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Spatial differences and driving factors of invasive alien plants in Fujian Province,
China.

LI Zhi-peng?, ZHAO Jian'™, CHEN Ye-hin?, CHEN Hong?, LIN Na!, QIU Rong-zhou?®

(*Institute of Digital Agriculture Research, Fujian Academy of Agricultural Sciences, Fuzhou 350001, China; 2School of Resource and Environmental
Sciences, Wuhan University, Wuhan 430079, China; ®Institute of Plant Protection, Fujian Academy of Agricultural Sciences, Fuzhou 350012, China)
Abstract Based on the field data, the distribution of invasive plants, and the effects of geographical and social
environmental factors and their interaction on distribution of the invasive plants were analyzed by integrated GIS spatial
methods and geographical detector model in Fujian Province, China. The results showed that a total of 82 invasive species
were recorded, and Compositae was the dominant family. Conyza canadensis, Ageratum conyzoides and Alternanthera
philoxeroides were universally observed with the highest frequencies. There were more invasive species in coastal areas
compared with those in inland areas, and Fuzhou and Xiamen were considered to be the hot areas invaded by alien plant
species. The invasive plants widely distributed at different altitudes, and the species reduced with the increasing altitude. The
geographical detector analysis showed that the rainfall of natural environment factors and the road density and people density
of socio-economy factors were the major influencing factors that could affect the distribution of invasive plant species. The
multi-factor interaction had a positive effect on the spatial distribution of invasive plants, and this implied the complexity of
impact factors on the distribution of invasive plant species. In a word, the geographical detector could be used in the study of
invasive plants, and environmental factors could be also applied for monitoring the suitable establishment areas of invasive
plants in Fujian Province, and it provided a scientific basis for effective management of invasive plants.

Key words invasive plant; spatial distribution; geographical detector; spatial interaction; Fujian Province.
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Fig.1 Distribution of survey sites.
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Table 1 Impact factor and data source

SO R T IR
Impact factor Data source
=2 Elevation (x1) S b I A HO

fEHiR Annual mean emperature (x2)

rp R B T IR IA R A 4R oG (http://www.resdc.cn) 2016 44
EFEKE Annual rainfall (xs)

HEHEER Vegetation type (Xs) S A HHE
Fib -+ Silty (xs) S A HHE
Zit Clay (x) S I A HHE
i+ Sandy (x7) S A EHE
iRE Slope (xg) S 7 HHE

TR Land use (xo)

A ERA S8 Average GDP (i)

RAEFEFITEAL Grain are (xu)

BRI Density of road network (xs) (2017 FARER A B GEIHF L) POK FAHRLF 0 GE T4 45 R Gt A4
NP Density of population (xy3)
FE453H %S4 Total social consumer goods (X14)
A3 Migrant population (x:s)
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Table 2 Types of interaction between two covariates

EHRF SEH AR
Interaction relationship Interaction
q(X] N Xz) < Min(q(X,),q(X,)) JELR MRS Weaken, nonlinear
Min(q(X,).q(X,))<q ( X NnKX, ) <Max(q(X,),q(X,)) #HETFA:Ltm Weaken, single factor
q ( X, NX, ) > Max(q(X,),q(X,)) XU T 43 Enhance, two-factor
q(X] (\Xz):q(Xl)—i-q(Xz) #S7 Independent
q ( X NnX, ) >q(X)+q(X,) JEL L3R Enhance, nonlinear
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2ERSSH

Q1 BEANEEDIF ST

AR E RN R EY A s 4317 %, HEZEDYF 163 B, RIE LR 5 8%4, i
WEBEMAIRNEEY) 82 Ff, BAAVENR 3. Hi, fFEHE—RNEWMIL 25 F, HAHk
(Avena fatua). 1 1 %2 (Sorghum halepense). W% 75 fifi (Solanum aculeatissimum). 75 ] 13 ¥ (Conyza
sumatrensis). #FZ (Lolium temulentum)5 Fi7E A K & AR R BL, IX AT RESE RONAR AR BEY R &
PLIKFENE, JLTFEE SRFNERRE . 7780 BRI A E ZEYFIE 2 F, S KHLE
(Eupatorium odoratum)fl &% (Ambrosia artemisiifolia). &2 =K NRWME 9 Fh. 52 TLRM
A 8 M. A MERE A RN A 2 KL AR

MN BV F B JER G, U B SR N A £ (38) i 2, k2 b3 i (23). AFIH(7). Wi
(5)s W@ FKFEM(2), H 3 P IR AE . H— LRI, EARNEWFERET 30 4
Bb, AR 27 B w0k 8 B, KREREN 5 M, RAFRE 5, HEER 4 M, WRNTFENREDE
J&, B 60.9%.

