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Abstract

Cannibalism and intraguild predation can play important roles in determining spread and survival or death of organisms
which share the same resource. However, the relationship between cannibalism and intraguild predation, and the costs and
benefits of such behaviours, is difficult to establish within insect communities, and little is known about how such behaviours
are affected by invasive species. The present study was aimed at assessing the interactions between larvae of fall armyworm
(Spodoptera frugiperda) and maize stemborers (native to Africa, Busseola fusca, and Sesamia calamistis and native to
India, Chilo partellus) in relation to cannibalism and intraguild predation when they utilize the same resource. Experiments
involving treatments with either single species of S. frugiperda or any of the stemborers or pairwise species combinations with
S. frugiperda were conducted under laboratory conditions. The experimental insect larvae were reared on maize leaves and
monitored until the last developmental stage where cannibalism and/or intraguild predation, larval survival, and relative
growth rate were recorded. Results of the intraspecific interaction indicated that S. frugiperda exhibited cannibalism to a
larger degree than the stemborers species, especially at the late instars. The higher cannibalism trait in S. frugiperda turned,
however, to competitive advantage as it led to a higher degree of intraguild predation when they cohabit with stemborer
species and allowed FAW to gain a greater relative growth rate. Overall, interactions with FAW are detrimental for stemborer
species and may be an important factor to explain the invasive success of S. frugiperda. Such knowledge is essential to
understand the mechanisms behind ecological interactions between pests with overlapping niches in the field and in designing
successful integrated pest management strategies.
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Intraguild interactions of overlapping niches pest species
determine their population evolutionary.

Invasive fall armyworm (FAW) co-inhabits maize with
stemborer species in maize cropping systems.

In the presence of stemborer species

FAW prefers to feed on stemborers rather than their con-
specifics.

FAW gains more weight when it feeds on stemborer spe-
cies than when it feeds on their conspecifics.

The higher intraguild predation of FAW on stemborers
might control their population in the field
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Introduction

Resource availability varies spatially and temporally either
within or across developmental stages and competitive
exclusion should result when resources are limited. Such
exclusion depends on the biological characteristics of the
interacting organisms, where some species may have better
competitive abilities. Intra- and interspecific competitions
play an important role in determining survival/death
and spread of organisms which share the same niche
(Gurevitch et al. 1992; Cameron et al. 2007). The
interaction between organisms can be expressed as either
exploitative (as use of the resource by one species reduces
the availability for the other) or interference competition
(when one species behaviourally restricts the other species
from access to limited resources). In the most extreme
form of interference competition, the interaction leads to
the death of one of the involved organisms either through
wounds or through being eaten by its competitor and is
thus defined as either cannibalism or intraguild predation.

Cannibalism, also called intraspecific predation, is
known as killing and consumption of a conspecifics and
is a widespread behaviour in phytophagous insects, mostly
in lepidopteran species (Richardson et al. 2010). It is often
more pronounced under high population densities (Sokame
et al. 2022) and when resources are limited (Elgar and
Crespi 1992) but can occur even when food is not limited
(Polis 1981). Intraguild predation (IGP) occurs between
different species within the same trophic level (Bentivenha
et al. 2016a). Polis and Holt (1992) reported that although
combining elements of predation and competition,
intraguild predation is distinct from competition because
one participant (the predator) accrues immediate energetic
gains. It is also distinct from classical predation, because
the act reduces potential competition besides the
actual energetic gains. Intraguild predation can act as a
mechanism of population regulation or as a determinant of
community structure in phytophagous insect communities
(Holt and Polis 1997; Bentivenha et al. 2016a; 2017).
Irrespective of whether it is cannibalism or intraguild
predation, these behaviours are often costly in terms of
energy, time, risk of injury and death (Kelly and Godin
2001; Briffa and Elwood 2004) for competing individuals,
and this may have repercussions for an individual’s fitness.
The balance between cannibalism and intraguild predation
depends on involved species. For instance, it was reported
that when cannibalism was compared to intraguild
predation in the feeding on conspecific and heterospecific
eggs among three predators, the coccinellids Coccinella
septempunctata L. and Hippodamia convergens Guerin-
Meneville and the predatory bug Geocoris bullatus Say,
intraguild predation was less common than cannibalism
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for the coccinellid species, whereas it was more common
than cannibalism for the predatory bug (Takizawa and
Snyder 2011). Furthermore, Rasekh and Osawa (2020)
reported that when Harmonia axyridis and H. yedoensis
were exposed to either cannibalism or IGP, H. axyridis
had longer development time while H. yedoensis presented
shorter development and lighter adult weight. Therefore,
the relationship between cannibalism and intraguild
predation, and the costs and benefits of such behaviours is
complex. Moreover, there is still little known about how
such behaviours are affected by invasive species and how
they could affect the dynamics of crop pests that share the
same resources.

