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Impact of Climate Change on the Occurrence Trends of Five Grassland
Poisonous Weeds in the Ili River Valley

CHEN Meng-tian, LIU Wen-hao, WANG Sheng-ju, JIN Gui-li", LI Jia-xin, LI Wen-xiong,

DU Wen-lin, LI Chao
(Xinjiang Agricultural University, Urumqi, Xinjiang 830052, China)

Abstract: To clarify the occurrence trends of poisonous weeds in grasslands under future climate change, and to
scientifically prevent their spread and reduce economic losses in the livestock industry, this study based on the
distribution data of five frequently occurring grassland poisonous weeds in the Ili River Valley: Sophora alope-
curoides, Aconitum leucostomum, Xanthium spinosum, Rumex thianschanicus, and Peganum harmala—and
combined with 55 influencing factors, employed the Maximum Entropy model to explore the impact of climate
change on the occurrence trends of these five grassland poisonous weeds. The results showed that the prediction
models for the five grassland poisonous weeds all had an accuracy greater than 0.8, indicating high precision.
Under four future climate scenarios, the total potential occurrence area of Aconitum leucostomum decreased,
while that of the other four grassland poisonous weeds increased. Under the medium-to-high emission scenario
(SSP370) , grassland poisonous weeds were more prone to expansion and posed greater risks. In terms of
migration direction, in the future, Aconitum leucostomum, Rumex thianschanicus, and Peganum harmala
would mainly migrate southward, Sophora alopecuroides would migrate eastward, and Xanthium spinosum
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would migrate toward the southeast and northeast, with an overall trend of grassland poisonous weeds migrating
toward lower latitudes. Under the four future climate scenarios, the area of overlapping zones for multiple grass-
land poisonous weed species increased, with the largest overlapping area occurring under the high-emission sce-
nario (SSP585). In conclusion, continuous increases in carbon emissions will exacerbate the spread and harm

of grassland poisonous weeds.
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Fig.1 Study area overview
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Table 1 Number of species points/entries

PRl Species i 1ij %34y 22 The number of points before screening i J& £ 1 ${ i The number of points after screening
W 5 Sophora alopecuroides 489 89
H Mz 53k Aconitum leucostomum 391 100
W H Xanthium spinosum 226 52
KINREE Rumex thianschanicus 203 60
% 5E3%E Peganum harmala 175 43
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Table 2 Environment variables and annotations

Type Variables Annotation Type Variables Annotation
ST BIO1 AR/ C SLOPE i)/
Climatic factors
BIO2 e O 25 T A/ °C 5T T.S_GRAVEL (SN = o L SN AN )
Topographic factors
BIO3 ERYE/ % T.S_SAND L FREELER/%
BIO4 i A AR b AR i 25 /°C T.S_SILT LTRSS R/ %
BIOS e H e i /C T.S_CLAY PR SR/Y
BIO6 e H B AR /C T.S_USDA_TEX b UF)2 R USDA B2k
BIO7 A B4 7 Ak [ /C T.S_REF_BULK PR g/ (kgrdm )
BIOS FiR R/ C T.S.0C N RE SR E /%
BIO9 TR/ C T.S_TEB bR R R b R 3/ (emol kgD
BIO10 IR ZR i /C T.S_PH_H20 b TR R/ — log(HD)
BIO11 e YR/ C T.S_CEC_CLAY . FJ2HIEAVEZE 00 S 28 ik
fieJ1/Ccmol-kg™»
BIO12 AR H) K i /mm T.S_CEC_SOIL . FJZ M HE 7 HfE 1/
(emol-kg™
BIO13 I 0% H B K i /mm T.S_BS b TR AR R/ Y
BIO14 T A B/ mm T.S_CACO3 S = ot 273 e Y
BIO15 R K B4R 5 R A/ Yo T.S_CASO4 N O = e b 2 7 Nl
BIO16 iR K /mm T.S_ESP TR T se de i/ %
BIO17 T Rk /mm T.S_ECE bR R/ (dS mT D
BIO18 e W 22 4 7K i /mm i 2 GT il 2SR
Grassland type
BIO19 Ty K & /mm T B8 AL NDVI IE — LA B 4 %K
Vegetation index
I R+ ELEV 4R /m JiERE BTN GER=) DW B 9 0 S /km
Topographic factors Distance from river
ASPECT W/
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Table 3 Final modeling factors for five types of grassland poisonous and harmful weeds

