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Invasion patterns of seven alien plant species along roadsides in southern
mountainous areas of Yunnan Province
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1 Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Kunming 650223

2 Graduate University of the Chinese Academy of Sciences, Beijing 100049

Abstract: Roads serve multiple functions that enhance exotic species invasion. In this paper, we examined
the roles of disturbance, light availability, slope aspect, and climate in explaining density and frequency of
exotic invasive plants. We analyzed the effect of main environmental factors along 13 roads with different
levels of anthropological disturbances (heavy, moderate, and light) in the north tropical and south subtropical
mountainous zones in Yunnan Province. The results demonstrated that density of four species, Eupatorium
adenophorum, E. odoratum, Ageratum conyzoides and Tithonia diversifoli, and frequency of E. adenophorum
were significantly associated with distance from roads. The curves of these four alien plants all presented a
single-peak pattern, and their maximum abundance occurred within 4 m of roads. These four alien plants in-
vaded native plant communities from primary colonization points along road margins. Density of E. adeno-
phorum, E. odoratum, A. conyzoides, T. diversifoli and Synedrella nodiflora and frequency of E. adenopho-
rum, E. odoratum, A. conyzoides and T. diversifoli tended to be significantly higher along highly disturbed
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roads than moderately and lightly disturbed roads, indicating that plant communities adjacent to highly dis-
turbed roads might be more prone to invasion. Density of E. adenophorum, E. odoratum and A. conyzoides
and frequency of E. adenophorum, A. conyzoides and S. nodiflora were significantly higher in areas with
high light level than those that had medium or low light levels. E. adenophorum, E. odoratum and A. cony-
zoides might obviously invade farther in habitats along roads that had high light level. Density of E. adeno-
phorum, A. conyzoides and S. nodiflora were significantly higher on warm aspects than on cool aspects. F.
adenophorum and T. diversifoli were mainly distributed in the south subtropical mountainous zones, while E.
odoratum and S. nodiflora were mainly in the north tropical mountainous zones. A. conyzoides and Malvas-
trum coromandelianum were distributed in both zones. Tridax procumbens were very few along roadsides,
which had no statistical significance. Management of roadside habitats should be considered a key to pre-
venting and controlling alien plant invasion, and the maintenance of a dense canopy of native vegetation

#1645

would benefit control of alien invasive plants.

Key words: road effect, alien invasive plant, corridor, environmental factor, invasion pattern
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Table 1 The characteristics of roads selected from the mountainous regions of south Yunnan Province

TR AR AERER FETHL BRI 18] DTt
Disturbance Road segment name Road grade Number of  Time of construction Disturbance history
level quadrats
T TS 15323 54 2012260 FREELLRT  1996-20024F g Al 4
Highly Ninger—Jinggu State highway 323 Before or in the 1960s  Improved to blacktop between
disturbed 1996 and 2002
e — it 213 14 20 LL60FANERLATT 19844 A1l %
Menglun-Jinghong State highway 213 Before or in the 1960s  Improved to blacktop in 1984
201 ZE904FEANAE
Heavy repair in the 1990s
S — i [ iEi214 28 2012060 A LA 1979-198 L4F sttt i
Jinghong—Menghai State highway 214 Before or in the 1960s  Improved to blacktop between
1979 and 1981
201H 290K
Heavy repair in the 1990s
At — FF iz [Hi#326 13 201416044 201H4I804EAR AL
Jijie—Kaiyuan State highway 326 In the 1960s Heavy repair in the 1980s
19925 P B A T it
Improved to blacktop in 1992
5 H—brid 326 14 201206044 201 Z0804EARKAE
Mengzi-Pingbian State highway 326 In the 1960s Heavy repair in the 1980s
19924F B A 1
Improved to blacktop in 1992
rh R SV — VT3 Kik214 35 1959-1967 20044F B %
Moderately ~ Puer—Jiangcheng Provincial Highway 214 Improved to blacktop in 2004
disturbed gy g — iy #iti235 14 20IEET0GA 90FAR K A
Hekou—Pingbian Provincial highway 235 In the 1970s Improved to blacktop in the 1990s
BT — A BE G HIE318 30 20128704748 2005-2006%F L &AM i %
Yingjiang-Tongbiguan  Provincial highway 318 In the 1970s Improved to blacktop between
2005 and 2006
i) — B HiE 23 2014270474 1999-20004F it A1t i
Lianghe—Luxi Provincial highway In the 1970s Improved to blacktop between
1999 and 2000
whitE— Bk B 26 201H£E 70448 20044F 5 & A 2
Menghai-Meng’a County road In the 1970s Improved to blacktop in 2004
i — st Hyhik 10 1999-2004 20044 FF4Rim 4=
Menghai—Jinghong County road Opened in 2004
T W — T ZRA 20 1974 N/A
Lightly Xima-Yingjiang Sandstone road
distrbed i — KL S R3A s 13 200706 NA

