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Background Information 
Common Names:  

Fall armyworm, whorl worm 

Scientific Name:  
Spodoptera frugiperda (J.E. Smith) 

Taxonomy:  
Kingdom: Animalia; Phylum: Arthropoda; Class: 
Insecta; Order: Lepidoptera; Family: Noctuidae 

Crop Hosts: 
Cotton (Gossypium sp.), maize (Zea mays), rice 
(Oryza sativa), sorghum (Sorghum spp.), sugar-
cane (Saccharum sp.), Poaceae 

 
Figure 1. Typical damage from Spodoptera frugiperda on maize. 

Introduction 
Spodoptera frugiperda, perhaps best known as the Fall 
armyworm, is an important lepidopteran pest in the 

Americas.  It became important during the mid-19th 
Century when it was reported attacking maize, sugar-
cane, rice and grasses in the southern USA (Hinds and 
Dew 1915).  The colloquial name Fall armyworm de-
rives from its annual rapid range expansion north-
wards into North America where it lays eggs, and the 
larvae develop throughout the Fall (Autumn). 

Two distinct genotypes of S. frugiperda, each with its 
host preferences and some minor differences in biol-
ogy have been reported (Pashley 1986; Pashley et al. 
1992; Nagoshi et al. 2017a).  These genotypes have 
since been characterised as comprising sister species 
(Otim et al., 2018).  The “maize/corn” species prefers 
to attack maize and sorghum, while the ”rice” species 
prefers to attack rice and certain forage grasses 
(Meagher et al. 2004; Nagoshi et al. 2007). 

Since its invasion of West Africa during 2016 
(Goergen et al. 2016; Cock et al. 2017) and subsequent 
rapid spread to many countries in sub-Saharan Africa 
(ACAPS 2017), S. frugiperda has become a threat to 
grain production on the African continent (Abrahams 
et al. 2017).  Both the corn and rice species have been 
introduced into Togo in Africa (Nagoshi et al. 2017a); 
either concurrently, or within a very short time win-
dow. 

Spodoptera frugiperda is likely to become more dam-
aging to maize than other species of the same genus 
occurring in Africa (Goergen et al. 2016).  Adult fe-
males of S. frugiperda prefer maize and sorghum and 
also oviposit directly on these plants, whereas conge-
neric Afrotropical armyworms first build up dense 
populations on wild grasses before spilling-over onto 
cultivated grasses (Rose et al. 2000).  As shown in sev-
eral countries in the tropical Americas where climatic 
conditions allow a constant reproduction of the pest, 
the damage inflicted to maize is particularly severe. 

We do not yet have any evidence that the corn and rice 
species of S. frugiperda have any significant differ-
ences in their climatic niche, and most existing distri-
bution records are confused as to the identity of the 
moths in relation to the corn/rice distinction.  Hence, 
for the modelling in this report, all records have been 
treated as part of the species complex, S. frugiperda 
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sensu lato.  As more information becomes available on 
the distribution of the corn and rice species, it may be 
prudent to revisit this pest geography. 

Known Distribution 
The fall armyworm is native to the tropical regions of 
the western hemisphere from the United States to Bra-
zil and Argentina (Sarmento et al. 2002; Ferreira et al. 
2010).  Survival of Fall army worm populations during 
winter months in the United States is usually only ob-
served in southern Florida and southern Texas (Pair et 
al. 1986; 1991; Nagoshi et al. 2017b).  Spodoptera fru-
giperda has a remarkable dispersal capacity (Johnson 
1987), a feature that is understood to have evolved as 
part of its life history strategy (Nagoshi and Meagher 
2008).  During annual migrations, it is able to migrate 
northwards from its overwintering area in the warmer 
parts of central and South America over more than 2 
000 km across the US and up into Canada; and south-
wards, reaching the northern parts of Argentina and 
Chile (Pair et al. 1986; Johnson 1987; Nagoshi et al. 
2017a). 

With its recent introduction into Africa, S. frugiperda 
extended its distribution to regions outside the tropics 
of the Americas and the Caribbean (Pogue 2002).  In 
2016 it was reported for the first time from the African 
continent, in Nigeria, Sao Tomé, Benin and Togo 
(IITA 2016; IPPC 2016), and it has subsequently been 
recorded in most sub-Saharan countries (ACAPS 
2017). 

