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Development of monitoring and forecasting technologies for
migratory insect pests and suggestions for their future application
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Abstract Migratory insect pests can cause unexpected, sudden and heavy damage to crops, making it important to be able to
accurately monitor and forecast outbreaks of these species. This paper reviews current monitoring and early forecasting
techniques in order to promote the development of better methods. Suggestions on how to improve the monitoring and
forecasting of migratory insect pests are provided.
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P AR A BRCAS AT 90 0 AR Ak RS T A Y B — B B
PEXFR ( Dingle and Drake, 2007 ), EHAE N3
YA bR e R B — 20, HaT R AR
i o B HE R B R T [ 3 AT e B
A3, AT A b T A R A B R A
BH—NkEM, URIEMBEZEAWAS
( Southwood, 1962 ), ELHUGETiE &, AT LIfEE

H SRS AL, T E S EE e m s
NBE BRI Bk SARNEY - s 5 7w A B

20 (Holland et al., 2006; Satterfield et al.,
2020 ), WEFERB, =il B RFRZ, WmH
FAER AP REARAEE 15 (Holland et al., 2006;
Hu et al., 2016; Satterfield et al., 2020 ), 7EF& [#,
VFZ R EA T I, M HARZE R &
#E TR AL FER, 20204E9 H 15 H, £k
PATIRAAT )  —SSRAEYIR RF A %) hillF
A 10 B, Horb 72 51 ik Spodoptera frugiperd
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1 Mythimna separate ( Walker ) 175 [C R it
Leucania loryi Duponchel ) ]. f§ K@ [# K &
Nilaparvata lugens ( Stal ) 1% Kl Sogatella
ficrcifera ( Horvath ) ], FEZ\EHIE Cnaphalocrocis
medinalis ( Guenée ). /INZZ Hf Ht [k B 2% o] it

Stobion miscanth ( Takahashi ). 7K 4 4 45 f
Rhopalosiphum padi ( Linnaeus ). #& — X #f
Schizaphis graminum ( Rondani ) 17 283 HiH, R

57 R HUR TS BAT T K PEAFIE LA, Hop Rk
AR R R L (P AR N R E AR A
A G 333 5, 2020 ),

5% T R fe ¢ H b e g S W )
ARG, WHTHCRIEE L, DME IR f 4t
PR, 9D Bk AR 2k ( Magor, 1995 ),
WD T 2 5 B AL S W T X, — R
ﬁmwmﬁﬁiﬁ:WExﬁiﬁﬁﬁﬁ%§%

HWEI, A TV BT T (R SRR B s R AR
T . TR, T R AMETR, IRIEE
ol FI) AL A X6 L A i At A T T, B K
MIVENE S . ARG SRR LR, i«

B AW T R S T I B T R
T R R I R R T B N S, 12
P AT ) W K, AR SCRI SR AT KAk
A I T R R AT T A LR IR

1 HNERFE

AR W DR 1 & e D S, 3 R e s
BORT-Benl 73 0 AL 58 M B B 0 3 B
g8 s I 3 B E 2R R I e A A& | bnic Bk [l
W TGRSR | MEHUERE R GEAR ] | 2SI AR
B BURS BEOR TN TLEY A I A g, 1T Gk
B S I T B U IR R 1 A o A AR
HEARTFE (2%, 2009 ).

11 EglEmEAR

111 HEHAE R A RARET e &
R A A= AR, 42 HRRH S 3 A BOR ML T R R s 9
A, BRAFIT R LA ) A e s A R A 235
5B o HAT, F1XJ 4l B i e 2 T Befl sk
e H, BT H O, i al LRI A S

Dk e B, AN s R | AR i AR
Wk, PR AR E . 667 m® ik PR
B AT DA P A B4, ARAS RS B ) 1 ™= B O
112 #ricEHEY  dric B el ( Mark-
release-recapture ) i i3 I 2 FR 0 A4 1 £ AR
1, PEAL RO EESIA , DRSS R BRI G &
FromaE, S, AT RO B BT R A
FLERIESE (26, 1964; BKTFE, 1982;
Hagler and Jackson, 2001 ), #Ric BRI 3 22
FLFEARC . BRI =B 08, B ibRicT,
A BARDF SR S R s A9 B Y, TR
Pkl PREEEARIC, BOH R MRS O M R 0 R B
i A7 70 2 SRR Gkt B DB E AR 12 7 5 (Hagler
and Jackson, 2001; K%, 2013 ), {HICifalFf
Pk TG, YR S ORI AT B R . R
S S I [ AR BE, dht O X RN AR AT R
AT FISOR— AR, & iR 2 bR
WG, BRfETSAmic o] LI iIA SN, AR
PR QR pRid i A T E il MATR BEAEE N
HEAT AR, B E R TAR IO (5KE,
2013 ), BRI B R W FH T se 8 s,
B S Z T 5 . FEFRE, PRic Bk Ml
R FEGIE B 3 H 5T I R A BRI AT
RYET CHER . 1963 4F, HhE BB
YRS T N4 10 2B e, FEILAR

VLI035 HM A R R IC B 200 277 3K K
Hopbi e, 38 AN R XS AR RS A, Bl ) )
BT R A TR AR A RS O, FEER TR
MR BRTR WG , A A T ORG R 15 35 (24,
1964; FBTFIC, 2006 ). SR RERIC DY L
s, 20 et 70-80 4F4R, 2 EAHLE A T
FE RE . FEHAEN IR/ FE Agrotis ypsilon
( Rottemberg ) BHAUMEL, XT#s KEl, FEHE
ISR/ N PR AR AR AT T A I, RS
T—FRANEE LM (RPN, 1982; BH{ife,

1985 ). A B RISy AE E A MBS B T — &
N, HEEREZR Rose 55 (1985) XFAEYIAL H
Spodoptera exempta ( Walk ) J¥J& T Fric Bl [l
WOk, A PZEAMAK 1 ] AT 147 kmo 36
] B 22 G R Am e R I i N b 3 P, 25
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HARAT 5 TLBES G . Pl PriE M
FARTFBL, RBURZ 20 ML b i iR R0/
% B KRB 554 (Showers et al., 1989 ),
B ARATR TR RIS A T B A Y
MR, R T IRSCRIEF AL, E1E
Fric B A TSR A R R RS A, ATk
AR BOREBAR, ARk, AR 2RI
i R /D ( Williams, 1957 ; 2561545, 1964
B, 1985; BRFHAE, 2012), Bl ~40H
77BN AE, 20 HEZE 90 AEAC LIS, FRic Rk ]
WA 7 ARk b 2000 4E LU, AUILEE
PR S R I D i B AT R b ) SR R
B (BRBHSE, 2012),
113 BWFE HIFE SRR R E
AL R B R TR, # I 6% .
PRI . A (SKA, 2013 ), NGB REIER S
Ok, DIAFOGIESERT, i 5 B A
VA R HORAT L, LI RTINS R R AT
WA (XA RN ) CRE, 2013 ), Bk
KT R BRI M TG Bh A R, XTI R E
o, SRR LU T T RS AR, YT
TR R U ) S, R AU R o s TR IR
BRI GT182 BRI Mskmi, & H
FEHRSE B ) -, AT DB IE AR 2 had Rk
F L, S LUK TR HEIARAT, TR
FIF S 28R TS R R TR, T S
T S TR HR AT R 2 T 1 M T T R 2 o M IRTKT
VAR IUAT O DU R & 5, B A ket
B, PR, EAE AN, kT
P UAs 5 5 A IR MU 7 e 2 — R B BN B IR AT
Wi . BN TAERS, IR, Wit
BRI IRST A 2R A AT 5 eSS IR
] (O 22 (B A LR, AT DA 5 & A i Rk
(Htom, 2003; FEE LS, 2005 ). mas KM
K175 USRS 4R 25 v R ORI RS Tl LA
EARH, TENEIIARES HL . FEHIIE | ORG L REOLE
MRS REEET KR AR, s IR T Sl
F BB T-BL( Zhang et al., 2008 ; Feng, 2009;
WiASE%, 2011; Qietal., 2014), [ 2014 4F
Pk, EEREARNE RS PoEeE 17 4

