pH (P < 0.001) (& 1) , PASEARFEHLA SMC Al
STN (P 437l= 0.046 A1 P= 0.006) (£ 2) . MAh, EERERXTEAREHA SMC
HAREZELW (P=0.022) , FHIREAFEARFEHE STP FEE#mM (P=0.017) (&
2) .

RIE LMM Mg el a0 (1. 2D, PHIE K EE 2 5 3 500 B A RE b i)
T 5 A AR (W P <0.001) , DLAEARFEHIMEA S5 (P=
0.01) o kAl WFRNTHEARTE V& I e 55 FE A3 | BRI R (P= 0.023
1 P=0.003) , TIiEESER IO EARBEE P FEEG REREmM (P=0.012) (&
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[FREHh AR 3 72 RO, MUV, BRI s N, R, Fug
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Table 1. Results of the linear mixed-effects model (LMM) for herbaceous plots.

A RERN iHE R ZE «EH PIE
VIMFEER R 0.005  0.002 2.559  0.012 *
R 0.003  0.001 1.965  0.097.
K e 0299  0.299 1.000 0.356
HRIEH  EE 0.001  0.001 2.052  0.042 *
R 0.001  0.000 2.827 0.031*
K e 0.063  0.065 0.973  0.368
FEARIES S 0.003  0.001 2.088 0.038 *
HEE T 0.002  0.001 2.797 0.031 *
P e 0.119  0.142 0.838 0.434
Fgfese PR 0.000  0.000 10332 0.741
%7 0.000  0.000 2.113  0.079.
K e -0.043  0.022 -1.977 0.093 .
BEE P S 0.000  0.000 3412 0.0009 ***
R 0.000  0.000 -0.615 0.561
RIS 0.008  0.059 0.134 0.898
PHEERE S 0.001  0.007 0.122  0.903
R -0.011  0.007 -1.578 0.166
RS 1.951  1.476 1.322  0.234
PR B 0.003  0.005 0.630  0.530
R -0.003  0.002 -1.722  0.136
RS -0.605  0.406 -1.488 0.187
H EAEYIE PR 0.082  0.031 2.649  0.009 **
R 0.036  0.019 1.948  0.099 .
RS 2.109  3.816 0.553  0.601
SMC iEr 0.047  0.012 3.934  0.0001 ***
R -0.008  0.008 -1.067 0.327
pesiey -0.352  1.559 -0.226 0.829
PH e -0.002  0.000 -3.746  0.0003 ***
IR -0.001  0.000 -1.716 0.137
RS -0.089 0.076 -1.164 0.288
STN FHES 0.000  0.001 -0.181 0.857
IR 0.000  0.001 0.503  0.633
PRUS 0.207  0.183 1.126  0.303
STP FHES 0.000  0.000 0.065 0.948
MR 0.000  0.000 0.957 0.341
RS -0.001  0.001 -0.502 0.616
SoC PR 0.000  0.000 0.759  0.449

gk 0.001  0.001 1.188  0.280



e 0.183  0.115 1.587 0.164
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Table 2. Results of the linear mixed-effects model (LMM) for shrub plots.