In East and Southern Africa, the native noctuid
stemborers, Busseola fusca (Fuller) and Sesamia calamistis
Hampson, and the invasive crambid Chilo partellus
(Swinhoe) are key pests of maize and sorghum (Seshu-
Reddy 1998; Kfir et al. 2002). Depending on altitude, they
occur as single species or mixed multi-species communities
(van den Berg et al. 1991; Tefera 2004; Ong’amo et al.
2006; Kriiger et al. 2008). In addition to these maize pests,
fall armyworm (FAW), Spodoptera frugiperda J.E. Smith
(Lepidoptera: Noctuidae) native to the Americas, has
recently been reported in the region as an additional pest
in maize cropping system (De Groote et al. 2020; Kassie
et al. 2020; Sokame et al. 2020). FAW shares the same
maize plant-feeding guild as the pre-existing lepidopteran
stemborers (Goergen et al. 2016; De Groote et al. 2020;
Sokame et al. 2020). The stemborer larvae feed on young
leaves until the third instar, then bore into the maize stems
where they complete their development (Holloway 1998;
Polaszek 1998). FAW larvae, in contrast, feed preferentially
on leaves throughout their development, especially the
central leaves in plant whorl (Morrill and Greene 1973; Van
den Berg 1997; Montezano et al. 2018). However, in maize
fields at tasseling stage, the FAW larvae could be found
feeding on the tassels and subsequently on the ear, silk,
cob, and even in stemborer holes in the plant stem (Morrill
and Greene 1973; Cruz and Turpin 1983; CAB International
2017) leading them to share the same ecological niche with
possible intraguild competition. A previous study reported
competition among these four maize pests when they utilize
the same resource in a restricted space (Sokame et al. 2020)
and the decrease in stemborer density at maize reproductive
stage in maize fields following the invasion of FAW in
the system (Sokame et al. 2021a) suggests competitive
exclusion by FAW since its introduction in Africa. However,
the potential of cannibalism and intraguild predation to
play a role for the ecological species dynamics within the
community is not well known.

Hypothetically, intraguild predation could contribute to
the rapid establishment of FAW in new areas, and however,
the benefits may be balanced by costs of cannibalism and the
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exact outcome depends on the interactions within the specific
lepidopteran pest communities in maize. In the native range
of FAW, cannibalism has been reported (Chapman et al.
1999a,b; Andow et al. 2015) as well as intraguild predation
between FAW and Helicoverpa zea (Bentivenha et al. 2016a).
Cannibalism has also been reported in C. partellus, but only
at high larval densities (Bonhof and Overholt 2001). Nev-
ertheless, there is still much to be clarified about the behav-
iour of other stemborer species, and about the interspecific
interactions between FAW and these stemborers when they
co-occur, and to understand the mechanisms behind species
dynamics in the field. A better understanding of the intra- and
interspecific interactions will be useful to understand how
competitive displacement occurs between those pest species
sharing a given ecological niche, and consequently facilitat-
ing the design of new successful integrated pest management
strategies (Benelli 2015). In this context, the present study
aimed at assessing the potential of cannibalism and intraguild
predation of the four lepidopteran maize pests species when
they are constrained to utilize the same resource, and the
consequences for the interacting species.