* 3 IR

Table 3 Invasive alien species in Fujian

F
Family

Yrfh
Species

F
Family

i
Species

K&l Euphorbiaceae

WEFZAE R Papilionaceae

& 25 ¥R} Mimosaceae

S &} Leguminosae
AAEL Gramineae

Jer Mk Apocynaceae

B “Ricinus communis

k4% *Euphorbia hirta

K% “Manihot esculenta

JE 5 “Euphorbia hypericifolia
JE ¥ ¥ “Euphorbia cyathophora
H -4l 5 “Trifolium repens

Hi # “Sesbania cannabina

B PG 45 25 4 “Mimosa invisa

& 25 % % Mumosa pudica

5 % B gL B “Cassia mimosoides
HEYT R “Cassia occidentalis
HR-E K “Leucaena leucocephala
S35 2 5 IMimosa bimucronata
3 “SImperata cylindrica
2B ¥ “Rhynchelytrum repen
KM R &L “Setaria palmifolia
HA¥K B 34Spartina alterniflora
PEAE L 14Cenchrus echinatus

K41 “Catharanthus roseus

%%} Compositae

# %} Chenopodiaceae
iR} Polygonaceae
%%kl Basellaceae
BEF R} Casuarinaceae
Rl Verbenaceae

5 55 A} Portulacaceae
B2k )L %} Geraniaceae
P HRL Rubiaceae

Hi%} Solanaceae

fit H- %% 4Ageratum houstonianum
BT *Gynura crepidioides
—4E3 ¥Erigeron annuus

K3 “Parthenium hysterophorus
I3 4Tridax procumbens
£HIH-48 %8 “Aster subulatus

/N % “Conyza canadensis

+3#3F *Chenopodium ambrosioides
JE KL SReynoutria japonica

7352 YAnredera cordifolia
AJFR ¥ “Casuarina equisetifolia
22} 145 antana camara

£ T2 5} 4L antana montevidensis
+ A “Talinum paniculatum

B} 21 5 4Geranium carolinianum
& - FFEEL “Borreria latifolia
15l *Atropa belladonna

B AR MH-HY Solanum verbascifolium

7Kt 4Solanum torvum
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#R% Rl Malvaceae
5 K&} Crassulaceae

4§} Compositae

Z£3% *Malvastrum coromandelianum
P E AR “Bryophyllum pinnatum
FI4E Y4t 5 4Bidens alba

% H- 4Xanthium sibiricum

%K% “Erigeron philadelphicus
TKHLE 12345Eypatorium odoratum
Y%l 5 1Bidens pilosa

%5 *Galinsoga parviflora.

75 #i] 1Ageratum conyzoides

g Kk —HB 3k 4E 1¥Solidago canadensis

B R % 134Eypatorium catarium

%4F *Halianthus tuberosus

FLAE % “Tagetes patula

T S “Sonchus oleraceus

KARAEE 1Bidens frondosa

%4 “Soliva anthemifolia
Il % SSphagneticola trilobata .
4444 “Galinsoga parviflora

#K 3 “Cosmos bipinnata

J i 1234Ambrosia artemisiifolia

i H %4 “*Mikania micrantha
/WK MConyza canadensis

FiktE Rl Phytolaccaceae
+=£ 1t F} Brassicaceae
M4 iR Myrtaceae
KHRF Araceae

Tkt Amaranthaceae

% % F} Scrophulariaceae

JiEfERE Convolvulaceae

HKEL Urticaceae

W AAER} Pontederiaceae
I FR} Nyctaginaceae
4%} Bignoniaceae
P4 58} Oxalidaceae

7 bl 1“Phytolacca americana
EL3¥ “Coronopus didymus

% Fi 1 “Psidium guajava

K7 134Pistia stratiotes

[U13L 3 “Amaranthus lividus
JE3£ “Amaranthus blitoides

| B 134Amaranthus spinosus

J kB 4Amaranthus retroflexus
750 JEF B 14Alternanthera philoxeroides
5 # “Celosia argentea

Tt *Amaranthus tricolor

4% R0 *Amaranthus viridis

A 3741 2 %244 “Veronica persica
B H %% 4Scoparia dulcis
=242 4Ipomoea triloba
)42 “Ipomoea cairica

[ 24 14Lpomoea purpurea
/INIHYAIKAE 4Pilea microphylla
JRHRSE $345Eichhornia crassipes
IR A *Mirabilis jalapa

M5 T “Macfadyena naunguis-cati

ZI{EEE S . 4Oxalis corymbosa

1) e N RILFNE A SR A AT 4 it E 4k AR W) 44 B B34 Ministry of Ecology and Environment of the People’s Republic of China
promulgated four batch lists of invasive alien species in Chinal®®4; 2) 4 A RN [ [ 5 i & B R IR SR AT (R AN RILAIE 1
BRI R F A4 ) B9 List of Entry Phytosanitary Pests of the People's Republic of China published by General Administration of Quality
Supervision and Quarantine of the People’s Republic of Chinal*™; 3) difg A RILFIE LML 5 R AT AN (ER EAEFHIRANEZ YR 4
) B% National Key Management List of Invasive Alien Species published by Ministry of Agriculture and Rural Affairs of the People’s Republic of
Chinal®®l; 4) i [E 41k N2 YR %35 )%E Database of invasive alien species in China; 5) IUCN A i) (4=Ek 100 Fhis B4 BER F1 N2 Rh 44
H) 1371100 of the world s worst invasive alien species published by International Union for Conservation of Nature®”,
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e X 38 ffn RIHAREY) WX IRE . AR XS B AL, X5 T GUREE BB 7T 45 R AR
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Fig. 2 Spatial distribution of invasive plant species in Fujian.

