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ABSTRACT

Understanding the composition and abundance of predatory insects targeting S. frugiperda in maize (Zea mays
L.) at various growth stages is crucial for developing effective management strategies. Therefore, the present study
conducted from September 2023 to February 2025 investigates the species composition and abundance of predatory
natural enemy insects at different growth stages of maize crops in conventional agricultural fields of Sungai Burung,
Tanjung Karang, Selangor, Malaysia. Results revealed four predatory insect species: Sycanus dichotomus Stal
(Hemiptera: Reduviidae), Micraspis discolour Fabricius, Harmonia octomaculata Fabricius, and Cheilomenus
sexmaculata Fabricius (Coleoptera: Coccinellidae), which act as predators of S. frugiperda. Additionally, larvae of
three coccinellids were identified as predators of S. frugiperda in the field. In contrast, S. dichotomus nymphs, which
also prey on S. frugiperda, were not found in maize plantations. The composition of predatory insect species did not
significantly change with the maize crop’s growth stages, except for S. dichotomus. However, the mean abundance of
predatory insects varied significantly (F = 408.60; df = 9,290; p<0.001) across different growth stages of the maize
crop, with the crops at the flowering stage (8-weeks old) showing the highest mean abundance of predatory insects.
The results indicate that the species composition and abundance are relatively linked to the different developmental
phases of the maize crop, with the lowest abundance of predatory insects observed in the immature stages and the

highest abundance recorded in mature maize plants.
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Maize (Zea mays L.) is one of the most economically
significant cereal crops in Malaysia due to its high demand
in the country’s broiler, ruminant, and piggery industries
(AgFlow 2022). Malaysia imports 4 mt of maize from
the USA, Brazil, and Argentina to meet its requirements
(Wahab 2017). Consequently, the Malaysian government
has decided to reduce corn imports and accelerate the
cultivation of land in the coming years (Mohammed ef al.
2021). However, the cultivation of maize crops and the
expansion of maize-cultivated lands are highly threatened
by the invasive agricultural pest Spodoptera frugiperda
(J.E Smith) (Lepidoptera: Noctuidae) which, significantly
attacks maize plantations and is widespread in Peninsular
Malaysia. S. frugiperda was first detected in Malaysia
in early 2019 (IPPC 2019) in the northern state and was
discovered throughout peninsular Malaysia (11 states) later
that same year (Jamil et al. 2021). The total area affected by
S. frugiperda is 246.35 ha with 50-100% damage severity
to the immature stages of maize plants occurring in less
than 40 days by 2019 (DOA 2019).
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S. frugiperda, commonly known as Fall Armyworm
(FAW), is one of the most serious pest species due to
its strong migration ability, high fecundity, polyphagous
behaviour, and large host range (Adhikari et al. 2020).
Worldwide crop production is highly threatened by this pest
species and farmers have tended to apply insecticides to
control it (Abang ef al. 2021). Though it is an easy control
method, its overuse might cause negative impacts on nature
(Kumar et al. 2022). Those negative consequences have
accelerated attempts to discover sustainable eco-friendly
options. Biological control is a sustainable and environment-
friendly management method (Assefa and Ayalew 2019).
The potential for the application of biological control to
invasive species relies on its indigenous natural enemies
that have built novel associations with S. frugiperda (Firake
and Behere 2020).

Predatory natural enemies can attack different
life stages of S. frugiperda (Abbas et al. 2022). Insect
predators belonging to different insect orders such as
Dermaptera, Coleoptera, Hymenoptera, and Hemiptera
have been successfully used in America by augmentative
release (Abbas ef al. 2022). Many predatory insect group
associated with S. frugiperda have been identified by
different researchers in different regions of the world. The



530 SINGHAMUNI ET AL.

vast majority of recorded predatory species are in Asian
countries from the order Coleoptera, which includes four
distinct families: Coccinellidae, Carabidae, Cicindelidae,
and Staphylinidae. The order Hemiptera also contributed
to the suppression of S. frugiperda, with three families
including Reduviidae (Hou et al. 2020), Pentatomidae (Tang
et al. 2019), and Anthocoridae (Zeng et al. 2021). China
reported a Dipteran family: Syrphidae (Hui et al. 2021),
while India reported a Hymenopteran family: Vespidae
(Firake and Behere 2020). As it is a newly invasive pest,
very limited information is available on the natural enemy
predatory species of S. frugiperda in Malaysia. Over time,
some predatory natural enemies have greater potential to
expand their niche by adapting to S. frugiperda in Malaysia.
Therefore, the study investigated the beneficial predatory
arthropods of S. frugiperda. Understanding the composition
and abundance of predatory insects targeting S. frugiperda
in maize at various growth stages is crucial for developing
effective management strategies in conventional fields.

MATERIALS AND METHODS

The present field study was carried out during September
2023 and February 2025 at Sungai Burung (3°30'0.36"N,
101°11'14.27"E), Tanjung Karang, Selangor, Malaysia.
The experiment used a 5000 m? maize field, divided into
five equal plots (each 1000 m?). The study was carried
out in a conventionally cultivated farmer's field so that the
population trend of both pests and natural enemies under
realistic farm conditions could be determined. The sweet
corn maize variety, F1 351 (The Hulk) was selected for the
study and the similar agronomic practices was followed
during the experiment. Ten percent of the total number of
plants were randomly sampled from each plot. Accordingly,
50 plants from each plot were randomly sampled while
moving along the "W" shape design (Bakry and Abdel-Baky
2023). Sampling was conducted weekly from 7.30 a.m. to
11.30 a.m., from maize seedlings to the harvesting stage.
Six entire maize crop cycles were sampled from 2023-2025
with 30 replicates. Each selected maize plant was examined
for predatory natural enemies of S. frugiperda. Available
predatory insects on the plants were counted and collected
as live specimens. The collected predatory natural enemies
were separately placed into clear plastic cups with muslin
cloth lids (top diameter 95 mm, base diameter 55 mm,
height 130 mm) and safely transported to the laboratory
as soon as possible.