B (T, K) BT 19 AN Eas RIS Wi
W ARG WA M, B T Xk AL R
MHEZ RN XER (L EHKE, 2016, 2018) ;
2019 AEF ML TROIRIZ AR IE LS, 72 B b 5T
e 14) W D RN 7 s Al R A T BB (ZF R
A, 2020 ), AR, ATIAEOR KR LRGIE
IR £, 1 FLiA 2 J' s K BHAE Bt R
i R T iz b DX (0l RS (S 85, 2012 ),
H TR PR A, BT s &
AL B B SE, R S IR IR TS AR S T oy
P BCHRE , AT DISRECE O FNT T A, i w3
MBS FF 2255, 20145 5K 45, 2018;
MREFAE, 2020 ), Rl A R R AAY H AR
S % (5KE, 2013 ),

PEVS 2 B B R AR, LA H
ST AE BNF B R B AR PR R
TER MG — | AR RRRU A S A . TR
2 HAET, A g R 2803 AU R s
HARA R AL, AR IR kR,
WOULIA AL, R MBS, EiE A —
B B o B AR R BT B R S R Sk
E R REEY, kA E R ER, B
T, LR D AR AR Bt Y RN — SE AR & — PR &
Bl HEIEITHML, HiBMEAh REEA%ER
b TRT 9 R MR, BRI S T R s R
REAT S L8
114 EXEMRE A EHIERETR
A A R G T AR, LSRN LR AL
T o 1B R R HOE H R EUEE K SR ARSI X
o UL 388 F kR AR 5 RS AR AR B AR bR
Johnson (1964 ) % BtiE &I (] 8 ol H i) K AT 5
YR & B AFAEAN B S i R — A il e
SRS W B AR AT ), R BT AR B
HR BB B o A Hl ORI 655 4 D3 28 R A
() AR, ISR & BRG] T 0l v i 5
5, FEARWTA RGN LB A = PO Ak, A
HhIE  HE A, DR E T R b di v L i
ELSH RSS2 T A S I ) BRSO
EEMA T, 1T 5 M ELFIARAR, B A5
R o ENEI T AR, XhfE R T A, AR
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I8 B9 SR/ IV A DTDRE 9 A EE | 3 R AR )9
FERGOL, B BN RN 3 A KB ION, 8538 H
W e B B — 3y 5 9, TR B B B 90N
o e 75 4R B ny U i (BRA T 5E, 1989;
FEASE, 2011), FPAMEIERT, KA LA
T S o B S A B SRR e R, HET
HUA | BE T [R]BH SRR R ShARIR L A, H
JIE IS DAY R 5 0 o 5 1 T M LA A
115 ZTHEUE 2 PEUE (Aerial sample ) /&
B I R ERR R R 2, B
23 v 5 AR D B it A B R | AR Z2WH9TER
R BORE T, BRI S T H AR
( Wood et al., 2009 ), = HHURE 2 240 5525 rp [
A ORI

23 v A e BEGE iy T EL R 2RORD A 1 A
LGB 280, lanits E . CCHLRAE . R
BA S B3 R R A I A | 3R B RBRE R AR
S (MSEHEFA, 19805 X% JE4E, 1983; Farrow
and Dowse, 1984; Chapman et al., 2004; Zhang
et al., 2008; WiHESE, 2011), FEIEZ )5S M
WTEBh, L A, MELARRZEE ] o 5
B & B AU SO B ), 2 KUT)<3 m/s 1,
H T A 4 R 1y ) O RE SR T, T TG il
( Farrow and Dowse, 1984; Reynolds et al.,
1999 ). e 25 AR 2 KRR I A2, X
DA $i2 3] R AR A R

W ¥ ( Suction trap ) HURESS 75 4h—Fh i WL
A P BORE T, e ks 25 sl 2 S,
HRAEIE TS 1T i R B AR, 78 AT
FORE IS, SRS e BB, S T
Geitdce, AR AR Sh A g —
i HRER LT HOTAT 15 m A2 A B AR, HEZE
X/ URTIR (BERESE, 2015), WduE
I B 3 9% 3R S 56 08 1Y) Johnson 1 Taylor &
W1, 1964 4B IRAEI SRS Niz4T ( Taylor
etal., 1973), JGAEBRU Z#%E, BN T H 5%
DI FA) M o 2% 1988 4, AR 4J5; Hh B 1 ] B
AT A SO 22 R B2 Tt il 4 T
K7, 9 H 13 HE 29 H, FEVLIN R s VLI &
B SO R A e A S, e R I b

FHYE 7 R A R (R AR, 1994 ). 2009 4
Pk, fEA AT (Al ) BHoFL I 955 H
BB, FREREZAE AR, 424G, b PEdL
G T 34 R, WRPEN T E SR E
INFE BT IO R K2 3277 X A H s 2% SR/ NAZ
Igf AR T 05F Aphis glycines Fié B T4 FA %4
Bt sie 1 eal ( WBESE, 2011; BPRES,
2015 ),

12 MRUBRFE

121 SHFBEERIEEAR Biffiric 2T
XA R MR ERFA, REAE RS it 1% 1 ) BT
PRIR, SR AL |« A S A SRR A
TH, BB s isic . 9k
FhRIC . RPEFAMCHSFARIC 5 FP2EAY (ZE0
4§, 2001 ), 20 titad 60 AEARLIHT, AMIIEA .
170 LA S A K B AR S — ER AR A )
A F iR R Fats , (B2 X S e bri it 5 B
wH/N, 1966 4F, Lewontin, Hubby #1 Harris
SR T R TREH VKB | izbnic l W H K
R R A W AR A S, T R st A 2
4, AR R (e Ak Iy 5 o %o 3 TRk R H A
Fi44 U HIH 7 ik Helicover pa virescens, i 7] T
FbR DB ARG B A a5, i — D ENE T &
ITEAEE ST I (RIS, 20005 %)
4, 2000 ),