PFp Species AL R 7 K H 5Tk % Modeling factors and their contribution rates
LT ELEV (20.10%) .GT (5.10%) .NDVI(4.80%) .BIO12 (4.20%) .ASPECT (2.70%) .BI06(2.60%) .DW (2.60%) .

Sophora alopecuroides

SLREPS

Aconitum leucostomum

il H

Xanthium spinosum

BIO7(1.70%) .S_CASO4(1.70%) .S _BS(1.60%) .BI02(1.50%) .SLOPE (1.40%) .BIO8(1.30%) .S_PH _H20

(1.10%)

BIO1(13.70%) . T _OC (11.70%) .BIO7(8.90%) .SLOPE (5.50%) .GT (5.10%) .T _CEC_CLAY (4.40%) .BIO2
(4.10%) .ASPECT (3.10%) .BIO3(2.80%) .B1016(2.40%) .NDVI(2.00%) .DW (1.50%)
S BS(12.90%) .GT (11.30%) .BIO1(9.50%) .ASPECT (5.40%) .NDVI(4.20%) .BIO6 (3.20%) .BIO8
(3.10%) .SLOPE (2.90%) .T _BS(2.80%) .BIO15(2.70%) .S_ECE(1.90%) .DW (1.50%) .BIO7 (1.40%) .

T _PH _H20(1.30%) .S_CEC _SOIL (1.00%) .S_SILT (1.00%)

Kl

Rumex thianschanicus

NDVI(22.90%) .DW (9.30%) .SLOPE (6.10%) . T_OC (5.70%) .BIO4(5.10%) . T _GRAVEL (4.50%) .
T_CACO3(4.30%) \ASPECT (4.20%) .BI02(3.60%) .BIO15(3.20%) .GT (3.10%) .BI09(2.10%) . T _SILT

(2.00%) \BIO3(1.90%) .ELEV (1.60%) .S_ESP (1.30%) . T_CEC_SOIL (1.00%)

I g i
Peganum harmala

NDVI(18.40%) .BIO11(9.30%) .BIO8(9.00%) .GT (8.60%) .BIO5(6.00%) .BIO15(4.50%) .DW (3.30%) .
ASPECT (3.10%) .S_BS(2.90%) .BIO4(2.60%) .S_CAS04(1.80%) .S_ECE(1.80%) .SLOPE (1.70%) .BIO3
(1.40%) .S_SILT (1.00%)

1.4 RBEMRURER

P4k 1E W 4k & % (Regularization multiplier, RM)
FRFAE 2H 4 (Feature combination, FC) J& MaxEnt #&
AU B PG AS A S50, 7 MaxEnt 19 BRI S B0k S
T LA AE R RM=1 4FE 4l & FC=LQHPT, {1 2
NS B MaxEnt 458 RS T30 25 R AN /] 5 1 HA
AR AR BRI, 23 B BE T 5 Fh 5 8 5 R4 43 A

S K T 18 I ENMeval 3% MaxEnt 5 5
R, RM BUE A 0. 5~4, 518 0. 5 HUE , 3L 84~ FC
L. LQ.LQH.H.LQHP #ILQHPT(L N . T N
BIEME Qo kA H o Befk P o R FAD 317
Bz B A9 a8 X H 4, 1 ENMeval £ H0o6: F iR 48 FiéH
A AT BEAIM , & P delta. AICc=0, Bl ffEZ
LA AT T BRI 4 iR

R4 SHERSEENMNRASRESHAS

Table 4 Optimal parameter combinations for prediction models of five types of grassland poisonous weeds

