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Predicting suitable habitats for Elsholtzia densa on the Qinghai-Xizang
( Tibetan) Plateau under climate change using the Biomod2 model

LIU Zeyuan', WEI Youhai'*, HOU Lu"?, GUO Liangzhi'*,
CHENG Liang"*, LI Yue’, YANG Zhenyang®, FU Zhenzhen’
(1. College of Agricultural and Forestry Sciences, Qinghai University, Xining, Qinghai 810016, China;
2. Qinghai Academy of Agricultural and Forestry Sciences, Xining, Qinghai 810016, China;
3. College of Agriculture and Animal Husbandry, Qinghai University, Xining, Qinghai 810016, China)

Abstract; Elsholizia densa is one of the major malignant weeds in agricultural fields on the Qinghai-Xizang
(Tibetan) Plateau, and in order to explore its potential threat to crops and potential distribution areas under future
climate change scenarios, this study used 10 algorithms provided by the Biomod2 platform combined into a single
model to evaluate and analyze environmental variables affecting Elsholizia densa’ s fitness for distribution, and to
predict the changes in suitable areas and center-of-mass transfer in the context of current and future climate change.
The results showed that the main environmental factor affecting the distribution of Elsholtzia densa was the maximum
temperature of the warmest month, and that it was distributed in Qinghai, Gansu, Sichuan, Yunnan, and Qinghai-
Xizang (Tibetan) under the current climatic conditions, with a total area of 1.044x10° km®, which accounted for
40.94% of the total area of the Qinghai-Xizang ( Tibetan) Plateau. Predictions based on the context of climate
change indicate that Elsholizia densa has significantly expanded its habitat on the Qinghai-Xizang ( Tibetan) Plat-
eau, demonstrating a greater ability to survive and reproduce at higher altitudes. Its center of mass is expected to

shift northwestward. The invasion of Elsholizia densa poses a serious threat to crop yield and quality, necessitating
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effective control measures. Strengthened monitoring of its occurrence and spread, along with the development of effi-

cient prevention and management strategies, is essential for mitigating its impact.

Keywords: Elsholizia densa; suitable area; climate change; biomod2 combinatorial modeling; Qinghai-

Xizang ( Tibetan) Plateau
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Table 1  Description of the eight environmental variables

used in the Biomod2 ensemble model

eS| vz Eiipas Hf
Type Code Description Unit
V¥4 A 2%

Bio2  Mean diurnal range (Mean of monthly C
(Max temp-Min temp) )
Z2EE (Bio2/Bio7) (x100)
Isothermality ( Bio02/Bio07) (x100)
) \ Lo
Bios el 7 03 fe e T C

Max temperature of warmest month

Bio3

AR
T K ¥

Bioclimatic

Bioh R A B R AR o

Min temperature of coldest month

factor  Bio7 AFLBE ] ( BioS—Bio6) ©
Temperature annual range ( Bio5—Bio6)

Rk 3 AR AL (A8 5 R K0

Biol5 Precipitation seasonality
( Coefficient of variation )
. TR
Biol7 o e mm
Precipitation of driest quarter
. I I R K it
Biol8 mm

Precipitation of warmest quarter
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Table 2 Evaluation statistics for each modelling

algorithm and ensemble model

7 Model KAPPA  TSS ROC

X 4325 F 7
RUEIHER S ERE (SRE) 0.341 0515 0.757
Surface range envelop
S dat .
- 6}3@* T.]ﬂ:ﬁ((JTA) . 0.524  0.678  0.842
Classification tree analysis
JEAERA (GLM)

.602 . .924
Generalized linear model 0.60 0.707 0.9

AR 54T (FDA)

Flexible discriminant analysis

ZICIE N A RE S5 R4 (MARS)

Multiple adaptive regression splines

0.614  0.694 00914

0.617  0.728  0.934

JSCHTIAEE AL (GAM)

Generalized additive model

0.684  0.803  0.955

J7 R (GBM)

Generalized boosting model

0.689  0.815  0.963

N T A2 M4 ( ANN)

Artificial neural network

0.682  0.763  0.940

B KRR (MAXENT. Phillips )

Maximum entropy

FHALAZRAR(RF)

Random forest

0.747  0.720  0.935

0976  0.993 1.000

G AR SR P (EMea)

Ensemble model concomitant approach

£ AR R IIASOT- 35 ( EMwm )

Ensemble model weighted mean

0.658  0.788  0.965

0.653 0.784  0.963
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Table 3 Contribution of environmental factors

under different models

A . . . . . ) . .
Bio2 Bio3 Bio5 Bio6 Bio7 Biol5 Biol7 Biol8
Model

GLM 71 42 32 86 37 7 1 46
GBM 2 3 48 2 4 2 0 28
GAM 99 72 73 100 81 14 5 39
CTA 5 4 64 5 5 1 0 44
ANN 16 10 28 36 9 19 11 60
SRE 12 18 25 36 16 10 16 30
FDA 4 4 68 17 11 1 0 14
MARS 6 4 68 16 32 5 0 40
RF 5 3 28 13 6 2 2 16
MAXENT 12 15 51 20 25 15 15 35

0.8

0.6 I

04r

02

15 7E ¥ % Probability of existence

10 15 20 25 30 35 40
Bio 5

2 KREAWMSIEEZERING R B 2

Fig.2 Response curve for key bioclimatic variables
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Note: Map resources from the Qinghai-Xizang ( Tibetan) Plateau
1 : 1,000,000 Administrative Boundary Data (2017) in the National

860 km

Tibetan Plateau Science Data Centre (https://data.tpdc.ac.cn/home) .
Bl SHeRMEXKBEREENSHTR
Fig.1 Distribution points of Elsholizia densa in the

Qinghai-Xizang (Tibetan) Plateau region
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Fig.3 Potential habitat areas of Elsholizia densa under current climatic conditions for the two ensemble models
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Table 4 Potential suitable area size of Elsholtzia densa under different climatic scenarios
B30 HECI 5% I A= X T AR e rp AT A X TR R R A X AR e
P . A Emissions Low suitable area Trend Moderate suitable Trend High suitable Trend
o scenario /(x10%km?)  /(x10*km?)  /(x10*km®)  /(x10*km?)  /(x10*km?)  /(x10*km?)
2MHT Current 87.57 11.20 5.62
RCP2.6 90.90 3.331 36.66 25.46 1 13.44 7.811
2050s RCP4.5 111.13 23.56 1 33.83 22.631 11.51 5.89 1
RCPS.5 150.68 63.11 7 36.79 25.60 1 13.14 7.521
RCP2.6 91.30 3.731 38.87 27.671 15.12 9.49 1
2070s RCP4.5 117.00 29.43 1 35.47 24.27 1 4.39 -1.23
RCP8.5 121.68 34.117 49.04 37.84 1 0.00 -5.62 ]

VE ) B ATR (1) SRR AT AH LR 1) Rk (L) 3R 5 Y RTAR L

Note: Upward arrows ( T) indicate an increase compared to the current period; downward arrows ( | ) indicate a decrease compared to the current period.
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Fig.4 Potential suitable distribution of Elsholizia densa on the Qinghai-Xizang ( Tibetan) Plateau in 2050s
and 2070s under different future climate scenarios (RCP2.6, RCP4.5 and RCP8.5)
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Fig.5 Plasmodial migration routes of Elsholizia densa under different climatic scenarios
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