Wi DNA 73 FAURBEL i, PREIPE
h B Z B s AL FRiC B T B, 1985
4, PCR B ARMMEA: AT DNA 28 M4 T
BARMIE, SHEBEIRICHL, DNA 401t
febmic B A 2. 55, DNA fFETHEY
R, A2 R R RR S . Hk, W]
PricWp SRR 2, Z28MWE. 5=, frid
RKIK k", Asgm Bt RE, 54
RARIRICLIREST (22855, 2001; & 144,
2006 ). # U DNA 73 FARic A 2. S—62
BT o F 458 LR E N VIR H2 R (1) DNA R
i, FEARBENDINE R KEZ SN
( Restriction fragment length polymorphism, fij
RFLP )ARICHAR ( ZBE4E, 2001 ; ¥ 1145, 2006 );
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55 TSI T PCR 1 DNA ARic, A4 BT F 5 14
REA, 31X DNA FRic Xl 43 R BEALS 14 PCR
PRic R 514 PCR ARic. FEHLY 1S 275 DNA
1% PCR AR, MIFHEHLY 1Y K& 2 854
(RAPD) ric | @ 5LF4) A X (ISSR ) (28
Me45, 2001; B 1145, 2006 ), FE5PER PCR 4
ARALFGHFH EE (SSR)Aric o i T2 RIC
JEANbR AL AL (STS ). JF A FFIE LY 1 X B
( SCAR) bRic 5 ; 55 =JS2 T PCR HIFREI#:
WY AR ZE A 1 DNA fRic, EZHEY A B
K B £ & % ( Amplified fragment length
polymorphism, AFLP) Fric. %W ERZH
1R 22 AP ( Single nucleotide polymorphism, SNP )
) DNA #Ric, ZARicH A 80, SR 2
FEMEIRAL IR B R AR A (B T3, 20065 £
TEEEAE, 2006; FKIUAAE, 2006 ). DNA 73Tk
WCHOR, TER UG & p N S ], &
MR ARSIy TR E RG-SR
At TR 2B A ST R AT (BI85
2001 ), 7EiE CHEFE RBFFETT M, DNA 73 ThRic
BOR F B W w48 20, I B &
AT R PR AR A0

122 EMMERABAERIRT RS
W IRAEE DA AR A0 A, FOR BB A BGRE
BRI . HAR TP BRI I AE R 1T R
R FEE R B, B R AT E IR R
S R D i i A A DTSN N 12 K 3 (VA
(Lingren etal., 1993 ). fE¥y4/PaE F 2R 521
MR, HUEMBTRRIENGR, SR FFees (81
24, 2020 ), i SE B AU EE AR R, —
Jra, FTLABIER R e, DN U B
REGCE B Ry SR AT . B S A Ry b Ia] 1k
SERRAMRYE (BUERAN, 2020), S —JrHE, BT
VFZ MY HA FE i ARSI, T AR AR X [
B, B, XTECR RS, A RO R d
PIAERIE N —F FAAPRIC , a6 B .
i BB B A B AT ) DNA ST S5 5 AR Sk i R r
P AE R TR AR E | R4S & H o A
FEaU, AT RAHE I R A b (X
2015 ), Hendrix F1 Showers ( 1992 ) & 7 [E

i A M 1% 735 LM AR AR 11 2N Ml 2 RN — R
i Pseudaletia unipuncta ( Haworth ) #5715 7a
575N DL s A BUAE I AR, R ik S R A
25 VY BB B A A BN G AR AR T R

Lingren 55 (1993) i@ id LR HIBIEA , AR
AR I Helicoverpa zea ( Boddie ) Z5i2sn]
AG LT p AR LT € E > 700 km, iAF]
fesahimm SN . AEFRE, HR4F (1999) HIRA
FHAE R BRI B AR S B0l T Vg TR SR R i AR 48
WOk AL X . X7R (2015) FIFHACKY
FINEA T 2009-2014 4EXF 111 A< B /N b 2 PR 5
AT AP RE A TRIEGE AT, B T /N2 PR Y i
TR R M

e R ( Stable isotope ) JoHUHTE,

YRR E, U—EmMLllfEET 3R AT,
JUEMFFERDEIA L R WBE | RRSFEREEH
R = E, (RS ER/N, T2
AT, BRI EERT DIVE R A SR A A AR ) AR R
SRFRIE (Hilmar, 2007 ). & HIEfRZMEE A .
AL . REICER, HP LA, wAeE FAL R Y
Rz (3%, 2004 ), X7k (2015)

I AR AE I bRic X /N2 B AE 1t 75
X A SRR T 5T, i 0 Sy /N 2 PR v
8D STy AU P AR Hb IX B R H 8D (14
KRFR, A/ FEAE At b DRI AR b b X 275
PR RS T UE e . TR (2015 )
Tk (A7 28 A3 A7 B, AN ) 25 i 0 0 B VA
TR S ZE K ik Athetis lepigone M, KER
AR A A B C3 Y, o 2
AL 96.9%, 3 AL 89.2%, A5
MEYUE C4 Y, SR NTENE . R, B b
S5 C3VEY) 1 — d ZE RO M I S 1 1 E SRR
123 EBHEIE HikE Radar EPE, 2K
Jo £ B R I A1 i BE ( Radio  detection and
ranging ), AT FLRE I H#E T A5 T HARERDN 1) —
DNRG ., WIEAUT LRI CHL, 5oy, oiss
ElEYh, B EM s W, ZFXRHR. H
T E AR AR & A K5, eI TR IB AW
MG, R, ATRAEE AR S (BRERSE,
2005 ), BEHUEIN R LT L T T
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R —FEIARS, 5HAMATIE SRS
b, BkobseREsns, LINEE B o HE et vy (5K
&5, 2017a ), FIFHE BBV i, A2z 3
SeZemsgm, WA T HARrATh, 1 H 4
B, AT LA 20 1 R dL s il R
&, Wz FEESE A, B, 7Rl R R
WEFEH, B IR RIS Dy de R PRI T B ( Bk
2009 ), MRETAEL X, W hHEEL . £EH
W TR IR I TR IR RS A R IR, IR
F AT A3 Ay 2 Kl R K B ik, AR il =X
AT DA A Tk o 7 8 RS 2 s (FRERR
45, 2005; SKEEE, 2017b; SKEEEAE, 2018 ).

715 ( Scanning radar ) {7 =K
Wk, RE YL, w] AR IEBOE A0 £ it
AT 44, ] DIAE R —A 5 60 B A7 IR
FHE S e, KSR R E B HARE, & [E
I a5 o A, BB R 5 P o
27~ ( Plan position indicator, PPI ). if i fREE—
FHN R S, AT ARG H bR 0 188 352 F 5[]

( Cheng et al., 2002 ), AR, E&EB~R
J7 NI E R (Range height indicator,
RHI), mLUAKIHBRTEZS i A ol (R
KA, 2005 ), A R R IR H iR
TINPCRM AL, A3 X B, WK £ 3.2 em
3¢ 3.0 emo S W0 T ORI/ L H iR T mURT S
A, WIRRHRAZE IR 8.8 mm 1Y
AWM R BT IL (Riley, 1992; #FEW%,
2008 ),

P W RO 38 ( Vertical-looking
entomological radar )82 A HT— S R R U
ik (A, 2001; Chapman etal., 2002), 5
SR R B IAAR LG, B B W R R A
Hil eI R LR N b SR Ol i S 4 ) T
A PR A —MR/NR B, SR 0.2°, FFATH
LRI FUAIRGHL By, A A Ak =X A Y
IS A2 N Tl Ak, NI Jl— N HETE 1Y
P o IRIAR i a fif a5, W] LASRAS O R s E
MRS TTIA) L A I AR R L B SR v A ) R
3 A HIRBIR/NA LR RCS 241, I RCS
ST DAL B A5 B U A BRI EE 5 ( Smith

