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Simulation of potential distribution patterns of the invasive plant species
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Abstract: Understanding the potential distribution patterns and responses to climate change of invasive plant species on a
regional scale is of great significance for the prevention and control of invasive species. In the present study, the invasive
plant species Xanthium spinosum L. ( Bathurst burr) was studied in the Xinjiang region, where the species is widely

distributed. Xinjiang was selected as the study region for constructing a BCC—CSM1—1 model developed by the China
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National Climate Center to simulate future climate conditions. A MaxEnt model and the ArcGIS spatial analyst tool were
used to construct predictive models of suitable habitats for X. spinosum in the 2050s and 2070s under two future climate
change scenarios (RCP 4.5 and 8.5). The ultimate aim was to quantitatively demonstrate the dispersal trends of X. spinosum
in Xinjiang, variations in the area of suitable habitat, and the movement path of the center of distribution. The results
indicated that annual precipitation, subsoil organic carbon content, topsoil pH, annual temperature range, seasonal
variations in annual precipitation, and annual average temperature are dominant environmental factors that affect the
geographical distribution of X. spinosum. Bortala, Tacheng, Northwest Altay, Central Hami, Northern Bayingol, Central
Kizilsu, Northern Aksu, Kuytun City, Karamay City, Wujiaqu City, and Kashgar City were identified as areas with high
invasion risk. Trends of a continuous increase in the area of suitable habitat at the respective levels and in the total area of
suitable habitat for X. spinosum were predicted for both climate scenarios, with the responses being more sensitive in the
RCP 8.5 scenario (high emissions). In general, the distribution of X. spinosum in Xinjiang has not reached saturation, with
the species being radially dispersed towards the north piedmont of Tianshan Mountains and the northern margin of the
Taklamakan Desert from the center of distribution in central Tacheng. The center of distribution is predicted to move towards

Kuitun in Ili Prefecture by 2070 under both climate change scenarios.

Key Words: climate change; alien invasive plant; Xanthium spinosum L.; expansion
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TR AR T2 ATFSE I B Y MaxEnt 50248 3.3.3k B2, ArcGIS 25 (Al 3 R E 5 2 2 [ Esri A FWFE
fg—A55ERE 1Y GIS 7, AT FHRG AreGIS HOPERIA Y 10.2.2 J1>
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Table 1 17 environmental variables used for modeling and their contribution rates

BB A TR ik DS T
Code of variables Names of variables Percent contribution/% Permutation importance
Biol A EE Mean annual temperature 4.8 27
Bio3 SFIRZE Tsotherm 0.7 2.8
Bio7 AEREE AR LT Bl Annual temperature range 9.1 0.8
Biol2 AER%F 4 Annual rainfall 49.1 59.9
Biol5 VTR (9 7= 45 #2284k Seasonal changes in rainfall 7.5 0.2
T_texture + T b Soil texture 0.5 0.1
S_cec_soil TR AR B8 J) CEC of undersoil 3.4 0
T_cec_soil LR+ PR T3S EE 71 CEC of topsoil 0.2 0.5
S_sand T2 & Lower soil sediment content 0.7 0.2
T_sand 12U & Upper soil sediment content 0.1 0.1
S_ph_h2o TJZ4 pH pH of undersoil 0 0
T_ph_h20 I-JZ+ pH pH of topsoil 9.9 3.3
S_oc T2 L H WK Organic carbon content of undersoil 10.4 0.4
T_oc [ /2 A MLk & & Organic carbon content of topsoil 2.1 2.2
Alt R Altitude 0.2 1.1
Aspect 1] Aspect 1.3 1
Slope i % Slope 0.2 0.3

1.4 MaxEnt SRIA4 K S Ak 2

15 T4 3 R 3 A B A 17 AN EREE AR B S A MaxEnt, BEALIEIR 75% i 3045 B 40 A5 4 il 254 4
25% W RIS F-3 A1 s VRS AT AT T 00 2 45 A0 A B 55 0 0 A B A R B P BT o AR, O
BUERAS BRI A8 B (Y 5 DA i 17 il 2k, 5 Y ) HG A 2 B0 e B RN AEL, AR IF 58 P 52 3 3 45 4R AR 1K il £
(Receiver Operating Characteristic Curve, ROC Hi£k) N HEAUE, Bl AUC {H ( Area Under Curve, AUC) A&
MR R R 28 RS R AUC AR FA R TR (% 2) ),

PR A 2 5 A AreGIS, 2R FH“ 10 percentile training persence logistic threshold” #47H 4328 | If:
ML R AR S B AR BT 3 B 4 452 0—0.40 S ARIE R IX,0.40—0.60 ki A X, 0.60—
0.8024 i A: [X.,0.80—1.00 il A X, FEIE H ArcGIS Y SDM T HAG MG i T H Zonal 1155 4 245X
F18) TETRRURIT TR B 2 () A2 Al 3 el 3 B DXl LA T AR AR 53 A DX PO A8 S , 23 B L Bl 8 HE AR A ] < fige 2
At 57 BV AR 20 8 FR A =)

F2 AUC HEUEEEIRHESHEEARENXR
Table 2 Relationship between AUC and the accuracy of the model

AUC H B TN bR AUC BUH 7 PR AR
Range of AUC values Evaluation criterion Range of AUC values Evaluation criterion

0.5<AUC<0.6 K 0.8<AUC<0.9 3g

0.6< AUC<0.7 L 0.9<AUC<1.0 L%

0.7 <AUC<0.8 —

AUC. ||[l§£TE$R{E, Area Under Curve
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ST AR T AR B 12,85 % 10% km?® F1 16,18 x10* km?,,

RCPS8.5 185 (B iR MHEE 50 il B A0S B A AE RCP4.S SIS = A0S B A S 3k Lt — 4
[ PO JE 5k, L i A XA 1 0 R 3, 2050 F1 2070s Y EGE A AL 0 17.46%10% km® A1 21.50% 10*
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Table 3 Suitable area of Xanthium spinosum L. in Xinjiang under changing climate scenarios ( x10*km?)

AL R 5 3 A X TR o - I AR X AR EISUVARSTIEA B A AR (L)
. . . rd A= KRR . . o .
Climate change Highly suitable . Low suitable Unsuitable Total suitable area
R Suitable area

scenario area area area ( percentage)
AR Current 1.17 2.16 8.51 151.58 3.33(2.04%)
RCP4.5-2050s 8.11 4.74 15.37 135.2 12.85(7.86% )
RCP4.5-2070s 10.09 6.09 15.69 131.55 16.18(9.90% )
RCP8.5-2050s 11.04 6.42 13.54 132.42 17.46(10.68% )
RCP8.5-2070s 15.16 6.34 14.26 127.65 21.50(13.16%)

2.3 SAREARARE SR I S AR B A 1 R S () AR Ak KA A X RO R sl
METE RCP4.5 AR EFAMHEUE R T , 2 2050s Jil45 F-7E 5 8 0918 B A 55480 16.38% 10" km* (1 4) ,
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Fig.3 Suitable distribution for Xanthium spinosum L. in Xinjiang under changing climate scenarios
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Fig.4 Changes of suitable habitats of Xanthium spinosum L. under future climate scenarios versus modern climate scenarios
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