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Radar observation of autumn migration of insects in Northern

China

WU Kong-Ming', CHENG Deng-Fa', XU Guang', ZHAT Bao-Ping’. GUO Yu-Yuan'
(1. Institute of Plant Protection . Chinese Academy of Agricultural Sceences, Berpng 100094 China 2, Departwent of En-
tomology s Nanjing Agriculteral University . Nanpng 210093 China). Acta Ecologica Sinica.2001,21(11): 18335~ 1838.
Abstract:Flight and migration are important activities in the Jile eyeles of many inscet pests, Most nsects
can move several kilometers in ane night even without wind assistance. I[ the insects climh to altitudes
above the planetary boundary layer 1o gain wind assistance .they can indeed travel long distances during one
or more nights. The capability of some insects to take long distance migration makes them potentially ac-
cess to their favorable hahitats for feeding and breeding. which become a major factar that insect pests
bring the disastrous darnage to the crop production. Over the last three decades . insect radar.as an impor-
tant sect-detecting device ,has been widely used in migration research in several countries.particularly in
Britain. Australia and America.and has made many important contributians to the understanding of inse-t
migration, In China.radar observations of insect migration were conducted from 1985 to 1990 in Jilin A-
cademy of Agricultural Sciences and NRI (co-operation with Nanjing Agriculrural University ) in north-
eastern and southeastern China. respectively,and pravided much valuable information on the migration
flights of the oriental armyworm (Mythimna separata’ and planthoppers (Nilaparvata tugens). In order 1o
promote development of radar entomology in China,a scanning insect radar was established m Institute of
Plant Protection.Chinese Academy of Agricultural Sciences (CAAS) in 1999. Here reporred was a prelim.-
nary observation result on aurumn migration of insects in northern China.

The CAAS entomological radar is equipped with a marine radar(RA722UA) manufactured in Japan by
Anritsu Corporation and an antenna system of Chinese mereorological radar.with a microcomputer (image-
processing L.Sl.and a custom-1.5] for processing and storing the echo signal.displaying the radar image
with high brightness.and for providing various high-level functions. It possesses a peak power of 10 kW
and an operating frequency of 9. 4GHz(X band, 3. 2cm wavelength). The radar antenna consists of a double
feed 1. 3m diamerer parabola. The picture of the radar observiations 1s recorded by a computer and a spe-

cial camera which can rake multiple-exposure photographs.
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The radar observation was carried out during the autumn of 1999 in west suburban area of Berning
(116°20'E.39%47'N ). The daily observations was made from 1600 of the dav (o0 09,00 of the next day. The
meteorological data during the ubservations were recorded by a conventional cquipment. One of the major
prablems of radar entomology is that of species identification of radar target. This problem was largely ah-
volded in the present studv by making aerial sampling. A 300 W common light trap was set up during the
period of radar observiation an the 1op of a building of 20 m height in obscrvation site. The species and
numbers of msects caught in the trap were identified and counted cach day. The female moths were dissect-
ed 1o check their ovarian development and mauting status. The aerial densities and ground speed of airhorne
insccts were estimated by the algorithm described by Drake. The main results were as follows,

There were unly very few insects flying during the dav. Aerial densities usually increased graduadly
from 19:00 and peaked (more than 8. 0 per million cubic meters) at about 21:00,then dropped lutle by lit-
tle after 22;00. Large-scale southwestward migration were detected.and the average ground speeds of air-
borne insects below 400m agl were 4. 8m/s,but 10. 8in/s at altitude above 800m agl. A record of 27. 8ra/s
was found ar 2000m agl. Their flight azimuth was consistent with the wind directions.

Light-trap catches indicated that the migrating insects in this season were mainly noctuid moths.,
Spodotera ertgua (Huhner) and Heliceverpa armigera (Hubner) ,acenunted for 37. 3% and 28. 6% of tctal
catches .respectively. Most of the catches were H. armigera by the 20th of September..but §. exigua domi-
nated the aerial population since then. Based on the dissection data.83- 7% of H.armigera catches had no
mating experience.and the rest {16. 3% ) had mated once,with 77. 6% of total catches showing undevel-
oped ovary.and the 12. 2% heing sexual mature tndividuals. These two species cannot uverwinter in remate
northern and northeastern China.so these catches well indicated their migratory characteristics and capeci-
ty.

