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Abstract; Xinjiang grassland covers a vast area and occupies a prominent position in agriculture and animal husbandry.
Locust plague is a great threat to the local economy and ecology. Furthermore, extreme weather in Xinjiang has become more
frequent, the task of monitoring and preventing locust plagues is difficult. Based on the data of locusts represented by Italian
locust, Siberian locust and Asian migratory locust, we comprehensively considered the environmental factors that had
important influence on the different life cycles of locusts, and used eight typical species distribution models of BIOCLIM,
DOMAIN, MAHAL, GLM, RF, BRT, SVM, MAXENT, and ensembled models to predict typical locust suitable areas in
Xinjiang. The results showed that: (1) different models had differences in the prediction of typical locust suitable areas in
Xinjiang, in which DOMAIN was the worst (AUC=0.688, TSS=0.301) , and the BRT was the best (AUC=0.920, TSS=
0.910) . The prediction of the suitable area based on the three ensembled models of the BRT, SVM and MaxEnt was more

reliable. (2) The suitable area of typical locusts of different grades in Xinjiang was about 568440 km®, accounting for 36%
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of the total area of Xinjiang, among which the high adaptable area was 165680 km®. (3) The typical locust breeding areas
were mainly concentrated in the Altay and Tacheng areas of northern Xinjian. In addition, they were also distributed in
Hami and the edge of oasis in southern Xinjiang. This study may provide support to the Xinjiang grassland authorities in

their efforts to monitor and control locusts.

Key Words: locust; species distribution model ; suitable areas; ensembled model; Xinjiang
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DI 5 55 A S I A S T O g R S e R I | 73 T T i B IR Y T BiR
AL s ISR 22 ) IR R

Yy Fh 43 A 78 ( Species Distribution Models, SDMs) DA E HIHIFh 43 A 5 S IR B A6 I tan A, Rl FHEC2A 42
T RS 2 > B AR TE YR E A A 2 TR SRR > P ) RV IR IT 0 Fh AR F 58 o
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AR 1% MY L T R O S o 431 a5 B PR 25 1) v 2748 SR 20 ) B AR A0 2, Tl s 4 b o A
AITRAEIX SR R IR b B A sk B R R LT R ARG T O R R W R A A S TR X G i
2R FR AT ) Rl P A 3 A DX AR RS B 1 i R R SR A 46 T SCZRPERE AL (GLM) | B AL AR MR HY (RF ) AN
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Fig.1 The location of the study area and the typical locust occurrence point in Xinjiang
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Table 1 VIF of each environmental variable

WA T 2K 2R A PRI A 1 2 ok R
Environment Variables Variance inflation factor|| Environment Variables Variance inflation factor
Y Aspect 1.0017 + R Soil moisture 1.6610

IH— it o

B~ furyits o 1.1475 TR Soil pH 1.1876
Normalized difference vegetation index

[%7K Precipitation 2.0309 A =< i Monthly maximum temperature 1.8300

5w Slope 1.3369

3.2 BAUKEEE PR

g A T B8 3 S I 2 4 TR 6 4 V8 4, R o 5 R A R 3 5 B AL B B 209 #E A5 B, R
AUC BIE45 T A 7Y () P RE AT Hh 478 T 32 32 B I LA P, A 2 e 2 firs , Hodh DOMAIN #7 f AUC
F1TSS (HA AR, 73514 0.688 F1 0.301 ; $2 T [l AR AR 20 £ &5 , 431 >4 0.920 F10.910,

F2 BRBEIRIGGIHE
Table 2 TSS of each model

R TSS {4 Io & R TSS i I {E
Model TSS Value Threshold Model TSS Value Threshold
BIOCLIM 0.538 0.57 RF 0.725 0.72
DOMAIN 0.301 0.55 BRT 0.910 0.51
MAHAL 0.871 0.12 SVM 0.755 0.69
GLM 0.545 0.43 MaxEnt 0.893 0.36

TSS: B TGS True skill statistics ; BIOCLIM ; Bioclim #£ % Bioclim; DOMAIN ; 45 38 45 £ Domain ; MAHAL; b [ {45 B4 #% % Mahalanobis
distance ; GLM : |~ LAY Generalized linear model ; RF ; L AR A H! Random forest; BRT : 27+ I 5! Boosted regression trees; SVM : 345 1]
LI Support vector machine ; MAXENT ; 5 A7 Maximum entropy
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Fig.2 Receiver operation characteristic curve of each model
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Fig.3 Prediction result of each model for typical locusts
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Fig.4 Prediction results of different locust types by BRT SVM MaxEnt
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Table 3 The division of suitable area of Xinjiang typical locust