Description and Biology 
Since the spatial distribution of larvae on plants is a 
product of plant growth stage, damage on maize may 
be observed on all plant parts depending on plant 
development stage (Morril and Greene 1973).  The 
most characteristic symptom of S. frugiperda damage 
is the presence of skeletonized leaves (Figure 1) (Da-
vis et al. 1992).  Early in the season, severe feeding 
damage to young plants can kill the growing point, 
causing dead heart symptoms.  Larvae usually feed on 
host plant foliage until the final instar and pupate in 
the soil (Sparks 1979).  The whorl (funnel) may be a 
mass of holes, with the edges ragged and larval frass 
inside  (CABI 2017a;b).  During the maize vegetative 
phase, constant larval feeding results in skeletonized 
leaves and heavily windowed whorls (Davis et al. 
1992).  However, if seedlings are attacked, larger lar-
vae can cut the base of the plant.  Mature plants suffer 
attack on ears. 

Temperature has a significant influence on the dura-
tion of S. frugiperda’s lifecycle.  Capinera (2007) re-
ported that  S. frugiperda completes its lifecycle in 
about 30 days during the summer, 60 days in spring 
and autumn, and 80 to 90 days during the winter.  The 
number of generations occurring in an area varies with 

the appearance of the dispersing adults.  Up to eight 
generations per year can, however, occur in maize 
fields in tropical areas (Busato et al. 2005).  Spodop-
tera frugiperda is a tropical pest that does not have the 
ability to diapause when temperatures decrease 
(Luginbill 1928; Johnson 1987).  It has, however, been 
reported that this species may survive mild winters 
(Johnson 1987). 

The wing span of moths is approximately 3.7 cm while 
the length of the body is approximately 1.6 cm.  The 
colour patterns on the fore wings of males and females 
differ.  Fore wings of males are mottled (light brown, 
grey, straw coloured) with a straw coloured discal cell 
on three quarters of the area.  The forewings of female 
moths are mottled and do not have the straw coloured 
distal cell (CABI 2017b).  

Eggs are spherical (0.75 mm diameter) and have a 
green colour at the time of oviposition.  Eggs become 
light brown prior to eclosion and take between 2 and 
3 days to become mature (20-30°C).  Egg masses of 
approximately 150-200 eggs are laid on the surface of 
the leaf.  The egg mass is usually covered with a pro-
tective, felt-like layer of scales (setae) from the female 
abdomen.  Up to 1000 eggs may be laid by a female 
(CABI 2017b).  

Larvae are light green to dark brown with longitudinal 
stripes.  In the sixth instar, larvae are 3-4 cm long 
(CABI 2017b).  Neonate larvae are green with black 
lines and spots.  Large larvae are characterized by an 
inverted Y-shape in yellow on the head, and four black 
spots arranged in a square on the second-to-last ab-
dominal segment.  There are usually six larval instars, 
occasionally five.  A full description of the larvae is 
provided by Passoa (1991) and colour plates are pro-
vided by King and Saunders (1984).  

Larvae are cannibalistic and have the ability to domi-
nate interspecific competitors and reduce intraspecific 
rivals (Chapman et al. 1999).  Due to this high level of 
cannibalism, which commences already during the 
early instars, only between one and three fully grown 
larvae remain per plant, in spite of very high initial 
numbers of neonates per plant (Chapman et al. 1999).  

Although pupation may occur in plant tissues such as 
leaf bases or ears, final instar larvae usually move to 
the soil where they pupate underneath the soil surface 
(2 – 6 cm) (Sparks 1979).  Male and female pupae are 
1.3-1.5 cm and 1.6-1.7 cm long respectively.  The 
length of the pupal period may range between seven 
and 45 days, depending on temperature (Sparks 1979; 
Johnson 1987). 

Host Crops and Other Plants 
Although commonly reported to be highly polypha-
gous with a host range of almost 100 recorded plant 
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species in 27 families (Pogue 2002; CABI 2017a;b), 
the primary, and by far the most important hosts are 
maize (Zea mays), sorghum (Sorghum spp.) (Luginbill 
1928; Sparks 1979; Meagher et al. 2004) and certain 
grass and pasture species (Chang et al. 1985; Flanders 
et al. 2017; Meagher et al. 2004).  Other grain crops 
that are attacked are millet, rice, wheat and sugar cane.  
Luginbill (1928) reported that S. frugiperda would 
probably confine its feeding to maize, sorghum and 
grasses if these were always available.  Apart from iso-
lated reports of S. frugiperda attack on cowpea and 
groundnut in Ghana (West Africa), attacks have been 
limited to poaceous crops (Cock et al. 2017).  Second-
ary host plants reported in the Americas include alfalfa 
(Medicago sativa), sugarcane (Saccharum sp.), wheat 
(Triticum sp.), groundnut (Arachis hypogaea), various 
grass species, vegetable crops and cotton (Gossypium 
sp.) (Ashley 1986).   

