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Ensemble predicting of Spodoptera frugiperda potential distribution
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Abstract: [ Aim] To estimate the potential risk of Spodoptera frugiperda to corn and other crops in China and other parts of the
world. [ Method] In this study, we integrated moderate-resolution imaging spectroradiometer ( MODIS) based maize planting data
with ensemble ecological niche model forecast of S. frugiperda potential distribution to estimate the risk. [ Result] We found that in-
tensively corn planting areas were covered by high suitable areas of S. frugiperda that estimated by ensemble models across the
globe, pest control programs should thus be enforced in these corn planting areas, where monitoring and scouting programs should be
taken in non-corn planting areas. In China, spring corn are planted in North China Plain and summer corn in Huanghuai Plain, they
all fell into high suitable areas of S. frugiperda, intensive corn planning area in southwestern China and in three provinces of the
northeastern China have medium risk, where corn planting in mountain areas in southern China and irrigated corn in northwestern
China have low risk. Different efforts should target on these areas accordingly as they showed different risk of infest. In the non-inten-
sive corn planting areas in southern and southeastern China, the potential of S. frugiperda infest on non-corn crops (e.g. rice and
bean) should be carefully monitored, as these areas have high suitability values. [ Conclusion] Integration S. frugiperda potential
distribution from ensemble forecast with the host plant corn planting lead us a better knowledge of their distributions, which will ben-
efit risk analysis and pest management.
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Fig.1 Global potential distributions of S. frugiperda and maize planting
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A : Potential distribution of S. frugiperda were based on ensemble models; B: Maize planting areas were based MODIS remote sensing data.
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Fig.2 Bivariate maps of S. frugiperda potential distribution and maize planting in China
ol BRI (TR A i T AR S BRI | KR 5 EE [ B T MODIS £,
B 1R R ) T 5 A ) A A P, W€ T R I R KR A i R

Potential distribution of S. frugiperda were based on ensemble models forecast, maize planting areas were based MODIS remote sensing data.

Increasing density of yellow indicate the increasing suitability of S.frugiperda, whereas the increasing blue indicate increasing maize density.

KR SRR R B A A, TR R
KA PR, AR 1) ol 53 0y < B OR A
P T KPR 0 L R i R T, 5 7 R Y Y TE
AT EE, (HSE Barly et al. (2018) 4%
B T B b 53 1% Mk 1 L S A A R AR
BRI )y 52, IR B0 25 SR AL F MODIS 15 119
T KA AR A WG A5 ST &

V4 Ml B R e 1) VR A 3 A 5 LA B R OR Bl
Fe Ay T LU =3 23 [8] 43 A 1 RN, 6 A
TXF AT RS 2 T FNZR G B iR . DN A BRI [k
BE, T KA AR R X 58 4 B o 3t 0% 7 R 1 TR AE 43
AT TBL G, 3K L b X ) T K ol 57 3] 5l 5% 78 0K 1Y)
JEE T F S B AR, AR TR AR DX W 0 R £ 7
M AR FORRAE IR E . R E, AT R A
TR DX I VT J5E B A K X T R b 7
(%) e JRUBRE DX, LR Sk ZR b =48 PG e 2 SE R AR X,
B 7 P oK DX PG AU T K DX A7 el 57 1 0
1R S M FE X5 /I | R A0 32 55l % 3 e J oy e A T

A DX L A7 B 47, ] 2R g 1 A g s X
b A M i A X o L T R TR DX M 4
BRI AR TR IAA D 0,

R PITINAR 7Y 15 5 il 5 1 592 P e A AR DL AT
PO, A TN 25 SRAR G B UL T s Ml 57 7 3 1)
TEGPA 5 52 bR K A AR BUARW) 5 o X R 35
TEVGACHE BRI (TS | VU LSS ) SEPR A A A Tl
IESS A =g A AN S N B | R T E e
DXl ) ZRAb =& R X R B E A R, PR
S HE AR 5 0 Ml X R U S (EAN S R A
DX, AN IR L BTN ) A

S

BSR4, 25759, GUISAN A, THUILLER W, ZIM-
MERMANN N E, %7 F, %35 7%, 2013. i H BioMod £
Ji8 2 RIS RIS Wi 1) 2 [ 3 AT —— LA BRAZAE v [ 1
TESM ARG, o K5 FIRFIR (5) . 647-655.

LER XA, KRBT, 2019a. BHL 57 A 4 A TR [ 1 %



- 70 - YRR Journal of Biosafety

930 %

LSS ARGEHEIHT. F BHARFF], 39(2) . 33-35.

LR, XA, WG, ZT4a, BRA, ke, i,
2019b. 2019 4F3% [ Fh BT A MK HCh AL, A& 44
B, 45(6) : 10-19.

XUAS, ZEH, RBHE, BIERE, 2258, 2019, 30 E 257
TIRATE T R A A R AR R A e T, o
AMEFF, 39(7) : 36-49.

TrEefE, WGEte, WkeT, 2013, AR S ARIR Y BTG REA &
B Sk, P EAS, AR, 43(11); 915-927.