PFl Species

AL FEAE 21 A Optimized feature combination

ek A4 A5 45 Optimized regularization multiplier

& 5 Sophora alopecuroides LQ
FE 53k Aconitum leucostomum LQH
& Xanthium spinosum LQHP
KR Rumex thianschanicus LQHPT
K BE% Peganum harmala LQ

1.5 RETNBCRITEM
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ROC il £ 9 1 B, BUEE B A2 0 21 1 2 [0, AUC
L A, O 245 2R v 4 < 0. 5~0. 7 /R T Il 45
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Fig. 2 AUC values of MaxEnt models for five types of grassland poisonous weeds
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Fig.3 Potential distribution areas of poisonous and harmful weeds in the current period
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Fig.4 Potential occurrence areas of Sophora alopecuroz’des under different future climate scenarios
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Table 5 Potential occurrence areas of Sophora alopecuroides under different future climate scenarios
b K78 T R % £t Spatial pattern change of occurrence areas
Occurreni%rifzjlo‘ km’) G A4k Area Chan e/(XlO‘izj)El:f;;:% pArea fhan e ercegma e AR 1L
SRR fy et SR ¢ SRR sr i Average proportion of areal change per scenario
O v g oeee age SEEK UMM e wer ek reR bR geR WEK BEK
seenario A i Total  Average occurrence - ) s - ) eEE UK i e
Low-risk Moderate-risk High-risk occurmence  1€d per senario Expansion  Shrinkage ~ Stabilization ~ Expansion ~ Shrinkage ~ Stabilization Expansion zne Shrinkage  Stabilization
zone zone zone zone zone zone zone zone zone zone zone
zone
[ ME 08 083 032 200 200 / / / / / / / / /
SSP126 20305 0.63 0.64 1.36 2.63 2.13 0.64 0.01 1.9 24.21 0.28 75.50 26.99 0.16 72.85
2050 0.66 0.57 1.4 2.67 0.68 0.01 1.99 25.23 0.26 7451
2070s 064 040 178 2.82 0.82 0.00 2.00 29.15 0.06 70.79
2090s 0.62 0.40 181 2.83 0.83 0.00 2.00 29.36 0.05 70.58
SSP245 2030s 041 0.52 197 2.89 2.92 0.90 0.00 2.00 30.99 0.06 68.96 31.68 0.05 68.28
2050s 040 0.58 1.93 291 0.91 0.00 2.00 3121 0.05 68.68
2070 0.45 0.51 1.93 2.89 0.89 0.00 2.00 30.85 0.05 69.10
2090s 028 043 2.30 3.01 1.01 0.00 2.00 33.59 0.03 66.37
SSP370 2030s  0.61 048 L78 2.87 2.93 0.87 0.00 2.00 3041 0.04 69.56 31.82 0.02 68.16
2050s 051 0.56 1.82 2.90 0.91 0.00 2.00 31.20 0.03 68.77
2070s 039 0.62 1.96 2.97 0.97 0.00 2.00 32.70 0.02 67.29
2090s  0.36 0.65 197 2.98 0.98 0.00 2.00 32.97 0.01 67.02
SSP385 20305 0.52 0.53 1.82 2.88 2.91 0.88 0.00 2.00 30.53 0.04 69.43 3143 0.03 68.54
2000s 043 0.61 1.86 2.90 0.90 0.00 2.00 3113 0.03 68.84
2070s 042 0.70 181 2.93 0.93 0.00 2.00 3LT9 0.03 68.18
2090s 040 0.72 1.83 2.9 0.95 0.00 2.00 32.28 0.02 67.70
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Fig.5 Potential occurrence areas of Aconitum leucostomum under different future climate scenarios
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Table 6 Potential occurrence areas of Aconitum leucostomum under different future climate scenarios

