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Migration patterns of fall armyworm Spodoptera frugiperda in China
and its responses to typhoons from 2019 to 2023

Qian Liubing? Lu Enze' Liu Jie'® Wu Qiulin'”

(1. School of Ecology and Applied Meteorology, Nanjing University of Information Science & Technology,
Nanjing 210044, Jiangsu Province, China; 2. Jiangsu Provincial University Key Laboratory of Agricultural and
Ecological Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044, Jiangsu
Province, China; 3. National Agro-Tech Extension and Service Center, Beijing 100125, China)

Abstract: To provide scientific support for the refined monitoring, early warning, and management of
the fall armyworm Spodoptera frugiperda in China, this study integrated nationwide first-detection data
of S. frugiperda moths from 2019 to 2023 with concurrent typhoon records. Using statistical analyses,
geographic information systems, and related techniques, we clarified the migration direction, distance
and population scale of S. frugiperda under typhoon influence, and quantitatively elucidated its migra-

tion patterns across China. The results showed that S. frugiperda populations were predominantly dis-
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tributed in northern South China and southern Southwest China from January to March. In late April,
eastern populations began their northward migration, whereas the western migratory pathway lagged
behind. From May to June, the main infestation areas in the east were located in the middle and lower
reaches of Yangtze River Plain, while the western populations concentrated in the Sichuan-Guizhou
region. By late July, eastern pathway had advanced into North China, and the western populations con-
tinued northward, with the northernmost detections reaching south-central Inner Mongolia. In mid-
August, eastern populations began returning southward, whereas the western return migration was
delayed by approximately half a month. From 2019 to 2023, S. frugiperda exhibited a predominantly
northward migration pattern, and typhoon activity not only concentrated its migratory direction but also
induced significant directional shifts in China. During non-typhoon period, eastern populations migrated
over significantly longer distances than western populations; however, under typhoon influence, the
migration distance of the western populations increased substantially, reducing the east-west  disparity.
In addition, although the initial-season population size of S. frugiperda declined annually from 2020 to
2023, the eastern population remained larger than the western population, and month catches during
typhoon period were significantly higher than those during non-typhoon period. Overall, the five-year
invasion process demonstrates that S. frugiperda has formed a characteristic migration pattern in China,
with concurrent eastern and western migration routes, characterized by northward movement during

spring and summer and southward return in autumn. Furthermore, its migration direction, distance, and

population scale are all significantly influenced by typhoons.

Key words: Spodoptera frugiperda; invasion; migration pattern; China; typhoon
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Fig. 1 Spatiotemporal distribution of the geographic mean centers of Spodoptera frugiperda in the eastern and

western regions of China from 2019 to 2023
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Fig. 2 Migration trajectory of the geographic mean center of Spodoptera frugiperda populations from 2019 to 2023
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frugiperda populations. The red arrow represents the overall mean migration; the purple arrow represents the mean direction during
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Fig. 3 Migration direction of the geographic mean center of Spodoptera frugiperda populations in China from 2019 to 2023
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Fig. 4 Migration distances of Spodoptera frugiperda

at the national scale during 2019—2023
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A 5 R [B] T2 A2 BE B 2 ST REAS ¢ G 30 K 50 25 e 35 (P<
0.05) . [AJEHEA /NG FEEROR AN AR (32 B B 28 LSD
KBS 25 5 i % (P<0.05) , Data are mean+SD. * indicates a
significant difference between migration distances during
typhoon and non-typhoon periods in the same year according
to an independent samples ¢ test (P<0.05). Different lowercase
letters on bars of the same color indicate significant differences
in migration distances among different years based on LSD
tests (P<0.05).
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Fig. 5 Migration distances of Spodoptera frugiperda in the eastern and western regions of China during 2019—2023
P R St - PR AR 25 o 3 A [ A7 3 R [ RS0 AR 3 S 78 0 A% o 0 2 ) 8 S AR AR ¢ A VR A 6 22 S W 25 (P<
0.05) o ARG FRERR ARG 2150 5 WU 5 3 & KUIE A FE B 28 FE R REAR (G S0 A6 90 22 57 .35 (P<0.05) . ARG
T TR R A 4 VE B 5 KU 5 3R & KUY I F2 FE B 28 0 X R AR ¢ R I8 vk A 38 22 5 B 3% (P<0.05) . Data are mean+SD.
* indicates a significant difference in migration distances between the eastern and western regions during the same period in the
same year according to paired-samples ¢ test (P<0.05). Different uppercase letters indicate significant differences between migration
distances during typhoon and non-typhoon periods in the eastern region in the same year based on paired-samples ¢ test(P<0.05).

