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Abstract

Spatio-temporal dynamics of multi-species pest communities and the interactions between them influence the
structure of pest complex that attack crops. In East and Southern Africa, cereal crops, especially maize, is attacked by
a complex of lepidopteran stemborer species made up of Busseola fusca (Fuller) and Sesamia calamistis Hampson
(Lepidoptera: Noctuidae), and Chilo partellus (Swinhoe) (Lepidoptera: Crambidae). There is inadequate information
on the extent of single- and multi-species infestations by this pest complex, their current spatio-temporal variations,
and the primary abiotic factors that influence these. Furthermore, the recent invasion of the fall armyworm,
Spodoptera frugiperda J.E. Smith, in sub-Saharan Africa will likely influence this stemborer community structure.
Sampling was conducted in maize fields to record stemborer species and larval numbers from infested plants, in
28 localities found in six agro-ecological zones (AEZs) of Kenya and parts of Tanzania, as well as in one locality in
the mid-altitudes where the three stemborer species occurred together. Both single- and multi-species stemborer
communities characterized infestation of maize at field and plant levels, but varied in proportions between the AEZs.
Infestation patterns and larval densities varied between seasons at mid-locality stemborer communities followed
a clustered distribution pattern. Temperature was the most significant abiotic factor influencing the composition of
stemborer communities at all spatial scales. Rainfall was significant only at the local scale. Results are discussed in
relation to current stemborer community structures in maize fields and what the likely potential implications are, in
the light of climate change and the recent establishment of the fall armyworm in Africa.

Key words: Busseola fusca, Chilo partellus, community ecology, pest invasion, Sesamia calamistis

Plants host a diversity of arthropods, forming communities that uti-
lize the resource both spatially and temporally (Strong et al. 1984,
Liss et al. 1986, Lewinsohn et al. 2005). Based on functional group-
ings irrespective of their taxonomic group (Hawkins and MacMahon
1989, Simberloff and Dayan 1991), arthropod communities could
consist of leaf chewers, sap suckers, leaf miners, borers, gall-makers,
and root feeders (Stiling et al. 1999, Imura 2003, Cornelissen et al.
2008, Stam et al. 2014, Truter et al. 2014). Issues concerning the
co-occurrence of such multi-species form part of the major challeng-
ing questions in ecological studies (Sutherland et al. 2013)

Direct or indirect interactions within and between populations of
insects on a given plant can have positive or negative influences on

the structure and functions of that community (Hudson and Stiling
1997, Kaplan and Eubanks 2005, Wootton and Emmerson 20035,
Soler et al. 2012, Sanchez-Galvan et al. 2014). The role of these spe-
cies interactions, especially competition, in the organization of insect
communities has however been questioned (Connell 1983, Karban
1986, Gurevitch et al. 1992, Denno et al. 1995). Two critical reviews
on the subject showed strong evidence for the dominance of compe-
tition and the role it plays in structuring phytophagous insect com-
munities (Denno et al. 1995, Kaplan and Denno 2007). Competition
is regarded to be higher among species that share the same niche
including stem and wood borer guilds and those that are closely
related. It is also higher within insect populations that are invasive
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and those that are sessile and aggregative (Denno et al. 1995, Kaplan
and Denno 2007).

In addition to species interactions, insect community structure
is also influenced by abiotic factors such as temperature, humidity,
rainfall, salinity, soil chemistry, and carbon dioxide concentrations
(Dunson and Travis 1991, Denno et al. 1995, Jiang and Morin 2004,
Ovadia and Schmitz 2004, Sanders et al. 2004). Temperature, how-
ever, is the most determining abiotic factor, since it directly drives
the rate of growth, development, fecundity, and mortality of insects.
It also influences resource utilization and intra- and interspecific
interactions, and limits the geographic distribution of insect species
(Howe 1967, Bale et al. 2002, Sporleder et al. 2004, Hodkinson
2005, Speight et al. 2008, Damos and Savopoulou-Soultani 2012,
Ntiri et al. 2016, Yonow et al. 2017). In addition, it indirectly influ-
ences the biology and distribution of insect species through the
impacts it has on host plants, competitors, and natural enemies (Bale
et al. 2002, Estay et al. 2009). The importance of temperature in
structuring biological communities has been highlighted by the pos-
sible effect that climate change, particularly temperature increase,
could have on these communities (Woiwod 1997, Bale et al. 2002,
Tylianakis et al. 2008, Cornelissen 2011).