and Riley, 1996; Chapman et al., 2002; K% %,
2012), FEELWEINE BFR Ik, BRDAGES: i AR
BN, KF)AY Drake 1134851 AT 1k
HAELE (Stationary beam mode ), 7EXFHET,
FRfAs DR S HAN , i8] LIARASG IR A5 ( Drake
etal., 2002). SHMERERBMIL, HE N
B BRI T KW MESFY B 3hia 17 FAD
oA, A2 BARRBIRE ) A TR KA .
MR B BRI B ik 2R R — Bk 5
FORAEAO IR R L R G, I B R IR R T
L L R A R A A R T R 1) AR
RN FHIARSG, LRI RG] LUK PR R 7R
I8 RGN AT TA, (RIS AT DL A ] — Hb
SRR R U IR 5 | A e TR G (o R
&, 2018 ), MEHA, MWEARMFILCEH
ToB SR TR A wIER T, 2016 4F, db
WHEYR RS A, HOLHESisl 4
A, FERHBIE | ORGHUGE AR, KBRS HAE, M
2019 A el 245 H RIS 3l v 1A DG B 45 Tk S 4
HE TR . BRIbRTAh, BB R U IR A fil 2 AE
AT R AR L 5 BH R S 30 5 1 e LR, LR
PRI A I HRCR <
P R B E A (Insect harmonic radar ) 2
WAz B R AT M —Fh B 2T B (HEE A,
2011 ). IZZEIYF IR SRS H AR B SR
FEEA MR L RES 125 O
HIRRG LTI RGN LLS , X G TR
FE R IRTR] , 3R —AR JEOR A RE 2 A5 e 3 f Y
WEWEAT T o TSI B IR I R e R ATl LA
S WHLRED , L, AT LA 3 5E kb )aR [a] ) 2%
W R T, i AL, A5 BARAARE
%S S8 (Boiteau and Colpitts, 2004;
WA, 2012 ), IR B IR AT DA R
TR AT LA T AT I, HAA R BT
PR IR AL i o Syt G bR 25 H it R e B A IF
FWAT R, bR i ASBEHE N B ARMAE 1Y 10%
( Boiteau and Colpitts, 2001 ), HAEJ, HFEAH
THR% N 0.3 mg (EFAHEFE, 2012), Wik, &
AR XE N FH I8 I B R R T /N B e AT A bt
%o WAL, B HUSIE A ™ AR LR A —
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R BN, He - HREIREE 1 DR ERNE)
Hiro mAHE#EA R AGEER IR, datric R
| R SRR AR R RN B ) 25 5, RIS ERER H
PR AT LU 30 4> (REZEACAE, 2011), 38
i Ho R AT N A BREE AT, AT b T i HGE
L, FERCHAT MALE, b E R E SR AR Y
PERERI AR BB (HEA S, 2011; HAES
45, 2012 ),

1.24 KRREFE KAFHiE (Weather radar ) &
SEHEN—F, FERERS . W, TERFK
73R 1] FE R AR, B0 38 7K 1) 2 ] 43 A
HE ELA5R , S W R R0 6 i R B T
(WIS, 2007), #ULEBOA X PeBt. S ik
FC B, TEREER, RAEIA AT IR 3]
B2 R WIS HAR, A BT DR
FAEY) HAR L [E € m147°4 (Lack and Varley,
1945; Horn and Kunz, 2007 ; Dokter et al., 2018;
FEHOLSE, 2018), H TR AKIEN, fE25H
I RSP ) TR AT, A SR IR K AR A
N 07/ R b NG W W e =X £ 0 1 58 i o 90 R
FI U P B B B, DX 6 T AT LK e 4 42 7
( Westbrook et al., 2014 ), #H4F, HTRAFIE
1Y PR, ARMER IR AT AR 2 v H R £k
IR, ZRRME RS TR HESh, RS
IR A JRAE R, IRZEFEA L TTHRS
TN . H 25 3R HIL, Rl
WAL B KA TR, o DUH TR R A
( Chapman et al., 2011), HFI, 252 ZhHIH
RKAFIBXNARALGE W . MATELS Euceraphis
betulae( Koch )FIZ/N Plutellaxylogtella ( Linnaeus )
JFRET W2 ( Nieminen et al., 2000 ),

2 FEHK

IR E RS TARARW IR, B8N
b U R S b RS AR b U A Al s I )i
TREEHUR, TEFIWTE O E HURRRRE | RS
JE T FRUGE C R R R Ol LR PE LU, Gl I A
JRIA A S o S M P 418 MR A 15 U
MISRAR , LA R B A R RO U370 BT
PO AT AR L IR A AR R UG LSS

W R A R T b R R RS, (AR
2010 ),

B0 A B A A T A
) —FER Bk AT A R4 E—Fit o
23R AR S B A TR I T 1 o T B e A
AN EER . CCATHERE, E, YT AMATE
T E ARG AR B S, dnT DRRAE
TRAMAY B PR, RIS BT AR A I i
TR U B | R AR DX VR AT (AR
#5, 1994), HHEG, HlHrHoR e & s Hes
T A A —Fh BT B, 7R IO T
FEEEAEN CIRE, 2013 ), BN
R WPLERT, N2 9 & HYSPLIT ( Hybird
single-particle lagrangian integrated trajectory ) i
A, AR JE TR I H SRR, R SRR
RAHL (NOAA ) LI AH I TR /5 T
K, BERIE AR RIS, N =48/ R1THHE
23 SR RS BB, I HL A 25 OB 4 HE
K UiR# (Draxler et al., 2014 ), HYSPLIT 5%
AT DA 22 ) A =X e 1) 20 B 37 R LA K
BB R AT AR X AR Y T 3 TR, B A
WRF ( Weather Research & Forecasting Model )
5o BRT HYSPLIT #EBULIAL, & WL 534
BLAIAH FLEXPART Fl NAME, P #b)E T4
Fa B H AR, 5 [E% S ] NAME
BT ST, IR 8 T R AU A B AT TR
244 ( Chapman et al., 2010 ),

WGt BR EZ R GrADS 8, T
% [E B K 5 Wi 0 (National Centers for
Environmental Prediction, NCEP ) Fl135[E E % K
S WE 5 0 ( National Center forAtmospheric
Research, NCAR ) M3l [y as WUz Ed , XF
el RE BT N & BT D 1 B s e (T D |
W2 o 370 S TR P o B R S B TR TR
Ui, T CE M RE TR R m IR, 2013 ),

3 MARE

FERIT WEFIBAWERZ —, T Kt
RO TR DR AR P B SE I AR EOR . 2020 4R,
VAT HR A 1 — AN Wi BUE 4 5k, i
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TCHEF AL 41.1% (A A RSEFE RO AR A ER
NERS 333 5, 2020), AR, AR NEER
Plutella xylostella . — 5 Z= 7% Mk . i 32 1% ik
Spodoptera exigua S5 #fJE Tif KRBT K
T (Hutag, 2003; KAE, 2008; KEA,
2013 ), #EILZR . WIALAERA KA A AR AE
Yo I 25k o 1T REHF B RN 2
FIEBCR A ) e AR A, BRI 5 A 4
pa R, IRE ARG U (Y M T B
WAL F A H AR U, (2 S AR ARG R Y
TN 05 3 T B i 22

