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Advances in research on locusts and locust
monitoring technology in Xinjiang
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Abstract Because it has both a large number of species and a wide distribution of locusts, and also suffers serious
cross-border invasions of locusts from neighboring countries, Xinjiang is the most prominent, and typical, locust plague area in
China. This paper summarizes advances in theoretical research on early warning methods for, and integrated management of,
locusts in Xinjiang over the past decade, and reviews recent research on cross-border migration and radar monitoring. In
addition, theoretical and empirical studies on the insect migration zone in Central Asia, the establishment of regional pest
monitoring, construction of a forewarning network platform and biological control technology are discussed in detail. We hope
this information provides a scientific basis and technical support for the control of locusts in Xinjiang and for monitoring
migratory pests on China’s northwestern border.

Key words locust; adaptation mechanism; cross-border migration; insect radar; Sino-Kazakhstan border

2.71x10% hm?

8.5% 2011 1992-2001
7.06x10° hm®
2x10° hm? 4.49%x10° hm? 1999 2000
7x10°

2002 1986-  2.67x10° hm? 1.33x10° hm?
1991 3.95x10° hm? 2006
* Supported projects 2016YFE0203100 XJEDU2017T007
o First author E-mail 2417582769@qq.com
ok Corresponding author E-mail jirong@xjnu.edu.cn

Received 2019-05-31 Accepted 2019-06-19



- 928 - Chinese Journal of Applied Entomology 56
2007
2001 1999 2008 2010a 2010b
Locusta migratoria migratoria . . , .
b SRR X 08 2 4 B B R B SE

3.56x10° hm® 1.39x10° hm?
2.17%10° hm? 2.01x10° hm?
3.26x10° 2011
2014

2002

1 FBiE AT

1980 1981
1995
62 157
1984
2001
65 177 2001 20 70
20
80
Calliptamus italicus C. barbarus
Gomphocerus sibiricus
Myrmeleotettix palpalis Oedaleus
decorus Dociostaurus kraussi kraussi
10 2001

B

20 70
2014 2015a
2007 2011 2011
2008 2011 2014
HSP70
2017a
2017b
Super-cooling point SCP Freezing
point FP
Asp Glu
2014 2017
2018a 2018b
2014 2014 2016a 2016b
2015 2016 2015¢
2016 2017



- 929 -

3 ERIFCRHMBERLZESREL
tH4PE PR XA B R &
30 R hBEE R tE S R R AR RS

2017

CO CO Cyb

2019
2019 Xuetal. 2019

3.2 EERFCAETERIERBIRT TSR
HiRMH R

2015b
2017

2017

2017

HYSPLIT ArcGIS

Yuetal. 2019

300-500m Yuetal. 2019

4 FBEHFEAREDRDRE

R EEENEATEEEILISMNA
74
2008 2009
MODIS-NDVI
NDVI 2007 2008
2013 GIS
2015 MaxEm
2016
2016
3km 46°38'N 82°52'E 443 m

20 000 m’

22:00-03:00



- 930 -

Chinese Journal of Applied Entomology 56

200-600 m
1 500 m Protoschinia
scutosa Agrius convolvuli

Anarta trifolii Ophonus cal ceatus

5 RBE

Nosema locustae Canning

Insect

migration zone in Central Asia

SE ik (References)

Chen YL, 1981. Locust study autonomous region: locust distribution
in Urumgqi, Xinjiang. Acta Entomologica Snica, 24(2): 17-27.
[ , 1981.

,24(2): 17-27]

Chen YL, Liu JP, Huang CM, Sun LB, 1980. Control of Grasshoppers
in Xinjiang. Urumgi: Xinjiang People's Publishing House. 23-34.
[ s s s , 1980.

.23-34]

Dou J, Zhang RY, Liu M, Qian X, Xiao HW, Roman J, Ji R, 2017.

Comparison of flight muscle and energy consumption of pre-

and post-flight in Calliptamus italicus (Orthoptera: Acrididae).
Pratacultural Science, 34(8): 1721-1726. [ , s R
s , Roman Jashenko, ,2017.
, 34(8): 1721-1726.]

Fan FL, 2011. The Locusts Disaster Management in Xinjiang.
Urumgqi: Xinjiang Science and Technology Publishing House.
[ , 2011.

.97-99.]

Fu WD, Yao YL, Li XJ, Liu J, 2009. Study on the model between
the area of grasshopper occurrence and indexes of atmospheric
circulation. Pratacultural Science, 26(12): 124-130. [ R

s , , 2009.
,26(12): 124-130.]

Ge J, Ren JL, Zhao L, 2014. Preliminary investigation changes in
the free amino acids overwintering egg of Calliptamus italicus
(L.) (Orthoptera: Catantopidae). Xinjiang Agricultural Sciences,
51(10): 1840-1844. [ , s , 2014.

