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the Central Asian insect migration zone

YANG Jing'™ WANG Shu-Yue' ZHA Xu-Dong' LIU Chen-Cai’
ROMAN Jashenko® JI Rong'™"

(1. College of Life Science, Xinjiang Normal University, Key Laboratory of Special Species and Regulatory Biology in
Xinjiang, International Center for the Collaborative Management of Cross-border Pests in Central Asia,
Urumgqi 830054, China; 2. Xinjiang Tacheng Locust and Rat Plagues Forecast Station, Tacheng 834700, China;

3. Al-Farabi Kazakh National University, Almaty 050038, Kazakhstan)

Abstract [Objectives] To investigate differences between the migration behavior of Scotogramma trifolii in the Central
Asian insect migration zone and other migration zones. [Methods] The migratory behavior of S. trifolii in the Tacheng area
of Xinjiang was observed for three consecutive years from 2019 to 2021 using insect radar, auxiliary aerial lights and ground
lights. During the peak migration period, flight altitude, speed, direction and meteorological characteristics were measured in
years in which S. trifolii was abundant. [Results] During the peak migration period, ovarian development was mainly at level
3 or 4, and the male to female ratio was >1. Flight height ranged from 200-1 000 m, but was mainly at 200-500 m, and the
flight speed was mainly 7-9 m/s. S. trifoli populations fly mainly in an east-southeast direction. During the peak migration
period, northwest airflow was prevalent at high altitudes, with temperatures ranging from 15-28 °C and humidity from
40%-55% at 925 hPa and 900 hPa on peak migration days. [Conclusion]  Airflow, high altitude temperature and humidity are
the main reasons for the different flight behavior of S. trifoli in the Central Asian insect migration zone compared to that in
other insect migration zones in East Asia.
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CLRIE H FEFE A AR T K JEEYIE
i AR R BROMGE R . YHE R
ool B UGT RIS R E T R (kT 19925
Yu et al., 2020) . Afa]E HUIE RIEAT HARR
PERYE CE R B, AN AR A R g ek P R
Loxostege sticticalis | iz &4, 39-40°N, 110-
115°F Z [A] 2[5 N B ) F 24 R AR 1K, R
KA Ay A AR F AT T N 5 AR AR AR I
%4 (Feng et al., 2004; [FEIEEE, 2008; B
B 2018 ) ARAE KN Y Kl Sogatella
furcifera #:4F 3 7 i~ A) i R B i AR,
F Rt VU R ST I GRS, BIA R E AR ALY
B 6 H NAIE 7 H BRI 2E AT REEHT
PMELL, 1981) . ¥hiEEE Schistocerca gregaria
SRR NAE I Py F A A T E L, AR
ZESE N E, ReiBnmEERE e, i
] 5Tk i AR 0 PE R E , BE bR PG Bz PR
WAz, mdeiE AJEAE, Fmim R e AR K (X
fHZE, 2020; Madeleine and Liu, 2020; X284
45 2021), BEE Danaus plexippus. it i if
Circulifer tenellus F1 544 25 -4 Empoasca fabae
AT PR U FEIL R NAE I N B R L
AR ZEA5 T K ( Howard and Davis, 2009 ), #
A MLV A I St RS R OR = i S RV B
Chortoicetes terminifera, FHAPRER T B+ 22 PG
TRHIX, WA R R E R R AR X
( Hunter and Deveson, 2002 ), = K |12
Calliptamusitalicus, V¥ K4 Locusta migratoria,
iR I E I 7% ik Scotogramma trifolii J2 Hr ki
TR A R, R TR O
I) [ 5% B 121 85 X dak (5] 7 K ( Baibussenov et al.,
2014, 2015; HPLAHSE, 20205 Yuetal., 2020;
TRIERS, 2022),

[ Fb B2 B fE AN TR AE R i i RAT A
[F], A AEAE AR A7k I BE VY R AL,
TEA RIS HET , AR HD DX ) B R A A
BAAT IR AR AL X (B A5, 2006, Bk
PHEE, 2012 ). RRYNE QI8N A9 R A R
BN AT, B HEEE — R A (11926-1935
AR ) S RER ] (1969-1989 4F ) HLLBIIA &