In sub-Saharan Africa, several lepidopteran stemborer species have
become major pests of cereal crops (Kfir et al. 2002). Two indigenous
noctuids, Busseola fusca (Fuller) and Sesamia calamistis Hampson
(Lepidoptera: Noctuidae), and one exotic crambid, Chilo partellus
(Swinhoe) (Lepidoptera: Crambidae), attack maize and sorghum in
East and Southern Africa (Polaszek and Khan 1998, Reddy 1998,
Kfir et al. 2002). These three species occur as communities of single
or mixed species infesting not only cereal crops (Van den Berg et al.
1991; Kalule et al. 1997; Tefera 2004; Ong’amo et al. 2006a,b; Kriiger
et al. 2008), but also wild graminaceous plants (Le Ru et al. 2006,
Moolman et al. 2014). The composition of these stemborer commu-
nities varies with locality, altitude, and season. For example, in Kenya,
B. fusca is the dominant species in the highlands, while C. partellus
dominates in the lowlands. Sesamia calamistis is present at all altitudes
in low numbers. In the mid-altitudinal regions, the stemborers occur
as a mixed community of the three species, but with variation in spe-
cies dominance with respect to locality, season and year (Guofa et al.
2001; Ong’amo et al. 2006a,b). In parts of southern Africa C. partel-
lus occurs in mixed populations with B. fusca in both the highland
(Bate et al. 1991, Van Rensburg and Van den Berg 1992, Ebenebe et al.
1999) and lowland regions (Cugala and Omwega 2001, Kriiger et al.
2008), but the dominance of a species might vary with environment.

Despite frequent reports on these spatial and temporal variations
in maize stemborer communities (e.g., Matama-Kauma et al. 2001,
Kfir et al. 2002), there is inadequate information on the extent of
single- and multi-species infestations (at field and plant level) of
these stemborer species, in the different maize agro-ecological zones
(AEZs). In addition, knowledge on the function of spatio-temporal
interactions among lepidopteran stemborer communities in maize-
based agro-ecosystems in sub-Saharan Africa is not fully understood.
The current spatial and temporal variations in maize stemborer com-
munities may, however, soon change due to the invasion of a dom-
inant and aggressive other lepidopteran pest of maize, the invasive
fall armyworm, Spodoptera frugiperda J.E. Smith (Goergen et al.
2016). This species is currently starting to interact/compete strongly
with lepidopteran stemborer communities, particularly during the
early instars when stemborers are also leaf feeders and then occupy
the same niche as S. frugiperda (P.-A. Calatayud, personal observa-
tion). This exotic pest is a new invasive species in sub-Saharan Africa
where outbreaks in maize fields were recorded for the first time
during early 2016 (Goergen et al. 2016, Prasanna et al. 2018). This

pest will therefore be in competition with the currently well-known
lepidopteran stemborers such as the exotic crambid C. partellus.
The latter species, which was introduced from Asia, has competi-
tively displaced B. fusca in the highlands of South Africa (Kfir 1997)
and Chilo orichalcociliellus Strand (Lepidoptera: Crambidae) in the
coastal region of Kenya (Ofomata et al. 1999). This invasion by
C. partellus not only changed the stem borer community structure
in maize and sorghum in parts of southern Africa (Bate et al. 1991,
Van Rensburg and Van den Berg 1992), but also added to crop losses
(Soul-kifouly et al. 2016) and complicated chemical (Bate and Van
Rensburg 1992, Van den Berg and Van Rensburg 1996, Van den Berg
et al. 1997) and cultural control methods (Van den Berg et al. 1998,
Ebenebe et al. 2001, Van den Berg and Ebenebe 2001).