Among the trap catches. Loxostage sticticalis L. (5.5%) and Agrotis vpsilon (Rottemberg ) (0. 9.4)
were also found to be conspicuous migrants in China ,whose return migration route from northeastern Chi-
na remains & mystery up to now. These catches provided a circumstantial evidence for their southward mi-
gration,.but their source region should still be determined by trajectory analysis, Some benelicial insects
the catches.such as Chrysopa septempuctata Wesmacel (7. 6% ). Propylaea juponica (Thunberg) (3. 34 ).
Hurmonia axyridis (Pallas) (1. 9% ) .Chrysopa sinica Tieder (1. 4% ) .Coccinell septempunctata L. (0. 44 ),
showed clearly the phenomena of accompanying migration by natural enemies with thetr prey.

Helicoverpa armigera {Hubner) and Spodoptera exigua (Hubner) arc the impertant insect pests in a-
griculture in China. Their damage area can be extended into northeastern China such as Liwoning and Jilin
Provinces ctc. by a long distance facultative migration with East Asia monscon in spring and sumemer., T he
present observation indicated that they could cover a distance of 150~680 km during one night. Therelore,
11 was possible that two species the radar observed came from northeastern China.to where they were tzk-
ing the movement with the aid of East Asia monsocon.

Key words :insect migration;radar obscrvation;northern China
TWES.1000-0033(2001)11-1833-06 RESHE,Qu68 TRIFIRE. A

T KEREEMABHEEIHBIARAENTFR UEFBAARBRRARNERRINZ - REE
FHR G HFURE R BEEEREH DT CEFR, Wik, gr5d B 8 CAT o o Ol F B8 kT
Mt ERXBUFRERAARENE. B TEIEHFHAG A EAFRE(VITHREZTCAHNB 2
Ay RMALSMTUEFREETHICEBE#TERLM . EAEBREBERSH . RAHEAMEH AW

BT K RERT RGN TR 0L 0 #RGHTFR . RE RXA TR EEITHMA



11 ¥4 ZALH % AL X E ARk P K ao s B 1835

FEREAMARAT . FEAT ECHAR BT UHENSCH AT ARIE C-2H-BEUIENT RS
# L EHANW A 20 g S0 LB MR UM FHEG T HEE BB BT HFMT [ E . e
ERERAHTI Y MRt KERT 0L s ERRAGARUATERF M GAMEST 0 WM
FEKEENECRBENT LYY, BRUMVERE CHEZUNEFERETLANXAEL R EIL M
R W i K b Rk R ol i (9 B8 X, BA i L 5% 6 Fr A B AT O B b HUBE (O 8 B L RE A T B AL X
TR R, A ERBESFERPWELHT T AN ERBENT .

1 #R55F%

-1 BEHEL

EREANOATHREE S B gERE > 711 ISR FARE VOUENMS RITE R 0w, 2
EWENE J0OKw K 3. 2en R R 0110 k8, REFWMNGESFEQIFHEY . KPS SEE
BREEAFmE 8 PPDATRIEAE L HFENGFEIE A XEFLTH., S ERREEEL A
RELE .S -BRBVEEMEEFER.

1.2 WM Kb S fET )

W S K 7 FA s BB PR FEREAPRTVIRFRGHMAAME 1167200E.39°57 N i ik
SE AL A0m) AT H L R0m IR XS, 100980 Hs OF 10 H 28 0 T4 22 R A MW .
HPoHI12N0%E 16 HWHAEHF 16:00 2% 0 9.0, HEEHRA LEPT 19:00 F 22.00, |EF 5515 W
3 Vi B T IRL ey L AL SR F IR TR
1.3 b HE A

TERE AR &) b s 100m BRETH (B M B 20m) % & — 300W ST HEM B T A LB/ PR
W, BB E Y 19:00~7.00, BHKREBHHWERAMENBRE ARG BEMAARETIER GENRRE
HEMZEANR.

