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Spodoptera frugiperda: Africa & beyond

BRIEFING NOTE ON FAO ACTIONS
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Figure 1 Distribution map of Spodoptera frugiperda from the EPPO Global Database accessed 27/04/2019.

TABLE 1: TOP 20 PESTS BY RECENT PUBLICATION NUMBERS

Ranking is based on abstract searches on all 1,187 arthropod pests with full
datasheets in the CABI Compendia on crop protection, forestry and invasive species.
Also included are the number of pesticide active ingredients to which they are reported
to be resistant, and summaries of their reported distribution and reported hosts.

SCIENTIFIC COMMON NUMBER NUMBER OF | CONTINENTS PRESENT* NUMBER | TOP HOSTS
NAME NAME OF PESTICIDES OF HOST (BY PUBLICATION NUMBER)°*
PUBLIC- RESISTANT GENERA®
ATIONS TO0
(2012-16)
_ o 3k . .
5 Spodoptera taro caterpillar 853 39 Asia, Africa, N America, 66 Glycine max (soybean), Arachis hypogaea
litura Europe, Oceania (peanut)
odoptera fall armyworm 668 Africa, N/S America, @ Zea mays (maize), Gossypium (cotton)
ugiperda Europe (few occurrences)
11 Spodoptera beet 506 39 Asia, Africa, N America, 50 Gossypium (cotton), Zea mays (maize)
exigua armyworm Europe, Oceania
16 Spodoptera cotton 401 30 Asia, Africa, Europe 96 Gossypium (cotton), Zea mays (maize)
littoralis leafworm
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PEST GEOGRAPHY|| Fall Armyworm Status SIZWT) caBl

JUNE 2018| | Impacts and control options in Africa: G ‘E
Preliminary Evidence Note (April 2017) UuKaida
P. Abrahams, T. Beale, M. Cock, N. Corniani, R.Day*, J.Godwin,

S. Murphy, G. Richards & J. Vos

Spodoptera frugiperda

FAW affected crops Total production (tonnes, m) Yield loss Estimated/predicted loss
(Fall Armyworm) in all countries assuming no FAW (tonnes, m) (US$, m)
. . .. N Maize 67.0 135 3,058
1 1 2 2,3,
Hannalene du Plessis', Johnnie van den Berg', Noboru Ota* & Darren J. Kriticos Sorghum 555 150 T

"Unit for Environmental Sciences and Management, North-West University, Potchefstroom, South Africa’ Area of:m(r,;:(;nn-m risk

2CSIRO, GPO Box 1700, Canberra, Australia Rice, paddy 171 926 6,609

*The University of Queensland Sugarcang 90.1 46.0
*Correspondence: Darren.Kriticos@csiro.au Total ( 13383 )

e From 11 countries... Estimated US $13.3 bmon
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The Very Hungry Caterpil

Ministry takes
precautionary measures
against armyworm pest
attacks

O 31st May 2019

= KaMIRMIMES

Worm epidemic
destroys 10, 000
hectares of corn

Mom Kunthear / Khmer Times
Share: f ¥ G+ @

The Fall Armyworm ehich ravaged corn crops in South

ar ...

nature

NEWS - 17 JUNE 2019

Caterpillar’s
devastating march
across China spurs
hunt for native
predator

Scientists hope that insects such as

stink bugs could keep the fall

armyworm in check.

Fall armyworms
have come to
Nepal from
America, and they
can trouble maize
farmers here

W XINHUANET f—

Crop-eating fall
armyworm spread
across Taiwan

Source: Xinhua | 2019-06-18 16:56:45 |
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TAIPEI, June 18 (Xinhua) -- The fall armyworm, a
crop-eating pest, has been detected in 18 counties
and cities across Taiwan as of Monday, the

island's agricultural authorities said.

malaysiakini o =

Home News Parliament Editor's Pick Sp|

Fall armyworm invades crops
across Asia

Patpicha Tanakasempipat and Naveen Thukral,
Reuters
Jun 20th, 2019 (Updated Jun 20th, 2019)
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| Bhutan

Adults reared from
larvae

(T. Zangpo, Dept. Ag.)