Potential Distribution 
CLIMEX (Sutherst and Maywald 1985; Kriticos et al. 
2015) was used to model the potential distribution of 
S. frugiperda using the “Wet Tropical” species tem-
plate as a starting point.  Where appropriate, parameter 
values were informed by knowledge of the species bi-
ology.  The remaining parameters were adjusted itera-
tively until the projected potential distribution (area 
where the Ecoclimatic Index > 0) was in accord with 
the known distribution of overwintering sites in the 
Americas.  The CliMond 1975H historical climate da-
taset was used throughout the modelling (Kriticos et 
al. 2012).  The model parameters (Table 1) were fitted 
using a natural rainfall scenario. Subsequently, an irri-
gation scenario (2.5 mm day-1 applied as top-up) was 
run and the results compared with xeric areas where 
cropping is conducted under irrigated conditions.  A 
composite climate suitability map was created by 
combining the natural rainfall and irrigation scenario 
results using the data from Portmann et al. (2010). 

In framing the modelling of the niche of S. frugiperda, 
consideration was given to the significant effect of mi-
gration in the life history of the moth, and how this 
affects the pest risk area.  We also gave consideration 
to the effects of irrigation in extending the area of hab-
itat suitability into otherwise inhospitable regions.  
The irrigation areas were taken from Portmann et al. 
(2010). 

Soil moisture parameters were set to biologically rea-
sonable values.  The soil moisture limit for growth was 
set to approximate permanent wilting point (Kriticos 
et al. 2003).  The upper limit for optimal growth (SM2) 
was set to 2.5, acknowledging that S. frugiperda can 
tolerate conditions with substantial water-logging.  
The lower limit for optimal growth (SM1) was ad-
justed to provide appropriate suitability in marginally 
dry areas. 

Table 1 CLIMEX Parameter Values for Spodoptera frugiperda 

Parameter Description Value 

Moisture   
SM0 Lower soil moisture threshold 0.15 
SM1 Lower optimal soil moisture 0.8 
SM2 Upper optimal soil moisture 1.5 
SM3 Upper soil moisture threshold 2.5 
Temperature   
DV0 Lower temperature threshold 12 °C 
DV1 Lower optimal temperature 25 °C 
DV2 Upper optimal temperature 30 °C 
DV3 Upper temperature threshold 39 °C 
Cold stress   
TTCS Cold stress temperature threshold  12 °C 
THCS Cold stress accumulation rate  0.001week-1 
Heat stress   
TTHS Heat stress temperature threshold 39 °C 
THHS Heat stress accumulation rate 0.005week-1 
Dry stress   
SMDS Soil moisture dry stress threshold 0.1 
HDS Dry stress accumulation rate -0.005 week-1 
Wet Stress   
SMWS Soil moisture wet stress threshold 2.5 
HWS Wet stress accumulation rate 0.002 week-1 
Threshold Annual Heat sum   
PDD Minimum degree day sum needed to com-

plete a generation 
600 °C days 

Irrigation Scenario   
 2.5mm day-1 as top-up throughout the year  

 

The lower temperature threshold for growth was set to 
12 °C, taking into account the variation in estimated 
lower temperature limits reported in literature, which 
reflect the tropical distribution of S. frugiperda.  
Available estimates include: 16.95 °C (Barfield et al. 
1978), 13.4 °C (Hogg et al. 1982), 12.69 °C (Ali et al. 
1990), 10.9 °C (Ramirez-Garcia et al. 1987) and 8.7 
°C (Valdez-Torres et al. 2012).  The lower tempera-
ture for optimal growth was set to 25 °C as suggested 
by Valdez-Torres et al. (2012).  The upper optimal 
temperature for growth was set to 30 °C (Simmons 
1993), and the maximum temperature was set at 39 °C, 
near the threshold of 39.8°C reported by Valdez-
Torres et al. (2012). 

Fall armyworm does not diapause and cannot survive 
the winters in temperate areas (Luginbill 1928; John-
son 1987).  Diapause was therefore not included in this 
model. 

A temperature threshold model of Cold Stress was 
used, with a 12 °C threshold and a stress accumulation 
rate of -0.001 week-1.  With these settings cold stress 
limits the potential range in the USA to the areas 
where S. frugiperda has been reported to survive win-
ter months, in south-western Texas and in southern 
Florida (Luginbill 1928; Sparks 1979; Johnson 1987).  

Heat Stress parameters were set to allow persistence 
in all of the known locations from which it has been 
observed.  The threshold of 39 °C is the same as the 
upper temperature limit for development. 
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Dry Stress was fitted by using the lower soil moisture 
growth threshold and adjusting the rate to limit the dis-
tribution to tropical and subtropical regions where it 
has been reported. 

The Wet Stress threshold was set to the upper level of 
soil moisture for growth and the accumulation rate was 
set to 0.002 week-1 to allow persistence throughout the 
known distribution in the southern parts of North 
America. 