1.4 FEE

e b B ST R K Drake B LITE .
2 ER5am
2.1 HIEWH

AR RS S RESEWMW A .8:00 ~ 17005 N EHA.—MT 19:00 J5 PPl F B HE 3 8
Al R, T 2100 A ESE O FEERBEEFE. ZE5.00 ARNEHBEZERPDE 1), XS EEERK.
BB L. 260ET(E® 2.9 B 13~14 HfM 19~28 B 20:00~21.00 SPHPHTHA 8 Lk/10m’
E., EXFTEE—RE 300m U F . 2000m IS RLELENE, IR XEHERRPHTEST ¢
1200m VIR .9 H 16 H 20:00~21.00 fES M BN TN .. S EBER VA 0.7 5/100m Wil #u £
BERHRIK FHEZRBEAEFEBNEEENNTFR R R R KFE MK AR, P KL E 8 5
L ¥(E3, EHEEMEITEELEEMEX. s ATEHWPHEBRARBEREZN, R1r&EE 100m L1 H
786m LA E T AR LB TEE P N 4. 8m/s T 10. 8m/s (5% 1),

2.2 B mppA

SHIOHZEIOH 28 HEAMNMBM ., &R IGHEEF KB H 578 L. HAT S 8 217 < (B8
32 SO MR IR 165 L OBEM 75 30 el 37 5% 28.6 W, HEMEET HKEY AR T A,
K ERmAED . GihE 25 8% (E2), MIEziEL.Y A 20 HYURTLIREE A £.9 A PHLLATE
Y E, BI0AWE. s CREARB AR TMEGE 4. XFEHo 8 e A R G0 B R
83. T HIME ORI A ARG 16. 3 IR TR 1R IV EE | 1M E L 77.6 X3 A LA 12, 200,
HARBKT CENEHIRME,

3 iTik
3] BEERMEREREFRFIAMABEEATEFE EEELILEDIEBKIERE GFEE,
FEEERTA " OHRARABEESENRCEA.F AR A PRI IEE L L a X



1836 3

ik
=
.

X1l SHPETLEANTRMNESITER

1661
Fable 1| The uerial density and ground speed of flving ot
insects 'E‘; 120}
N . & 3 100}
SHREYEEL g4t EE %0
= E (m) (10 me ) Lt fs ) _3_1.8
Hight Mrean acrial density of Crround m g o0
flving insec:s per 107 m? speed g 40}
20¢
<Al i, 3 4.85b0.2 o= S J
PO - ; 16.00 20:00 0:00 4:00 8 00
3=~ iAe L la=2 1800 2200  2.00 6 00
i} f8] Time (O 'clock)
TR LT T 1. & 10. 884
I178~1559 2.0 16.2 £ 1. B 1 gl RSB AT A LR CE A
1570~ 1441 1.9 2.1 5.4 1999 & 0 F 1i~15 B {8 38"
1962 ~ 2477 a0k 07 R4+ 10. 7 Fig. 1 Hourly distmiburion of mseer target= from radar

ohservation { 14--15 September 1858, angle S8%)

1395-04-24, 20 00 ~ 20, 30, 1 5 Angle 58 . 35 % #4

Range 1.5

M2 RmpMEESRIM . BEMOTII6 %9
H 28 H 21007 B3 T CiPramiafrdi:ops o8 E

Fig. 2 losect echocs on the PP1 tangle 53°, range 0756 rpm 1900 F & A 20 H 19,300
W75 21:00, 28® Sep. 1999) Fig. 3 Tracks of llying msecrs Cangle 8", rarge
.75, 19,30, 200 Spp. 1967

FHEERFFE KR HEGRNLSHE R LETmMA S FRY, wih J i € 880 TR IE FFBF AY o
~FE, AMHEEEN . M EEBENBERNEERKEHER T CEYH oh B/ BT ®IE 4.8~
21 lm/s HHFE CEE o T Y 150~680Km, . i 58 5 XM 04 1 25 HL AR SE ek S B A Y BEOR AL LB
ALt e X R K K.