Different lowercase letters indicate significant differences between migration distances during typhoon and non-typhoon periods in

the western region in the same year based on paired samples 7 test (P<0.05).
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25 At | T BRI A 2 5 ) o b T MR RS 2R Y T
PR ER (S, 2022) , ARARTE R FE L LT Jo B
i B, 3K (45 0 i, B 1A 0 AR R AR b iz B g b
I, T VGRS )1 Z 2R 08 11 kA I R B
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Ma et al.,2018; 5K P14, 2021) . B0Ah, & XE
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Fig. 6 Initial population size of Spodoptera frugiperda at the national scale during 2020—2023
Pl B T (R bR DO R, MR L, SR, AR R A BT S8R 75 A SRR S 25 T g, AR
INER S A RLEORER 95 . A RIAREAY 5 X5 AR 5 XU B9 46 WLADT B 28 Mann-Whitney U Rk IS 3664616 22 5+
% (P<0.05) o [A] 48 M [R] /NG b 3R AN [R) AR 43 4 W3 H e 28 Mann-Whitney U kRIS 36125 4696 22 53 ik 2 (P<0.05) .
Data represent the median and interquartile range. The dotted line indicates the median, and the solid line indicates the mean. The
upper and lower boundaries of the box correspond to the 75th and 25th percentiles, and the whiskers indicate the 5th and 95th
percentiles. * indicates a significant difference between the initial population size during typhoon and non-typhoon period in the
same year according to Mann-Whitney U test (P<0.05). Different lowercase letters on boxes of the same color indicate significant

differences in initial population size among years based on the Mann-Whitney U test (P<0.05).

HEGRARGH IWHEX ) TR E T (2009) A58 11 2005 478 5 KU S A T30, K
A RIS Sh A B, AN R XX BUsR R UL e K ETE & XK B 0 A0 P e I I U0 AR X
IR AERE IR ACR IR E RAMBLGE R EE S ) I8, F RAR ST AT R B 2 70 2 0 RIE &8
R (G AE,2019; B 445 ,2020) . FERAEFE BRIGXAFZM4 (T 303C,2013) 0 I 2020—
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Fig. 7 Initial population size of Spodoptera frugiperda in the eastern and western regions of China during 2020—2023

Pl b B R (R b IO K, B (L, SO IR, AR Y BT S B ER 75 M SRS 25 T (i KR, kR
NS5 T MR ER O5 T /0N K . * 3 A [ AF (73 AR [ iS00 < 308 60 PG 30 2 L9 1 4 22 Mann-Whitney U Bk G S0 75 K6 5622 5+
B3 (P<0.05) 0 AFIRE PR ARG A G KU AR & KUY DL H 22 Mann-Whitney U Bk ARG 360 1246960 22 57 1. 3%
(P<0.05) o ANIR/ING RS ARTEIAE 53 P58 13 XUB AR £ KU 4R U019 B 28 Mann-Whitney U Rk ARG 56 124656 22 5 % (P<

0.05). Data represent the median and interquartile range. The dotted line indicates the median, and the solid line indicates the mean

value. The upper and lower boundaries of the box correspond to the 75th and 25th percentiles, and the whiskers indicate the 5th and
95th percentiles. * indicates a significant difference in initial population size between the eastern and western regions during the
same period in the same year according to Mann-Whitney U test (P<0.05). Different uppercase letters indicate significant differences
between initial population size during typhoon and non-typhoon periods in the eastern region in the same year based on Mann-
Whitney U test (P<0.05). Different lowercase letters indicate significant differences between initial population size during typhoon

and non-typhoon periods in the western region in the same year based on Mann-Whitney U test (P<0.05).