,51(10): 1840-1844.]

Gong JN, 2001. Grasshoppers and pest rat hazard in grassland of
Xinjiang and their controlling strategy. Journal of Catastrophology,
16(2): 65-69. [ ,2001.

, 16(2): 65-69.]

Ha ME, Han XH, 2014. The current situation of the grassland
locusts and the strategies for prevention and treatment in the
border area of Tacheng region, Xinjiang. Journal of Agriculture,
4(3): 7-10. [ s ,2014.

,4(3): 7-10.]

He LZ, Liu YP, Yan MY, Liu Q, Li ZW, Ji R, Ye XF, 2017. The
respiratory metabolism of overwintering Gomphocerus sibiricus
(Orthoptera: Acrididae) eggs. Chinese Journal of Applied
Entomology, 54(1): 92-99. [ R s s s

s s , 2017.
, 54(1): 92-99.]

He XQ, Ji R, Yang ZJ, Li SZ, 2008. A comparative study between
intestines structure of Gomphocerus sibiricus and Calliptamus
italicus. Journal of Xinjiang Normal University, 27(1): 100-102.
[ , , s , 2008.

,27(1): 100-102.]

Huang H, Zhu EL, 2001. Serious occurrence of locust in Kazakhstan.

World Agriculture, (6): 46-47. [ s , 2001.
,(6): 46—47.]
Huang RX, He B, 1984. Vertical distribution of locusts in Guozigou

mountain area, western Tianshan, Xinjiang. Chinese Journal of



- 931 -

Applied Entomology, 48(1): 1-6. [ , , 1984.
,48(1): 1-6.]

Li H, Zhu HT, Tong Z, Bai SZ, 2011. Analysis of the features on
locust outbreak in the west of Aletai in Xinjiang. Desert and
Oasis Meteorology, 5(4): 58-62. [ ) ) s S
2011.

,5(4): 58-62.]

LiJ, Li S, Wang DM, Ji R, 2014. Changes in the contents of stress
resistant substances in Gomphocerus sibiricus (Orthoptera:
Acrididae) under high temperature stress. Acta Entomologica
Snica, 57(10): 1155-1161. [ s s s , 2014.
57(10): 1155-1161.]

Li S, Cai MT, Ma WY, Ji R, 2016. Difference in heat tolerance and
enzyme activity between Calliptamus italicus (Orthopera:
Acrididae) and Gomphocerus sibiricus (Orthopera: Acrididae).
Chinese Journal of Applied Entomology, 53(5): 1077-1083. [

> > , , 2016.
, 53(5):
1077-1083.]
Li

—

S, Wang DM, Li J, Hu HX, Ji R, 2015. Differences in heat

tolerance and physio-biochemical mechanisms between adult

female and male Calliptamus italicus (Orthopera: Acrididae).

Chinese Journal of Applied Entomology, 52(4): 960-967. [ s

> s , , 2015.
, 52(4): 960-967.]

Li XY, Feng JP, Liu HH, 2011. Analysis on climatic characteristics
of grasshopper disaster in Changji prefecture. Modern Agricultural
Sciences and Technology, (15): 180—181. [ s s

,2011. . s
(15): 180-181.]

Liu JP, 1995. Studies on the fauna of Acridoidea in Xinjiang, China.

Entomotaxonomia, (S1): 117-127. [ , 1995.
,(S1): 117-127.]
Liu Q, 2017. Study on the difference of ecological characteristics

and the flying ability of Calliptamusitalicus in China-Kazakhstan.

Master thesis. Urumgqi: Xinjiang Normal University. [ ,2017.

]
Liu Q, He LZ, Zhang YJ, Roman J, Ji R, 2017. Ecological
characteristics of locust's breeding place and locality in China-

Kazakhstan border. Journal of Environmental Entomology, 39(2):

365-371. [ R s , Roman Jashenko, s
2017.

,39(2): 365-371.]

Mai JW, Xu Y, Shi Y, Wang TX, Roman J, Zhao W, Wang H, 2019.
Genetic diversity and genetic differentiation of Calliptamus
barbarus in Sino-Kazakh border areas. Chinese Journal of Applied
Entomology, 56(2): 263-272. [ , , B, ,
Roman Jashenko, s , 2019.

, 56(2):
263-272.]

Qi GY, Bai SF, Pan XM, 2011. Study on the model between the
occurrence area of locust and the characteristic quantity indexes
of atmospheric circulation in western Aletai. Journal of Anhui
Agricultural Sciences, 39(6): 3386-3389. [ s s

,2011.
,39(6): 3386-3389.]