X2 T R Spatial pattern change of occurrence areas

KRR

et HHRAEK o AHEAER G L (E
Occurrence area/( X 10'km?) AL Area Ch X10'km?) GG I Area ch 1 ; .
AR ) i (8 PR Ara Chine ) SEIGHBLSH Area change pecentage Average proportion of areal change per scenario
Climate B wggx (X10'km?)
e fjfi bR FfK FRK dEiK BEK FERK JEK BEK ki a1 BEK
scenario Total  Average occurrence
Low-risk Moderate-risk High-risk occurtence e per scenario Expansion ~ Shrinkage  Stabilization Expansion ~ Shrinkage = Stabilization ~ Expansion ~ Shrinkage ~ Stabilization
zone zone zone o z0n€ z0ne z0ne z0n€ zone z0ne zone z0ne zone
z0n€
[ HE 132 0.67 0.51 2.50 2.50 / / / / / / / / /
SSP126 2030s 137 0.59 0.53 2.50 2.29 0.35 0.35 215 1217 12.30 75.53 11.89 19.46 68.65
2050s  1.28 0.54 0.53 2.35 045 0.60 1.90 15.31 20.37 64.33
2070s 124 0.46 0.39 2.09 0.26 0.66 1.84 9.26 24.02 66.72
2090s 131 048 042 221 0.30 0.59 191 10.82 2116 68.01
SSP245 2030s 142 0.57 042 241 L.74 0.26 0.36 2.15 9.51 12.92 17.57 8.51 36.57 54.93
2050s  0.89 0.35 0.26 1.5l 0.19 118 1.32 6.94 43.92 49.15
2070s 113 048 046 2.06 031 0.75 L75 11.05 26.70 62.26
2090s  0.63 0.24 0.13 1.00 0.17 1.68 0.82 6.53 62.73 30.74
SSP370° 2030s  1.36 0.71 0.79 2.86 2.30 0.56 0.19 232 1817 6.18 75.65 19.92 25.93 54.16
2050s 132 0.51 0.51 234 0.52 0.68 1.83 17.22 22.34 60.44
2070s 116 049 0.46 211 0.70 1.08 143 21.85 33.68 44.46
2090s 1.9 045 0.34 1.88 0.72 1.34 L17 2242 41.50 36.08
SSP585 2030s 142 048 042 232 1.92 0.26 044 2.06 9.54 15.97 7449 15.89 35.02 49.09
2050s 112 0.34 0.30 1.7 031 1.04 1.46 10.96 37.02 5201
2070 L11 031 027 1.69 0.55 1.35 115 17.87 4441 3112
2090s 120 040 031 1.92 0.84 143 1.08 25.19 42.66 32.14
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Fig. 6 Potential occurrence areas of Xanthium spinosum under different future climate scenarios
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Table 7 Potential occurrence areas of Xanthium spinosum under different future climate scenarios
it 0823 [ 8% Js 5k Spatial pattern change of occurrence areas
KA K10 km?) Oceurrence area KRR KRR & 1
o LR X10° km?) Area Ch LT 1 Area ch 1 .
atiis iy [paselt AR ) Aree Change - SHRTRA 1, Aveschange percentage Average proportion of areal change per scenario
(limate Yes - BREK (X10*km?) ) . N ) .
oo VO WE MR WEK PN e TREWER BEE PRE WEK  BER  PRK MEK BEE
Low-risk Moderate-risk High-risk occurrence e per scenario Expansion Shrinkage ~ Stabilization ~ Expansion  Shrinkage Stabilization ~ Expansion  Shrinkage  Stabilization
zone zone zone e zone zone zone zone zone zone zone zone zone
| R BE 0.67 068 249 249 / / / / / / / /
SSP126 2030s 0.7 1.06 1.28 3.09 313 0.60 0.01 249 19.46 0.30 80.24 20.52 0.25 79.23
2050s 067 0.87 1.61 3.15 0.66 0.01 2.49 21.02 0.23 8.7
2070s 0.67 0.85 1.62 314 0.66 0.01 249 20.86 0.23 78.92
2090s 0.68 0.89 157 314 0.65 0.01 2.49 20.75 0.23 79.02
SSP245 20305 0.61 0.92 1.49 3.02 3.09 0.55 0.02 248 17.93 0.63 81.44 19.73 0.56 79.71
2050s 0.3 0.74 1.84 312 0.64 0.02 248 2046 0.50 79.04
2070s 0.61 0.85 1.38 3.04 0.57 0.02 2.48 18.54 0.59 80.87
2090s 048 0.72 1.98 317 0.70 0.02 248 297 0.53 77.50
SSP370° 20305 0.56 1.08 152 317 3.22 0.69 0.02 248 21.60 0.50 77.90 22.88 049 76.64
2050s 0.7 0.81 2.02 3.21 0.74 0.02 2.48 2.8 0.49 76.68
2070s 0.8 0.60 2.36 3.24 0.77 0.02 248 2348 0.49 76.04
2090s  0.21 0.41 2.63 3.26 0.7 0.02 248 23.59 0.47 75.94
SSP385 20305 0.68 0.91 150 3.09 3.18 0.60 0.01 2.49 19.47 0.29 80.23 21.83 0.27 .90
2050s 0.6 0.83 L.79 3.18 0.69 0.01 249 2172 0.24 78.04
2070s 042 0.81 1.99 3.23 0.74 0.01 249 22.96 0.26 76.78
2090s  0.37 0.75 211 3.23 0.75 0.01 2.49 23.15 0.29 76.56

