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Abstract The KC-08XVSD entomological radar was used to study the flight characteristics and the dominant spe-
cies of aerial insects in Tacheng area along the China-Kazakhstan border during June-August of 2017 and 2018.
The data from entomological radar, search light trap, ground light trap and surface meteorological data were inte-
grated in this study. The experimental results indicated that there were 151 species of insects trapped by search
light trap, belonging to 50 families and 12 orders, mainly Lepidoptera and Coleoptera, and 137 species of insects
trapped by ground light trap, belonging to 54 families and 12 orders, mainly Coleoptera, Hemiptera, Diptera and
Orthoptera. The insects Protoschinia scutosa , Anarta trifolii and Agrius convolvuli showed a phenomenon of sud-
den change in the number of their populations. The target echoes of entomological radar indicated that, when a
large number of insects were trapped by the lamp, there was a significant peak period of target echo density from
22:00 to 02:00, and the migration altitude of insects was mainly concentrated at 200—600 m. Entomological radar
screen showed that there were dumbbell-shaped distribution of echoes and layering phenomenon of insects. When
the wind direction was westerly and the wind velocity was from 1.4 m/s to 2.9 m/s, more number of insects was

trapped by search light and ground light. These results provide a reference for the long-term monitoring of insect
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migration by using entomological radar in the future, and provide a scientific basis for the further study on the mi-

gration rules of pests and the monitoring in the border areas of China and Kazakhstan.
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Table 1 Main species and number of insect traps from June to August in 2017 and 2018

75 hi i /3% Number of insects

ﬁ;j:r;er . 2017 2018
3 Family — —
i Specics AiAAT Ho AT Bz AT AT

Search light trap Ground light trap Search light trap Ground light trap

2k $# F Hemiptera
%R} Pentatomidae
&% Brachynema germarii
%% H Lepidoptera
KAl Sphingidae
HE Rk Agrius convolvuli
YA JE KK Celerio hippophaés
21 Kk Pergesa el penor
W HJE Rk Celerio gallii
BIA}L Noctuidae
INF MR Xestia c-nigrum
TR B Mk Protoschinia scutosa
ek Anarta tri folii
Bk gk Spodoptera litura
INHLE R Agrotis i psilon
H S FRIK Leucania loreyi
FREE Ik Macdunnoughia crassisigna
B A5k Heliothis viriplaca
44 . Helicover pa armigera
iRl Notodontidae
RS ik Cerura menciana
kTRl Arctiidae
F)THk Arctia caja
lik# H Neuroptera
HHS Rl Chrysopidae

124 476 272 967
1782 15 742 4
654 17 403 41
216 63 59 36
4 2 43 0
353 140 103 3
3129 503 704 66
197 107 1453 138
149 127 1 0
13 8 7 0
43 30 13 43
29 2 105 24

0 88 10
191 3 95 5
30 3 22 1
27 7 10 3
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43R 1 Table 1(Continued)

75 8 /=L Number of insects

H Order

2017 2018

B} Family
Fh Species

R

H AT HuTE T

Ry

Search light trap Ground light trap Search light trap Ground light trap

WHHLMS Chrysopa formosa
WY ISRl Myrmeleontidae
#&# H Plecoptera
&P} Perlidae
%% H Ephemeroptera
2l Ephemeridae
Hﬁﬂ H Hymenoptera
i A} Ichneumonidae
WY B} Formicidae
A# H Diptera
KigEl Tipulidae
#59# H Coleoptera
e IR} Staphylinidae
HHIBl Carabidae
#H J§ Harpalus
JEH Al Cicindelidae
Je @Bl Dytiscidae
W WA\ Cybister japonicus
skt Al Hydrophilidae
MK Hydrous piceus
HIZEF R} Silphidae
4B} Scarabaeidae
AN 42 Fl, Adoretus nigri frons
Wi 4 fa Aphodius erraticus
fifl 4>t Fl Melolonthidae
ZH & Curculionidae
R T % Cleonus piger
I A} Coccinellidae
+ =B KEIH Hippodamia tredecimpunctata
5675 £} Meloidae
DU S B TE 4 WAl Mylabris quadri punctata quadripunctata
## H Dermaptera
BRI Rl Forficulidae
T BETk R Anechura bi punctata
W d H Mantodea
B H Orthoptera
FEAIEARL Oedipodidae
S S Locusta migratoria migratoria
WEBEHRNE Oedipoda caerulescens
WRERRL Gryllidae
FJRWR Gryllus desertus
LR Gryllotalpidae
1Lkt Gryllotal pa unispina
FWRL Tettigoniidae
Kiks Platycleis grisea