There is therefore a need to describe the current spatio-tem-
poral interactions within multi-species communities of the afore-
mentioned three maize stemborer species which infest maize fields.
Knowledge of the spatio-temporal dynamics of stemborer commu-
nities contributes to answering some of the important questions
in ecology (Sutherland et al. 2013). In addition, the structures of
stemborer communities will most likely be modified by both cli-
mate change (Mutamiswa et al. 2017) and the recent invasion of
S. frugiperda.

The aims of this study were to (1) describe the magnitude of
single- and multi-species composition of stemborer communities at
maize plant and field level in different AEZs prior to the introduc-
tion of S. frugiperda; (2) describe the spatio-temporal dynamics of
multi-species stemborer communities that infest maize in the mid-al-
titudinal regions; and (3) examine the main abiotic factor(s) that
influence these dynamics.

Materials and Methods

This study involved surveys conducted in maize fields in different
localities in the maize AEZs of Kenya and parts of Tanzania, and
then another season-long monitoring survey in one locality in the
mid-altitudes in Kenya.

Study Areas

Community Structure of Stemborers at Plant and Field Levels in
Different AEZs

Sampling was done in 28 localities situated in the six maize AEZs
described by Hassan et al. (1998) in Kenya and extrapolated for local-
ities in Tanzania (Supp Fig. S1 [online only]). Eleven localities were
distributed from the lowlands in the Coast region (sea level) to the
highlands in the Western region (2,343 m a.s.l.) in Kenya. The others
were situated along three mountainous gradients in Kenya (six locali-
ties on Taita hills at 800-1,800 m a.s.l. and five on the Machakos hills
at 1,100-2,000 m a.s.l.). In Tanzania, six localities were established
on the Kilimanjaro mountain at 700-1,700 m a.s.l. (Supp Table S1
[online only]). Sampling was done between 2011 and 2014.

Spatio-Temporal Dynamics of Multi-Species Stemborer
Communities at Mid-Altitudes

The monitoring survey on the spatio-temporal dynamics of stemborer
community was conducted in Makuyu (S 0°55.387, E 37°09.004)
in Murang’a County in the central province of Kenya. This locality
is situated within the mid-altitudinal range (1,490-1,500 m) where
B. fusca, S. calamistis, and C. partellus are known to occur together
(Guofa et al. 2001; Ong’amo et al. 2006a,b). The area has two rainy
seasons, the long-rain season from April to June and the short-rain
season from October to December.
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Field Sampling Protocol

Community Structure of Stemborers at Plant and Field Levels in
Different AEZs

At each locality, 10 maize farms were sampled during the growing
season and the incidence of infested maize plants recorded. Sampling
followed the protocols described by Overholt et al. (1994). Ten
infested maize plants were randomly selected from each maize field
and dissected to record the numbers of stemborer larvae according
to species.

Spatio-Temporal Dynamics of Multi-Species Stemborer
Communities at Mid-Altitudes

Ten maize fields (each between 0.5 and 1.5 ha) at a distance of
at least 100 m from each other were selected in Makuyu. Each
field was divided into four quadrats to facilitate random sampling
of infested maize plants. The sampling followed the protocols
described by Overholt et al. (1994). In each quadrat, one person
randomly sampled 15 maize plants, following a zig—zag pattern.
For each plant, the geographic positions of infested plants among
the 15 sampled plants were recorded with a GPS unit (Garmin
Etrex 20 [USA]). Infested plants were then dissected to record
the number of larvae (and pupae) per stem according to species.
Samplings were done over three seasons in this locality: the (1)
short-rain season (XI, 2012-1, 2013)-SR1, (2) long-rain season
(IV, 2013-VI, 2013)-LR, and (3) short-rain season (XI, 2013-I,
2014)-SR2.