Materials and methods
Insects

All stemborer and FAW larvae were provided by the Animal
Rearing and Containment Unit (ARCU) at icipe, Nairobi,
Kenya. Larvae were reared on artificial diet in cylindrical
plastic jars (16.5 cm high and 9 cm in diameter) with about
200 ml of diet per jar. For the stemborers, the diet consisted
of a vitamin mix, maize leaf powder, brewer’s yeast, bean
powder, sucrose, ascorbic acid, sorbic acid, and methyl-
paraben formaldehyde (Onyango and Ochieng’-Odero 1994).
For rearing FAW larvae, the diet was complemented with
wheat germ, milk and Suprapen powder, whereas sucrose
was removed. Agar was added to each type of diet to solidify
the medium and preserve moisture. After inoculation, the
plastic jars were tightly sealed using perforated lids with
galvanized mesh. They were covered with tissue paper
and kept in a rearing room at 26 + 1 °C, 60 +5% RH., and
L12 and D12 photoperiod. Twice a year, each colony was
rejuvenated with field-collected stemborer or FAW larvae.

Experimental set-up
Experiment 1: cannibalism and intraguild predation
in communities of fall armyworm and stemborer species

during larval development

The experiment was conducted to evaluate the potential
for cannibalism and intraguild predation of fall armyworm

in single- and multi-species communities with stemborer
species and whether individuals that have fed on conspecifics
gain any advantages. Single-species experiments with FAW
or one of the stemborers (B. fusca: Bf, S. calamistis: Sc, and
C. partellus: Cp) or pairwise species combinations between
FAW and each of the stemborer species were conducted
in plastic containers (16 cm X 10 cm X 7 cm) lined with a
paper towel to absorb excess moisture. The single-species
infestation treatments consisted of 20 neonates, while the
pairing-species combination involved 10 neonates of each
species per container and enough food constituted of six
pieces of freshly cut maize leaves (10 cm X 6 cm) were
supplied in each container with two days interval until
the experiment terminated. Survival, relative growth rate,
and cannibalism coupled with intraguild predation were
evaluated from neonate to the last instar larvae for pupation
with four (4) days interval (corresponding to the mean time
from one instar to another until L5 for FAW) and after
five (5) days from L5 to L6, the last instar before pupation
(Malusi P. pers. Observation). Cannibalism and intraguild
predation were recorded either when a partial corpse of
a dead larva found or when a larva had disappeared from
the closed container. Dead larvae found in full corpse were
attributed to other mortality reasons, were removed from the
containers and were not considered for analysis.

Experiment 2: larval age-dependent cannibalism
and intraguild predation in fall armyworm and stemborer
communities

To compare cannibalism of FAW and intraguild predation on
stemborer species and how this may differ with larval age,
an experiment was performed with three larval age-groups:
neonate to second as small size, third to fourth as medium
size and, fifth and sixth instar as large size. Larvae of each
age group were transferred to a container (as above), and
six pieces of freshly cut maize leaves (10 cm X 6 cm) were
supplied in each container as food on day 1 and day 3 of
the experiment. The single-species infestation treatments
consisted of 40, 20 and 10 larvae for small, medium, and
large size groups, respectively. The densities were chosen as
they correspond to densities often encountered in the field
(Sokame BM. Pers. Obs.). Similar to the method of Bonhof
and Overholt (2001), the pairing-species combination for
multi-species communities was performed with 20, 10 and 5
larvae per container of each species for FAW + Bf, FAW 4 Sc
and FAW + Cp pairings for each small, medium and large
size group, respectively (Table 1). The cannibalism coupled
with intraguild predation (dead larvae found in partial corpse
or disappeared corpse) was recorded on the fourth (4) day of
the experiment (corresponding to the mean time from one
instar to another).
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Table 1 Number of larvae used for each species in the single- and
multiple-species combinations tested for each of the three densities of
infestation