B, I F B A EAR 2 H e . BRI
KI5 U T DAARAS 2 i R E R Bh 3, (2
SRBATFE AL | fuRoR (5K, 2008;
SRR, 2013 ), fFHARRKI SRR, e
WA GLHAEE R K, HA B8 i.c
B IS A B o4 . S R (A
TR e — s T s RS AR AR H T, FEA R
FHFERE, RFERERHE R, ks T3
W H IRIR ¥R ( Trichogrammatidae ). i 1 #}
(Ichneumqnidae ) FlfJki# HF#%F} ( Chrysopidae )
R, Hik, rEEEdl, FARERSM
U A=W SRR v 1 L DX A AN B R R AT
JEFER (BRT244E, 2004 ), AN, ST
REARTF PSR , AN REIRTS HLAE 25 p AT
FEFN 7 18], ANRE AT CE 3 B TR A A 2 (k)
BURATS L BB L TR, B RR LR
WD T Bt Se B0 1 IS s (XA, 2017),
(HR MR IE S M L, A e EE B A R AR
PR At o BP SRR DT, T IRELAE
L RIRA, BRI PRI 250 A Rl oy
1, REBOrPAnitER 2 H SOk K Al [#]
F, B2 A G ] PR A G SRS A 4 1
B, 28082 TAEEMELL AR o A2 25 T BORE 7 IfT
W AU A BRI NS R T H R A R
A2 R4 B, RAT 3l ) R e 2T SR )
MERLZ — . QSR SRS A T8 T,
BARSAERER . BFHIN . A2 05 )5 Ty
U o (S FHTC ABLET , 32 b s w i BRI, 20t
REJIABR. D10k, AR —Fh RATde, I8 THRTT 2
HIE & T, BRRERIREAREZILA,

B2 BT, HERREE B TR, Rk
B A et e

B, WU AT SRS B AR ST 2 1 . HA,
REPB TSR T I M7k (k=2
2008; FRATAE, 20125 X7k5R, 2015), XA B
THRIT WA, TR, (IR 34t
FER IR — BARK A B

5=, AR EZ BME . 3B REE A
TS K Z2 1 1268E, Wb R, Ak
MRS o 4T, KRB A R i
P S Sl K 4 G G R A i A EY T W
BUEY . T IO R B Y, i Wik
T T A AN BB AR R TR — R T SR
YRS P A T

I RPEE RS R E R B A R 4, T
M AU I AT S . 1, S
it NERZME R IERT, fEE WHEF
AT B E WA, KA TIE T4 SR,
BRI K R G W, SRAS AR sh 5, LA
AT AR . BHERI AR . R AR
T CEE R AR L R, Il ER
PR MEHE UL S . FLU, W BB R e ik
AT K& (XUJTA, 2017; S5 fik
T, 2018; SKEEFSE, 2018 ), BEE AN THEAEN
KR, iE G E RIS E T, BT A
WL R AR A 2hE AURBIFEAR , $2 5 TAERL
R (XNTA, 2017; HtsafmbkdE, 2018 ), B
HOTR IR BRI M 2% BT RE, PR S TR A M
2, DMETF RN, 7 Wy e (g 45,
2017a, 2017b; SKEEF-4, 2018 ), #B=, Jnik
PME. EBAIERT, RiHER, 2 LR,
TR L RKENEENE, BUFIF R TAE, $2m W
PR, S a6, X ARZSRYME, Sl
RS A R R, R ALY B R
715

S %30k (References)

Bian L, Sun XL, Gao Y, Luo ZX, Jin S, Zhang ZQ, Chen ZM, 2012.
Research on the light tropism of insects and the progress in
application. Chinese Journal of Applied Entomolgy, 49(6):
1677-1686. [I14, IMGERe, WiTe, BoRds, &, siEHf, B



- 538 - o B 3244 Chinese Journal of Applied Entomology 58 &

SRR, 2012, B HOGE AL R N ATk . 0 B AR,
49(6): 1677-1686.]

Boiteau G, Colpitts B, 2004. The potential of portable harmonic
radar technology for the tracking of beneficial insects.
International Journal of Pest Management, 50(3): 233-242.

Boiteau G, Colpitts B, 2001. Electronic tags for the tracking of
insects in flight: Effect of weight on flight performance of adult
Colorado potato beetles. Entomologia Experimentalis et Applicata,
100(2): 187-193.

Cao W1J, 2006. Studies on genetic diversity and migration trajectory
of different geographic populations of the meadow moth
Loxostege dticticlis. Master dissertation. Yangzhou: Yangzhou
University. [# 14§, 2006. giﬂﬁxﬁi{ﬁfiﬁﬁ%iﬁ%g#
PERGE REGI AT, B2 A8 S0 M N

Chapman JW, Nesbit RL, Burgin LE, Reynolds DR, Smith AD,
Middleton DR, Hill JK, 2010. Flight orientation behaviors
promote optimal migration trajectories in high-flying insects.
Science, 327(5966): 682—685.

Chapman JW, Drake VA, Reynolds DR, 2011. Recent insight from
radar studies of insect flight. The Annual Review of Entomology,
56(3): 37-56.

Chapman JW, Reynolds DR, Smith AD, Smith ET, Woiwod IP, 2004.
An aerial netting study of insects migrating at high altitude over
England. Bulletin of Entomological Research, 94(2): 123-136.

Chapman JW, Smith AD, Woiwod IP, Reynolds DR, Riley JR, 2002.
Development of vertical-looking radar technology for monitoring
insect migration. Computers and Electronics in Agriculture,
35(2/3): 95-110.

Chen RC, Ding JH, Tan HQ, Hu GW, 1989. Insect Migration.
Beijing: China Agriculture Press. 364-373. [ 58, TH1E, iR
Ak, WIS, 1989, iE kR H%A. dbat: s ROl AR
364-373.]

Chen Y, JiangYY, Liu JX, Lu Y, Meng ZP, Chen J, Tang JH, 2012.
Mark-release-recapture validation of the migration of the beet
webworm, Loxostege sticticalis (Lepidoptera: Pyralidae), in
northern China. Acta Entomologica Sinica, 55(2): 176-182. [B
PH, 22E3E, XM, B3E, @IEF, PR, B4Rt 2012, 45
lﬂlﬂﬁ(«fﬁﬁw\%ﬂjl:ﬁﬂﬂliﬁi&ﬂﬁﬂ’] T K. BHER, 55(2):
176-182.]

Cheng DF, Feng HQ, Wu KM, 2005. Scanning Entomological Radar
and Insect Migration. Beijing: Science Press. 1-20. [ %,
dtam, ALY, 2005 AR AUERIA SR RIE U, JEat
B2 At 1-20.]

Cheng DF, Wu KM, Tian Z, Wen LP, Shen ZR, 2002. Acquisition
and analysis of migration data from the digitised display of a
scanning entomological radar. Computers and Electronics in
Agriculture, 35(2/3): 63-75.

Cheng JY, 1994. Study on radar observations and trajectory of the

autumn migration of brown planthopper. Journal of Remote
Sensing, 9(1): 51-56. [Fks, 1994. # CEGE ®IH TR B
HHRET. @R, 9(1): 51-56.]

Deng WX, Xu KJ, Rong XL, Xu JZ, 1980. A general survey on
seasonal migrations of Nilaparvata lugens and Sogatella
furcifera (Homoptera: Delphacidae) by means of airplane
collections. Entomological Knowledge, 17(3): 97-102. [AF =,
VESRE, 287522, YPHAE, 1980, KHLIMIIERIE L (175 K
RIS AR, BN, 17(3): 97-102.]

Dingle H, DrakeVA, 2007. What is migration? Bioscience, 57(2):
113-121.

Dokter AM, Farnsworth A, Fink D, Ruiz-Gutierrez V, Hochachka
WM, La Sorte FA, Robinson OJ, Rosenberg KV, Kelling S,
2018. Seasonal abundance and survival of North America’s
migratory avifauna determined by weather radar. Nature Ecology
& Evolution, 2(10): 1603-1609.

Drake VA, Harman IT, Wang HK, 2002. Insect monitoring radar:
Stationary-beam operating mode. Computers and Electronics in
Agriculture, 5(2/3): 111-137.