Weekly sampling was conducted from the third week after seed-
ling emergence in all 10 fields selected in SR1 and LR. Sampling was
done at weekly intervals for 11 wk. However, in SR2, sampling was
carried out weekly, for only 7 wk due to the short duration of the
rainfall period and subsequent plant stress. Daily temperatures were
recorded with a Hobo data logger (which recorded every hour) and
rainfall with a rain gauge.

Data Analysis

The number of single- and multi-species infestations in each AEZ
were determined and expressed as a percentage of total infesta-
tion within each AEZ. A canonical correspondence analysis (CCA)
method of multivariate analysis (Zuur et al. 2007) was used to deter-
mine which climatic factors could have the strongest influence on the
composition of stemborer communities in each AEZ. Temperature
and rainfall were the two climatic factors chosen for the analysis,
since these influence biological communities the most. The average
annual rainfall and temperatures for all the sampling localities were
extracted from the WorldClim dataset (http:/www.worldclim.org)
and used in the multivariate analysis.

The incidence of infestation as recorded from the locality at
the mid-altitude was analyzed using the generalized linear model
(GLM) with binomial errors structure. Odds ratios with a 95%
confidence interval (OR [95% CI]) were calculated for each sea-
son from the GLM results obtained. Larval densities of the stem-
borer species were analyzed using the generalized linear mixed
model (GLMM), with field set as a random effect. The GLMM
was also used to analyze the effect of temperature and rainfall on
larval densities, with temperature and rainfall as fixed effects and
field as a random effect (Zuur et al. 2007). The spatial distribu-
tion of the stemborer community in Makuyu was analyzed using
the Ripley’s K function on the GPS positions of species infesta-
tions, assuming homogeneity (Baddeley 2008, Bivand et al. 2008).
All analyses were carried out in R v. 3.4.2 (R Development Core
Team 2017).

Ethical Approval
This article does not contain any studies with human participants or
animals performed by any of the authors.

Results

Stemborer Community Structure (Single- and Multi-
Species) in Different AEZs

Field Level

Both single- and multi-species stemborer infestations of maize plants
were recorded at field level, but at varying proportions between the
different studied AEZs although the maize plants sampled were
exhibiting similar height and plant stem diameter among AEZs (data
not shown). Single-species infestations were more common in fields
sampled in the lowland (76%) and highland tropical (67%) zones
than in other AEZs. Fields sampled in the moist transitional (63%),
dry mid-altitude (77%), and moist mid-altitude (90%) zones were
dominated by multi-species infestations. The dry transitional zone
was the only AEZ in which all sampled fields were characterized by
multi-species infestations (Fig. 1A).

Plant Level

The composition of stemborer communities infesting maize
plants varied between the different AEZs (Fig. 1B). Chilo partel-
lus dominated maize plant infestations (90%) in the lowland
tropical zone, while B. fusca dominated infestations (79%) in the
highland tropical zone. Sesamia calamistis was present in lower
proportions in these two respective zones. All three species did,
however, occur together in the other four AEZs, but with varia-
tions in species dominance between zones. Chilo partellus was the
dominant species in the dry transitional (60%) and dry mid-al-
titude (57%) AEZs, while B. fusca was the dominant species in
the moist mid-altitude (71%) and moist transitional (69%) AEZs.
Sesamia calamistis was present in all AEZs, but in lower and var-
ying proportions. Multi-species infestations were recorded in all
AEZs. However, only the moist mid-altitude had all possible spe-
cies combinations and it had the highest proportions of multi-spe-
cies infestations.

