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Analysis of migration routes of the fall armyworm Spodoptera frugiperda
(J.E. Smith) from Myanmar to China
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Chinese Academy of Agricultural Sciences, Beijing 100193, China; 2. National Agro-Tech
Extension and Service Center, Beijing 100125, China)

Abstract The invasion of Spodoptera frugiperda (J. E. Smith) into African and South Asian countries has im-
posed a serious impact on global food security. By the end of 2018, the insect has formed a source base in Myan-
mar and sporadically entered southwestern Yunnan of China. In this study, the mean night wind and temperature
fields of 925 hPa in spring and summer (March-August) in Myanmar and South China were analyzed by using his-
torical data. The migration trajectory of the pest in Myanmar and its main landing and spreading areas were also
simulated and predicted. The results showed that, because the weak westerly wind prevailed in Myanmar from
March to April, the autonomous flight of adults could form a close-range invasion into local areas of Yunnan and
Guangxi. After May, with the intensification of the southwest summer monsoon, Yunnan and Guangxi became
the main places of migration of Myanmar/s insect source, and even reached to Guizhou, Guangdong, Hainan and
Hunan provinces. Therefore, the occurrence and damage of the pest in Yunnan and Guangxi should be monitored before
April. After that, the monitoring area should be extended to all provinces in the south-central region of China.

Key words Spodoptera frugiperda; Myanmar population; wind and temperature fields; migration route;
monitoring and forecasting
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Fig. 1 Average night wind fields and temperatures at 925 hPa between Myanmar and southern China in spring (a—c) and

summer (d—f) (Shaded area indicates wind speed, m/s)
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Fig. 2 Possible migration trajectories of the fall armyworm in Myanmar with East Asian monsoon in

spring (a—c) and summer (d—f)
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Fig. 3 Landing sites and main distribution regions of the fall armyworm from Myanmar in spring (a) and summer (b)

55 5208 W i A R R S A KA B AR
BN TCEUMEE A B 1 AT RE S R S B B B 1T
LRI TS i TR SR . 2016 AR
AR Y A 5 3 5 O I 1 % T AR TRt IXC . Jon 480
PUE R NVEE R SR & WFE R W R AR T
AE 1 U5 A N Rl 2 8] B 52 5 ok [ P 28 i ds
WRTEC LR REA R IR AT 2R XU AR XL X
BARANIE B E AR Y 2 4 P PR G Y [T 2 S £ 15
AR  BLE B A E ke 21 1 i % HUR A £
o ARBFFEARB 3—4 H Oy diita) b2 AT 30 1 o4
DR M BRI B i 1) KRR R HT R
M ZER R A 5 A 4 ) 2 XA Wi s K T
JILHE B M G B AT Y TR M AR TRt Gl
Ao 3 4 e A5 85 A1 ) ¢ U A R 2 IR L T ol
T B ] 3t BT LI ) e LR SR AR

L B A MR 4 A TR B R 4 L e A
B R 1 AR IO E . iy W R 5 4 o e s 2 L 1
SEIE R R A AT BE R DX AT AR S R Y
KA I CHUE T TT I R R R M el v X
Bl RN I 2~ BT WRE BGU R
HUE R A Ik E &) N TR R ARG
IR R L S U AR 4% ML A B s P s AT B
FEHS T R A PO RS S 3—4 R
PIRGR A 5307 R WIAE 3—4 J DAZ i) 2 1) Rl 5

PO T2 EEE B B RATRE il 1 2 2 DI E A
F 1] 2 1 V4 1 T R 355 V8 XURR A 422 1 T M L T
T T VZLT G JE AR F A N A K AR D . X
SEYNAR S IR IR ER S0 7R A5 0 SR B T R
MIBFTE R, B B BT CEE T i R AU s i
KL AT XSS I S B A 3 R R R O R R
152 R B — i T R0 BT
B A B BA R 5oL REE ST I BB SR LA B 1Y
AT AVESR ARG Y R AR E Y EE R B
FCAEAE P LB R R & 9 5 T iy R R L
KPR A = 114 40 ) AR O ] 2 i Ml X A B e
FERY AR BRI 724 T g X 2% SR b e Bl A Y
SEIF I . 5 H TG T 1 2 p s DXATS S 4 ) 5 5
BT AR 3 DX T [ g R4 1y (LA G L)
ARVEMAG IR Y 2R O BRI AR IR
B s FE MIRTAE P T HU P RO AN ROEAT
ZEPRBEIT PRV 0] 5 B U140 7 2k 25 ) I A e 3 [
R R DX 1) M U A BeAh, & Stm R E
EZARZS SRR M s LA A5 IS 3 Y
71 R ) 2 s R DR S AT ORI 2
PF T MU R W w3t 9 RO AR L oK s
T KRR RN EZEMANRZ —. Wi iE
HH A B SRR A AR B A R R 2 LR
R L KA BEA B B i 1Y 7Y R s



