EMZ et 2016, 24 (4): 389-398 doi: 10.17520/biods.2015243

Biodiversity Science http: //www.biodiversity-science.net

* BT .

ﬁz

R LAANRENS 2 TEYFERER
nHRESF R T

> 1 g1 > 2 > 3 4 I 1*
OB F O x| T KBRS AW OAER
1 RS SR B A 7, S04 S BB BT 950, 6 100871)
2 ERORHENTILEIMRHIT I 45, HOEH st

3 (b3t B A B BB B A R A R, JE5 100053)
4 (Conservation International, 2011 Crystal Drive, Arlington, VA 22202)

TE: SRYA N E G E 2 TEYMZ M IREE T ASRERS IR AT EE IR S &
BIRET 08, WBETEACEIE AR T 2 LRSI BNk RE, UAHIE . S, AR THER 73 H
ks R . ALK B ISR R EY26F, BT 13RR21)E; 2 TEW1,1455, 738 T 158%1628)F . ¥
FRILIA, NRHEYYFFE LS SR sk, 2 LYk £ 5 N RS b in, FH/eER
BAE RGBT MR R AT A RS IL GBS TP A MR 3 S IR R 30
FE AR SR E S BRERER, ABHN AT R 2 LR FE R ARG
BB EEHARER T, BKERNREYEE R ZEREIE T, 112 LR R0 3 257 2 2R
FIHEI AR, SRR R 8 R R, 2 LEYAMNEEY TS BRI AR R Ot T =
IR R 22 T o AL SRR AR BB R AT R M PR UL, SR T NSRS B AR B R I 0 SR T
S, 2 LRV CRUF IS R T R SR, EIFBA BRSSP AR R GLE R .

EHEIR: NRYFR 2 LR, R R; AR ANRTESD

I

Spatial patterns and determinants of species richness of alien and native
plants in the Nujiang River valley

Yue Xu', Peng Li', Ye Liv?, Wanjun Zhang3 , Siyu Qin4, Zehao Shen!”

1 Department of Ecology, College of Urban and Environmental Sciences, Key Laboratory for Earth Surface Processes of
the Ministry of Education, Peking University, Beijing 100871

2 School of Urban Planning and Design, Shenzhen Graduate School, Peking University, Shenzhen, Guangdong 518055

3 Beijing Guodaotong Highway Design & Research Institute CO., LTD, Beijing 100053

4 Conservation International, 2011 Crystal Drive, Arlington, VA 22202

Abstract: Biological invasion has attracted widespread attention because invasive species threaten native
biodiversity and weaken ecosystem services. Based on field investigation of vegetation in Nujiang River val-
ley, Northwest Yunnan, we analyzed the spatial patterns of native and invasive species richness, and the ef-
fects of topography, climate, and roadside habitat disturbance on the invasive versus native plant species
richness. We recorded 26 exotic invasive plant species that belong to 13 families and 21 genera, and 1,145
native plant species, belonging to 158 families and 628 genera. Along the Nujiang River valley, species rich-
ness of invasive plants decreased with increasing latitude and altitude, while species richness of native plants
increased with increasing latitude, and showed a hump-shaped pattern with elevation. A generalized linear
model was used to estimate the roles of roadside disturbance, climate, topography and soil nutrients on the
distribution of both native and invasive species richness. Results of hierarchical variation partitioning re-
vealed that roadside habitat disturbance had primary impact on the distribution of two groups of species. Pre-
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cipitation was the climatic determinant of invasive species diversity, and small-scale topographic factors, es-
pecially aspect, mainly affected native species diversity. It is likely that native species became
drought-resistant in the evolutionary process while invasive species failed to adapt themselves to the local
arid environments due to the short colonization time. This research supports the hypothesis that resource
availability is the main factor limiting plant invasion, and highlights the negative effects of human activity on
biodiversity. In addition, results of structural equation modelling revealed that native communities aren’t re-
sistant to plant invasion. The negative relationship between invasive and native species richness reflects the
different responses of the two group species to environmental factors.

Key words: invasive species; native species; spatial patterns; climate; human activity
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Fig. 2 Distribution of invasive (A) and native (B) species richness along latitude and altitude in Nujiang River valley
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Table 1

Principal component analysis (PCA) of environmental factors. Entries are factor loadings, eigenvalues and percentage of

variation explained for the four principal components. Large component loadings among four principal components were bolded.