Draxler R, Stunder B, Rolph G, Stein A, Taylor A, 2014. HYSPLIT4
user's Guide Version 4 - Last Revision: September 2014. University
Research Court College Park, Maryland: National Oceanic and
Atmospheric Administration (NOAA) Air Resources Laboratory
(ARL). https://www.arl.noaa.gov/data/web/models/hysplit4/win95/
user_guide.pdf

Farrow RA, Dowse JE, 1984. Method of using kites to carry tow
nets in the upper air for sampling migrating insects and its
application to radar entomology. Bulletin of Entomological
Research, 74(1): 87-95.

Feng HQ, 2003. Community aloft and radar observation of seasonal
migration of insects in northern China. Doctroal dissertation.
Beijing: Chinese Academy of Agricultural Sciences. [$1L5H,
2003. AL 2s R HUREVE M R TR 2 PRI A Y 7 S UL
T2 dEa T EAOL A

Feng HQ, 2009. Review of development of radar entomology in 40
years and related future. Journal of Henan Agricultural Sciences,
38(9): 121-126. [F7k38, 2009. FikELH2F 40 4EHFZE 1) 055
L, mEgRlbRE, 38(9): 121-126.]

Feng HQ, Yao Q, 2018. Automatic identification and monitoring
technologies of agricultural pest insects. Plant Protection, 44(5):
127-133. [EHfkaR, Bk, 2018. 43 b [ il 5 o5
AR, AEPRT, 44(5): 127-133.]

Fu XW, 2015. Study on the community structure and population
dynamics of migratory insects across the Bohai strait. Doctroal
dissertation. Beijing: Chinese Academy of Agricultural Sciences.
[mefh, 2015, “Ehifgs” ‘*%‘ﬁﬁﬁﬁ?@?%ﬁ%ﬁﬁﬂjﬂ&ﬁﬁ
g8 W2 SC dbat: PELOLR B

Geng JG, 1982. Application of mark-release-capture in migration.



34 gk 4 T

R M I T R AR i SR AR 5 T e B - 539 -

Entomological Knowledge, 19(4): 34-35. [BkIF[E, i KR Hh5
ICREO R . B AU, 19(4): 34-35.]

Gong P, Yang XW, Tan SJ, Chen XF, 2001. Molecular genetic
markers and application in entomology Entomological
Knowledge, 38(2): 86-91. [ZEMS, W5k 3¢, WML, MRiEIE,
2001, J3FBARARICH AR LI R R 2 Ay R . B
iH, 38(2): 86-91.]

Gui LY, Huang XQ, Li CR, 2011. The development and the use of
insect harmonic radar. Chinese Journal of Applied Entomology,
48(3): 732-738. [kEi K, BFHZE, FME(, 2011 RAUKHE
IR R AR, R RS 247, 48(3): 732-738.]

Guo Y'Y, 2006. Illustrations with real examples of using ecological
regulation strategies against crop pests in China. Plant Protetion,
32(2): 1-4. [FT0, 2006. FRERAVED R RE LRI
SAHE. AP, 32(2): 1-4.]

Hagler JR, Jackson CG, 2001. Methods for marking insects: Current
techniques and future prospects. Annual Review of Entomology,
46: 511-543.

Hendrix III WH, Showers WB, 1992. Tracing black cutworm and
armyworm (Lepidoptera: Noctuidae) northward migration using
Pithecellobium and  Calliandra  pollen.  Environmental
Entomology, 21(5): 1092-1096.

Hilmar F, 2007. The natural fingerprint of stable isotopes-use of
IRMS to test food authenticity. Analytical and Bioanalytical
Chemistry, 388(3): 541-544.

Holland RA, Wikelski M, Wilcove DS, 2006. How and why do
insects migrate? Science, 313(5788): 794-796.

Horn JW, Kunz TH, 2007. Analyzing NEXRAD doppler radar
images to assess nightly dispersal patterns and population trends
in Brazilian free-tailed bats (Tadarida brasiliensis). Integrative
and Comparative Biology, 48(1): 24-39.

Hu G, Lim KS, Horitz N, Clark SJ, Reynolds DR, Sapir N, Chapman
JW, 2016. Mass seasonal bioflows of high-flying insect migrants.
Science, 354(6319): 1584-1587.

Hu MB, 2007. Detection and Application of Weather Radar. Beijing:

China Meteorological Press. 1-17. [ %, 2007. K HAR
MSRIAH. Jbat: gt 1-17.]

Huang XQ, Li CR, Wang FL, Gui LY, 2012. Advance in insect
harmonic radar tags. Journal of Enviornmental Entomology,
34(4): 504-514. [BTFE, L7, FARE, BEA, 2012. B
HOE PR ISR B T AR UF A S . BRI R R SE A, 34(4):
504-514.]

Jia HR, 2020. Migratory Patterns of aphidophagous hoverfly
Episyrphus balteatus (Diptera: Syrphidae) in China. Doctroal
dissertation. Beijing: Chinese Academy of Agricultural Sciences.
[BEAl, 2020. ARl ERRIT WIS, W2 fnese b
B *Iﬂ&ﬂkﬂ%ﬁ i

Jia PH, 1985. Primary report of the long distance migratory marked
moths of Agrotis ipsilon. Plant Protection, 11(2): 20. [Si{ilfg

1985. /Nt % FRITE
11(2): 20.]
Jiang CX, Qi HH, Yang XL, Zhang YH, Cheng DF, 2001. Using

T RbRIC I e A R AR AR,

vertical pointing searchlight trap to monitor the population
dynanics of Cnarphalocrocis medinalis Guare. Journal of Plant
Protection, 38(3): 193-201. (K&, F7&4, MFEM, kol
PR, 2011, T BRI S A2 4R It IT%EHS”*U”I].
FYHFA A4, 38(3): 193-201.]

Jiang YY, Liu J, Yang JJ, Zhao WX, Yin L, Liu Y, Ye SF, Qin BQ,
Song LD, 2020. Trapping effect of searchlight-trap and light trap
for the moth of Spodoptera frugiperda in 2019. Plant Protection,
46(3): 118-122, 156. [FEEH, XA, B, BICH, J1,

XULE, miEE, SR, KRR, 2020, 2019 AFE TR
MR FHRCR. YO, 46(3): 118-122, 156.]

Jiang YY, Liu J, Zeng J, 2016. Using vertical-pointing
searchlight-traps to monitor population dynamics of the
armyworm Mythimna separate (Walker) in China. Chinese
Journal of Applied Entomology, 53(1): 191-199. [ZEE 3, X7,
B4R, 2016, 1oz UARAT Y DR H XA e A Sl S LR R
o B AR, 53(1): 191-199.]

Jiang YY, Liu J, Zeng J, 2018. Using national searchlight trap
network to monitor population dynamics of the oriental
armyworm in China. Chinese Journal of Applied Entomology,
53(1): 191-199. [ZEHE, XA, H1H, 2018, FeEHEHUHEX
AR R M. 5 R B AR, 53(1): 191-199.]

Jiao RG, Zhang Z, Shi GY, Zhang YH, 2018. Analysis of the echoes
of migrating insects detected by Beijing doppler weather radar.
Chinese Journal of Applied Entomology, 55(2): 177-185. [E%‘A
o6, K, A7E, ko, 2018, IR EEHRAEL LW
R A Rl 0. B R B2, 55(2): 177-185.]