Pingbian—Daweishan

Sandstone road

In the 1970s
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Fig. 2 Effect of distance from roads on the density and frequency of seven alien plants along highly disturbed roads in the south
subtropical zone (mean+SE). EA, Eupatorium adenophorum; EOQ, E. odoratum; AC, Ageratum conyzoides; TD, Tithonia diversifoli,
SN, Synedrella nodiflora; MC, Malvastrum coromandelianum; TP, Tridax procumbens.

23 FIKEIFINRIEMINRHIEZNE

TEAKP R B ZE PR 5 L KL i 2] ) 2% 8, )
SRR S A R 4 T A Y e
(P<0.05)(£2). WE4T7R, 1EAFRTHIKEHIA B
PN, SRZEPEE . TKMLE k20 ] 8 B DA R R 2R
PR AR T R D TINE TR ] S e ] 2 S
MR, FE ELAE S T2 % P X P AR A e 34 i
o MR SIS BRI R DA LR i
W% 5 FE3E A B R e A KT R KCF,
[ER A= YN TN

PH B 5GP AS A X 2R3 24 (L
B PR L S IR B 3 (P<0.05), X 7R AR AE
VIR BISE 34 TG 25 52 M (P>0.05)(#R2) » W EISATR,

FEF TP B WIS 2556 2% 1 B WA e ek
P4 m PR R OEKPI2 m, P s B
1 G IR 1724 méi i R AROE7KF 9 me T
XFF KL S EL SR, e A R
(REE L T-#K T . OEKF, i BAERE K
IR EBAR D
2.4 FEEXFINREINRHE NG

PSR P A L TR, L) e T
A W (P<0.05), (HXT7R0 AN SRAEY A0S
BB W& R m(P>0.05)(3K2). 6N, fEmk
IS = SR i AR TSR i LR TE N
FIARS ), AL B T LR A S AR K
TICABI ), PIARSE . FESEM B DL SR R