Effect of Temperature and Rainfall on the
Composition and Distribution of Stemborer
Communities
The multivariate analysis (Fig. 2) showed that average annual tem-
perature and rainfall together explained 56% of the variation in the
stemborer composition in the different AEZs. This is represented by
the constrained component of the model output (Zuur et al. 2007;
Table 1, A). The eigenvalues of each axis of the bi-plot and the pro-
portions of variation explained by these are provided in Table 1 (B).
The analysis showed that communities in the lower altitudes,
where C. partellus dominated, were associated with higher tem-
peratures and lower rainfall, while lower temperatures and higher
rainfall characterized higher altitudes, which were dominated by
B. fusca. Sesamia calamistis did not show a strong association
with either rainfall or temperature. In addition, multi-species
communities of C. partellus + S. calamistis were associated with
higher temperatures, while B. fusca + C. partellus communities
were associated with higher rainfall. B. fusca + S. calamistis did
not show a strong association with either temperature or rainfall
(Fig. 2).
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Fig. 1. Proportion of single- and multi-species infestations at the field level (A) and of each species (B) in different AEZs.
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Fig. 2. Bi-plot showing the relationship between average annual temperature and
rainfall and the occurrence of single- and multi-species communities consisting
of Busseola fusca (Bf), Chilo partellus (Cp), and Sesamia calamistis (Sc).

Temperature was the most significant (P < 0.05) environmental
factor influencing the composition of stemborer communities in all
AEZs. Rainfall did not have a significant effect on the composition
of stemborer communities at this higher spatial level (Table 1, C).

Spatio-Temporal Dynamics of Infestation of

Stemborer Species at Mid-Altitudes

Incidence of Infestation

The incidence of infested plants in fields increased over time in all
three sampling periods (Fig. 3A). There was no significant difference
in the incidence of infestation between seasons (Table 2).

Proportion of Single- and Multi-Species Infestation

Single-species infestations were more frequent than multi-species
infestations during the three seasons. Busseola fusca was the domi-
nant species during all three seasons. However, during the long rainy
season, the proportion of infestation by S. calamistis was higher than
those of the two other species early in the season. Thereafter, B. fusca
dominated from mid-season onwards until the end of the season.
The occurrence of single-species infestation of C. partellus and mul-
ti-species communities was higher during the long-rain season than
during the short-rain seasons (Fig. 3B).

Spatial Distribution of Each Species Among Plants

Almost all fields harbored the presence of two stemborer species
infesting maize plants, with B. fusca as the dominant species associ-
ated either with C. partellus and/or S. calamistis. Only one field had
single-species infestation of B. fusca. Irrespective of the species pres-
ent, spatial distribution followed a clustered pattern (Fig. 4). Busseola
fusca as the dominant species showed a clustered intraspecific and
interspecific distribution with C. partellus and S. calamistis in almost
all fields during both the short-and long-rain seasons (Fig. 4).
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Table 1. Results of multivariate analysis (CCA) of the influence of
temperature and rainfall on stemborer communities at the AEZ level

Inertia Proportion
A) Total 0.877 1
Constrained 0.492 0.561
Unconstrained 0.385 0.439
B) Importance of components CCA1 CCA2
Eigenvalue 0.49 0.002
Proportion explained 0.558 0.003
Cumulative proportion 0.558 0.561
C) F P-value
Average annual temperature 18.5 0.001
Average annual rainfall 2.4 0.29

(A) The proportion of variation in stemborer community composition ex-
plained by the axes of the bi-plot (constrained) and the unexplained or resid-
uals of regression (unconstrained); (B) eigenvalues of each axes of the bi-plot,
showing their contributions to the explained variations in the compositional
stemborer data; and (C) results from the forward selection method to test
the significance of the influence of average annual temperature and average
annual rainfall on the composition and distribution of the different stemborer
communities. Number of permutations = 9,999.

A) 20 +

15 - .

% of total sampled plants
S}

Effect of Sampling Season, Temperature, and

Rainfall on Larval Density

Busseola fusca had the highest larval density compared with
C. partellus and S. calamistis, for all seasons (Fig. 5). However, the
larval density of B. fusca was not significantly different between the
SR and LR seasons. Larval densities of C. partellus and S. calamistis
were significantly different between the LR season and the SR sea-
sons. These variations in larval densities of all the three species were
significantly affected by temperature and rainfall (Table 3).