B KR E AR AR A 5T, RIFRAR B2 YA I R, S B8 iR 4 3 R 1. 70X 10* km?,
TEP AL 23 4 B 398 43 A0, 5 24 1 i 30 S AR — 2 2. 12X 10*km?,0. 27 X 10* km?, 0. 24 X 10* km?, H:
MR AT RR T 4 FP A = T R L BR AR & A T AL SSP370 1 5 K, i f& X i AL i K, 2. 13X



1422

A U A it 4 34 %

104 km?, SSP245 1 = F L, ¥ sk S b W H k&, N
41.85% , FE AL A i W HE Y k. &4

K, SSP370 1 5 N, K Il R M fE F Ik R
SSP245 15T, 5 A AP BB 7. % 8) .

20505 2070s 2030s 2050s 20705

T

S -It GIX -a,ux :ylklx : %mmx: I i

&
Non-risk zone Low-i nsk zone Modcmlc risk zone High-risk zone arca ization area
B7 REABSEERTRUBEBELZLERX

Fig.7 Potential occurrence areas of Rumex thianschanicus under different future climate scenarios
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Table 8 Potential occurrence areas of Rumex thianschanicus under different future climate scenarios

B IK S 1% 7 Spatial pattern change of occurrence areas

R HRRRER e :
Rt e WASE RHCHA(X10%) Area Change SHLTBLH Areachnge prcentage Average pij&fﬁiﬁfbﬁi{irscenario
Climate i BREK Average
scenario Ve gl P @k ol oceurrence: TkK e BEK Pk K BEK Ik e BEK
Low-risk Moderate-risk High-risk secuence ﬂre(ﬂielroicl:;é:lo/ Expansion  Shrinkage  Stabilization ~ Expansion ~ Shrinkage Stabilization ~ Expansion  Shrinkage  Stabilization
z0ne z0ne z0n€ e zone z0n€ zone zone z0ne zone z0n€ zone z0ne
[ HE 136 0.96 0.62 294 2.94 / / / / / / / / /
SSP126 2030s  2.09 0.96 1.60 4.66 464 L7 0.03 2.92 37.06 0.68 62.27 36.81 0.62 62.58
2050s  2.09 112 1.32 4.54 1.62 0.04 2.92 35.46 0.79 63.75
2070s  1.94 0.98 175 4.68 175 0.02 2.93 37.23 047 62.30
2090s  1.98 0.99 173 470 177 0.02 2.93 3748 0.52 62.00
SSP245 2030s  2.20 1.39 147 5.00 5.07 211 0.01 2.94 4173 0.29 57.99 41.85 0.21 57.95
2050s 2.2 1.64 1.08 5.00 2.06 0.01 2.94 41.08 0.25 58.68
2070s 2.10 143 1.57 5.10 2.16 0.01 2.94 1221 0.17 57.62
2090s  2.10 142 1.59 5.12 217 0.01 2.95 42.36 0.14 57.50
SSP370° 2030s  0.56 1.08 1.52 317 3.22 1.60 0.03 2.92 35.11 0.66 64.23 3491 0.68 64.42
2050s  0.37 0.81 2.02 321 1.55 0.03 2.92 3445 0.70 64.85
2070s  0.28 0.60 2.36 3.24 1.61 0.03 2.92 35.22 0.64 64.14
2090s  0.21 041 2.63 3.2 1.58 0.03 2.92 34.84 0.70 64.46
SSP585 2030s  0.68 091 1.50 3.09 3.18 1.78 0.01 2.94 37.63 027 62.11 38.16 027 61.58
2050s ~ 0.56 0.83 179 3.18 1.81 0.01 2.94 38.02 0.27 61.71
2070s 042 0.81 1.99 3.23 1.84 0.01 2.94 3841 0.26 61.33
2090s  0.37 0.75 211 3.23 1.86 0.01 2.94 38.59 027 61.15
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Fig. 8 Potential occurrence areas of Peganum harmala under different future climate scenarios
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Table 9 Potential occurrence areas of Peganum harmala under different future climate scenarios