5 4Ly 2019

B AE 75 P TR SR IAL » 53 S RO AT AR BEA =
P 2R 1R B A B [ R st X PR 2
Aok ST P P 9 A X 4 T DY R T
FRAE 4 AR L X S B A A SO
R fih 28 SRR I AR I R L BT RO EL 2 e AR
O Ry ) ARG [ B e i 34 3K TR R s R 11
B TR 7 e [ 5 | EAR Y A S DA [r] — 4~ R IR
HIZ ARG FIRE R IR o T N . Ak
A EE T AR B — R R SRR A
“EEIPRTE GO R A B R L A B 1
SEZ A o3 A » RE P RE R 8 28 KRB S R
W SRR HUEET A 2 R AL ]+ 2 — 25 W1 Lo
R Dy S AN -5 T i) B P AR AL R AR

%k

[1] LUGINBILL P. The fall army worm [ M]. USDA Technology
Bulletin, 1928,34:91.

[2] SPARKS A N. A review of the biology of the fall armyworm
[J]. The Florida Entomologist, 1979,62(2) ;82 — 86.

[3] CASMUZ A, JUAREZ M L, SOCIAS M G, et al. Revision de

los hospederos del gusano cogollero del maiz, Spodoptera fru-

giperda (Lepidoptera; Noctuidae)[]J]. Revista de la Sociedad
Entomologica Argentina, 2010, 69(3/4): 209 - 231.

[4] DUMAS P, LEGEAI F, LEMAITRE C, et al. Spodoptera
frugiperda (Lepidoptera: Noctuidae) host-plant variants: two
host strains or two distinct species? [J]. Genetica, 2015, 143
(3): 305 - 316.

[5] ROSE A H, SILVERSIDES R H, LINDGUIST O H. Migra-
tion flight by an aphid, Rhopalosiphum maidis (Hemiptera:
Aphididae), and a noctuid, Spodoptera frugiperda (Lepidop-
tera: Noctuidae)[]J]. The Canadian Entomologist, 1975, 107
(6): 567 - 576.

[6] MITCHELL E R, MCNEIL J N, WESTBROOK ] K. et al.
Seasonal periodicity of fall armyworm (Lepidoptera: Noctu-
idae) in the Caribbean basin and northward to Canadal[ ] ].
Journal of Entomological Science, 1991, 26(1): 39 - 50.

[7] DAY R, ABRAHAMS P, BATEMAN M, et al. Fall army-
worm: impacts and implications for Africa[J]. Outlooks on
Pest Management, 2017, 28(5):196 - 201.

[8] WESTBROOK J K, NAGOSHI R N, MEAGHER R L, et al.
Modeling seasonal migration of fall armyworm moths [J]. In-
ternational Journal of Biometeorology, 2016, 60(2) 255 - 267.

[9] JOHNSON S J. Migration and the life history strategy of the
fall armyworm, Spodoptera frugiperda in the Western Hemi-
sphere [ J]. International Journal of Tropical Insect Science,
1987, 8(4/5/6):543 —549.

[10] GOERGEN G, KUMAR P L, SANKUNG S B, et al. First
report of outbreaks of the fall armyworm Spodoptera frugi-
perda (JE Smith) (Lepidoptera, Noctuidae) s a new alien inva-
sive pest in West and Central Africa [ J/OL]. PLoS ONE,

2016, 11(10): e0165632.

[11] DRAKE V A, GATEHOUSE A G. Insect migration: tracking
resources through space and time [M]. Cambridge: Cambridge
University Press, 1995; 478.

[12] EARLY R, GONZALEZ-MORENO P, MURPHY S T, et al.
Forecasting the global extent of invasion of the cereal pest
Spodoptera frugiperda, the fall armyworm[]]. NeoBiota,
2018, 40:25-50.

[13] ABRAHAMS P, BEALE T, COCK M, et al. Fall armyworm
status impacts and control options in Africa; preliminary evi-
dence note (April 2017)[R]. UK; CABI, 2017.

[14]7 NAKWETA G. Global actions needed to combat fall army-
worm [ EB/OL]. (2018 - 09 — 28)[ 2018 — 10 — 05 ]. https: //
www. scidev. net/sub-saharan-africa/farming/news/global-ac-
tions-combat-fall-armyworm. html.