1 14 81 85
174 6 418 62
0 0 26 149

0 0 80 210

0 0 191 40

0 0 136 344

5 9 664 496
57 526 66 970 687 564 809 391
8 021 5 830 7 658 5 523
880 56 341 128
230 0 1153 172
120 1 366 6
287 301 9 3
3 2 613 242

0 0 1175 2 598
290 543 5168 88
363 543 103 532
35 67 138 109
28 23 36 32
81 21 24 74
16 28 155 18
67 0 6 0
64 4 14 118
317 193 1314 569
1 0 18 0
45 1 32 7
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Fig. 2 The dynamic change of radar echo number observed in
15° elevation by KC-08XVSD entomological radar from
22:00 24th to 06:00 25th, July in 2017
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Fig. 4 Relationships between near-surface wind direction and velocity and the number of insects caught by

search light trap and ground light trap in 2017
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search light trap and ground light trap in 2018
B S KB A R R, SOIE R e AR AN ARG DR AT A i T L T IS
RIFHECR BA R4, MBS HFx HERREZ X AA — @i WY R . &
0 ] e S g W B — B (B R AT A A A PSR R T R i B e, R R R O L



. 36 .

5 4Ly 2020

J& R R AR R SR EDY R AR E AR Ok
FHREAE , B2 S IR i g 05 1 i 2 5 i 1) 2% 2
RS R R E R X R A E . 2018
AEAE HOSH R B S B D 2017 AR 3~5 £,
FZErh 2018 AF Ml 54 2 R i ol R L AU L
2018 AF Wi o5 B 3T A 2 ORI B 2017 AR 2, K
I AR SRS A e R R R AR K B R T )
SRR . T bt T XU XU ] %o 8 s T R e AT i TR
FA BRI, W5 AR BIF 7 4% SR 2 B 0 o4 XL L XL 7
1. 4~2.9 m/s BRE R BRI 2, 3X ] BE 32 22 PRI 0
X I T 2% 7 R4 22 I R R 35 o600 B3k X
SR A B AT AR LB P XU O U HE G AR A
BRI ZR A AT 58 25 S 36 W P8 XU KR
HgE £, D 7E R G OB e 7 XU 075
W, JRGH R /N 5 i L ST K B P 2 —
T KR ST AT DL B 2 0 B e e
AWFFEF B K AE 1. 4~2. 9 m/s BT LU 3K
HR AL

s i B B IR X L A7 703 7 hm? KR
WS R Rl M R A ARSI W T
R T B B I X 3 EL AT T KRR D B SR IR
E T ITSHERAG R, it — 2 @y s
Bk B ST R P A R R AR R T
AW 5T BT TR IR e XOBE B TAE. KK
3.2 cm, YN IXAE 100 m DA X8k (AR A 45 /el )
Fim BRI B T RE A W 3 . 5 Ak, 2017 4F
F 2018 4F, m s AT i 22 15 d Wl 2T K RE ) &dom
(B o B R, 3 B R E
0. 86 %0 » H AR K IR HUASEAT €28 & U B 1 . (H 2 A
Hh v i 35 DX e 475 LA P B A T R
AT IHATS 5 T 0 0 5 At 5% B e AR I FH

52 3Lk
(1] WA, RAGE G % A IR 1%, 1008, 50(3),
32 - 35.

(2] SRALW. ARk k), 45, At X R ARk IT A TR 38 0
[J7]. A 252:42.2001,21(11) : 1833 - 1838.

[3] BRI E Hbk, 45, A AEY 3 KA YK W 5 T 5
ARIMI. 55K - TBR H kL, 2005:49 - 52.