J MK 7S A 76 Spatial pattern change of ocourrence areas

EERRERK

; $ + 2 y iy 3
e S KR (10 km?) Occurrence area [apzser TR X10°km?) Areachange  ATEF 5 I Area change percentage hvenge pipffjf?ﬁji fhzhrltgi[ger _—
Climate Fh BRI Average
I L T 7T wame pERKOREK OBEK  PRK WK BEK  PEK KK BEK
Low-risk Moderate-risk ~ High-risk sccurtence 3fe(axpelroicinazf10/ Expansion ~ Shrinkage ~ Stabilization ~ Expansion ~ Shrinkage Stabilization ~ Expansion  Shrinkage  Stabilization
zone zone zone e m’) z0ne zone zone z0ne zone zone z0ne zone zone
/o NE 042 0.38 0.36 1.16 116 / / / / / / / / /
SSP126 2030s 0.6 0.51 1.76 2.93 3.01 L7 0.00 117 60.20 0.15 39.65 61.12 012 38.77
2050s 050 0.70 1.86 3.0 1.88 0.00 117 61.70 0.10 38.20
2070s 051 0.68 1.83 3.03 1.86 0.00 117 61.39 0.10 38.51
2090s  0.53 0.66 1.82 3.01 1.84 0.00 117 61.18 0.11 38.70
SSP245 2030s  0.68 0.60 173 3.01 3.20 1.84 0.00 117 61.16 0.14 38.70 63.39 0.09 36.51
2050s 058 0.74 1.92 3.25 2.08 0.00 117 63.99 0.08 35.93
2070s 065 0.65 1.76 3.06 1.90 0.00 117 61.85 012 38.03
2090s 065 0.55 2.31 3.50 2.33 0.00 117 66.57 0.03 33.39
SSP370° 2030s  0.62 0.61 173 2.97 3.22 1.80 0.00 117 60.61 0.15 39.23 63.60 0.10 36.30
2050s 042 0.72 1.94 3.08 1.92 0.00 117 62.14 0.14 3172
2070s 043 047 241 331 2.14 0.00 117 64.68 0.08 35.24
2090s  0.53 0.29 2.1 3.54 2.3 0.00 117 66.96 0.03 33.01
SSP585 2030s  0.74 0.65 1.66 3.00 3.58 1.89 0.00 117 61.73 0.11 38.16 66.97 0.04 32.99
2050s 067 0.74 2.00 341 2.24 0.00 117 65.68 0.03 3430
2070s 075 0.42 2.63 3.79 2.62 0.00 117 69.15 0.01 30.84
2090s 072 0.50 2.86 4.08 291 0.00 117 71.32 0.00 28.67
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Fig.9 Migration of distribution centers for poisonous and harmful weeds under different future climate scenarios
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Fig. 10  Analysis of multi-species niche overlap in future periods
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