L5 LA AR RS B T 45 M 77 AL
%ﬂ'f: ':P E@E_ﬁﬂ:ﬁiﬁiﬁ u&é)ﬂﬁﬁi{ﬁﬁﬁ Bao YX, Yan ML, Yuan CS, Li JJ. 2008. Case studies of the influence

. . N s of Haitang typhoon (0505) on the catastrophic immigrations of
P MBS . ER TR AE S R R Tk _ e e
Nilaparvata lugens (Stal). Scientia Meteorologica Sinica, 28(4):

AR SR BN FLIV 23 53 A MU AL 2 T 450-455 (in Chinese) [z 5T, /"™ BT KL, % AUHs, 224 . 2008.
SRR DXIC IR AR X, 4R S Jin i 4 254k Y3 £ RO KT PEXE AR 9 BIRITE . G R,
Biiih TAE, BV EA TN A RIS, 456 F ot 28(4): 450-455]

ﬁr@i E‘Ji{%%‘@ﬁi?&ﬂ‘@ , &Bﬁ%/@*&%ﬂ%%? Cao GF, Zhu GZ, Zhu JJ. 1992. Typhoon path classification and pre-

. . N cipitation characteristics affecting northern China. Meteorological
R SRR MR S Ml AR B T B A AR
7 Monthly, 18(7): 12-16 (in Chinese) [ # #1458, 4T ., K E % .

% # X # (References) 1992. 520 F [E 46 J7 (1 5 KUtk A2 3 28 BB RRIE . R4, 18(7):
12-16]
Bao YX. 2002. Meteorology. Southern edition. Beijing: China Agricul- Chen H, Wu MF, Liu J, Chen AD, Jiang YY, Hu G. 2020a. Migratory

ture Press (in Chinese) [f 4T . 2002. &% . Wi A4S . dbat: routes and occurrence divisions of the fall armyworm Spodoptera



1514 LR/

2 i 523

frugiperda in China. Journal of Plant Protection, 47(4): 747-757
(in Chinese) [, 20U €, XUZK, EZ AR, ZEEIE, H1F . 2020a.
4 e B M AT R AR B H R IR A R AP AL, 47(4):
747-757]

Chen H, Yang XL, Chen AD, Li YC, Wang DH, Liu J, Hu G. 2020b.
Immigration timing and origin of the first fall armyworms
(Spodoptera frugiperda) detected in China. Chinese Journal of
Applied Entomology, 57(6): 1270-1278 (in Chinese) [ 1%, #2%
AL, BUEAR, A1, B8, XIS, 915 . 20200, 3 iR LI
Shy 5 M Tl T W A A A I ) B HE R A A T B R,
57(6): 1270-1278]

Ding WW. 2013. Analysis on the Influence of the landfalling typhoon
in the catastrophic immigrations of Nilaparvata lugens (Stél).
Master thesis. Nanjing: Nanjing University of Information Sci-
ence and Technology (in Chinese) [ T 3C3C. 2013. & 5 K52 M0
o TREI AT A M UAL IR . B 2508 30 Mt pE s
TR

Fisher NI. 1993. Statistical analysis of circular data. Cambridge: Cam-
bridge university press

Gellert W, Gottwald S, Hellwich M, Kistner H, Kiistner H. 1989. The
VNR concise encyclopedia of mathematics. 2nd edition. New
York: Van Nostrand Reinhold

Gu ZG, Gu L, Eils R, Schlesner M, Brors B. 2014. Circlize implements
and enhances circular visualization in R. Bioinformatics, 30(19):
2811-2812

Guo AH, Wang CZ, Deng HH, Yuan FX, He L, Zhang L. 2022. Atmo-
spheric dynamics analysis and simulation of the migration of fall
armyworm. Journal of Applied Meteorological Science, 33(5):
541-554 (in Chinese) [8ZLL, "EAUKE, XRIRIR, ZE AR, 58, 7
7. 2022, BB STRORIT C R E I SRS R AR N
HG 54, 33(5): 541-554]

Guo JF, Zhang YJ, Wang ZY. 2022. Research progress in managing the
invasive fall armyworm, Spodoptera frugiperda, in China. Plant
Protection, 48(4): 79-87 (in Chinese) [¥8H-3E, 5k 7k %42, FIRE .
2022, #fv [E X e B M AR AIF I I T L AR
48(4): 79-87]