S5 F Environmental factors F—FE N PCAL

B _FH PCA2 F=FEWS PCA3 HFIUEHK S PCA4

NEEEE Road grade 0.108
HAMFEE Distance to roads -0.029
FET7 A R RAFIETTAR

Presence or absence of trees 0.029
W% Shape -0.019
i Position 0.099
W Slope 0.039
#hEL ] Bare land percentage —0.148
443 Mean annual temperature -0.351
% ZE)E Mean temperature of coldest 0.349
quarter

RIPZEY) Mean temperature of wettest ~0.353
quarter

FEIETEZEHL Potential evapotranspiration -0.351
%7K Mean annual precipitation -0.179
T ZER/K Precipitation of driest quarter -0.185
fIEZERF /K Precipitation of wettest quarter —-0.116
FESLPRZEHL Actural evapotranspiration -0.351
K45 Water deficit 0.311
REZAT % Temperature seasonality 0.103
F%/KZF5 P Precipitation seasonality 0.164
FEiF{H Eigenvalue 8.288
B 43t Percentage explained (%) 48.600

—0.028 —0.056 0.021
0.129 —0.153 —0.487
—-0.006 —-0.046 -0.113
0.011 —0.007 0.024
-0.151 0.086 —0.461
—0.062 0.050 —0.581
—0.087 0.077 0.420
—-0.082 —-0.033 —-0.048
—-0.112 —-0.032 —-0.042
—0.022 —0.029 —0.054
—-0.082 —-0.032 —-0.048
0.507 —0.162 0.002
0.415 0.376 —0.008
0.323 —-0.611 0.019
0.059 —0.049 —0.045
0.275 0.003 0.047
0.507 0.038 —0.052
-0.211 —0.637 0.055
2.662 1.578 1.203
15.600 9.300 7.100

[pcat] [pcA3|

-0.49"" -0.02 0.02 ‘

0.06 0.54_0.47"

[Pcaz]

0.05-0.11°

inv_ricje 0.02

0.76 0.47

Bl5 IFEETERMS(PCAL, PCA2, PCA3, PCAHTIZ
MEEE (nat_ri)II NZMHEEE (inv_ric)ZMMER S TE
RE, SikARAFRTEARXER, HFRTBEHEXAYK &
EZHHFRAELUNTELTRHNBRERY, ESRTHE
KHRZMKT: *P <0.05, **P < 0.01, ***P<0.001.

Fig. 5 A structural equation model showing the multivariate
effects on invasive plant richness (inv_ric) by native plant
richness (nat_ric) and four principal components (PCAI,
PCA2, PCA3, PCA4) of environmental factors. The direction
of arrows shows the causal relationships, numbers are stan-
dardized path coefficients, accompanied by positive (+) or
negative (—) illustrations. The proportion of variation explained
by the model is indicated by the number near each textbox.
Asterisks imply the level of significance: *P < 0.05, **P <
0.01, ***P < 0.001.

MNAZ AP R, (H SRR — M U AR A% P T
(Kennedy et al, 2002; Fargione et al, 2003). T-#L#A
NRNZFE S, BIR 2 R TP AR AE S
KWFh N2 (Lozon & Maclsaac, 1997; Davis et al,
2000). Z EWIFRFEAIA B se I AR b D4 3E B ) FA G
JE 3] BEBR | 1 AN RN A7 A e T, B B AT
) A A A S AR SR 32 BN AR W A ) 5
(Harrison, 1999).
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W Fh 22 15 14 R0 B 9 TT ONAR 1 2 T 1) R 2856 ¢
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NZFE 2 W5 =8 B 8 5% RATTAAAE G+
W (Gerhardt & Collinge, 2007; Souza et al, 2011). 3Z
Fi 2 LW 5 NAZ YA 2 BRI SO SC IE R0A N,
FEEAESM T AA R, TP Efkig i Sk
H, Bemh 38 e R A 1O 2, A
VIR T BRI 1 ARk N AZ
Al fEME(Palmer & Maurer, 1997; Zeiter & Stampfli,
2012). HPAp =5 IR S A S5 4R B IR AR LAY
Z LR AT Re e S, PRI AT NAR A B IS (Levine
& D’Antonio, 1999; Pokorny et al, 2005). #H /M
RN, BEVE TR AEEFR B2 32 (facilitate) S8, 4N
. B AL IR (Rudgers et al, 2005; Bulleri et al, 2008;
Spence et al, 2011), SEWIMEEE F KR8 L
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NN Z LR E B8 R B T2 A R
FE: BRI YAME TR B RUR Bt SR, SR R
2 LM RO R R AR AR, N T REVA R
YRl NAZ I HE BT (Elton, 1958); 1 78 5 K 1) 2% 1] ]
B B I IEA G 5E R (Levine, 2000; Deutschewitz
et al, 2003), X T HE 5 FHAEA A R X g
TR A 22 A K
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JE A BAFAEXT NMZ R i) e 506 BIRA L. TRk
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4+ Jj(Watkins et al, 2003, Hansen & Clevenger,
2005); TG RE R AR B AN Bt . TRk Hb DL
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SPRIEMINGR, FHARLESMRIE Y € & 5 0] 537 () R
= P B (Parendes & Jones, 2000; Hansen &
Clevenger, 2005).
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