%

e Confusing species status: corn- or rice-preferred ...

e Highly invasive: detected in > 60 countries since 2016

e African + SE Asia: corn yield loss: 50%

e China: 2" world corn producer

e How did it spread across the world?
e Origins of invasive Sfc & Sfr populations?

e Corn / Rice; hybrids?
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Global effort on forecasting FAW spread

NeoBiota 40:25-50 (2018)

A peer-reviewed open-access journal
* .

doi: 10.3897/neobiota.40.28165 RESEARCH ARTICLE % eoB10ta

species and biological invasions

http://neobiota.pensoft.net

Advancing research on alien

Forecasting the global extent of invasion of the cereal
pest Spodoptera frugiperda, the fall armyworm

Regan Early', Pablo Gonzélez-Moreno?, Sean T. Murphy?, Roger Day?

| Centre for Ecology and Conservation, Exeter University, Penryn, Cornwall, TR10 9FE, UK 2 CABI, Ba-
keham Lane, Egham TW20 9TY, UK 3 CABI, Canary Bird, 673 Limuru Road, Muthaiga, PO Box 633-
00621, Nairobi, Kenya

of the United Nations

% Food and Agriculture Organization

Fall Armyworm likely to spread from India to other parts of Asia
with South East Asia and South China most at risk

FAO offers its expertise to farmers and governments in Asia on best ways to manage the invasive pest

© FAO, 2019

e trade & transport routes from Africa
are important factors

e high threat of FAW originating from
Africa to:

China, Thailand, Australia, Indonesia,
Malaysia, Philippines

e Genomic evidence?

e Spread of FAW likely from India to
South China and South East Asia

e Genomic evidence?




Early et al. (2018)

e UN data (total exports) from sub-
Saharan African countries to all
countries between 2012-2016.

e total trade volume >USDS 500 M
as most likely to introduce FAW

e Passenger (air) also considered

Export value (1 ,000,000 USD) Passengers .tl.'a-velling (1000 of passengers)
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Molecular identification of invasive fall armyworm Spodoptera
frugiperda in Yunnan Province

ZHANG Lerr . JIN Minghw' . ZHANG Dandan’. JHANG Yuving®.  LIU Jie*, WU Kongming . XIAD Yutao

i1, Agriculiural Genesnics Institete at Shenchen, Chinese Acadenry of Ageicadtral Sciences . Shenzhen 5181200 Ching s

2. Swwte Key Laboratory for Bicdogy of Plant Diseases and Invect Pests . Institwte of Pluai Protection .

Chinese Acodemy of Agricultural Sciences . Beljing 160193, Ching; 3. Nutiona! Agre-Tech
Fxtension and Service Cenjer, Beijing 100125, China )
771 Ruili-01
100 Spodaprem Frugiperda (HM136601) CO r n
100 Spadvptera frugiperda (1IM136594) | & frugiperda

Spodopiera frugiperdu (HM136388)
Spodapiera frugiperda (HM136592)

100 Spodopiera dofichos (HMT36086)
4'— Spodoptera dolichns (HMT736088)
26 98 |: Spodaoprera pulchella (HM756075)
Spodoptera pulehella (11M736076)
100 [ Spodopiera linoralis (HM156074)
Srodopiero fitorafis (HQ177367)

97 Spuddaptere litura (JQDE4569)
400' Spodaptera hitwra (KF022223)
100 | Spadeptera excmpta (HQ177331)
— Spodspiera exempta (HQ177334)
33 Mangshi-01

100 |_| Apondapiera extgua (HM756877)
W Spodapiera exigua (| IM756880)

rice

43 140

55

8. exigun

— Spodoptera eridonic (HM756081)
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Fig, 2 Phylogenetic tree constructed by NJ analysis based on GO | gene Iragments

K2P, NJ, 1,000 bootstrap replications

Genetic identity of Myanmar populations?