Hao ZH, Yang HB, Zhang HY, Wu W, Fang YS, Sheng XJ, Zhang FC,
Chen YF, Zhang XX, Zhai BP. 2011. The influence of typhoon
Meranti (1010) on migration of Nilaparvata lugens. Chinese Jour-
nal of Applied Entomology, 48(5): 1278-1287 (in Chinese) [ &
A6, I, BRI, SR, T IR, BRANTR, SRR, MRaEEY, K
FA, WOCT . 2011 B B2 FXTHE CEGT CIYSEm . W R
2R, 48(5): 1278-1287]

Hu G, Feng HQ, Otuka A, Reynolds DR, Drake VA, Chapman JW.
2025. The East Asian insect flyway: geographical and climatic fac-
tors driving migration among diverse crop pests. Annual Review
of Entomology, 70(1): 1-22

Hu G, Lu MH, Reynolds DR, Wang HK, Chen X, Liu WC, Zhu F, Wu
XW, Xia F, Xie MC, et al. 2019. Long-term seasonal forecasting
of a major migrant insect pest: the brown planthopper in the
Lower Yangtze River Valley. Journal of Pest Science, 92(2):
417-428

Jiang YY, Liu J, Wu QL, Cirenzhuoga, Zeng J. 2021. Investigation on
winter breeding and overwintering areas of Spodoptera frugiperda
in China. Plant Protection, 47(1): 212-217 (in Chinese) [ 2% % 3%,
KA, LB, YA LI, R . 2021, Tk [ 57 kA S IX R
AL X JHAT . HEIORD, 47(1): 212-217]

Jiang YY, Liu J, Zhu XM. 2019. Analysis on the occurrence dynamics
and future trend of Spodoptera exigua invading China. China
Plant Protection, 39(2): 33-35 (in Chinese) [ 2 L 9%, XU/, A
1. 2019. F i G A AT [ 14 K A S AR A 30304
AR S, 39(2): 33-35]

LiJC, Liu J, Qi GJ, Zhang GY, Huang JR, Zhang HB, Wang BB, Jiang
YY, Hu G. 2023. The northward migration pattern of the fall army-
worm in China from 2019 to 2022. Chinese Journal of Applied
Entomology, 60(4): 1039-1051 (in Chinese) [ZE#: %, XIS, 557 [
B IREE, B, S, B, 2L, §E. 2023,
Tl BB LT A R B H IR G AR L T R UL, 60(4):
1039-1051]

Li XD, Dong HN, Wu W, Yan JP. 1991. The characteristics of East Asia
monsoon and the difference between East Asia and South Asia
monsoon. Journal of Northwest Normal University, 27(4): 78-82
(in Chinese) [4FHE 7R, #ETHAR, B0, VL. 1991, 78 W2 XU
T SR 5 w2 XU X P RIS R S 4 (SRR
2R, 27(4): 78-82]

Li XJ, Wu MF, Ma J, Gao BY, Wu QL, Chen AD, Liu J, Jiang YY, Zhai
BP, Early R, et al. 2020. Prediction of migratory routes of the inva-
sive fall armyworm in eastern China using a trajectory analytical
approach. Pest Management Science, 76(2): 454-463

Luo J, Ma J, Wu MF, Qi GJ, Liu J, Tang J, Hu G. 2020. Original area
of fall armyworm individuals newly invaded in Zhejiang Prov-
ince. Chinese Journal of Rice Science, 34(1): 80-87 (in Chinese)
(B2, D, WROTE, SEEGE, XU, FEME, 5105 . 2020, BT A
FOH R AT A G P EK AR, 34(1): 80-87]

Ma J, Wang YC, Hu YY, Lu MH, Wan GJ, Chen FJ, Liu WC, Zhai BP,
Hu G. 2018. Brown planthopper Nilaparvata lugens was concen-
trated at the rear of the typhoon Soudelor in eastern China in
August 2015. Insect Science, 25(5): 916-926