ZER, ﬂ’?Urh R, VRS, KRB, Bz, 2k,
2019. iF QP B R D S A TE R TR TE M3 A A . A
W%éﬁ, 45(4) ; 43-47.

FER, BAA, BAERL, Bk B B s, ik
21, 2020. Kb 574 0T 3R F EOK 7l TR TE & T R
AN, AR, 46(1) : 69-73.

SALW, BT, B, 2020, xR kB 2 F M. LT,
o E L B 2= AR A

KRB, JuvgSs, E8HE, R, FrE5E, 2017. ROC 4

FERAE A 25 AV AR T B Ay T ) B P —— D 36 [ RN
B, A4, 26(3): 184-190.
REKE, XIEE, D3R, SEAE, 2013, A A ) 3%

AP R AL ) Z R R P RO e B AR
21(1): 90-98.

KRR, XI5, BB, 2014, $ e A BRI RS A 7 e pi
NI RTEAEI A, 40 %A, 22(2) ¢ 223-230.
ARAUJO M B, ALAGADOR D, CABEZA M, NOGUES-BRA-

VO D, THUILLER W, 2011. Climate change threatens Eu-
14, 484-492.
2020.

ropean conservation areas. Ecology Letters ,
BALOCH M N, FAN J Y, HASEEB M, ZHANG R Z,
Mapping potential distribution of Spodoptera frugiperda
(Lepidoptera; Noctuidae) in central Asia. Insects, 11 172.
CARLSON C J, 2020. Embarcadero: species distribution mod-
elling with Bayesian additive regression trees in r. Methods in
Ecology and Evolution. doi;10.1111/2041-210X.13389.
ELITH J, GRAHAM C H, ANDERSON R P, DUDIK M,
FERRIER S, GUISAN A, HIJMANS R J, HUETTMANN F,
LEATHWICK J R, LEHMANN A, LI J, LOHMANN L G,
LOISELLE B A, MANION G, MORITZ C, NAKAMURA
M, NAKAZAWA Y, OVERTON J M M, PETERSON A T,
PHILLIPS S J, RICHARDSON K, RICHARDSON K, SCA-
CHETTI-PEREIRA R, SCHAPIRE R E, SOBERON ],
WILLIAMS S, WISZ M S, ZIMMERMANN N E, 2006. No-
vel methods improve prediction of species’ distributions from
occurrence data. Ecography, 29. 129-151.
ELITH J, LEATHWICK J R, HASTIE T, 2008. Boosted re-

gression trees — A new technique for modelling ecological

data. Journal of Animal Ecology, 77: 802-813.

FANJY, ZHAON X, LIM, GAO W F, WANG M L, ZHU
G P, 2019. What are the best predictors for invasive poten-
tial of weeds? Transferability evaluations of model predictions
based on diverse environmental data sets for Flaveria biden-
tis. Weed Research, 58 141-149.

FENG X, PARK D S, LIANG Y, PANDEY R, PAPES M,
2019. Collinearity in ecological niche modeling: confusions
and challenges. Ecology and Evolution, 9 10365-10376.

KASS J M, VILELA B, AIELLO-LAMMENS M E, MUS-
CARELLA R, MEROW C, ANDERSON R P, 2018. Wal-
lace : a flexible platform for reproducible modeling of species
niches and distributions built for community expansion.
Methods in Ecology and Evolution, 9: 1151-1156.

EARLY R, GONZALEZ-MORENO P, MURPHY S T, DAY
R, 2018. Forecasting the global extent of invasion of the ce-
real pest Spodoptera frugiperda, the fall armyworm. NeoBio-
ta, 40; 25-50.

MONFREDA C, RAMANKUTTY N, FOLEY J A, 2008. Farm-

2. Geographic distribution of crop areas,

ing the planet;
yields, physiological types, and net primary production in
the year 2000. Global Biogeochemical Cycles, 22 . GB1022.
NORBERG A, ABREGO N, BLANCHET F G, ADLER F R,
ANDERSON B J, ANTTILA J, ARAUJOM B, DALLAS T,
DUNSON D, ELITH J, FOSTER S D, FOX R, FRANKLIN
J, GODSOE W, GUISAN A, O'HARA B, HILL N A,
HOLT R D, HUI F K C, HUSBY M, KALAS A T, LE-
HIKOINEN A, LUOTO M, MOD H K, NEWELL G, REN-
NER I, ROSLIN T, SOININEN J, THUILLER W, VAN-
HATALO J, WARTON D, WHITE M, ZIMMERMANN N
E, 2019. A comprehensive evaluation of predictive perform-
ance of 33 species distribution models at species and com-
munity levels. Ecological Monographs, 89 €01370.
PETERSON A T, PAPES M, SOBERON J, 2018. Rethinking
receiver operating characteristic analysis applications in eco-
logical niche modeling. Ecological Modelling, 213 63-72.
PHILLIPS S J, ANDERSON R P, SCHAPIRE R E, 2006.
Maximum entropy modeling of species geographic distribu-
tions. Ecological Modelling, 190, 231-259.
QTAO H J, SOBERON J, PETERSON A T, 2015. No silver
bullets in correlative ecological niche modelling: insights
from testing among many potential algorithms for niche esti-
mation. Methods in Ecology and Evolution, 6. 1123-1136.
RAMANKUTTY N,EVAN A T,MONFREDA C,FOLEY J A,
2008. Farming the planet: 1.