Biodiversity Science

Gt/ S

374

100°0>d ,,, ‘T0°0>d ,, ‘50°0>d , "T “S1 Ul S auIes 9y 218 S109dS U USASS Iy} JO SUOHEIASIGQE SY, TOPOW YAONY JN'ID Ul S[qBLEA Judpuadopul Yoes JO SON[EA . S)edIpUl S[qE} 9U) UT SIOQUINN] ,
°1000>d ,,, 10°0>d ,, ‘S0°0>d, T EMSW iy Hed bl W IO D E I B B L0l ch e
. . . 100dsy x [9A9] IYSI'T
6v8°0 1S€°1 S08°0 €6¢°1 196°1 £60°C 01L°0 Y0€'1 S0TT L SEVTT 08L'1 e 168°L LOOL'E WOLT0T fl W A
. . . [9A9] Y31 x douBISIq
0690 019'1 6780 STS'T 6550 6051 §TE0 £€0°T 17€0 V88T €EL0 L10LT wLo I8L'8 AN xSl
9440 00€°€ €6¢°1 0120 910°¢ . 169%E  , €E9°IL ,,950°T6C L.08€8 LCPVT8 wLOV'86 STV 10V W0C8TT | EIVELT  SUOZOnewl[) M),
Iv1°0 185°0 €650 8YE'l 70570 e EC8S 110 8v1'C w91 WLEITY 7560 ..300°6 0€8°1 WIS79 102dsV [l
6260 99T'1 €Iy'e 88¢'C LLCCES LTT°0 L69°0 14844 LYEY 00801 (440! 98C'8 L0L99 e EPPLT [oAS YBIT A
. . . peo1 woj soue)siq
8810 986°0 ger'l w9T1 08L°0 6L9°0 S6C°0 LE59°€ 8990 e ELS'S 006°T 1601 0086 e E99°€L e
20uBqINISIP
0920 111 665°1 ¥09'C veLo 8861 |, LILIT , 9S8TII W EILYT | TESTLIT SEST L1981 wSVPCL «089°8C _ao_woﬂwmwmw
Kouonbory Aysuog  Aouonbory Aysuoq Kouonbory  Aysue(q Kouonbo1r]  Aysue( Kouanbory  Aysuagq Kouonbory  Ajsueq Kouonbaz,y Aisuaq
dL O NS alL ov od o vd N o_p.th juspuadapuy
Bl ik b o B By ol I 7 =N =T HEH
sjue[d USI[e USASS JO Aouanbalj pue AJISUSP UO SI0JOB] [BIIS0[099 JO J09JJ9 I} J0J SISA[eUR VAONY T 9[qel
ol & L LHENZE B B R G BN L I ERS Rl T
- B 22 K, =2EFgRXRH %lea#%ﬁ
= m = i W _ﬂﬂ m m .ITW n, % ﬁu}vm nm.% WL,» ﬁ ’ WNK %w mlE @ H:J
E 2 z ._J © 3 . N LR =) & n.jﬁ%%ﬁ.
: Z : : B2ty : AN I B oo =
CI A - = g S22 iy W ELEEA I
B 8: 82 Ha— g EFE =R %H@fi%zj% R
- RagmE BE N EKx E T e
gZ 53 wf = = z 552 : e =
= FZ ¥3 - — 7 =/ 2 3 WO\AIA\IEW_.WNA =
10 [ - EEElg SEe¥L iz mEBelly
g 255 R o " = =5 = & K X
2 es  EUZEE RREEgS Ry 28flg=x
H— F— = “EZEL %aﬂmmﬁgﬁfﬁ,ﬁ Fﬁmlﬁﬁ@u%i
s mE 2 B e TR oSS & wE
= = ¢ S¥S S5 N B oSSR EmE gl E
H— +— m & e g Eaﬁﬁf%\w?\@& ,iﬂ\fr#mfﬁ
#2283 ﬁ%&@ﬁz\ﬁfrmvlﬁ;ﬁﬁ%m%
— g sKESE SEERTE CRNEERTET @2z
gHE5 5 ENRTEFerges v Es g
[ — H— _ LR A= %H%K%O%ﬁ%ﬁ%\% .UU‘I
H S ] RS e g Tw{%wf%QOE%% gﬁi:uimm%)
- — RBm oo 8 M,y\ﬁmo/mk, _W.IEL‘ ﬁm?_\w/
HE o 23 SERDTESE Al g EE A
— — wos g ER CESEHR e Dyd® K
s o_o © < ~ own < A ~ - ) .IA.WEWm IIMrII\. M,&Mﬂ\‘flbe\XTmASHT
= 3 S s o B = A= <3 &% FE2ERXRIRLH .8 ™R o
BCE g WO B i B i WmE g
K)Isusp pauriojsuen-50] Kouanbaly pauLiojsuen-uIsdIy - o = . R “E/ =8 , %#E WE Mﬁ II = v ) M v
T R I E IR S e & s & S Hid T EEXRE 4 T8 S



ARSI AR: 2o R4 RS L 7 R 2 AR A 2 e o 0 R O )

375

X B e 8

Log-transformed density

RIESZFHEBRPE

Arcsin-transformed frequency

4

129
1.0
0.8
0.6
0.4
02

0.4

0.3

0.2

0.1

EA EO AC TD SN MC TP

. D

i Lith e

EA EO AC TD SN MC TP

0.4 7

. 1.0 7 s
0.8
b 0.6
0.4
L.
A ﬁ Ee =, ()

EA EO AC TD SN MC TP

Fivin.

1.2 7
1.0
0.8
0.6 1
0.4
0.2

RO
High light level
LK
Medium light level
LK

Low light level

C

.
—
| E—

0.4 7

0.3 1

0.2 1

0.1 4

T T T T T T 1

EA EO AC TD SN MC TP

EA EO AC TD SN MC TP

PyFh Species

#;B. E: FFH; C. F: RFH. HBRHESEE2.
Fig. 4 Effect of light availability on the density and frequency of seven alien plants (mean=+ SE). A and D, Highly disturbed; B and
E, Moderately disturbed; C and F, Lightly disturbed. The abbreviations of the seven alien species are the same as in Fig. 2.
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Fig. 6 Effect of aspect on the density and frequency of seven alien plants in habitats along moderately disturbed roads that had high
light level (mean & SE). The abbreviations of the seven alien species are the same as in Fig. 2.
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zoides (C), and frequency of Eupatorium adenophorum (D) and Ageratum conyzoides (E) along moderately disturbed roads (mean &

SE).
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Fig. 8 Comparison of the density (A, B) and frequency (C, D) of seven alien plants between the north tropical zone and the south
subtropical zone (mean= SE). A and C, Heavily disturbed roads; B and D, Moderately disturbed roads. The abbreviations of the

seven alien species are the same as in Fig. 2.
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