[15] BHOSALE ]. Fall Armyworm spreads to five states in India
[EB/OL]. (2018-10-09)[2018-12-10]. https: // econom-
ictimes. indiatimes. com/markets/commodities/news/fall-army-
worm-spreads-to-five-states-in-india/ articleshow/66128598. cms.

(16 i) Al A A v 4 ) 748 20 DX 4 T K T 38 Bt 5 7 ik
) A EB/OLT. (2018 - 12 - 19)[2019 - 01 - 05]. http: //pp-
dmyanmar. org/.

[177] First detection of fall army worm on the border of Thailand
[R]. FAO of the United Nations, 2018.

[18] s, 2Bk, 31l 3T, 48, AR ZAOR SRR AR ML - 1978 4
AT B R 2. 2014, 51(4) - 927 - 942,

[19] MICHALAKES J, CHEN S,DUDHIA J,et al. Development of
a next-generation regional weather research and forecast model
[C1/ZWIEFLHOFER W, KREITZ N, eds. Developments in
Teracomputing: Proceedings of the Ninth ECMWF Workshop
on the Use of High Performance Computing in Meteorology.
World Scientific, Singapore, 2001:269 — 276.

[20] WOLF W W, WESTBROOK ] K, RAULSTON J R, et al.
Radar observations of orientation of noctuids migrating from
corn fields in the Lower Rio Grande Valley [J]. Southwestern
Entomologist Supplement (USA), 1995, 18. 45— 61.

[21] WESTBROOK J K, EYSTER R S, WOLF W W, et al. Mi-
gration pathways of corn earworm (Lepidoptera: Noctuidae)
indicated by tetroon trajectories[ J ]. Agricultural and Forest
Meteorology. 1995, 73(1/2):67 — 87.

[22] BEERWINKLE K R, LOPEZ JR J D, SCHLEIDER P G, et
al. Annual patterns of aerial insect densities at altitudes from
500 to 2400 meters in east-central Texas indicated by continu-
ously-operating vertically-oriented radar [ J]. Southwestern
Entomologist Supplement (USA),1995, 18 63 - 80.

[23] NAGOSHIR N, FLEISCHER S, MEAGHER R L, et al. Fall
armyworm migration across the Lesser Antilles and the poten-
tial for genetic exchanges between North and South American
populations [ J/OL]. PLoS ONE, 2017, 12(2): 0171743,

[247] VICKERY R A. Studies on the fall army worm in the gulf
coast district of Texas[ M]. USDA Technical Bulletin No.
138. Washington: US Government Printing Office, 1929: 1 - 64.

CF# 18 5D



18 - 490 44 25 2019

[23]

[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

pattern of animal population [ J]. Researches on Population
Ecology, 1968, 10(1): 1 - 20.

TAYLOR L R. Aggregation, variance and the mean [J]. Na-
ture, 1961, 189. 7325.

TUEK B RBeR A IM]. st B R, 1994,

U, B AR AE A2 LML U - USSR i ikt . 1987,
CROPLIFE AFRICA MIDDLE EAST. Controlling fall army-
worm handbook for SSPs, feed the future Ethiopia value chain
activity [M]. USA; The U. S Government’s Global Hunger
&. Food Security Initiative, 2018.

FERNANDES M G, BUSOLI A C, BARBOSA J C. Spatial
distribution of Alabama argillacea (Hiibner) (Lepidoptera:
Noctuidae) on cotton crop [J]. Neotropical Entomology, 2003,
32(1). 107 - 115.

MELO E P, DEGRANDE P E, LIMA JUNIOR I S, et al.
Spatial arrangement and damage by the fall armyworm Spo-
doptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae)
on maize [J]. Revista Ceres, 2014, 61(3) ;343 — 349.
GARCIA A G, GODOY W A C. A theoretical approach to an-
alyze the parametric influence on spatial patterns of Spodopt-
era frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) popu-
lations [ J . Neotropical Entomology, 2017, 46(3). 283 - 288.
MITCHELL F L, FUXA J R. Distribution, abundance, and
sampling of fall armyworm (Lepidoptera: Noctuidae) in south-
central Louisiana cornfields[J]. Environmental Entomology,
1987, 16:453 — 458.

MELO E P, FERNANDES M G, DEGRANDE P E, et al.
Spatial distribution of plants infested with Spodoptera frugi-
perda (J. E. Smith) (Lepidoptera: Noctuidae) on corn crop
[J]. Neotropical Entomology, 2006, 35(5) ;689 - 697.
FARIAS PAULO R S,BARBOSA ] C, BUSOLI A C. Spatial
distribution of the fall armyworm, Spodoptera frugiperda (].
E. Smith) (Lepidoptera: Noctuidae), on corn crop []J]. Neo-
tropical Entomology, 2001, 30(4):681 - 689.