Johnson CG, 1964. Physiological factors in insect migration by
flight. Nature, 198(4879): 423-427.

Lack D, Varley GC, 1945. Detection of birds by radar. Nature,
156(3963): 446.

Li GB, Wang HX, Hu WX, 1964. The armyworm seasonal migration
damage hypothesis and marker recovery test. Jonrnal of Plant
Protecrion, 3(2): 101-109. [#tH, EMAE, $I3CEE, 1964, K
W HEE O E BGER SART G, M40, 3(2):
101-109.]

Li Z, Xie BY, Ji R, Li DM, 2004. Applications of stable isotope
analysis in insect ecology. Acta Entomologica Snica, 47(3):
394-399. [AF, WEEH, ok, AL, 2004 RUERGR D
M e A 2SR A . B HL2A 4R, 47(3): 394-399.]

Lin PJ, Zhang Z, Wang XL, Liu DX, Hu G, Zhang YH, 2020.
Population dynamics and trajectory simulation of migratory
moths of Spodoptera frugiperda in Yanqing of Beijing in 2019.
Journal of Plant Protection, 47(4): 758-769. [#k&54m, k&, £
JBtE, X, Wik, ki, 2020. 2019 AI0ETHHE PR X R
ORI B A S R . AR A i, 47(4):



-+ 540 - o B 3244 Chinese Journal of Applied Entomology 58 &

758-769.]

Lingren PD, Bryant Jr VM, Raulston JR, Pendleton M, Westbrook J,
Jones GD, 1993. Adult feeding host range and migratory
activities of corn earworm, cabbage looper and celery looper
(Lepidoptera: Noctuidae) moths as evidenced by attached pollen.
Journal of Economic Entomology, 86(5): 1429-1439.

Liu WC, 2017. Research progress on modern tools for crop pests
forecasting in China. China Plant Protection, 37(9): 29-33. [XI]
Ti, 2017, BEARMEYR R E AR TR TR, P
FEAE ST, 37(9): 29-33.]

Liu YQ, 2015. Migration and natal origins of Agrotis ipsilon
(Lepidoptera Noctuidae) over the Bohai sea. Doctroal
dissertation. Beijing: Chinese Academy of Agricultural Sciences.
X7, 2015, /N JR T LA S Bt o i 1+
RS s RO RERE.]

Liu HG, Liu ZJ, Zhu WH, 1983. Results of net trapping of brown
planthoppers on China Seas. Acta Entomologica Sinica, 26(1):
109-113. [XIRE, XIPRA, #Lo94E, 1983, T [ MG
AEER. R B, 26(1): 109-113.]

Magor J, 1995. Forecasting migrant insect pests//Drake VA, Gatehouse
AG (eds.). Insect Migration: Tracking Resources Through Space
and Time. Cambridge, UK: Cambridge University Press. 399—426.

Miao J, Wu YQ, Yu ZX, Chen HS, Liu ST, Jiang YL, Dun Y, 2011.
Trajectory analysis of long-distancedispersal of the wheat midge,
Sitodiplosis mosellana (Géhin) (Diptera: Cecidomyiidae) with air
current. Acta Entomologica Sinica, 54(4): 432-436. [, ®T
Wi, BBYRS, BRAEHE, XUGE, A W, Bz, 2011, Zanei
WSS IE B WU HLE 0T, R HUAER, 54(4): 432-436.]

Miao L, Zheng JF, Cheng QQ, Jia ZL, Wang HT, Liang HB, Zhang
H, Li X, Zhang JH, Jiang LY, Qin QL, Qiao GX, 2011,
Construction of a preliminary network of suction traps to
monitor the migration of alate aphids in China. Chinese Journal
of Applied Entomology, 48(6): 1874—1878. [iili, Xpais, &

LR b, TLLHE, BREUW, oK, 2R3, skaker, Ear
=, IRk, FREDE, 2011, FET I HRES (Suction trap) FY4F
ﬁrﬂ"ﬁ&fﬁ‘%ﬂ%ﬂﬁﬂﬁ 7 FH R HU2A 4R, 48(6): 1874-1878.]

Nieminen M, Leskinen M, Helenius J, 2000. Doppler radar detection
of exceptional mass-migration of aphids into Finland. International
Journal of Biometeorology, 44(4): 172-181.

Qi GJ, Lu F, Hu G, Wang FY, Gao Y, Lii LH, 2011. The application
of ovarian dissection in the research on migratory insects in
China. China Plant Protection, 31(7): 18-22. [FFIET, 7%, #]
mL, R, EaE, BAIE, 2011, GEEEHITETR ET R R
SO IR, P ERER ST, 31(7): 18-22]

Qi HH, Jiang CX, Zhang YH, Yang XL, Cheng DF, 2014. Radar

=

observations of the seasonal migration of brown planthopper
Nilaparvata lugens (Stil) in Southern China. Bulletin of
Entomological Research, 104 (6): 731-741.

Qi HH, Zhang YH, Wang J, Peng H, Zhang Z, Cheng DF, 2014.

Rhythm of rice planthoppers and Cyrtorhinus lividipennis to the
searchlight trap. Acta Phytophylacica Snica, 41(3): 277-284.
Ures, ki, Efd, 2k, K, BEK, 2014 FF KE
Be R S E IR TERIRAT R B MT A AR SRR, 4103):
277-284.]

Qi HH, Zhang YH, Sun JR, Cheng DF, 2009. Methods in studying
insect migration. The 2009 Symposium of Chinese Plant
Protection Society. Beijing: 400-406. [3¥22>, k=2, fhatki
R, 2009. i RER MBI . HEEY R RS
2009 AFE2EARAESESCEE. dEHT: 400-406.]

Qiao HJ, Zheng ZM, Lu RS, 2000. Research progress of isozymes of
Noctuidae. Entomological Knowledge, 37(6): 374-377. [FT1E18,
FRPTR, oM, 2000, AOMRHE Hu ) TREDTRAMDL. B
i, 37(6): 374-377.]

Reynolds DR, Mukhopadhyay S, Riley JR, Das BK, Nath PS,
Mandal SK, 1999. Seasonal variation in the windborne
movement of insect pests over northeast India. International
Journal of Pest Management, 45(3): 195-205.

Riley JR, 1992. A millimetric radar to study the flight of small
insects. Electronics & communication Engineering Journal, 4(1):
43-48.

Rose DJW, Page WW, Dewhurst CF, Riley JR, Reynolds DR,
Pedgley DE, Tucker MR, 1985. Downwind migration of the
African armyworm moth, Spodoptera exempta, studied by
mark-and capture and by radar. Ecological Entomology, 10(3):
299-313.

Satterfield DA, Sillett TS, Chapman JW, Altizer S, Marra PP, 2020.
Seasonal insect migrations: Massive, influential and overlooked.
Front Ecology Enviornment, doi:10.1002/fee.2217.

Shao TY, Wang KQ, Liu XL, Liu SZ, Zhu CD, 2015. Current
research state and progress of utilizing suction trap for insect
biodiversity. Heilongjiang Agricultural Science, (12): 170-173.
[HERE, Lrh, X2k, XU, REI7R, 2015 FFR SR
PERESE R B Z R DR S TR . B e TRk, (12):
170-173.]

Showers WB, Smelser RB, Keaster AJ, Whitford F, Robinson JF,
1989. Recapture of marked black cutworm (Lepidoptera: Noctuidae)
males after long-range transport. Environmental Entomology.
18(3): 447-458.