B A PG ARY R, i CE SR WE CIFIR5E
A (FRBESE, 2022),

IE I P 1 2 |32 4 AT T 2R S RN I R —
T RHEFE A, ERRE EE AR HR .
Sert . WA MOET SR AR, 2RO [R] X & AR
AR, FERRH—4 %4 2-3 10, HERE—FX
e 2-4 £, (R TTEE, 19925 22T 25 FIEL Ak,
2005; EAEMEYE, 2015), WI5ERIE, ZRiT K
35 D9 5 ) e R kA R R R AR R R 5
H AR S, B mAGE €, AT mE
300-500 m, @ Alik 1000 m, HAA B EILE
EMATHN (3R E%, 2007; f[#iHE, 2017 ).
KRR AT K 59 R B IRz 3l
PSSR BIAE, BE 46 A RS 2 R4
SR RHEER R HARHE R SR ORI, FE
VR 2B 119 s R I RRk 2 ) s I A 2 R AR
JbiE g el g 2R M R AR (kB
1992 ); il B HGE Wi fEh E R E R B
AL SR e | R B | Ra R s
| AR B ST K P A R R
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1B o AWFFARFCRF AN IR, AR R R HEA
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= LGS RN g 7 P S T N s S L R AT Y
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BIABE TSI AEEZ) 3 km, FEAREA AR
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%, ¥EEE20214E 6 A 17 B, 8 A 3 AFAEL
RO e W H B IBCHS A 7 1o B R B 5 AT S8
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o T 2021 FHEB RS TN R H g A
Y5 S TR A5 2 g ) A ol e i, I F B AL
30 Sk, 7ML HEE T UETT RS RIORC
SEEB I,

14 FCRIAHFHPES T R EES

K H 26 H E X 3 5% B4R o0 ( National
Centers for Environmental Prediction, NCEP ) &

Ht /% 15 5> #7 B P% ( Final operational global
analysis, FNL), B R %2 K+ (Grid
analysis and display system, Grads ) Z3#T g
e DA BB 1 S AR AR o BRI ) 7K1 R
Jgo1ex1°, Bl HER 6 ho Bk 4 AT A
Hysplit-4 #f/F &% ( http:/www.arl.noaa.gov ),
DE I 32 3 A\ ey D SO B B, H R S M 3] K o
[ i ) A 15 R a0 A G B ], X A B AR 300
e, e AR B A I A 3 AT
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Fig. 1 Daily catch of Scotogramma trifolii trapped by
aerial and ground lights during 2019-2021
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A-C. Daily catch of Scotogramma trifolii trapped by aerial
and ground lights, A. 2019; B. 2020; C. 2021.
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Fig. 2 Developmental levels of Scotogramma trifolii
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Data are mean+SE. Different letters above the bars indicate
significant differences at P<0.05 level by one-way ANOVA.
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peak of migration

Ho ey — B BRI, S 2SkTT A 1 4L
HIARIE G, HEE R B 70.14%F
63.66%. PN 6 H 17 H & 8 H 3 HE kM

VEFE 2021 4E 6 17 H }2 8 J1 3 H AN I
H ) FR 38 [ B , A R BBUIE I 3 ik 2 vp /AT
S8, SRR, WA EIE H T 22:30 Eik
BBOT IR 22, 2 00:00 22 A7 B Kl 18 3] e g
02:00 J& [ FGEETL D> . CATREAF 200-
1000 m Z[a], FEAE 200-500 m & & KFT, 200-



34

B WA TOEIE R T BB R AT AT ST

- 897 -

H

>N

300 m (bR, 4r0Ch 77.64%F1 45.14%,
KN 300-400 m, [HEEN 10.53%F1 32.51%,

400-500 m /5N 6.70%H1 13.78%, 500-600 m
di H 4.10%F1 5.68%, 600-700 m 5 K 0.94%
1 1.23%,700-800 m (5 Ft >4 0.12%F11 0.61% , 800-
900 m (5 H 2k 0 A1 0.65%, 900-1 000 m (5K 0

—=— 200-300m —e— 300-400m —a— 400-500 m
—*%— 500-600 m —e— 600-700 m —<— 700-800 m
—— 800-900 m —e— 900-1 000 m —*— >1000 m

700F A 2021-06-17
600 -
500 -
400

300 -

RIBMPR (1)

Number of the rader echo

200 -
100

O WX Y D D N AN DD
r{'ﬁ’ ({:;5 Q"b \".5 r\;’.\' 45’.\' bi(} ‘)f'» Q-

SR [E] Sample time

RIKEF LA (4)

Number of the rader echo

F10.20%, 1 000 m LA L (5 b2 0 F1 0.20%( [#] 4:
A, B)o W06 H e B AR A B 3 DL 7-9 m/s
R EEL, 9 m/s iR, 28l 18.61%7F1 26.10%
TRE 2tk AT 7 10 AR B O AR Tl ol 3, o LAy
A 23.97%F01 26.49%, HoAh Iy ) e <20%
(K5 A, B, Fl6: A, B, A7: A, B),