Combinations Larval sizes
Small Medium Large

FAW 40 20 10
Bf 40 20 10

Sc 40 20 10
Cp 40 20 10
FAW + Bf 20+20 10+ 10 545
FAW +Sc 20+20 10+ 10 545
FAW +Cp 20+20 10+10 5+5

FAW Spodoptera frugiperda, Bf Busseola fusca, Sc Sesamia
calamistis, Cp Chilo partellus

For both Experiments 1 and 2, the plastic containers were
closed with perforated plastic lids and kept in a rearing room
at a temperature of 25+0.05 °C, RH of 58.5+0.4%, and a
photoperiod of L12:D12 for 4 days. Each treatment was rep-
licated twenty times. The cannibalism (C) in single-species
communities and both cannibalism and intraguild predation
(C&IGP) in multi-species communities were calculated as
follows:

Cor(C&IGP) = N — (Ns + Nd)

where N denoted the initial number of larvae in each
container, Ns number of surviving larvae and Nd number
of dead larvae.

The relative growth rate (RGR) for each species was
calculated using the following equation (Ojeda-Avila et al.
2003):

Mass per surviving larva — Initial mass per larva
RGR = P 5 P .

Number of days after pairing species

Data analyses

The number of surviving larvae and the number of larvae that
have been consumed (cannibalism and intraguild predation)
from either experiment 1 or experiment 2 were analysed
using a generalized linear model (GLM) with negative
binomial regression procedure. Significant differences were
separated using Tukey’s multiple comparison test performed
using the R package “Ismeans” (Lenth 2016). The relative
growth rate (RGR) of the larvae from the two experiments
was analysed using Kruskal-Wallis nonparametric procedure
with dunn.test R package after being tested for normality and
homogeneity of variance using Shapiro—Wilk and Bartlett
tests, respectively. All analyses were performed with R
software version 3.5.1 (R Core Team 2018).

@ Springer

Results

Cannibalism and intraguild predation, survival,

and relative growth rate in pairing-species
combinations and single-species communities of fall
armyworm and stemborer species during larval
development

In pairing-species combinations, cannibalism coupled
with intraguild predation on stemborers in each com-
bination (Fig. 1A1-A3) was higher than those on FAW
throughout the entire larval development (y*=54.21;
df =3; P <0.0001). Furthermore, none of the stemborer
species survived until the last instar in any of the combi-
nations (Fig. 1B1-B3). The survival rate of either FAW
or stemborers decreased along larval development instars
(y>=42.52; df=5; P=0.001) and the survival of FAW
was higher than those of stemborers in each combination
()(2 =57.13; df =3; P=0.004). Whenever the stembor-
ers were finished, the cannibalism within FAW increased
exponentially (Fig. 1A1-A3). The growth rate of the sur-
vived stemborer did not reach the optimum before they
disappeared in the treatments with species pair combina-
tions (Fig. 1C1-C3). The optimum of FAW growth rate
ranged from 40 to 50 mg/day across the different combi-
nations, and it decreased after stemborer species were no
longer present in the combinations (Fig. IEC1-C3).

In single-species communities, cannibalism rate
(Fig. 1D) was higher in FAW than in stemborer species
from third to last instar, L3 (;(zz 56.7,df=3; P=0.01),
L4 (4*=34.92; df=3; P=0.002) L5 (4*=95.78; df = 3;
P=0.03) and L6 (y* = 123.54; df =3; P <0.0001). Across
larval instars, the three stemborers species presented
similar survival and even higher than those of FAW
species from third to sixth instar (Fig. 1E, y*>=308.17;
df=35; P=0.0001). FAW presented the greater relative
growth rate as compared to those of stemborers at third
and fourth instars with an optimum of 30 mg/day (Fig. 1F).
However, the optimum is lower compared to when it could
feed on stemborer species (Fig. 1C1, C2).