(4] #HULSR. TH KR H 40 AEBF S8 Y 1055 e 28 [T . 9] A%l B
2£,2009(9):121 - 126.

(5] duboi, &k fe B AR b g i L. A P4, 2011, 37

(5):1-13.

[6] CHAPMAN] W, DRAKE V A, REYNOLDS DR. Recent in-
sights from radar studies of insect flight [J]. Annual Review of
Entomology. 2011, 56 337 - 356.

L7 5kB, K&, ZEE, & BB WA UT TS R Ko T AT
L. H#RY, 2017, 43(5): 18- 26.

[8] RILEY J R, REYNOLDS D R. Radar-based studies of the mi-
gratory flight of grasshoppers in the middle Niger area of Mali
[J]. Proceedings of the Royal Society of LLondon, Series B: Bi-
ological Sciences, 1979, 204(1154): 67 - 82.

[9] RILEY J R, REYNOLDS D R. A long-range migration of
grasshoppers observed in the Sahelian zone of Mali by two ra-
dars [J]. Journal of Animal Ecology. 1983, 52: 167 - 183.

[10] ROSED]J W, PAGE W W, DEWHURST C F, et al. Down-
wind migration of the African army worm moth, Spodoptera
exempta , studied by mark-and-capture and by radar [J]. Eco-
logical Entomology, 1985, 10(3): 299 - 313.

[11] s E PRAk. BB R L 45, REHBAR 2007 AR AR B RE “AT R
W55 MR AT LT ). B4, 2008, 51(7) 720 = 727.

[12] Frass ik n B BBR 45 18 KAl 2009 FFRKZE WIT M) B I
T BT ], B 24 2010, 53 (11) £ 1256 — 1264,

[13] SV, B3 pR it il AR e RATRE I WFR LD KB
TRl 5 2016.

[14] SREETF. 5K . F 8. 55, B I @ oA 1 R R Jr i [T i
JHE B 244 . 2018,55(2) : 153 - 159.

(150 MWK 5% « AHTRLAR. BT AR B B8 N A28 L 1. et &
Bl 2016(10) ; 62.

(161 SR, 522 A, IRIRPEIRIN I8 b DX 0t 5 55 5 By 42X 5k L 1.
I Holl, 2011(12) 160 - 61.

[17] F& T RIRE . S E AT IR 527 R0
W5 [T, HisB 4. 2006(5) 25 - 27.

(18] iz . T KHOHI LTI, 45, 2012 A 397 s B0 4 M o % e i I Ji A
SABELI ] P ER AR S, 2013, 33(12) 147 - 51,

[19] VALERY K A, KURMET S B, AMAGELDY T S, et al
Preventive approach of phytosanitary control of locust pests in
Kazakhstan and adjacent areas[ C] // International Conference
on Agricultural, Ecological and Medical Sciences, Penang 10 -
11 February, Malaysia. 2015:33 - 37.

[20] 5K, JL77 X B T QL S ity W 5 AP e S &5 4 #r [ D
Je s E AR RR BE L 2013.

[21] WILrs. s AN 2. B dus 6 e S (M. S 8 ORSF TSl
AL, 2013,

[22] Hrsstde /) BG MOl A F ALY BRI R . TSR 3 duliy
SMESITF WM. Jeat g E bRl ik . 2014,

[23] #se . skiFAe . sRIBE. o [ s e PR e LML), bt [ el B
ORI 2013,

[24] Tz, ok, AL atdT T e LML dbat. o ELOl) H R
4k, 2016.



46 B3 2 W

LN « P A IR T R R

BB TE WA ¢ 37 -

[25] skadt. oot b [ R e A A5 R M T ML FE R PR R 2 iy

Jg1]. BEFHE B4k, 2014, 51(4): 906 - 913,

Ak, 2018. [32] REYNOLDS D R, SMITH A D, CHAPMAN J W. A radar

(267 ¥4 TRariy e tife, & A UL E HU R S [ M. R M < Tl j B study of emigratory flight and layer formation by insects at
R H R, 2015. dawn over southern Britain [ J]. Bulletin of Entomological Re-

[27] B k. 1T il R b B BT - 0 XU 377 B9 366 vy 5 1k search, 2008, 98(1): 35-52.