Discussion

This study showed the extent of single- and multi-species infesta-
tions of maize stemborers, as they occur, at both plant and field
level in different AEZs prior to the establishment of S. frugiperda.
Furthermore, the study indicates the level of potential intraspecific
(single-species infestations) and interspecific (multi-species) interac-
tions that occur in stemborer multi-species interactions in maize.
Such interactions among lepidopteran stemborers sharing the same
maize resource could be competitive, as previously shown by Ntiri
etal.(2016,2017) in laboratory and greenhouse experiments. These
field and plant levels present finer spatial scales to understand the
processes responsible for the formation of different compositions
of stemborer communities in each AEZ (Wiens 1989, Levin 1992).
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Fig. 3. (A) Incidence of stemborer-infested plants over time during the different cropping seasons in Makuyu. (B) The incidence of plants infested with single-
species and combinations of Busseola fusca (Bf), Chilo partellus (Cp), and Sesamia calamistis (Sc) over time during the different cropping seasons at Makuyu.

LR, long-rain season; SR, short-rain season.

6102 [Mdy g0 uo Jasn (yL]]) einynouby [eaidos] Jo snisu| jeuoneusalu| Aq | /y6Z1S/yZ0ZAU/89/S60 1 01 /10P/10B1Sqe-0[0IliB-80UBADPE/33/W 0 dNO"0lWapeo.//:sdny WoJl papeojumoq



Environmental Entomology, 2019, Vol. XX, No. XX

The proportion of single- or multi-species infestations varied with
spatial scale. Single-species infestations were pronounced at the
plant level, while multi-species infestations were pronounced at field
and AEZ scales. Spatial scaling influences the degree of community
concordance (or similarity in patterns; Paavola et al. 2006). The
variability of stemborer infestations among spatial scales could be
due to the habitat specializations of the different stemborer spe-
cies at the broader agro-ecological scale and also the variable influ-
ence of environmental factors at different spatial scales (Kneitel
and Chase 2004). This study indeed established that temperature
is the primary factor influencing the formation and spatio-tempo-
ral dynamics of multi-species stemborer communities at all spatial
levels, while the impact of rainfall was limited to the local (finer)
levels only. Furthermore, these factors also affect the varied com-
position of stemborer communities as found in this region. Intra-
and interspecific infestations by communities of only C. partellus
and S. calamistis characterize AEZs found in warmer temperatures.
The two species, although congenerically different, are physio-
logically adapted to higher temperatures than B. fusca (Khadioli
et al. 2014a,b). In addition, higher temperatures also enhance the
competitive edge of C. partellus over the noctuids in their common
use or co-infestations of maize crops (Ntiri et al. 2016). On the
other hand, AEZs with high rainfall, but lower temperatures, are
favorable for the domination of B. fusca in multi-infestations. It was

Table 2. Results from GLM (binomial) analysis of the incidence of
stemborer infestation between seasons in Makuyu

Seasons OR (95% CI) P-value
Short rain 1 1

Long rain 1.25 (0.87-1.78) 0.24
Short rain 2 0.85 (0.58-1.25) 0.42
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reported from South Africa that seasons of high rainfall, through its
accompanying humidity, was likely to result in higher infestation
levels of B. fusca (Van Rensburg et al. 1987). This further indicates
that the areas of co-existence and stemborer community structure
may be predicted on the basis of rainfall and temperature condi-
tions that are favorable for their survival. So multi-species infesta-
tions by C. partellus and S. calamistis are therefore likely to be high
in regions with higher temperatures, while B. fusca is likely to dom-
inate in areas with relatively high rainfall and lower temperatures
(Guofa et al. 2001, Ong’amo et al. 2006a).