 

Figure 2. Climate suitability for Spodoptera frugiperda in North 
and Central America modelled using CLIMEX, including the spa-
tially-explicit effects of irrigation.  The Ecoclimatic Index (EI) de-
scribes the potential suitability for persistence, while the Growth in-
dex (GI) describes suitability for population growth.  Distribution 
points in the USA and Canada are centroids of states or provinces 
respectively. 

The threshold annual heat sum required for population 
persistence (PDD) was set to 600 degree days above 
12 °C, the lower temperature limit for development. 

The CLIMEX Ecoclimatic Index accords well with the 
known overwintering sites in the southern USA 
(Figure 2).  Elsewhere, we must be more circumspect 
regarding the limits of establishment of permanent 
populations, because reports do not distinguish clearly 
between seasonal and permanent populations.  The 
Annual Growth Index (GIA) illustrates areas that are 
climatically suitable for at least one generation (Figure 
2).  The extent of the areas at risk from chronic 
infestations of S. frugiperda are tropical and sub-trop-
ical regions, while its pest status will most likely be 
reduced to that of an annual or sporadic pest that re-
invades areas outside of regions where populations are 
sustained on crops throughout the year.  Analyses of 
climatic data (Figure 3) show that the S. frugiperda 

could establish permanent and significant populations 
in West, Central and southern Africa, from where it 
may spread to other regions when weather or 
temperatures are favourable for pest development 
(Abrahams et al. 2017).  Jeger et al. (2017) considered 
the possibility that S. frugiperda may invade Europe 
in the future.  The CLIMEX model estimates 
permanent establishment as described above with 
seasonal invasions into temperate regions where low 
winter temperatures do not allow S. frugiperda to 
overwinter.  The CLIMEX model results offer a 
refinement to the preliminary modelling presented in 
Abrahams et al. (2017), defining the regions where 
persistent and ephemeral populations may impact 
production, and also including explicit treatment of 
irrigation effects on the potential distribution of this 
pest. 

 
Figure 3.  Climate suitability for Spodoptera frugiperda in Africa 
modelled using CLIMEX, including the spatially-explicit effects of 
irrigation.  The Ecoclimatic Index (EI) describes the potential suit-
ability for persistence, while the Growth index (GI) describes suita-
bility for population growth. 

Although S. frugiperda has already expanded its range 
throughout the African continent, it has most likely not 
yet reached its geographical limits there.  Its high dis-
persal ability (Johnson 1987; Cock et al. 2017; 
Nagoshi et al. 2017b; Europhyt 2017), large reproduc-
tive capacity (Muru’a and Virla 2004), absence of di-
apause (Johnson 1987), and host plant range which in-
cludes many tropical and temperate grasses such as 
Sorghum spp. will most likely facilitate its coloniza-
tion of most of sub-Saharan Africa. 

While its biological and ecological adaptation to 
conditions on the African continent is still unknown, 
indications are that it has spread across much of sub-
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Saharan Africa since the first report during 2016 
(CABI 2017a).  Pathways of the introduction of fall 
armyworm into West and Central Africa are unknown.  
However, the presence of at least two distinct haplo-
types reported by Goergen et al. (2016) and Nagoshi 
et al. (2017a) suggests that the present incursion orig-
inated from at least two sources. 

Since S. frugiperda has spread from the Americas, 
there may be little stopping its spread eastwards into 
Asia and Australasia (Figure 4).  Huesing et al. (2018) 
observes that this spread could have serious impacts 
on regional and international trade.  The irrigated areas 
of the Nile Valley in Egypt and the highlands of Ethi-
opia may provide important seasonal stepping-stones 
into southern Europe and the Middle-East (Figures 3 
and 4). 

The irrigated agriculture on the southern and eastern 
fringes of the Arabian Peninsula appear climatically 
suitable for S. frugiperda to establish (Figures 3 and 4) 
posing a seasonal threat to countries to the north, and 
eastwards into south-east Asia. 

The pest status of S. frugiperda in the United States, 
where it is mostly a seasonal migratory pest may be a 
good indication of the potential threats posed to Eu-
rope and the Middle-East.  However, the lack of a 
proximal source for a persistent population equivalent 
to the Caribbean and Southern Florida may signifi-
cantly reduce the threat to Europe where S. frugiperda 
may have to migrate significant distances over deserts 
in order to re-invade Europe each Spring.  Global 
warming may provide marginally-suitable conditions 
for establishment in the far South of Europe and small 
pockets of coastal North Africa (data not shown). 

 

 

Figure 4.  Climate suitability for Spodoptera frugiperda globally modelled using CLIMEX, including the spatially-explicit effects of irriga-
tion.  The Ecoclimatic Index (EI) describes the potential suitability for persistence, while the Growth index (GI) describes suitability for 
population growth. 
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