A WA AHE FrdERZE tfd PIE
VIMFEERE R -0.003  0.001 2416 0.016*
R 0.000  0.002 -0.022  0.983
K e -0.095  0.085 -1.111  0.283
HRIEH S 0.000  0.000 -0.657 0.512
HEE T 0.000  0.000 0.112 0912
K e -0.014 0.015 -0.947 0.358
FEARIES MBS 0.001  0.001 1.035  0.301
HEE T 0.000  0.001 -0.254 0.803
K e -0.031  0.033 -0.929 0.367
Fogfese PR 0.000  0.000 0.836  0.404
HEE T 0.000  0.000 -1.349  0.196
K e 0.001  0.005 0.209 0.837
BEE PEES 0.000  0.000 2571 0.011 *
R 0.000  0.000 2498 0.024 *
RS 0.013  0.006 2.075 0.054.
FHEEE EE -0.024  0.021 -1.168 0.244
R -0.004 0.014 -0.266 0.794
RS 1.888  0.674 2.801 0.013 *
PEE MR 0.010  0.015 0.652 0.515
R -0.037 0.011 -3.418 0.003 **
RS 0.294  0.528 0.557 0.586
SMC FHES -0.009  0.004 -1.999 0.047 *
R -0.007  0.006 -1.155  0.265
RS 0.700  0.277 2.526  0.022 *
PH FHES 0.000  0.000 0218 0.828
MR 0.000  0.000 0.014 0.989
PRUS -0.015 0.011 -1.329 0.202
STN FHES -0.001  0.000 2.735 0.007 **
%7 0.000  0.000 0.999  0.333
PRUS 0.020  0.016 1.223  0.239
STP FHES 0.000  0.000 1.385 0.167
MR 0.000  0.000 -2.648 0.017 *
RS 0.000  0.001 -0.291 0.775
SoC PR -0.001  0.001 -1.948 0.052.
IR 0.000  0.001 -0.649 0.526

jiz:3ic3 -0.042  0.033 -1.264 0.225




Wk HIES/KE (SMO) ; Ml : &% (STN) . 48 (STP) .
+IEHHER (SOC) 1 pH.

TJURHT (RDA) Z55RER (B2, £3) , 765 MEBEE L, FEARMGE
REEE ISR (BB R PR FHFE. i EAEYEAMN alpha
ZREMEFRED R FERN . AW, 3L RN R A A B AR
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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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Table 3. Results of redundancy analysis (RDA) showing the effects of elevation and
soil properties on plant community traits in herbaceous and shrub plots.

HA N



R’ P PH%E R* P P
WK 0.5452 0.001  0.002 02856 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 0236 0.0538 0.002 0.002
SOC 0.0243 0.197 0.236 0.0783 0.001 0.001

R TIEE/KE (SMCO) 5 fh2EtEi: 2% (STN) . &8 (STP) .
TIEE YK (SOC) Al pH.

N7 BT R XA, SR Mantel 73 7k ke S 7 AR YR
WIEAR S alpha ZFEVEFRECFIIAIG AR & 2 RIAEOCHE . S5 R BN, HAREK i
i SMC M pH 5HEVEHEARF alpha Z2 S 2R EZEMHL (P < 0.01) , SOC
SREE MR BB EMK (P <0.05) o SFFEARRETE, R 5 Fh e 0tk
SRS R B R E A DS (P <0.01) o 4, R (P<0.01) A1 SOC

(P<0.05) tLE5#EAKRFETE alpha ZHEMERRBEMREEZEH T (B3

EVIEEEIE

aff#

sMC
PH
STN
STP
socC

Bk

Mantel's p

RIS
s' SMC Mk

— <oz PH | -
atEE
STN | |#**

STP [k

soc

w‘i

(8]
=
w

EOE OB 8
5 05§

3 ARSI N AR A)AEARB)HEERAL . alpha ZHEERE S TRV
MIARSCHE, B “*7 brid 7 NAS R AR PR SE i B MR IR 4 2R, Horr “#
P <0.05, ** P<0.01, *** P<0.001"

Fig.3 The correlations between plant community traits, alpha diversity indices, and
soil properties across different altitudinal gradients. Asterisks in the figure indicate the
statistical significance of correlations between variables (* P < (.05, ** P <0.01, ***
P <0.001).
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Fig.4 The receiver operating characteristic curve (ROC) of the four narrow-range
species.
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Fig.5 Distribution maps of suitable habitats for four narrow-range species in China.
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Table 4. The proportion distribution of the four narrow-range species in the potential
suitable areas within buffer zone along the road.
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Fig.7 Response curves of soil parameters for herbaceous communities across
sampling plots along different distance gradients from the road
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Fig.8 Response curves of soil parameters for shrub communities across sampling plots
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Fig.9 Response curves of vegetation community characteristics in herbaceous
communities by plot across different distance gradients
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