Qian X, Dou J, Wang DM, Li S, Roman J, Ji R, 2016. Stigma structure
and response of respiratory metabolism of Gomphocerus sibiricus
to high temperature stress. Chinese Journal of Applied Entomology,
53(4): 837-842. [ s s s , Roman Jashenko,

, 2016.
, 53(4): 837-842.]

Qian X, Wang YY, Xie HH, Dou J, Li ZW, Roman J, Ji R, 2017.
Effects of temperature on the activities of key enzymes related to
respiratory metabolism in adults of Gomphocerus shiricus
(Orthoptera: Acrididae). Acta Entomologica Sinica, 60(5): 499-504.
L . , , ,

, 2017.

, Roman Jashenko,

, 60(5): 499-504.]

Qiao YM, Lian ZM, Hu YQ, 2001. Vertical distribution of
grasshoppers in Balikun of Xinjiang. Journal of Shanxi Normal
University, 29(1): 71-74. [ s s , 2001.

, 29(1):
71-74.]

Ren JL, Zhao L, Ge J, 2014. Ovarian development in Calliptamus
italicus (L.) (Orthoptera: Catantopidae). Chinese Journal of
Applied Entomology, 51(5): 1280-1288. [ s , s
2014. Calliptamus italicus (L.)

,51(5): 1280-1288.]

Ren JL, Zhao L, Gong A, 2015a. Effects of the temperature and soil

moisture on post diapause development and survival of Calliptamus

italicus L. eggs. Journal of Xinjiang Agricultural University, 38(5):



-932 -

Chinese Journal of Applied Entomology 56

398-401. [ , , , 2015a.
38(5): 398-401.]

Ren JL, Zhao L, Zhao XF, Zhao Y, 2015b. Study of the flight ability
of Calliptamus italicus (L.). Chinese Journal of Applied
Entomology, 52(5): 1272-1276. [ N s s N
2015b. Calliptamus italic (L.)

,52(5): 1272-1276.]

Ren JL, Zhao L, Zhao Y, Ge J, 2015c. A preliminary study on
temperature tolerance ability of Calliptamusitalicus. Pratacultural
Science, 32(2): 274-280. [ , , , , 2015c.

,32(2): 274-280.]

Wang DM, Li J, Li S, Hu HX, Ji R, 2014. Effects of temperature on
the respiratory metabolism of Calliptamus italicus (Orthoptera:
Acrididae). Acta Entomologica Sinica, 57(3): 373-378. [ s

, , , , 2014.
, 57(3): 373-378.]

Wang DM, Li S, Zhang YJ, Roman J, Ji R, 2016a. Response of the
discontinuous gas exchange cycle (DGC) duration in Calliptamus
italicus (Orthoptera: Acrididae) to high temperature stress. Acta
Entomologica Snica, 59(5): 516-522. [ R R R
Roman Jashenko, , 2016a.

(DGC) . , 59(5):
516-522.]

Wang DM, Yu BJ, Nie F, Xu L, Fan TS, Roman J, Ji R, 2016b.
Observation on mating behaviors of Calliptamus italicus
(Orthoptera: Acrididae). Journal of Environmental Entomology,
38(5): 918-923. [ , , , , ,

, 2016b.

,38(5): 918-923.]

Roman Jashenko,

Wang H, He XQ, Ji R, 2010a. Selection mechanisms of Calliptamus
italicus on four different host plants. Chinese Journal of Ecology,
29(12): 2401-2407. [ s s , 2010a.

,29(12): 2401-2407.]

Wang H, Yu F, Chen RH, Wang ZY, Ji R, 2010b. Mandible difference
of seven dominant grasshopper species in Xinjiang grasslands.
Chinese Journal of Applied Entomology, 47(4): 759-762. [ R

> , s , 2010b.
, 47(4): 759-762.]

Wang H, Yu F, Hu HX, Ji R, 2014. Climatic changes in suitable
distribution areas of Calliptamus italicus L. Chinese Journal of
Agrometeorology, 35(6): 611-621. [ s R R s

2014.

,35(6): 611-621.]
Xiang M, Fan TS, Hu HX, Ji R, Wang H, 2017a. Effects of
short-term exposure to high temperature on the survival and
fecundity of Calliptamus italicus (Orthopera: Acrididae).
Chinese Journal of Applied Entomology, 54(3): 426—433. [ R
, ) s , 2017a.

, 54(3): 426-433.]
Xiang M, Hu HX, Yu F, Ji R, Wang H, 2017b. Effects of brief
exposure to high temperatures on HSP70 expression in oogenesis
of Calliptamus italicus. Pratacultural Science, 34(6): 1299—-1305.
L . , , ,

HSP70

, 2017b.

, 34(6):
1299-1305.]