P A4 ,1993,13(4) ;356 — 363, [33] HOBBS S E, WOLF W W. An airborne radar technique for

(28] mH M. BRBE. BEShIR, % FYEMIE (Cnaphalocrocis me- studying insect migration[ ] ]. Bulletin of Entomological Re-
dinalis) ¥ G102 0 FL I AW B B 45 L0 ). 2k A 24 search, 1989, 79: 693 - 701,

2008, 28(11); 5238 - 5247. (34 st Sl %R 48 07 15 2 0 A 30 MO0 e B A T ke R i LT .

(297 FENG Honggiang. WU Kongming, CHENG Dengfa. et al. o B AR A R R - 2013, 29(12) £ 192, 179,

Spring migration and summer dispersal of Loxostege sticticalis [35] XH. e WA RO oy F e % L AR A ST FEPER DR 5T (D] K. T
(Lepidoptera; Pyralidae) and other insects observed with radar IR 2011

in northern China [ J]. Environmental Entomology, 2004, 33 (36 ik Har % HAL 2. BT S X K RAR B i i B PR L S5
1253 - 1265. 0] FHEHHE, 2011,34(2) ;284 - 291.

[307 FENG Honggiang: ZHANG Yunhui» WU Kongming. et al. [37] “H . 2B AT AT BLR DR T2 LD . F At AR LK
Nocturnal windborne migration of ground beetles, particularly 201 . o
Pseudoophonus griseus (Coleoptera: Carabidae) in China [J]. L38] R BRI DR R IR A IR SR AT IRLT . 3 F

. % .2015(3):55 - 57.
Agricultural and Forest Entomology, 2007, 9. 103 - 113. (B, W )

[31] miH ¥, PVHEAS. KIR. 55, ZRJUAS R o mif L AT

(17 30

[12] TR, LREPA 22 AR R QAT IR I L GUR B F 5 [ D] shrimp [J7. Molecular Immunology,2007,44(8) : 1999 — 2008.
dbar . E Ll BRE B . 2013, [19] HETRU C, HOFFMANN J A. NF-«B in the immune response

(18] EWRA. Bt i A= 2005 5 LA 7 7 Joe [0, et ool T 2 e of Drosophila [J]. Cold Spring Harbor Perspectives in Biology
2#4%,2000,13(1) ;58 - 68. 2009, 1(6):a000232.

(141 &7 ER B A5 BRI B A &R R P4 i [20] LAN Jiangfeng, ZHOU Jing, ZHANG Xiaowen, et al. Charac-
R LR R A U AR T ] R AR, 2011, 54 (4) terization of an immune deficiency homolog (IMD) in shrimp
409 - 415. (Fenneropenaeus chinensis) and crayfish (Procambarus clarkii)[J].

[15] BUCHON N, SILVERMAN N, CHERRY S. Immunity in Developmental &. Comparative Immunology, 2013, 41(4):608 - 617.
Drosophila melanogaster from microbial recognition to whole- [21] LI Fuhua, XIANG Jianhai. Recent advances in researches on

organism physiology [J]. Nature Reviews Immunology, 2014,
14(12):796 — 810.

[16] T, ®EA. BAUKRKRGEMWB IR RE¥RE.
2008, 24(4).473 - 478.

(177 X%, % FF5. ARi Toll 1 IMD {5 538 ¥ b 1t I fig
[J]. EER HU#4], 2011, 33(3):388—395.

[18] YANG Lishi, YIN Zixin, LIAO Jixiang, et al. A Toll receptor in

S A8 35,

[22]

the innate immunity of shrimp in China [J]. Developmental and
Comparative Immunology, 2012, 39(1/2):11 - 26.
COCIANCICH S, GHAZI A, HETRU C, et al. Insect defen-
sin, an inducible antibacterial peptide, forms voltage-dependent
channels in Micrococcus luteus [J]. Journal of Biological Chem-
istry, 1993, 268(26):19239 — 19245,

(TE%H%. |8 )