a) IR S City scale; b) B3 County scale; ¢) =% i) #4 5 4> 4ii Spatial hotspot distribution.
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/N % (Conyza canadensis, 60 N AifIE) , 340 T 44 50 & X L L AR E A E 2
7 #i (Ageratum conyzoides, 54 4~). %% & T H (Alternanthera philoxeroides, 53 4~). Hf1H & (Gynura
crepidioides, 50 M)A %k I 45 %5 (Aster subulatus, 50 ). #4h, WHLZE . KR 3% (Eichhornia
crassipes). 2Pt (Lantana camara) %5 % P N AZ A (1) 7 A Yo B 52 o
2 BEBAFTENCGEVERSTIES

WE 3 iR, HEE NREY FE 0 AR 950 m LR X, ik 0~100 m X117
WM ERZ, BEEBIROT G, NREDRE LR R NEES

i/ Altitude(m)

3 MEANREWWI SRR
Fig.3 Relationship of species number of alien invasive plants with altitude in Fujian Province.
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(Euphorbia hirta). 77 &, {2 % (Eupatorium catarium). 75003 THL. /NER ., M 5E . WA
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Table 4 Impact factors spatial distribution of alien invasive plants

{817 Index g {817 Index g

X1 0.344 || x9 0.016
X2 0.061 || X0 0.066
X3 0.407 || xu 0.084
X4 0.023 || x12 0.297
X5 0.015 || X3 0.021
X5 0.015 | x4 0.128
X7 0.018 || x5 0.240

0.020

25 AEEFXZEEAMNEEDNZ B R

x5 B, ANFEH R 1 A2 45 B 158 A HE A N AR A 73 18] o A B B 35 3
PRALH, AN FE 7K (0.407) 5 KR £ HE A TH AR (0.084) [l BE 7104 0.624, B3 KT 3 iR Bt 712 #1(0.491)
BB K, MAEE 2 AN T4 B G 5 N AR 23 0] 40 AR (PR 13 2 i B T, MR T
JRR AL T, BIX A8 @ NREY S S R AN s A ER REH B R, A
GDP(0.066) 5 % % %5 &£ (0.297) 2 H.J5 HI{E 4 (0.561) . M HARMRE KN 7 5t S 45 K+ 22 BAEH 5 #=7+
JERBH . . a4k (0.344) 5 B% W % (0.297) 48 B J5 HIME N (0.617) . JUFZFEAK . 2% % FE AN D 3)
5 H AW 2 0 iR 27 AR S . X R EHAR B N R 7S 0] 43 A 52 B 2 A 52 e PR 3R ) 3 R A4
M, ANRIBARKEE. 225 R RN REE NREY WSR2 AAm A8 EAEM, B 7 &5
FRHIRZW 7, [FIBEEE T A SR NAZ Y 2 0e BR - 1 2 2R AN 2 R

5 A HARFX N2 6] 43 A R R M)
Table 5 Effects of interaction on the spatial distribution of alien invasive plants

X1 X2 X3 Xq Xs Xs X7 Xg X9 X10 X11 X12 X13 X14 X15
Xy 0.344

X, 0434 0.061

Xs  0.613 0.482 0.407

Xs 0464 0172 0468 0.138

xs 0420 0.174 0478 0.023 0.015

Xs  0.450 0.174 0478 0.138 0.018 0.015

x; 0536 0195 0487 0124 0.029 0.029 0.018

xg 0463 0.196 0502 0136 0122 0.122 0.135 0.019

Xo 0449 0196 0492 0099 0113 0.113 0.135 0.137 0.016

X 0549 0.208 0.558 0147 0155 0.155 0.160 0.149 0.176 0.066

xu 0595 0269 0.624 0217 0180 0.180 0.167 0.260 0.208 0.404 0.084

x;, 0617 0437 0566 0381 0375 0375 0393 0371 0459 0561 0.559 0.297

x;3 0383 0109 0435 0089 0065 0.065 0.078 0.055 0081 0122 0.138 0.237 0.021

X4 0553 0.200 0498 0.194 0251 0.251 0.247 0.208 0.199 0271 0.256 0.300 0.181 0.128

x5 0551 0362 0.582 0324 0321 0321 0317 0433 0432 0498 0456 0467 0285 0357 0.240

xF RS PR 3R P 2 TR BEAT 22 e W M A, RILRROK L BRI R AR R 1 2 IRl AE 3R R
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Table 6 Result of ecological detector

X1 X2 X3 X4 X5 Xg X7 Xg Xg X10 X11 X12 X13 X14 X15

X1

X2 N

X3 YY

Xs NNY

xs NNY N

X6 NNY NN

X7 NNYNNN

xs NNYNNNN

Xo NNYNNNNN
X1oNNYNNNNNN
X1NNYNNNNNNN

X2 YYYYYYYYYY N
X3sNNYNNNNNNN N Y
XaNNYNNNNNNN N N N

XsNNYNNNNNNN NN NN
N: P>0.05; Y: P<0.05.
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