Irrespective of the different compositions, most maize fields are
infested by at least a two-species complex of stemborers. It appears
that the complexity of stemborer communities increases away from
the two extreme AEZs, which favors high single-species infestations
of either B. fusca or C. partellus. The Moist mid-altitude can be
described as a ‘transitional zone’ where all three species are found
infesting the same maize fields. Further, these infestations could be
characterized by intra- and interspecific interactions (potentially
competition) between the multi-species communities utilizing the
same maize stems (Ntiri et al. 2016, 2017). The infestation levels
also vary spatially and over time (in-season and between seasons).
For instance, infestations by S. calamistis and C. partellus and mul-
ti-species infestations of the three species were higher during the long
than the short rainy season, albeit with B. fusca predominating. Yet,
sampling done in the same area between 2001 and 2006 showed that
the density of B. fusca and C. partellus varied in dominance over
years (B. P. Le Ru, unpublished data). Such rotation in dominance
of species with seasons seems a characteristic of multi-species stem-
borer communities, as similar observations have also been reported
for a community of stemborers in Eastern Uganda (Matama-Kauma
et al. 2001), Cameroon (Ndemah et al. 2001b), and South Africa
(Van Rensburg et al. 1987; Van Rensburg and Van den Berg 1992).
Given that all three species occur together in the Moist mid-altitudes,
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Fig. 4. Clustered distribution pattern of Busseola fusca (Bf) intra-specifically and inter-specifically with Chilo partellus (Cp) and Sesamia calamistis (Sc) in maize

fields.
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Fig. 5. Larvae density of Busseola fusca, Chilo partellus, and Sesamia calamistis in each sampling period.

Table 3. GLMM results on the variation of larval densities of the three species between seasons and the effects of temperature and rainfall

Estimate SE z-value P(>lzl)

Busseola fusca

Long-rain vs short-rain season 0.015 0.047 0.311 >0.05

Temperature 0.093 0.013 7.353 <0.001

Rainfall -0.088 0.005 -17.2 <0.001
Chilo partellus

Long-rain vs short-rain season 1.518 0.251 6.037 <0.001

Temperature 0.394 0.067 5.919 <0.001

Rainfall -0.252 0.033 -7.539 <0.001
Sesamia calamistis

Long-rain vs short-rain season 4.661 0.347 13.421 <0.001

Temperature 0.575 0.078 7.374 <0.001

Rainfall -0.191 0.025 -7.616 <0.001

the implication will be that maize fields in this AEZ will most likely
have higher damage levels than in other areas, as the damage level
here should be a combination of the individual damage that each
stemborer species can cause (Van den Berg et al. 1991, Dangles et al.
2009). In fact, their combined contributions to potential maize har-
vest loss (26%) was the highest in this zone versus all other zones
(see also Ong’amo et al. 2006a).

The intra- and interspecies clustered larval distribution patterns
among the communities indicate that these could be intrinsic char-
acteristics of these species. Ndjomatchoua et al. (2016) showed that
the spatio-temporal pattern of damage by B. fusca in maize fields
spreads from an initial patch of damaged plants to nearby undam-
aged maize plants. This clustering pattern by B. fusca has also been
reported from South Africa (Van Rensburg and Pringle 1989), the
forest zones of Cameroon (Ndemah et al. 2001a), and West Africa
(Gounou and Schulthess 2004) and also by C. partellus on the Kenya
coast (Overholt et al. 1994). Thus, the incidence of multi-species
infestations of a single maize stem could therefore be by means of
the movement of larvae of different species from one plant, to co-in-
fest adjacent, or nearby infested maize plants (Van den Berg et al.
1991, Ndemah et al. 2001a, Erasmus et al. 2016) or from oviposition
by stemborer females, mediated by the conspecific or heterospecific
infested plant (Ntiri et al. 2018). With future changes in climatic
conditions, especially where ambient temperature increases, one

possible impact could be the change in the community structure of
multi-species stemborers, especially in the mid-altitude and highland
areas, where C. partellus might displace B. fusca as the dominant
species. Recent reports show that C. partellus, with its superior basal
and higher thermal tolerance plasticity (Mutamiswa et al. 2018), and
highly competitive ability in interspecific interactions at higher tem-
peratures (Ntiri et al. 2016, 2017), compared to the indigenous noc-
tuids, is expanding its range into highlands regions (Khadioli et al.
2014b). It is also likely that if climatic change induces more frequent
rainfall, especially in low-rainfall areas, B. fusca has the potential to
become established and possibly dominate stemborer infestations in
these regions.

