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Spread dynamics and driving factors of alien invasive plant

Solidago canadensis in Hubei Province
JIAO Xinyu, LI Jiayi, YANG Qingyu, LONG Mei, ZENG Lingtian, LIU Zhixiong

(College of Horticulture and Gardening, Yangtze University, Jingzhou 434025, Hubei,
China)

Abstract: Solidago canadensis originated from North America, has become a notorious alien
invasive plant widely distributed in China, which cause huge agricultural economic losses and
serious ecological environment problems. Understanding the invasive process and driving factors
of S. canadensis. in Hubei Province can help to make a scientific decision for invasion monitoring
and early warning. Combining with investigation, previous studies, news and media reports to
collect the distribution sites of S. canadensis, the historical distribution dynamics of S. canadensis
was simulated and reconstructed by the ArcGIS in Hubei Province. Moreover, the spread
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dynamics and its driving factors were analyzed by MaxEnt model. The results were as follows: (1)
S. canadensis show discontinuous aggregation distribution in Hubei Province. The early “jumping”
invasion has gradually transformed into the “gradual” spread from east to northwest Hubei in
recent years. The Wuhan, Xianning and the central area of Yichang displayed the most serious
invasion. (2) Human activities are the main factors promoting the spread of S. canadensis. It can
move far away through transport along the road and railway. In addition, the invasive distribution
sites of S. canadensis were positively correlated with human activities intensity and road network
density in Hubei Province. (3) The precipitation of driest quarter (Bio 17), temperature
seasonality (Bio_4), mean temperature of wettest quarter (Bio_8), the t pH value of the soil and
the elevation are key ecological factors affecting the propagation of S. canadensis. S. canadensis
invades easily with the t pH 4-7.5, the t oc 0.6%—1.12%, the Bio_4 value 880-920 and the Bio_8§
more than 24 °C. Moreover, the potential distribution areas suitable for medium and high adaptive
growth of S. canadensis could reach up to 75 200 km?. Combined with historical spread dynamics
and affecting factors of S. canadensis invasion, the adaptive areas and invasive distribution sites
have tended to reduce from east to west in Hubei Province, and the human activities is a major
factor resulted in its invasion and distribution. Moreover, natural factors directly limit its
population size and potential distribution areas at the invasion site in Hubei Province. This
research provides theoretical support for risk assessment, monitoring and early warning, and
prevention and control technologies of S. canadensis.
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Fig.1 The chart of the historical distribution of Solidago canadensis in Hubei Province
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Table 2 Model for analysing the relationship between road and the distribution of Solidago

canadensis
TR AL B PRz PL/RTE H ©EM Exp(B)
Variables in an equation Standard Wald Degree of  Statistical
error freedom significanc
€

HER 1 YN -0.001  0.002 0.066 1 0.797 0.999
Step 1 Road width

i B -3.128  0.594 27.741 1 <0.001 0.044

Paved

or not

b5 3 P E B 0.001  0.001 0.707 1 0.040 1.001

Distance from the

road

AR -0.113  0.345 0.107 1 0.744 0.893

Road grade

K3 REEMER B MR
Table 3 Model for analysing the relationship between railway and the distribution of

Solidago canadensis

JIREH AL B B ERZE  FLRAE H 1B 2EME Exp(B)
Variables in an equation Standard Wald Degree of  Statistical
error freedom significance
AP PR -1.927  1.454 1.757 1 0.185 0.146
Stepl Number of railways
Bt -19.138  4.019 <0.001 1 1 <0.001

Railways grade

iz E R NN 3.824 1443 7.025 1 0.008 0.022
Freight volumes have

increased or not

ATBUX A 2k ik LA 0.052  0.023 4918 1 0.027 1.053
Railway mileage

within the borough

BE A 0.05 0.064 0.619 1 0.431 1.051
Operating hours

L4 i i L B Y 0.001 0.001 0.131 1 0.018 1.001

Distance from railway
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suitable habitat of S. canadensis affected by human activity; C. The response of S. canadensis to human footprint
index.
B3 AKESININER—REEANR A R

Fig.3 The invasive distribution of Solidago canadensis affected by human activity
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Table 4 A matrix of scoring coefficients for environment factors

HEiA & %43 Ingredient

Environment 1 2 3 4 5 6

variable




Bio 4
Bio 5
Bio 7
Bio 8
Bio 15
Bio 17
Bio_18
DEM
Slope
Aspect
t gravel
t sand
t silt

t clay

t bulk
t oc

t pH

0.046
0.105
0.114
0.032
-0.143
-0.046
0.026
-0.132
-0.108
-0.050
0.065
-0.079
0.128
-0.048
0.115
-0.035
0.178

-0.194
-0.213
-0.143
-0.071
0.078
-0.104
-0.025
0.197
0.185
-0.052
0.072
0.009
0.097
-0.141
0.191
-0.011
0.115

0.192
0.014
-0.198
0.161
0.170
0.234
-0.256
-0.085
-0.057
0.005
-0.008
0.185
-0.093
-0.158
0.085
-0.177
0.088

0.147
-0.058
-0.092
-0.086
0.145
0.222
-0.146
0.040
-0.036
0.057
-0.091
-0.303
0.227
0.160
0.059
0.268
0.014

0.481
-0.108
0.085
0.007
0.009
0.011
0.220
0.044
0.097
0.041
-0.441
-0.043
-0.148
0.260
0.228
-0.226
0.143

-0.206
0.068
-0.289
0.649
0.057
-0.226
-0.009
-0.046
-0.011
0.289
0.269
-0.121
-0.031
0.224
-0.114
0.193
0.073
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A. The correlation heat map of environmental variables; B. The redundant analysis between the distribution of S.
canadensis and climate factors in Hubei Province. (X: longitude; Y: Latitude. The solid arrow represents the
longitude and latitude of the dependent variable, the hollow arrow represents the climate factors of the independent
variable, and the size of the angle represents the strength of the correlation; <90° represents positively
correlated, >90° represents negatively correlated, and =90° represents uncorrelation); C. The aspect of the invasive
distribution sites of S. canadensis; D. Response of S. canadensis to the temperature seasonality (standard deviation
X 100); E. Response of S. canadensis to the average temperature of the wettest quarter; F. Response of S.
canadensis to precipitation of driest quarter; G. Response of S. canadensis to pH; H. Response of S. canadensis to
soil surface organic carbon content; I. Response of S. canadensis to altitude; J. The invasive distribution sites of S.
canadensis and the annual precipitation.
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Fig.5 The analysis of correlation for environmental factors and response curve of

Solidago canadensis to environment factors
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