Xiong L, 2002. Present situation of locust occurrence and control
measures of locust plague in Xinjiang. Xinjiang Agricultural
Science and Technology, (4): 40-44. [ , 2002.

,(4):40-44]

Xiong L, 2011. Application of integrated locust control technology
based on biological control in xinjiang grassland. Xinjiang
Xumuye, (3): 59-63. [ , 2011.

,(3):59-63.]

Xu 'Y, Mai JW, Li RX, Xu LF, Yu BJ, Yuan L, Roman J, Ji R, 2019.
Analysis of genetic variation among geographic populations of
Calliptamus italicus in Xinjiang based on mitochondrial Cytb
gene sequences. Chinese Journal of Applied Entomology, 56(3):
508-516. [ s s R s s s
Roman Jashenko, ,2019. Cytb

,56(3): 508-516.]

Xu 'Y, Mai JW, Yu BJ, Hu HX, Yuan L, Roman J, Ji R, 2019. Study
on the genetic differentiation of geographic populations of
Calliptamus italicus (Orthoptera: Acrididae) in Sino-Kazakh
border areas based on mitochondrial COI and COIl genes. Journal
of Economic Entomol ogy, https://doi.org/10.1093/jee/toz112.

Yan MY, He LZ, Wang H, Yu F, He L, Yuan L, Liao CM, Liu YP, Li
ZW, Ji R, Ye XF, 2018a. Developmental characteristics of
overwintering eggs and embryos of Gomphocerus sibiricus.
Pratacultural Science, 35(8): 1985-1993. [ R R

, 2018a.
,35(8): 1985-1993.]

Yan MY, Xu Y, Wang XX, Wang H, Ji R, Ye XF, 2018b. The
response of respiratory metabolism overwintering eggs of Italian

locust Callitamus italicus (Orthopera: Acrididae) to seasonal



- 933 -

changes. Journal of Plant Protection, 45(6): 1302—1307. [
s s R , R , 2018b.
, 45(6):
1302-1307.]

Yang HF, Zheng JH, Wu XL, Mu C, Lin Y, Xu ZL, 2016. Prediction
of potential distribution area of Gomphocerus sibiric in Xinjiang
based on the MaxEnt model. Xinjiang Agricultural Sciences,
53(1): 43-50. [ s s s , s s
2016. MaxEnt

, 53(1): 43-50.]

Yang HS, 2007. Vegetation dynamics and climatic background of
locust occurrence in typical its regions of Xinjiang based on
MODIS-NDVI. Master thesis. Urumgqi: Xinjiang Normal
University. [ , 2007. MODIS-NDVI

1

Yang HS, Ji R, Wang T, 2008. Atmospheric circulation background
and long-term prediction of grasshopper occurrence in Xinjiang.
Chinese Journal of Ecology, 27(2): 218-222. [ , s

, 2008.
,27(2):218-222.]

Yang HS, Ji R, Xiong L, Yuan H, 2007. Effect of meteorological
factors on locust occurrence in the North of Mt. Tiaushan in
Xinjiang. Chinese Journal of Applied Entomology, 44(4):
517-520. [ , s s , 2007.

,44(4): 517-520.]

Yang HS, Wang CB, Yu F, Ji R, 2013. Vegetation dynamics of

Jiminy locust region based on MODIS-NDVI. Jiangsu
Agricultural Sciences, 41(5): 354-356. [ , , ,
, 2013. MODIS-NDVI

,41(5): 354-356.]

Yang HS, Wang T, 2007. Grassland grasshopper infestation in
Xinjiang and their prevention and cure. Journal of Xinjiang
Normal University, 25(3): 93-96. [ s , 2006.

,25(3): 93-96.]

Yu BJ, Mai JW, Chen X, Xu CY, Chen Y, Cao KL, Xu Y, Roman J,
Ji R, 2019. Source areas migratory trajectories of Locusta
migratoria migratoria (Orthoptera: Acrididea) in the region of
Tacheng, Xinjiang, China and adjacent regions. Journal of
Entomological Science (Accepted).

Yu F, 2008. Vegetation growth and relationship between vegetation
and locust in Aletai locusts region based on MODIS data. Master
thesis. Urumgqi: Xinjiang Normal University. [ , 2008.
MODIS

y

Zeng XC, Ji R, Mou GP, 2007. Screen of high-yield cellulase strain
from intestinal of Gomphocerus sibiricus. Food Science, 28(9):
388-392. [ R s , 2007.

,28(9): 388-392.]

Zheng SD, 2015. Study on spatial-temporal distribution prediction
model of grasshopper disaster in Xinjiang based on MCA and
Marko chain. Master thesis. Urumgqi: Xinjiang University. [

, 2015. MCA