—=— 200-300m —e— 300-400m —a— 400-500 m
—*— 500-600 m —e— 600-700 m —<— 700-800 m
—»— 800-900 m —e— 900-1 000 m —*— >1 000 m

600+ B 2021-08-03

W

[=3

(=}
T

N

(o]

(=]
T

w0

(=

(=]
T

N

(=]

(=]
T

—_

(o]

(=]
T

0

NS D P D DR S s D

“

SR B[] Sample time

4 2021 FrREERHEEEREELOR VITEE
Fig. 4 Flight altitude of radar echoes on the peak day of Scotogramma trifolii in 2021
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ERME CITE R, A.20214E6 4 17 H; B.20214:8 A 3 H.,

A, B. Flight altitude of radar echoes on the peak day of Scotogramma trifolii, A. 17 June 2021; B. 3 August 2021.
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Fig. 5 Displacement speed of radar echoes on the peak day of Scotogramma trifolii in 2021

A, B. EER I H IR R HE, A 2021 4F 6 H 17 H; B.2021 48 A 3 H.
IR T 7R 5 1B AR B Y RS S B S K. R
A, B. Displacement speed of radar echoes on the peak day of Scotogramma trifolii, A. 17 June 2021; B. 3 August 2021.
Frequency refers to the number of displacement speed data extracted from the radar echo. The same below.
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Fig. 6 Flight direction of radar echoes on the peak day of Scotogramma trifolii in 2021

A, B. TEECR I HFE AWM AT, AL 20214E 6 4 17 H; B.20214E 8 H 3 H. 4iEFRE X Jb (N). &K
Jefwdt (NNE ), At (NE), ZIUHA (ENE), &K (E). AKRfW# (ESE). Ar (SE). Arfrg (SSE). # (S),
PURIfWEE (SSW ). PURg (SW). PURIMRIY (WSW), 5 (W), PEIbfmYE (WNW ), P54t (NW) K 5dtfmdt (NNW ),
A, B. Flight direction of radar echoes on the peak day of Scotogramma trifolii, A. 17 June 2021; B. 3 August 2021.
Abbreviations: North (N), North-Northeast (NNE), Northeast (NE), East- Northeast (ENE), East (E), East- Southeast (ESE),

Southeast (SE), South-Southeast (SSE), South (S), South-Southwest (SSW), Southwest (SW), West-Southwest (WSW), West
(W), West-Northwest (WNW), Northwest (NW) and North-Northwest (NNW).

7 mEEREEIER 3PP E LR E

Fig. 7 3PPI radar echo picture on the peak day of Scotogramma trifolii
A, B. BEBRO % H 3PPI RIARIJEE, A. 2021 4 6 A 17 H 00:00; B.2021 48 A 3 H 00:00,
PR s e BOREFE 3k 3PP B SR BRAY M1, A 14 v i 1 R AL T ) o
A, B. 3PPI radar echo picture on the peak day of Scotogramma trifolii, A. 17 June 2021, 00:00; B. 3 August 2021, 00:00.

The picture shows the echo of the aerial insect swarm on the radar 3PPI, and the vertical line in each picture represents the
north direction.
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2021 4F- 8 H 3 H 00:00 ik 5 % e 7% ik af AL
PEHE RN, 200, 300 Al 500 m [ HUEHLA T
WE I o ST 3H [ A9 AR IS 17 S T EJH (81°47" E,
48°89' N, 81°46'E, 48°93' N, 81°44' E, 48°9¢' N;
81°80' E, 48°31'N. 81°80'E, 48°29'N. 81°79'E,
48°27'N ),
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Fig. 8 Wind and element field on 925 hPa during peak migration periods of
Scotogramma trifolii in Tacheng area on the Sino-K azakhstan border

A, B. i, A.20214E6 H 14 H-18 H; B.20214E8 H2 H-8 H; C, D. iiEY, C.2021 46 A 17 H; D. 2021
f£8 A3 H; E, FIBEY, E.20214E6 H 17 H; F.20214E8 A 3 H, Ehar s susbuifiig ., FEI.