Analysis of migration routes of the fall armyworm Spodoptera frugiperda
(J.E. Smith} from Myanmar to China

WU Qiulin' . JIANG Yuying®, WU Kongming

(1. State Key Laboratory for Biology of Plant Diseases and Inseci Fesis, Institule

100153

of Pluni Protection .
» China, 2.
100125,

Chinese Academy of Agricaltural Sciences, Beifing Narional Agro-Tecl

Extension and Service Center . Beifing Ching)

By end of 2018, Myanmar FAW “sporadically entered
southwestern Yunnan”
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638bp standard mtCOI barcode gene

New World

e USA (MS, FL)
e Puerto Rico

* Guadeloupe

* French Guiana
e Mexico

® Peru

e Brazil

Old World
e Benin

e Tanzania
e Malawi
e Uganda
¢ India

China_YJO3
Benin_BCW1

China_corn

GL17

002_French_Guiana_FG3-rice
064_CYO02_rice
019_CY19_rice
110_Guadeloupe_G_1.2-rice
012_India_B2-rice
057_CYO03_rice
074_Uganda_SOR_29_48_S_v01_rice
044_XP07_rice
070_Uganda_STR3_v01_rice
022_India_83-rice
021_XP04_rice
092_Guadeloupe_G_2.3-rice
056_YJ09_rice
013_Uganda_KAT47 _rice
026_CY11_rice
099_FGJ10-rice

006_India_BS5-rice

028_XPO01_rice
061_YJ02_rice
055_YJ07_rice

051_India_B8-rice

088_FGJ08-rice
089_French_Guiana_FG4-rice
016_ALO2_rice
043_XP03_rice

029_XPO5_rice
076_Uganda_KAB_48_2 S _v01_rice
053_YJ04_rice

063_YJ11_rice
079_Uganda_RKT1_v01_rice
115_MS_R_R5-v01

096_MS_R_R3_v03
023_Benin_BCW2_rice
060_CY18_rice
007_Mal31_V01_rice
069_Uganda_NGO_16_8_S_v01_rice
049_India_B10-rice
102_MS_R_R1-V04
037_XP08_rice

093_FGJ03-rice
046_India_B3-rice

081_CY13_rice

003_ALO1_rice
001_Rice_FAW_ref-mtG
127_FCC4-corn-mtG-v02_Copy_2
161_Peru_HIA53_v01_corn
126_Benin_KNAM_0030-Corn
170_PuertoRico_PR33-corn
164_rCC20_corn
174_PuertoRico_PR1-com

122_Uganda_KAT_40_19_S_v01_corn___NEW_REF_2

172_PuertoRico_PR31-com
144_Mississippi_MS_C_C7-corn

141_PuertoRico_PR29-corn
143_Mississippi_MS_C_C8-corn
159_Peru_HIA90_v01_corn
166_CC40_MTG_CORN
157_CC38_MTG_CORN
165_Peru_HIA33_v01_corn
129_FCC8.-corn-mtG-v04
152_CC61_MTH_CORN
131_India_B12-corn
175_PuertoRico_PR16-corn

134_Mal7_v01_corn
155_FL.20-corn

160_Peru_HIA98_v01_corn
188_Mexico_KNAM_0047-corn

= 187_Mexico_KNAM_0045-corn

<. 185_Mexico_KNAM_0042-com

184_Mexico_KNAM_0040-corn
193_Peru_HIA273_v01_corn

202_Peru_HIA242_v01_corn
199_rCC25_corn

194_FCC6-comn
205_HIA23_littoralis_mtG_v02

e Single origins for Sfc & Sfr...

—
=

Sfr

100% nucleotide identity
within the major clade

All invasive + New World
populations

Sfc

100% nucleotide identity
within the major clade

All invasive + New World
(excludes MEX) populations

e China (Yunnan)

204_Spodoptera_cosmoides_CC96-v04

Despite extensive sampling of native populations, failed to ascertain source populations!