Larval age-dependent cannibalism and intraguild
predation in fall armyworm and stemborer
communities and their comparison in single-
versus pairing-species combinations communities

In the treatments with combinations of fall armyworm
and stemborer species, the number of stemborer lar-
vae that was consumed was higher than the number of
fall armyworm larvae consumed in all combinations
and at all larval size groups: FAW + Bf (Fig. 2A, small:
LR=82.47; df=1; P<0.0001, medium: LR=49.11;
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Fig.1 Cannibalism and/or intraguild predation (A1-A3), survival E, and F, respectively) of Spodoptera frugiperda (FAW), Busseola
(B1-B3) and relative growth rate (C1-C3) in pairing-species com- fusca (Bf), Sesamia calamistis (Sc), and Chilo partellus (Cp) across
munities and the same parameters in single-species communities (D, larval development instars
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Fig.2 Cannibalism and/or intraguild predation of Spodoptera fru-
giperda (FAW), Busseola fusca (Bf), Sesamia calamistis (Sc), and
Chilo partellus (Cp) in pairing-species combination communities
(A-C) and their comparison with those in single-species commu-
nities (D) at different larval stages: small size (neonate to second
instar), medium size (third to fourth instar) and large size (fifth to

df=1; P<0.0001 and large: LR=26.95; df=1;
P <0.0001), FAW + Sc (Fig. 2B, small: LR =62.41;
df=1; P<0.0001, medium: LR =28.73; df =1; P <0.0001
and large: LR=10.35; df=1; P=0.001) and FAW + Cp
(Fig. 2C, small: LR=49.14; df=1; P <0.0001, medium:
LR=22.88; df=1; P<0.0001 and large: LR =28.90;
df=1; P<0.0001). Furthermore, the cannibalism coupled
with intraguild predation in pairing-species combination
was significantly higher as compared to cannibalism only
in single-species communities at all larval size groups
(Fig. 2D, small: LR =349.81; df =6; P <0.0001, medium:
LR =356.83; df=6; P<0.0001 and large: LR =246.41;
df=6; P <0.0001).
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sixth instar). Statistical comparisons between single- and correspond-
ing multi-species pairings are shown. Means (+ SE) were compared
using Tukey’s comparisons tests performed using Ismeans R package,
following generalized linear model (GLM) with negative binomial
procedure

Discussion

The polyphagous feeding (Montezano et al. 2018), the
voracity (Wan et al. 2021), the high potential economic
loss in crops (Wang et al. 2020) and the recent invasion
in Africa (Goergen et al. 2016) of FAW have created a
pressing situation to develop efficient and sustainable pest
management. To take a holistic approach in protecting
maize there is a significant value in understanding the
interaction of FAW with stemborer species that also
inhabit maize plants. Our results indicated that FAW could
completely outcompete stemborers through intraguild
predation when they cohabit the same resource. This
behaviour increased in the larger instars because as the
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body size of the larvae increases, the larvae require
more resource and need to eat more. The advantage for
FAW was furthermore reflected in its growth rate, which
ranged from 40 to 50 mg/day when they were reared with
stemborer species while only 30 mg/day when FAW was
reached alone. Although these numbers are in contrast
with other studies (e.g. Ongaratto et al. 2021; Bentivenha
et al. 2016a,b), where the weight of FAW reared alone as
a single species was greater than when reared with other
species, it would, for example, be interesting for further
studies to address if the increased growth rates also
generate positive effects on adult life and mating for FAW
since female weight in Lepidoptera often is positively
correlated with fecundity (Jimenez-Perez and Wang 2004;
Rhainds 2015).