A, B. Airflow, A. 14-18 June 2021; B. 2-8 August 2021; C, D. Temperature, C. 17 June 2021; D. 3 August 2021; E, F. Humidity,
E. 17 June 2021; F. 3 August 2021. The red dot in the picture shows the location of the experimental station. The same below.
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Fig. 9 Wind and element fields on 900 hPa during peak migration periods of Scotogramma
trifolii in Tacheng area on the Sino-K azakhstan bor der

A, B. WY, A.20214E6 A 14 H-18 H; B.20214:8 A2 H-8 H; C, D. iBEY, C.20214E6 A 17 H;
D.2021 %8 H3 H; E, F &Y, E.2021 6 H17H; F 202148 A3 H,

A, B. Airflow, A. 14-18 June 2021; B. 2-8 August 2021; C, D. Temperature, C. 17 June 2021; D. 3 August 2021;
E, F. Humidity, E. 17 June 2021; F. 3 August 2021.
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B (R ZEIE GEIIN G, HbIATAT 17548 21 1Y) e I 1R
AR, HIm B, s kT S M
KT 75 S T I TR MR 1 FR A > 1, T IA K I 77 ik
AT A (BHEEEE, 2003 ), i KRR HUpp L
7B R R IR WA R A R IR B AR
HhHE A BRI DA A R, ik
TE AR B 5L & F GO i 1 A A4 1) B SR
KBS (FFEEZ, 2011; MRIEME%, 2020 ) .
ARG S IR E Bt e W S R B9 B % A L 3
HRLLERTE, HE 88.49%, HiILIRAT HIKT
Wy 310 58 B Il DX e B A ik = 22 i AFPE, 12 h
WL T B, H R R [ B e e
Bl AR I % ST SN o B TOURI S 1], A M 3]
JHE IS 12 e A Ml Y B o RS 3 30 M L
PEIT RAE S0, T CHE B A3, MR A o
() LBz s (k%28 1980), HELiA kAT
IARRLAY 28 SR, v W] (R eI 1A M M L >1, X
55 B B R v W ) 1 Ok A e L

AHIA] (3K =Z, 2010; Heetal., 2018),

TSR 25 R, e i s e v WA A BN
i AT N S HERWT WA ELER. &
Je, B RERZEEARR, hE s T H
KATEE FEEEA T 200-500 m Z 8], Al
ik 1000 m LA L, HAR HME CEEA —E
A4k, R R THTE 200-300 m; ZRFAE
KT e kAT R R T
100-550 m Z[f], K% REZEHPTE 500 m (5K
=2, 2007; M, 2017 ). BEHA, A
Ko W 2SR RAE B2 A PR, 55 —Fh X
W2 ( Hobbs and Wolf, 1989 ), EIE difg kK
5 B Hh AR X e A A AR R AR A Y
JE; SR RRJZ R (Reynolds and Riley,
1997; Reynolds et al., 2005), HIW)ZKkEEFH
BB AR A 2 T, H IR sb 2 Bl A R
W, A BT R HGT T BB B AT A
HIRIZ UL (RIFE, 2017), (HdshiEs
398 i, DX 05 A A OB ML A5 el o AR i
Wit —2 W 9E . Hak, i RN BRIk Wi
B b S B e G 1 1 B PG b AU ) AR R
D7 1) RAT, FEZR A CIAIa I L S R I B
AR I ACE T ([Tt 2017 ), 43 Hr I,
X 55 G S 35 S R DR TR L | 1] PR T Y
A, SEIREME AT R, AR
At X = 2R R Ry 52 KO- R 2 KU s, 2
FAREE R

AAFGEATF H e AT S e 6 17 H
925 F1 900 hPa /=25 il AT 15-18 °C, FHXE
JEH 40%-50%, 8 H 3 H 925 Fl1 900 hPa /& 25 i
FEAT 24-28 °C, MEHN 50%-55%, XutHH7E
TR 15-28 °C. M 40%-55% 5T, el
PRI RATTE SN, {EE B 3 e AT Il B R
JE T S L R L (A 5l Ao L L A 3 TR A T
RAG AT 5 . PP GE , ER—IiT
R AN R B AT Mt AN (kA
1992 ), AW HAHMES S, FAETTTE Y
S IS T B AS TR A 25-31 °CL A
X R 50%-70%, HBEsh il 3 20 g
5% S T IH LB Y BT L SR . BRI A AR
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KT AT - 901 -

S | AR S ATV e RBRTSIY y 22 T K S R R
§iRE (F#%, 2006; Yuetal., 2020), F—
AN s E PR A4, A WaE S R PR
SERUBEERT I TSR T TR IS A I ) WA, Ay ks A gk

) I 1% FIA S8 76 B AR 4R
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