Moreover, there is additional uncertainty regarding how intra-
and interspecific interactions in stemborer communities will change
in the presence of S. frugiperda which now infests maize throughout
sub-Saharan Africa (Prasanna et al. 2018). Several studies in the
Americas report that S. frugiperda is a tropical species that does
not go into diapause (Johnson 1987, Goergen et al. 2016, Prasanna
et al. 2018). The optimum temperature for its larval development
and growth is between 25 and 30°C (Isenhour et al. 1985, Barfield
and Ashley 1987, Ali et al. 1990), similar to that of the established
invasive C. partellus (25-32°C; Khadioli et al. 2014b) and of
B. fusca and S. calamistis (20-30°C; Khadioli et al. 2014a, Glatz
et al. 2017). However, S. frugiperda has a shorter developmental
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Table 4. Developmental time for the fall armyworm (Spodoptera frugiperda) and African stemborer species (Chilo partellus, Busseola fus-
ca, and Sesamia calamistis) under different constant temperatures within their optimum temperature range

Temperature Mean development time (days from egg hatch to adult eclosion)
Spodoptera frugiperda® Chilo partellus Busseola fusca® Sesamia calamistis®
25°C 28.4 42.1 65.4 57.7
30°C 19.3 28.9 74.7 45.2
“Barfield and Ashley (1987).
YKhadioli et al. (2014b).
“Khadioli et al. (2014a).
time than all three stemborer species under these temperatures Acknowledgments

(Table 4). In addition, S. frugiperda larvae are known for its vorac-
ity on gramineous crops, and superior competitive abilities to
other noctuids that inhabit the same guild (Goergen et al. 2016,
Bentivenha et al. 2017). The species is also cannibalistic (Chapman
et al. 1999, 2000).

Three possible scenarios are likely to emerge with the future co-ex-
istence of S. frugiperda and other lepidopteran stemborers in Africa.
First, S. frugiperda may be additive to the already established lepi-
dopteran complex that attacks maize, depending on the intensity of
competition with these stemborers. The intensity of competition may
be influenced by the trade-offs between FAW cannibalism and/or pre-
dation on other lepidopteran species in their multi-species infestations.
This will likely change the structure and dynamics of multi-species
communities of stemborers that attack maize. Such changes in com-
munity structure, through possible elimination or significant sup-
pression, may also influence secondary pest formation (Truter et al.
2014). Secondly, increased damage to cereal crops, particularly maize,
may result due to the combined infestations of S. frugiperda and
the already established stemborer complex (Goergen et al. 2016).
It is unclear how variation in temperature and rainfall are likely to
enhance or otherwise alter the establishment of S. frugiperda in other
regions of Africa, or how climate change will influence the impacts of
the lepidopteran pest complex on the continent. Third, another pos-
sible scenario is that stemborer damage levels to maize may decrease
due to S. frugiperda outcompeting and suppressing or possibly elim-
inating other established species in areas where multi-species com-
munities occur. Spodoptera frugiperda control will likely change pest
management in maize since it feeds and destroys whorl leaves as well
as increasing ear damage, and also has a quicker generation than any
of the other species.

Given the implications of this analysis, new research is needed
to improve our understanding of interspecific competition among
the existing stemborer species, within the context of the invasion
of S. frugiperda, and to provide information that will contribute
to the development of effective management tools to control the
increasingly important lepidopteran pest complex which threat-
ens food security in Africa. Thus, current research surveys should
re-examine these infestation dynamics following S. frugiperda
establishment in these different AEZs. These results also suggest
that a comprehensive study which develops a model that incorpo-
rates climate change scenarios for temperature and rainfall (e.g., in
the year 2025 and 2050), with intra- and interspecific stemborer
interactions, should be undertaken, to more thoroughly examine
potential outcomes.
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