SITRER (P) BrUNER R I3 REE(P) TEH SR
Probability distribution Suitability grade Probability distribution Suitability grade
0<P<0.08 JEiE A X 0.49<P<0.75 HEAEIX
0.08<P<0.26 @K 0.75<P<1.0 X

0.26< P<0.49 NGE A X

GE T A B [R5 A= X3 DT AR L9, 0 4, 4% 2838 2R X (IR A= X A G AR X Gd R X

i X)) AR AL ) 59.844 J7 km?, /5 58 A THIARAY 36% . Hrp K A4 X AR 28.284 7 km?, I | il K,
d A G AR X IR 52— (47%) , 5 T A B RLR 17% ;38 A4 X T AR 1.735 T3 km?*, 1 5 Fe il i/, A

AARBNE 532 —(0.87%) 3 1 Zki3d A= X AT o T ARV IE A XA, 1B 8 1 HAt @ A X 431X 1 s G X T AL
16.568 J3 km” , {f i T BUN R FAKGE A X, BT o Fb A B3k 10%

F4 FEEBEERXSXERKALLE

Table 4 Area and proportion of different suitable areas

A XA X TR Hilk A XA X TR ditk
Suitable area division Area/ (J7 km?) Proportion/ % Suitable area division Area/ (J7 km?) Proportion/ %
JE3E4E X Unsuitable 105.436 63.637 154 X Medium 1.735 0.817
G X Low 28.284 17.071 "G X High 16.568 10.472
%8 4 X Marginal 13.257 8.002

3.4 IPEHFEEME
T HRL A5 S TR L OGN [R]85 R B N ] 32 M A SCL7 6 25 B R ) 7 ROR LV 1 ) I 2 I P i
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Fig.5 Typical locust Distribution in Xinjiang Classified
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Table 5 Contribution rate to environmental variables

145745 i Environment variables AL/ TR Type of Locust/Model

i d 2 FY Type of Locust DAY VS FERA PGAFIFI 7 45
THMAR R Model BRT SVM MaxEnt BRT SVM MaxEnt BRT SVM MaxEnt
YBE Aspect 10.9 8.31 6.6 2.3 24.96 4.6 8.5 6.03 9.7

I — A G £

Normalized difference vegetation index 11.5 18.78 2.8 13.9 9.54 13.5 9.6 16.92 5.5
[#%7K Precipitation 20.8 13.39 31 53.7 18.83 62.2 48.2 23.55 67.3
Y1) Slope 10.8 18.02 11.8 3.2 1.09 0.5 3 3.16 0.5
T HERSE Soil moisture 19.4 10.54 25.7 4.8 13.74 2.4 6.3 18.39 4.5
T IEFRBIE soil pH 17.1 20.13 2.6 3.2 5.56 1.1 7.9 10.12 1.8
ﬁfl?}'?y?iimum temperature 9.5 10.83 19.5 18.9 26.28 15.7 16.5 21.83 10.7
ST Total 100 100 100 100 100 100 100 100 100

XA AP G B (1) B AR 2 — 4552 R VR R P 26 (R AUC fH) , AUC 32 B R W A%, ol X o
5 {EL 9 Pl PN B P REDRAN 25 SR T LA, R A2 3 A 25 PR B 40ek 2 B F L) AUC ECBREE ST 1 B HA A AR
(P RE S ANBF ST FP A AR ) AUC SEASERARAFAE 0.7 Db, 15 IH 25 B (i 7 Bl T A5 - b 9703000 S gL 70 et o
(A3 A X, (B AL R A 7 A — 25 57, o DOMAIN BB A X fie 25 , X7 ik M 760 e o 1 T30 B ) S5 1K 5 T 2 7 [
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TR I 5T v 45 B R AR AS [ 4 43 A T 00 A5 8 e g M R R B AR — (Y LR A Duan %55V i
BIOCLIM ,DOMAIN \MAHAL RF MaxEnt Fll SVM %575 B F 1 FOFP A Fh 08 2 3 A0 X, ISR ifE 25 AR 57
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