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Prediction breeding areas of Locusta migratoria migratoria ( Orthoptera:
Acridoidea) in Xinjiang and China-Kazakhstan border under the

background of climate warming

LUO Di' LIU XiaoXian® JI Rong'" (1. College of Life Sciences Key Laboratory of Conservation and
Management of Species Diversity in Xinjiang International Research Center of Cross-border Pest
Management in Central Asia Urumgqi 830054 China; 2. Xinjiang Institute of Ecology and Geography
Key Laboratory of Desert and Oasis Ecology Chinese Academy of Sciences Urumqi 830011 China)
Abstract: Locusta migratoria migratoria is one of the most important pests in the Xinjiang Uygur
Autonomous Region of China and Kazakhstan border. It has the ability of migration and reproduction
which causes great harm to agriculture and animal husbandry economy. This article takes the L.
migratoria migratoria as the research object and uses CLIMEX 4. 0.2 ( adaptability analysis software)
and ArcGIS 10. 2 ( geographic information system) to predict the potential geographic distribution of the
L. migratoria migratoria in Xinjiang and the China—Kazakhstan region based on its disaster areas and

related biological characteristics. Breeding areas for L. migratoria migratoria are concentrated in northern
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Xinjiang ( 42.69 ~48.29°N) including Yili central Bortala northwest and south Tacheng western
Altay Changji and southern Urumqi. The territory of Kazakhstan is mainly distributed in the 47.03 ~
51.65° N area of north latitude including lakes and riverside areas in the northern part of East
Kazakhstan and the southeastern part of Almaty which is consistent with the existing distribution points
and historical occurrence records of L. migratoria migratoria. Under future climate warming scenarios

the suitable areas of L. migratoria migratoria in Xinjiang on the China-Kazakhstan border will gradually
expand. Among them the areas of highly suitable areas in Altay Yili Changji and Urumqi will
increase and Hami will begin to appear highly suitable areas; The suitable areas in the border areas of
Kazakhstan increased slightly and the area of highly suitable areas in the East Kazakhstan region
decreased significantly. The results of this study are of great significance to the prediction and integrated
control of L. migratoria migratoria in the region.
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Fig. 1 Known distribution of Locusta migratoria migraioria in Xinjiang and ChinaKazakhstan border region

GS (2020) 4403

o Note: The map was based on the standard map No. GS (2020) 4403 downloaded from the standard map service website of the

State Bureau of surveying mapping and geographic information and the base map was not modified.
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CLIMEX ( Sutherst et al. 2004; ( Upper optimum temperature DV2)
Kriticos et al. 2012) 22°C 30°C ( Upper
threshold temperature DV3) 44°C .,
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Table 1 Comparative location model parameter values for Locusta migratoria migratoria

Parameter

Values for Locusta migratoria migratoria

Lower threshold temperature ( DVO)
Lower optimum temperature ( DV1)
Upper optimum temperature ( DV2)
Upper threshold temperature ( DV3)

Lower threshold of soil moisture ( SMO)

Lower limit of optimum soil moisture ( SM1)

Upper limit of optimum soil moisture ( SM2)

Upper threshold of soil moisture ( SM3)
Cold stress temperature threshold ( TTCS)
Cold stress accumulation rate ( THCS)
Heat stress temperature threshold ( TTHS)
Heat stress accumulation rate ( THHS)
Dry stress soil moisture threshold ( SMDS)
Dry stress accumulation rate ( HDS)
Wet stress soil moisture threshold ( SMWS)
Wet stress accumulation rate ( HWS)

Degree-days to complete one generation ( PDD)

4
2
30C
44C
0.07

0.1

0.2

0.7
4

~0.00001 /week
44C
0. 001 /week
0.07
- 0. 03 /week
0.7
0. 0005 /week
1115%€ + d

DVO. DV3. SMO. SM3

( Cold stress temperature

threshold TTCS) .
temperature threshold TTHS) .

( Heat stress
( Dry
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stress soil moisture threshold SMDS) | ;10 < EI<20 . EI>20
( Wet stress soil moisture threshold SMWS) o

4°C. 44°C. 0.07. 0.7-
( Cold stress 2
accumulation rate THCS) . ( Heat
stress accumulation rate THHS) | 2.1
( Dry stress accumulation rate HDS) | CLIMEX
( Wet stress accumulation rate HWS) 35.61  km®> ( 2)
-0.00001. 0.001. 0.003. 0.0005/ & 21.45% 42.69 ~48.29°N
( Degree-days to complete one 4.07  km’
generation PDD) : 2.45% N .
( Kriticos S N
et al. 2015) , 1~2 :
(1990) 11.04  km’
PDD 1115 6. 65% . N
1.2 N N .
CLIMEX ; 22.51
( Temperate-Template) km’ 12.35%
( Ecoclimatic Index EI)
ArcGIS 10.2 ( Inverse 48. 88 km’ 96. 39%
Distance Weighted IDW) N 47.03 ~51.65°N
18.76  km’ 36.99%
(
2019) . o 22.90  km’
El 0 ~100 45.15% o
EI=100 7.22  km’
o 14.24% N
2 <EI<10 ( 2)o
2 AlB
Table 2 Areas and percentages of suitable areas for Locusta migratoria migratoria under A1B climate scenarios
0<EI<2 2<EI<10 10 < EI1<20 EI>20
AlB
Area AP Chnflate ( x10* km?) (%) ( x10°km?) (%) ( x10*km?) (%) ( x10*km?) (%)
scenario
Area Ratio Area Ratio Area Ratio Area Ratio
Current 130. 39 78.55 20. 51 12.35 11. 04 6. 65 4.07 2.45
Xinjiang 2050 120.91  73.44  25.13 15. 14 13.30 8.01 5.67 3.41
Current 1.83 3.61 7.22 14.24 22.90 45.15 18.76 36.99
Two states of
Kazakhstan 2050 0.52 1.04 16.72 32.97 24.23 47.79 9.23 18.21
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2
Fig. 2 Potential distribution areas for Locusta migratoria migratoria in Xinjiang and China—Xazakhstan border region
under historical climate scenario
GS (2020) 4403
o Note: The map was based on the standard map No. GS (2020) 4403 downloaded from the standard map service website of the

State Bureau of surveying mapping and geographic information and the base map was not modified.
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3 2050 AlB

Fig. 3 Potential distribution areas for Locusta migratoria migratoria in Xinjiang and China—Xazakhstan border region

under the A1B scenario in 2050

4
Fig. 4 Distribution of TI and MI in suitable areas of
Locusta migratoria migratoria in the study area
A ; B o 1.2
. 2050 o
GS (2020) 4403
o Note: A Temperature
index; B Moisture index. Subscripts 1 and 2 indicated the
historical and 2050 climatic conditions respectively. The map
was based on the standard map No.GS ( 2020) 4403
downloaded from the standard map service website of National
Bureau of surveying mapping and geographic information and

the base map was not modified.

Fig. 5 Distribution of CS and DS in suitable areas of
Locusta migratoria migratoria in the study area
A ;B o 1.2
+ 2050 o
GS (2020) 4403
- Note: A Cold stress;
B Dry stress. Subscripts 1 and 2 indicated the historical and
2050 climatic conditions respectively. The map was based on
the standard map No. GS (2020) 4403 downloaded from the
standard map service website of National Bureau of surveying
mapping and geographic information and the base map was not

modified.
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Fig. 6 Changes of temperature and growth index of Locusta migratoria migratoria in some suitable areas

under historical and future climatic conditions
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