32 EEEMEAgES FREM D BERTEMAMNTECHEFR MO THRERILDE O] 4 1ALy
{E Y Picd piper 200 HEMARILORBITEESHRE - ABKZIG A0 T 5 & F 70 56 Al 8 AR 2135
A EREARES RS FREAMEFRAHE L. EEFENRNE &G/ Im Lz ey 2t
RaEFRA,. BIrBEXSEZTHESIENEHN AR RItERRLFISTRELERILDEHIX.
PLELTDIR M 20 42 60 FALF] 70 A4 0 Fr KOG A AR B0 38 P B B 1 AT i ) B S TG W A e A i 8K
1982 4 8 H 20 Au i 3.00. % 78 88 )L 30 i (38°38™N, 12175870 R {0 3| B2 st 4 afk BY () A MR i e (T
K.lh NP E b AE R G204 £ ARG el S e P O TR SR A S H 28 [ 2000
A2y 7 20.00.35°N LI M H i 3 850hPa TR E R AR MG AR Rol e G K. M H



11 EIHG A X R B B CAE AW 1837

MR EZ GG REFG M, AR T R 377N 25 B 5T BB B B ) o7 o 4 R 1) ]
b 5 Bt — A EYPUE I B A R .

10

sol 4 —_— B W Total insects
....... Wy & H. armigera
— — - - T EHE S erigua

L
=
T

£
o
T

B A% Insect density (Ind)
R

10

9-10 3-17 9-24 10-1 10-8 10-15 10-22
A - B Month-Day

B4 FEWRE Y A EAS R RSN R S
Fig. 4 Population dynamies of cottun bollworm and beet armyworm captured by Lhight
trap during davs of radar observations
1 FEARMEEZPAT R EHNAO R B0 H
Tuble 1 Composition of catches from a zenith-pointing light trap on a building (27 m agl)

during the ebservations

W o B Ao
femfF  Speries B HRE  Species
| {Ne. Y Rano CONo. 2 Rauo
iHE T Spadoptera eargua (Hubner) 217 37.5  pHEEM Agrotis vpsilon {Rottemberg) 0 .4
HWE W [lelicvverpa armigera {(Hibner) 165 58.6 QXMW Maruca testululis Gever 3 th
KEE Chrvsopa septempuctarta Wesmae! 14 7.6 EERN B Sotvodes diniasalis Walker 3 .3
B [orostege sticticalis .. 37 5.3 BEREEE Inchoorocts punitrferatis Guenie 3 e
: t -.'_":r" 1 [ -
L E YR R ptogrampnae trifolic (Rot g .0 N FOEE Tertrgella < ivicdic (L. ) 2 o
temberg)
o M E K Agrofs segetwn (Schitfermuller) 25 1.3 LBAR Coccinella septempunctata L. 2 1. 1
. . : . BRI NS (rihova grucde {(Dems er

wiwe cu ) , 3. > et L2
BB Propylaca paponica (Thunberg 19 3.3 Schiflermuller) ] (. 2
SERH Harmoma arvrides (Pallas) 11 1.9 G HEEE Maruca testululis Gever 1 Y

. ; \; ! .f‘ ed T < B
e R Chrasopu smrea Tieder = l. 1 ﬂ fiﬂl . Varoadeus flazedor sl | W2
(Stauvdinger)

B E O % Mucdunoughia confrse Siephens = 0.9 RFHR Helicoverpu ussulty Guenée 1 2
ILIBEFE Diuphania mmdica {Saunders) 1 0, 2

33 KEFIARCHBLRE " WEHASEHTARTS 77 HHR™7 " e mymye =
%, AMFEPEREAN IR LA X RREGRERE R LAME. SIS LEY -
wild . RBL AREFRZZFE SR,

X ALK

1T R RERE O EARLAF S0F. B 1099. 42; 315326,
Schaefer GW. Radar observatnions of inscet flight. Iny Rammev R C ed. fasect Ffight. Oxlord: Blarkwell Scientine,



1838 &

"1

r
[
Ln

|

[

"1

et et
L N e e
|

[ IR TS N
[ [
_

b —d L— L.l 1or ot

[
I3

Et
il
R
[.-:
df

1976, 157~147,

{3recnbank 1) ). Schaeler G W Rainey R C. Spruce budwornm {Lepideptera: Tortrweidae ) moth fhight and disper-
sal: new understanding from canopv observations, radar. and mireraft. Mem. Ent. Sor. Canada. 1980, 111}, 14,
Revnolds DR. Rilev JR. Flight behaviour and mugration of insect pests; radar studies 1in developing countries,
NRI Bultetrn. Charham Muaritimie, NRI, 187, T1:114.