590

Population origins? RS,

tRNA-Met
tRNA-GIn

Global populations whole genome
sequenced

tRNA-Val

e USA (MS, FL)

¢ Puerto Rico, Guadeloupe

e Brazil, Peru, Mexico, French Guiana
e E. Africa (Tz, Ug, Mw)

e W. Africa (Benin)

e India

e China

woe

tRNA-Leu—3

12}900

005€

&— tRNA-Ser

tRNA-Lys
tRNA-Aspi

OOS"LL

ATP8 CDS—

Sfr: N=120 7
Sfc: N = 84
S. eridania — ~3.16 Mbp
S. litura

S. littoralis _

4,000

WQ:LL

~15,300bp
22 tRNAs, 2 RNAs

tRNA-GI

e Missing:
e SE Asia, Japan, South Korea
* West Africa
e South Africa
e Middle East

ND3 CDS
tRNA-Ar;
tRNA-Asn
tRNA-Ser
tRNA-Phe

8,000 7,500
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Available online at www.sciencedirect.com Current Opinion in
ScienceDirect [=egeesaes © Evidence of multiple introductions:

Going global - genomic insights into insect invasions (LY
Wee Tek Tay and Karl Heinrich Julius Gordon

T VeanN) LS

Tracing Invasive population origins — why does it matter?

o Sfc:

[1] USA-MS, CHN, PER
[2] USA-MS, USA-FL, PRI,
BEN, MWI,UGA, IND, CHN

New World FAW m

populations: with unique O
resistance gene profiles?

o Sfr:

[1] IND, CHN, UGA, BEN, MWI, TNZ
[2] PRI, GUF, GLP

TZN, MWI,UGA, IND, CHN
[3] BEN, CHN
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Australia pre-border interceptions
(2016 - 2019)

Region Helicoverpa Spodoptera others
Asia 38 46 48
Oceania 0 3 2
Africa 40 16 45
North America 0 1 0
South America 9 155 93
Europe 2 1 7
total 89 222 * 195

e FAW + other Spodoptera spp. intercepted

e FAW intercepted (Africa, Asia, Sth America)

e Cut flowers, fresh vegetables

total detection of invasive

Xestia c-nigrum
unknown/not determined
Spodoptera ornithogalli
Spodoptera ochrea
Spodoptera litura

Spodoptera littoralis

Spodoptera frugiperda I |

Spodoptera exigua
Spodoptera cosmoides
Phlogophora meticulosa
Peridroma saucia
Larentiinae sp.
Lacanobia oleracea
Hendecasis duplifascialis
Helicoverpa zea
Helicoverpa assulta
Helicoverpa armigera
Elasmopalpus lignosellus
Cryptoblabes gnidiella
Corpitarsia corruda
Copitarsia decolora
Copitarsia corruda
Chrysodeixis acuta

Autographagamma

lepidopteran species

— > Spodoptera

I T

|
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|
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Risks to Australia’s agriculture sector?

Where does Australia import Cut Flowers from? (2017)

TOTAL: $66.1M

Malaysia China Thailand  Ecuador

Singapore

Vietnam e \ 27 159%

Colombia

=

2

1%
B Netherlands caR

France

5 N~
L R RS
Depth [GCBRIGA | Show All Years | Color
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e Singapore

® |srael

e Malaysia

e South Korea
e Japan

e Hong Kong
e Nepal

e |[ndia

e Thailand

e \Vietham

¢ China

e Kenya

e South Africa
e Mauritius

e Ethiopia

e Ecuador

e Colombia



May be... Out of Africa & East meets West?

e High genetic diversity in African FAW: > 8 maternal lineages
e Multiple introduction pathways into the Old World: human-assisted / international trade

e Spread across the Old World: Human-assisted / natural migration?

Implications on pest management
strategies, esp. in S.E.A.

e S. eridania

e S. orchae

e S. cosmoides

e S. ornithogalli

e S. marima
etc!!

e Multiple New World origins for Sfc and Sfr

e ‘African origin’ theory + ‘Myanmar source pop’ to China ...
Unresolved by mitogenomes; genome-wide SNPs evidence needed!

Key Message: Global population genomics and trade pathway analyses needed to
understand gene flow patterns and predict future pest spread.
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