The reason for FAW having higher competitive ability
through intraguild predation can be due to FAW being more
prone to cannibalism than the stemborers. This cannibalistic
behaviour of FAW has already been documented, both in
laboratory and under field conditions (Chapman et al. 2000;
Goussain et al. 2002), and was confirmed in our single-
species treatment. That FAW readily switches to predatory
behaviour might prepare the species for more aggressive
behaviours with both actions of attack and defence. For
example, Bentivenha et al. (2017a) studied intraspecific
interactions of FAW larvae and reported that they exhibited
either high attack (head touching) or defence (recoiling)
as the prevalent movement and that the frequency of these
movements increased with larval development because
of their increased interaction with other larvae when they
become bigger and more mobile. In situations of conspecific
cannibalism, the costs of fight may thus be high to FAW
since other individuals also have a high ability to attack and
defend themselves. In interspecific competition, however,
the predator—prey interactions may be asymmetric in favour
of FAW since the stemborer species are not exhibiting
predatory behaviour to the same degree. The stemborers
thus probably go into defence behaviour rather than into
attack and thus inflict lower fight costs to FAW. By reducing
cannibalism on their conspecifics and instead concentrating
on intraguild predation on the heterospecific species, FAW
could gain the advantages from feeding on larvae with
less energy invested. Previous studies have furthermore
showed an advantage of FAW in interaction with H. zea
due to morphological characteristics such as integument
or mandible architecture (Bentivenha et al. 2016a), which
also could explain the success of FAW during intraguild
competition. In the present study, intraguild predation
did, however, not seem to lead to a higher absolute
survival rate of FAW, only a relatively better survival in
comparison to the other species. This can be due to that
FAW resorts to cannibalistic behaviour in later instars when
the heterospecific species are eliminated from the system.

Likely FAW (and other cannibalistic species) switches
between cannibalism and intraguild predation depending
on the species community, which may have substantial
consequences for the involved species both at the individual
and population level.

The higher intraguild predation of FAW on stemborer
species when they inhabit the same resource indicates a
clear competitive advantage of FAW and could be a factor
partially explaining its success as an invasive pest species.
The preference of intraguild predation over cannibalism
of FAW in multi-species communities has been already
reported for other maize pests (Song et al. 2021; Zhao et al.
2021) and intraguild predation may be an important factor
during FAW invasion to decrease competition from other
species. Although our study was performed in the laboratory
and needs to be confirmed in the field, our results may reflect
that intraguild predation could give FAW an advantage over
the stemborer species by allowing them to colonize the niche
used by these species (Bentivenha et al. 2016b; Bentivenha
et al. 2017b), when they co-occur on maize plants. For
example, Sokame et al. (2021a) observed in 2018 an overall
reduction in stemborer density in maize fields in Kenya at
the beginning of the season. In addition, historical data of
stemborer infestations compared to the recent evaluations in
maize and sorghum cropping systems in Uganda showed a
significant decline of infestations on maize in detriment to
sorghum fields from 2016, which suggests an early arrival
of FAW in Uganda leading to displacement of stemborers
in maize fields (Hailu et al. 2021). However, since FAW
tends to feed on leaves and stemborers on plant stems in
late instars surviving stemborers may thus escape FAW
through niche partition, and this might result in co-existence
to some extent between FAW and stemborer species in
maize agroecological zones (Morrill and Greene 1973;
CAB International 2017; Sokame et al. 2020, 2021a). To
better understand these complex dynamics requires further
studies at a larger scale because other parameters such as
agricultural landscape (Bentivenha et al. 2016a), the food
quality of the host plant, and larval behaviour (Dial and
Adler 1990) may also influence intraguild interactions.

The invasion of FAW in Africa constitutes an additional
pest in maize agroecosystems that needs to be considered
within the context of integrated pest management (IPM)
strategies. For example, the optimal control measures may
differ depending on the lepidopteran pest community that
is present, and stemborer control may need to include also
other host plant species other than maize if FAW is invading
the field. Our study in combination with the mentioned field
observations (Morrill and Greene 1973; CAB International
2017; Hailu et al. 2021; Sokame et al. 2020, 2021a, b;
Mutyambai et al. 2022) indicates that FAW can reduce the
population density and impact of stemborers in maize fields.
However, if whether FAW could contribute to the control of
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stemborer populations in the context of IPM programmes, is
another interesting question to explore. Such impact needs
to be reliably assessed at an appropriate ecological scale
which allows the effects on the population dynamics to be
quantified and integrated into the decision-making processes
of the pest management.
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