Drake VA & Farrow RA., The influence of atmospheric structure and motions on insect migration. .lan. Ker.
fnt. , 1988, 33: 183210,

Wolf W W. Westbrook | K, Raulston ). et «f. Recent airborne radar ohservations of migrant pests in the United
States. Phil. Trans. R Sor. Lond. , 1990, B 328: 619630,

Beerwinkle KR, Lapez | ., Witz 1AL o af. Seasonal radar and meteorclogical abservatians assocated with nac-
turnal mnseet flight at altitudes to 900 meters. Enveron. Enz., 1954, 23(3): 876 ~683.

Chen RL.. Bac X7, Drake VA, vt «f. Radar observations of the spring migration into northeastern Chine sf rhe
oriental armyworm moth. Mythimaag separata, and other insects, Ecol. Eafo 1989, 14: 149~ 162

BRERE. MR ERAT LHAETHV A L. AEE TN HREEEEY. e b REL M. 1930, 203~
333,

R RN L. ERBEFCHTEAIE. aYRyFEHR, 1992, 19 1T1~174.

Chen R 1.. Sun Y T, Wang 5 Y. er af. Migration of the rmiental armyworm Myvthimna separata in East Asinar rela-
tion 1o weather and chimate 1. Northeastern China. In: Drake ¥V A, Gatehouse A G eds. Inaeer Migration .
Tracking Resources through Space and {'fme. Cambnidge; Cambridge Umv, Press, 1995, 33-- 104,

Riley ] K. Cheng X N, Zhang X X. et «l. The long-distance migranon of Nolaparvata lwgens (5Stal)
{Delphacidac) m China. radar chservations of mass return flight in autumn, Ecof. font, o 1991, 16 471~ 186,
Riley J R. Reynolds I? R Smith A D, et af. Observations on the autumn migranon of Ndapur-vara fugens {Ho-
moptera: Delphacidae? and other pests in east central China, Lufl. emt. Res. . 19941, 84; 380442,

Riley JR. Reynolds DR, Smirth AD2. e «f. Observation of the autumn migranon of the 1ice leat roller Cnuphalocro-
crs medinalis (Lepidoptera; Pyralidae) and other moths 1n eastern china, Buil, ent. Res. , 1995, 85.397~- 114,
Drake V A. Quantitative observation and analysis procedures [or a manually operated entomological radar. CsIRO)
Ihv., Ernt, Tech. Paper. 1981. 19; 4]

BYL me&Ad CAFARFEHPNTHAXAPRARE. BRFR.1007. 40 U8):1--6.

RAWETFx. (UM ALAEHANBDa T CEE. MPRTFEMR. 1998, 25(4): 537~310.

HER. AMRAMO T CRAKBEMNKE. BURAA 1998, 3501): 55~57,

R HFoL. WERMEESENIT. RRFH. 1597 4008 .7~12.

HREBYEHFOEE HHERE MEMPTEOOT. AR, 1987, (g).1-9.

BRP. RE KAHBL EME HFHMIE. 1992, 12(3),; 36~40.

AEE. RS drE RED L MARBERALE. Ba¥ER. 1983, 2601); 108~113.

R RAZHHHIT CRE. BRWIR. 1989, 26(6): 350353,

Cook A(y+ Perfect T). The influence of immigration on populavon development ol Nllaparvata tugens and So
gatellu furcifera and its interaction with immigraton by predators. (rop Protections 1985, 4040 123 - 433,
Rilev | R+ Reynolds D R. Farrow R A, The migration of Nidaparvata lugens (Stil) (Delphacidac ) and other
Hemn prera assocmated with rice during the dry season in the Philippines; a study using radar. visual observations,
aerial netring and ground trapping. Bufl, ent. Res. » 1987, 77: 145~ 166,

Reynolds DR, Wilson MR. Aenal samples of micro-insects at mght over central Inda. /. Pl Pror, Trepes.
1989, §(2); 89-~101I.

Mochida (). Takada H. Possible migration of aphid parasites {Hymenoptera: Aphtdiidae} across the East China
Sea. Appl. Enf. Zool. . 1978, 13(23; 125~127.

FHAE, HERR. BN, F. ALIGRSRENLRLEBRRNTR. AYRFFR. 1091, 2102, 163168,
2P . KRR, BEFE. F SPRANRBER. B, 1986, 23(2) . 53~56