[33] FARIAS PAULO R S, BARBOSA J C, BUSOLI A C, et al.
Spatial analysis of the distribution of Spodoptera frugiperda
(J. E. Smith) (Lepidoptera: Noctuidae) and losses in maize
crop productivity using geostatistics [ J]. Neotropical Entomology,
2008, 37(3): 321-327.

[347] SERRA G V, TRUMPER E V. Sequential sampling protocols
for Spodoptera frugiperda (Lepidoptera: Noctuidae), on Zea
mays fields: influence of sampling unit size [ J]. Bulletin of En-
tomological Research, 2006, 96 471 - 477.

[35] HERNANDEZ J L, LOPEZ-BARBOSA E C, GARZA-GONZALEZ
E. et al. Spatial distribution of Spodoptera frugiperda (Lepi-
doptera; Noctuidae) in maize landraces grown in Colima,
Mexico [ ] ]. International Journal of Tropical Insect Science.,
2008, 28(3): 126 —129.

[36] STMMF 2R, bk, 45, 95 PR HL &)y He A 60K 10 25 8] 53 A7
AR ARBIALT . WIAA K4, 2001,35(3) 245 - 248

[37] Je¥e, XNLLME, S, —AORY Hegly sl 23 (8] 53 A7 B K ilRE BORBF
FEL . ol A= W44 2003, 22(5) - 391 - 392.

[38] VERBE, B oa b » ZEIRAK, 45, T K H RS Ik 45 18] 43 A 8 K% 3tk
FEBARLI ], B B 2412, 2004, 41(6) : 585 — 588.

(397 Bl A ST, 112% 00, 48, FORMESRIN 3 R B F du iy 2 8
A3AELT]. EKFI:,2016(1) 1160 - 165.

[40] COCK M J W, BESEH P K, BUDDIE A G, et al. Molecular
methods to detect Spodoptera frugiperda in Ghana, and im-
plications for monitoring the spread of invasive species in devel-
oping countries [J]. Scientific Reports, 2017, 7(1): 4103.

[41] JUAREZ M L., MURUA M G, GARCIA M G, et al. Host as-
sociation of Spodoptera frugiperda (Lepidoptera: Noctuidae)
corn and rice strains in Argentina, Brazil and Paraguay[]].
Journal of Economic Entomology. 2012, 105(2).:573 - 582.

[427 GROOT A T, MARR M, SCHOFL G, et al. Host strain spe-
cific sex pheromone variation in Spodoptera frugiperdal]].
Frontiers in Zoology, 2008, 5(1): 20.

(TE%H%:. |3 &)

(k3% 6 30
[25] COCK M J, BESEH P K, BUDDIE A G. et al. Molecular

[26]

[27]

[28]

[29]

methods to detect Spodoptera frugiperda in Ghana, and im-
plications for monitoring the spread of invasive species in devel-
oping countries [ J]. Scientific Reports, 2017, 7(1):4103.
S BART, WE. BAUT BRI R A B s L L R
FHE H2E4, 2013, 50(3):853 - 862.

WANG Fengying, YANG Fan, LU Minghong, et al. Determi-
ning the migration duration of rice leaf folder Cnaphalocrocis
medinalis (Guenée) moths using a trajectory analytical ap-
proach [J]. Scientific Reports, 2017, 7:39853.

WU Qiulin., HU Gao., TUAN H A, et al. Migration patterns
and winter population dynamics of rice planthoppers in Indochina:
New perspectives from field surveys and atmospheric trajectories
[J]. Agricultural and Forest Meteorology,2019,265:99 — 109.
WU Qiulin, HU Gao, WESTBROOK J K, et al. An advanced

numerical trajectory model tracks a corn earworm moth migra-
tion event in Texas, USA [J/OL]. Insects, 2018, 9(3):115.
DOI: 10. 3390/insects9030115.

[30] CHAPMAN J W, NESBIT R L., BURGIN L E, et al. Flight
orientation behaviors promote optimal migration trajectories in
high-flying insects [J]. Science, 2010, 327 682 - 685.

[31] SRUE. K VTLIRE X # 22 ok SRR AE S 5 IR 3 77
ERIMERR D], mat: FatRe, 2011

[32] WU Qiulin, WESTBROOK ] K, HU Gao, et al. Multiscale
analyses on a massive immigration process of Sogatella furcif-
era (Horvath) in south-central China: influences of synoptic-
scale meteorological conditions and topography[]]. Interna-
tional Journal of Biometeorology, 2018, 62(8): 1389 — 1406.

(TS | )