Geographic distribution of

global agricultural lands in the year 2000. Global Biogeo-



FHIRIPE ST« BE T AR5 AR 4 T Ml 5T AR 14 9 2 A Tt

<71 -

chemical Cycles, 22. GB1022.

SPARKS A N, 1979. A review of the biology of the fall army-
worm. Florida Entomologist, 62 82-87.

THIBAUD E, PETITPIERRE B, BROENNIMANN O, DAVI-
SON A C, GUISAN A, 2014. Measuring the relative effect
of factors affecting species distribution model predictions.
Methods in Ecology and Evolution, 5. 947-955.

THUILLER W, LAFOURCADE B, ENGLE R, ARAUJO M B,
2009. BIOMOD — A platform for ensemble forecasting of
species distributions. Ecography, 32: 369-373.

WANG R L, JIANG C X, GUO X, CHEN D D, YOU C,
ZHANG Y, WANG M T, LI Q, 2020. Potential distribution
of Spodoptera frugiperda (J.E. Smith) in China and the ma-

jor factors influencing distribution. Global Ecology and Con-

servation, 21 e00865.

ZHAO J, YANG X, SUN S, 2018. Constraints on maize yield
and yield stability in the main cropping regions in China.
European Journal of Agronomy, 99. 106-115.

ZHU G P, BUW ], GAOY B, LIU G Q, 2017. Potential geo-
graphic distribution of brown marmorated stink bug invasion
(Halyomorpha halys). PLoS ONE, 7. e31246.

ZHU G P, PETERSON A T, 2017. Do consensus models out-
perform individual models? Transferability evaluations of di-

verse modeling approaches for an invasive moth. Biological

Invasions, 19: 2519-2532.

(ARG 3R E)

(E#% 64 W)

AR, SEALbR, XIARWT, SREE, 0, 1998, Aiffl
PILIAZRE I A A A IR, - A B, 20(1) : 38.

BpOSCHE, X2, SZIETR, 2003, HB.O B ———FHT 1Y 5 1
T AR RRAE, 23(4); 67-72.

ANSALONI T, PERRING T M, 2004. Biology of Aceria guerre-
ronis ( Acari; Eriophyidae) on queen palm, Syagrus ro-
manzoffiana ( Arecaceae). International Journal of Acarolo-
gy, 30(1): 63-70.

BAGDE A S, PASHTE V V, 2016. Efficacy of neem bio-pesti-
cides against eggs of coconut eriophyid mite, (Aceria guerre-
ronis Keifer). Advances in Life Sciences, 5(4) : 1436—1441.

DENISE N, MANOEL G, NAYANIE A, GILBERTO M, 2013.
A review of the status of the coconut mite, Aceria guerreronis
(‘Acari; Eriophyidae), a major tropical mite pest. Experi-
mental and Applied Acarology, 59(1/2) : 67-94.

FERNANDO L C P, WICKRAMANADA I R, ARATCHIGE N
S, 2002. Status of coconut mite, Aceria guerreronis in
SriLanka// FERNANDO L C P, DE MORAES G J, WICK-
RAMANADA I R. International workshop on coconut mite
(Aceria guerreronis) proceedings. Lunuwila: Coconut Re-

search Institute: 1-8.

FLECHTMANN C H W, 1989. Cocos weddelliana H. Wendl.
(Palmae: Arecaceae), a new host plant for Eriophyes guer-
reronis (Keifer, 1965) ( Acari: Eriophyidae) in Brazil. In-
ternational Journal of Acarology, 15(4) ; 241.

GUNASINGHAM M, MANJUNATHA M, 2011. Fusarium spe-
cies: acaropathogenic fungi as potential control agents a-
gainst coconut mite, Aceria guerreronis. Berlin: Springer
Netherlands.

MURALI G, ALKA G, 2001. Has Hirsutella thompsonii the
wherewithal to counter coconut eriophyid mite scourge? Cur-
rent Science, 80(7) : 831-836.

RAMARAJU K, RABINDRA R J, 2002. Palmyra, Borassus
Sflabellifer Linn. (Palmae) : a host of the coconut eriophyid
mite Aceria guerreronis Keifer. Pest Management in Horticul-
tural Ecosystems, 7(2) : 149-151.

SATHIAMMA B, NAIR C P R, KOSHY P K, 1998. Outbreak
of a nut infesting eriophyid mite Eriophyes guerreronis (K.)

in coconut plantations in India. Indian Coconut Journal, 29

(2):1-3.

(TTAE G 45 - F5 408401 )