Qi GJ, Ma J, Hu G, Yu YH, Chen AD, Gao Y, Lv LH. 2019. Analysis
of migratory routes and atmospheric features of the newly invaded
fall armyworm, Spodoptera frugiperda (J. E. Smith) in Guang-
dong Province. Journal of Environmental Entomology, 41(3):
488-496 (in Chinese) [FF FEI A, T, W ¢, Tk, LEZR, &
e, FUFIE . 2019, AR AR YR STROOT A SR AR SRR
TR MR R HU R, 41(3): 488-496]

Rao Jammalamadaka S, SenGupa S. 2001. Series on multivariate analy-
sis, volume 5: topics in circular statistics. Singapore: World Scien-
tific Publishing Company

Rose AH, Silversides RH, Lindquist OH. 1975. Migration flight by an
aphid, Rhopalosiphum maidis (Hemiptera: Aphididae), and a noc-
tuid, Spodoptera frugiperda (Lepidoptera: Noctuidae). Canadian
Entomologist, 107(6): 567-576

Shi JJ, Chen X, Lu MH, Zhang G, Yang HB, Hu G, Zhai BP. 2014. The

effect of typhoons on the migration patterns of the brown plan-



634 ERXIEEAE : 2019—2023 4P 5332 e B A RS A B X 5 XU i i 1515

thopper in the summer of 2012. Chinese Journal of Applied Ento-
mology, 51(3): 757-771 (in Chinese) [ 51 4x &1, BRlBE, Rl AL, 5K
], Wi, W, A 2014, 20124F BE I 2245 AU AR HE T
UE AR RYREN . R B, 51(3): 757-771]

Sparks AN. 1979. A review of the biology of the fall armyworm.
Florida Entomologist, 62(2): 82-87

Tan SQ, Wang ZX, He JX, Ma ZN, Yin L, Zhang ZB, Zhang YS. 2024.
Analysis of the migration path and source areas of fall armyworm
Spodoptera frugiperda in Hunan Province in 2021. Journal of
Plant Protection, 51(1): 132-140 (in Chinese) [ #F, £ AEFT,
TS, SHERE, VAN, TRIECEE, FKAKAE . 2024, 2021 4RI B4
Hb BB AT AR K HUYR b S BT A A LR AP AR A, 51(0):
132-140]

Todd EL, Poole RW. 1980. Keys and illustrations for the armyworm
moths of the noctuid genus Spodoptera Guenée from the western
hemisphere. Annals of the Entomological Society of America,
73(6): 722-738

Wang CH, Zhai BP, Bao YX. 2009. Effects of typhoon ‘Haitang’ air-
flow field on the northward migration route of rice brown plan-
thopper. Chinese Journal of Applied Ecology, 20(10): 25062512
(in Chinese) [ -3A4E, AR, WA EF. 2009. “HF3E" XA
X REILIT FEAR R RE M . I AE AR 2E 4R, 20(10): 2506-2512]

Wang FY, Yang F, Lu MH, Luo SY, Zhai BP, Lim KS, McInerney CE,
Hu G. 2017. Determining the migration duration of rice leaf folder
(Cnaphalocrocis medinalis (Guenée)) moths using a trajectory
analytical approach. Scientific Reports, 7: 39853

Westbrook J, Fleischer S, Jairam S, Meagher R, Nagoshi R. 2019. Mul-
tigenerational migration of fall armyworm, a pest insect. Eco-
sphere, 10(11): 02919

Westbrook JK, Nagoshi RN, Meagher RL, Fleischer SJ, Jairam S.
2016. Modeling seasonal migration of fall armyworm moths.
International Journal of Biometeorology, 60(2): 255-267

Wu KM. 2020. Management strategies of fall armyworm (Spodoptera
fiugiperda) in China. Plant Protection, 46(2): 1-5 (in Chinese) [
FLHA . 2020. 1] D TR B PE SR B . AHPIORAP, 46(2): 1-5]

Wu QL, Jiang YY, Hu G, Wu KM. 2019b. Analysis on spring and
summer migration routes of fall armyworm (Spodoptera frugi-
perda) from tropical and southern subtropical zones of China.
Plant Protection, 45(3): 1-9 (in Chinese) [ BkHk, 5 F 3, #55,
ST . 2019b. H ] FRAT R g SV ARty DR b 5 7 A B 2
T RHUE AT . AR, 45(3): 1-9]