Smith AD, Riley JR, 1996. Signal processing in a novel radar system
for monitoring insect migration. Computers and Electronics in
Agriculture, 15(4): 267-278.

Southwood TRE, 1962. Migration of terrestrial arthropods in
relation to habitat. Biological Reviews, 37(2): 171-211.

Taylor LR, French RA, Macaulay EDM, 1973. Low-altitude
migration and diurnal flight periodicity: The importance of Plusa
gamma L. (Lepidoptera: Plusiidae). Journal of Animal Ecology,
42(3): 751-760.

The 333th Bulletin of Ministry of Agriculture and Rural Affairs of



34 ik ORAE: TR MO I TR R R SR A5 T R B - 541 -

the People’s Republic of China, 2020. http://www.moa.gov.cn/
govpublic/ZZYGLS/202009/t20200917_6352227.htm. [H14E A
B ILANE AV AR AT T2 4556 333 5, 2020. http://www.moa.gov.
cn/govpublic/ZZYGLS/202009/t20200917_6352227.htm.]

Wang DF, Chen XL, You MS, 2006. Microsatellite DNA marker and
its applications in entomology. Entomology Journal of East
China, 15(2): 89-95. [EE%, BR/Me, JLIR/E, 2006. G LA
DNA FRiCH AR B HAE R B2 BRI SRR BB, 15Q2):
89-95.]

Westbrook JK, Eyster RS, Wolf WW, 2014. WSR-88D doppler
radar detection of corn earworm moth migration. International
Journal of Biometeorogy, 58(5): 931-940.

Williams CB, 1957. Insect migration. Annual Review of Entomology,
2:163-180.

Wood CR, Connor EJO, Hurley RA, Reynolds DR, lllingworth AJ,
2009. Cloud-radar observations of insects in the UK convective
boundary layer. Meteorological Applications, 16(4): 491-500.

Xu G, Guo YY, Wu KM, 1999. Analysis of pollens adhering to
cotton bollworm moths (Lepidoptera: Noctuidae). Scientia
Agricultural Sinica, 32(6): 63-68. [f&), 38FI0, LW,
P R B BT, AR, 32(6): 63-68.]

Xu G, Guo YY, Wu KM, 2000. Allozyme variations within and
among five geographic populations of Helicoverpa armigera.
Acta Entomologica Sinica, 43(1): 63-69. [#&), ¥ 7T, =1L
W1, 2000. AR Lt BERRRE Y SR 07 ML 5. B IR, 43(1):
63-69.]

Yang XL, Chen L, Cheng DF, Sun JR, 2008. Primary application of
millimetric scanning radar to tracking high-flying insects in
southern China. Plant Protection, 34(2): 31-36. [#% 751, PRk,
TR, PhAtHE, 2008, ZEKPA R U ik o B U i I Y
VIR . FYRD, 34(2): 31-36.]

Zhai BP, 2001. Entomological radar: From research to pratice.
Journal of Remote Sensing, 5(3): 231-240. [#{4F, 2001. E.i
b AWWFFEALEISEHIEL. AR, 5(3): 231-240.]

Zhai BP, 2010. Progress and perspectives of crop pest forecasting in
China. Plant Protection, 36(4): 10-14. [B4#:F-, 2010. A4
Py AR 1) K R S . IR, 36(4): 10-14.]

Zhang GX, Zheng G, Li XJ, Bu J, 2004. Discussion of using
frequencey oscillation pest killing lamps from the angle of
protecting biodiversity. Entomological Knowledge, 41(6):
532-535. 1K) 72, KR, 2%, ME, 2004, Wi AEYZ
FEME A B AR =R AT RN . R HUAIE, 41(6): 532-535.]

Zhang LP, Zhang Z, Ji R, Jiang YY, Zhang YY, Feng HQ, Yang JG,
Xie AT, Zhou CJ, 2018. New technological developments in the
development of entomological radar. Chinese Journal of Applied
Entomology, 55(2): 153-159. [5KRESF, 5k%, &3, £ TIHE,
KA, B, B, WEE, B, 2018 BAUEIL
EERIHARR RS Tr . R B, 55(2): 153-159.]

Zhang SC, Li ZY, Xiao C, 2006. Application of serveral molecular
markers in entomology. Acta Agriculture Jiangxi,18(4): 66-71.
[(BkPUA, 2REER, 7R, 2006, JUFE A TFhRC KILAER 1
2R BRI L. YL 254], 18(4): 66-71.]

Zhang YH, 2008. Radar observation and population analysis of
migratory insects in north and northeast of China. Doctroal
dissertation. Beijing: Chinese Academy of Agricultural Sciences.
(K=, 2008. AR S54dtXE CR Ry FEE R R FH ik
W5 B AT, 2 Ae S0 s RO REERE.]

Zhang YH, Chen L, Cheng DF, Tian Z, Sun JR, Jiang Y'Y, Zhang Y],
2008. Nocturnal migration of Coleoptera: Carabidae in North
China. Agricultural Sciencesin China, 7(8): 977-986.

Zhang Z, 2013. Monitoring and population dynamics analyses of
important migratory pest insects in northern China. Doctoral
dissertation. Beijing: Chinese Academy of Agricultural Sciences.
[FRA, 2013, dbJy DX E T Qo3 o 9 e S AR 3 A 43
Br. AR b P ELO AR

Zhang Z, Zhang YH, Jiang YY, Shi BC, Cheng DF, Jiao RG, 2012.
Progress in vertical-looking insect monitoring radar. Acta
Entomologica Sinica, 55(7): 849-859. [k, Tk~ 2k, 2L,
AEA, BER, F£H0G, 2012, T E W R AR AUIIE AR,
FL 254, 55(7): 849-859.]

Zhang Z, Zhang YH, Jiang YY, Wang J, Xie AT, Yang JG, 2017a.
Development of radar entomological radar in China and
prospects for future application. China Plant Protection, 37(4):
27-32. [, SR, LEIE, LM, WIEE, HilE, 2017
FRIE B A Ik A e BUIR S T B op A AR S T, 37(4):
27-32.]

Zhang Z, Zhang YH, Jiang YY, Xie AT, Wei SJ, Cheng DF, Jiang JW,
Zhang FM, Peng H, 2013. Monitoring of the population
dynamics of Proxenus lepigone (Lepidoptera: Noctuidae) in
north China and analysis of the source of its populations in
northern Beijin. Acta Entomologica Sinica, 56(10): 1189-1202.
[RA, sk, LEKE, WEE, WB%E, BEL Bk,
SKITHE, Sk, 2013, ARt R ZE RO AR ShAS I AL 5T
HRHL X HORPE BT, B AR, 56(10): 1189-1202.]

Zhang Z, Zhang YH, Jiang YY, Zhang LP, Cheng DF, 2017b.
Development of radar entomology and related prospects for
future application. Plant Protection, 43(5): 18-26. [K%, k=
B, BERE, KET, BEEL, 2017. TR AEHIT MR K&
NHT S, PR, 43(5): 18-26.]

Zhang Z, Zhang YH, Liu J, Jiang SS, Tang QB, Li XR, Li WZ,
Cheng DF, Qi JF, 2018. Population dynamics and temporal
patterns of abundance of Mythimna separata during migration.
Chinese Journal of Applied Entomology, 55(5): 834-842. [5k4,
SRZER, KA, VLI, iE U, AR, BN, BB,
AR, 2018, Al HUT AR E S 25 M I 55 BT M9 AR
78, R AR, 55(5): 834-842.]