Wu QL, Jiang YY, Liu Y, Liu J, Ma J, Hu G, Yang MJ, Wu KM. 2022.
Migration pathway of Spodoptera frugiperda in northwestern
China. Scientia Agricultura Sinica, 55(10): 1949-1960 (in Chi-
nese) [FAKIE, 2E L, XIWE, XA, B5, §15, UIHE, AL
2022, FH SR AE AL X AT AR L T E AR,
55(10): 1949-1960]

Wu QL, Jiang YY, Wu KM. 2019a. Analysis of migration routes of the

fall armyworm Spodoptera frugiperda (J.E. Smith) from Myan-
mar to China. Plant Protection, 45(2): 1-6, 18 (in Chinese) [ 5k
Wk, 2R IE, ALY . 2019a. B BRI AR fr] AU A H Y %
AN . FEYIERY, 45(2): 1-6, 18]

Wu QL, Shen XJ, He LM, Jiang YY, Liu J, Hu G, Wu KM. 2021. Wind-
borne migration routes of newly-emerged fall armyworm from
Qinling Mountains-Huaihe River region, China. Journal of Inte-
grative Agriculture, 20(3): 694-706

Wu QL, Westbrook JK, Hu G, Lu MH, Liu WC, Sword GA, Zhai BP.
2018. Multiscale analyses on a massive immigration process of
Sogatella furcifera (Horvath) in South-Central China: influences
of synoptic-scale meteorological conditions and topography. Inter-
national Journal of Biometeorology, 62(8): 1389-1406

Yang XL, Liu YC, Luo MZ, Li Y, Wang WH, Wan F, Jiang H. 2019.
The first discovery of Spodoptera frugiperda in Jiangcheng
County, Yunnan Province, which moved to southwest China.
Yunnan Agriculture, (1): 72 (in Chinese) [#24%L, XK B, P&
b, 2K, TOOHE, JT K, 240 2019, 2B VI IR K BT
TR VY i b X R B . AR, (1): 72]

Yao DH, Chen XF, Yao ST, Chen QH. 2007. Analysis of effects of
typhoon Kanu (2005) on the sudden increase of Nilaparvata
lugens. Chinese Journal of Agrometeorology, 28(3): 347-349, 353
(in Chinese) [WkfE 72, Bkl &, WM, BRE0E . 2007, “ K557
(0515) 13 UEE M R B ZE B A 7 FHARAT . b A K42, 28(3):
347-349, 353]

Ye H, Li YP, Feng D, Xu QY. 2022. Ecological effects of river valley
topography on the migration of Spodoptera frugiperda. Journal of
Yunnan University (Natural Sciences Edition), 44(1): 188-194 (in
Chinese) [, 27K HE, 1F, TR 4270 2022, T4 H I X T 4 57
TR RET B (9 2R B 2800 . = g R 2= (A R B ),
44(1): 188-194]

Zhang D, Dong QJ, Huo LX, Ning SF, Zhao Q, Zhang WM, Qu LL,
Meng W, Zhou JC, Dong H. 2021. The first report of the invasive
pest, Spodoptera frugiperda J. E. Smith, in Liaoning Province.
Journal of Shenyang Agricultural University, 52(3): 343-348 (in
Chinese) [5K S}, FERTHE, 3T, TRy, BE, KIT R, JE i,
A, JE A, T . 2021, 3L T AR B SR . TR
Al K247, 52(3): 343-348]

Zhang XY, Feng CH, Wan XW, Hu G, Li Q, Jiang CX. 2020. The
source areas and migration routes of the fall armyworm Spodop-
tera frugiperda in Sichuan Province in 2019. Journal of Plant Pro-
tection, 47(4): 770-779 (in Chinese) [#KZ5#i, BHELL, J7E A,
i, ZEIR, RS . 2020. 2019 4R )1 48 B 5T 42 T A UL
O3 AT AR . R R 253, 47(4): 770-779]

Zhang ZT. 1992. Insect migration and insect migration field. Plant Pro-
tection, 18(1): 48-50 (in Chinese) [5K & ¥ . 1992. R HTE L5 R
BTk AR, 18(1): 48-50]

(FTAEZ 3 SRAR ST )