Predation of natural enemies was confirmed based on
direct observation in the field and the laboratory feeding test
(no-choice test). Predators were killed with ethyl acetate and
dead specimens were dried in a hot air oven at 45-50°C for
48 h. The oven-dried specimens were mounted singly on
insect pins through the thorax just to the right of the center
of their body. The small insects were mounted with the
help of white, thick cardboard triangular points. The paper
cards with collection details were attached to the pin. The
pin-mounted specimens were arranged inside the insect box
for further identification. The species composition (which
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particular species are present) and their relative abundance
(percent composition of an organism of a particular kind
relative to the total number of organisms) of natural enemies
of S. frugiperda were determined with the growth stages
of maize crops. The relative abundance was calculated
according to the natural enemy species composition in the
maize plantation using the following formula described by
Molina-Ochoa et al. (2001):

RA =

%100

Where, RA, Relative abundance (percentage
composition); Ni, Number of individuals in natural enemy
species i; Nt Total number of natural enemy species.

Data analysis: The mean values and standard error
of the predatory insects from 30 replicates were analyzed
using descriptive statistics, while the differences in mean
abundance of predatory insects at various growth stages
of the maize crop were evaluated using one-way ANOVA.
Tukey’s test at p<0.05 was employed to determine the
significance of differences among means.

RESULTS AND DISCUSSION

Four predatory insect species, Sycanus dichotomus
(Hemiptera: Reduviidae); Micraspis discolor; Harmonia
octomaculata and Cheilomenus sexmaculata (Coleoptera:
Coccinellidae), have been identified as natural enemies of
S. frugipera. Furthermore, larvae of three coccinellids were
found to be predators of S. frugiperda in the field. In contrast,
S. dichotomus nymphs, also predators of S. frugiperda, were
not discovered in maize plantations. Various researchers
have also identified these predatory insect species as having
previously attacked the immature stages of S. frugiperda
in maize ecosystems across several Asian countries. For
instance, H. octomaculata preyed on immature S. frugiperda
larvae in India (Sharanabasappa et al. 2019), C. sexmaculata
on immature S. frugiperda larvae in Indonesia (Sari et al.
2022), and M. discolor on immature S. frugiperda larvae
in Malaysia (Jamil et al. 2021), Harmonia axyridis (Pallas)
(Coleoptera: Coccinellidae) has been observed feeding on
eggs and first instar larvae of S. frugiperda in China (Di et
al. 2021). In Malaysia, S. dichotomus is the most common
predator species belonging to the assassin bugs (Hemiptera:
Reduviidae) attacking bagworms (Metisa plana Walker)
in oil palm plantations (Halil et al. 2021). S. dichotomus
has recently been identified as a predatory insect species
of S. frugiperda larvae in Malaysia (Singhamuni et al.
2025). The experimental maize area was surrounded by oil
palm plantations. Consequently, S. dichotomus adults have
broadened their prey spectrum to include the newly invading
S. frugiperda in Malaysia's maize ecosystem.

Investigating these predatory insect species and their
relative abundance at different maize growth stages is
critical for understanding population changes throughout
the crop cycle under actual field circumstances. The one-
week-old maize plant is the first growth stage of the maize
crop and consists of 1-3 leaves just after emergence.
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Predatory insects of S .frugiperda were not discovered in
the one-week-old maize crop. At the two-week-old stage,
maize plants consisted of 5-7 leaves and had all three
coccinellid species, including adults and larvae; however,
S. dichotomus was not observed in the two-week-old
maize crop. M. discolor adults had the highest relative
abundance (30.44%), followed by H. octamaculata adults,
C. sexmaculata larvae, M. discolor larvae, C. sexmaculata
adults, and H. octamaculata larvae at 15.08%, 14.38%,
13.54%, 13.4%, and 13.12%, respectively.

Maize plants had 5-7 leaves during the third week
of growth. In this stage, the highest relative abundance
was observed in M. discolor adults (30.97%), followed by
C. sexmaculata adults (17.69%), H. octamaculata adults
(14.15%), C. sexmaculata larvae (13.66%), M. discolor
larvae (11.89%), and H. octamaculata larvae (11.60%).
Additionally, S. dichotomus was not found in three-week-
old maize crops, just like in the first and second week old
maize crops. The maize plants had 6-8 leaves during the
fourth week of growth. Although S. dichotomus was not
detected in the fourth week, coccinellids were observed
with the highest relative abundance being M. discolor adults
(33.35%), followed by C. sexmaculata adults (21.43%),
H. octamaculata adults (13.23%), C. sexmaculata larvae
(12.38%), M. discolor larvae (9.9%), and H. octamaculata
larvae (9.67%), respectively. Five-week-old maize plants had
8-10 leaves. Like the previous stages, M. discolor adults
had the highest relative abundance (32.59%), followed by
C. sexmaculata adults (23.04%), H. octamaculata adults
(11.52%), C. sexmaculata larvae (9.48%), H. octamaculata
larvae (8.52%), S. dichotomus (7.82%), and M. discolor
larvae (7.0%). However, S. dichotomus was present in the
maize crops at this stage. A six-week-old maize plant had
10—12 leaves, and the last branch of the tassel was initiated.
M. discolor adults exhibited the highest relative abundance
at 33.1%, followed by C. sexmaculata adults (16.78%), M.
discolor larvae (11.69%), C. sexmaculata larvae (11.37%),
H. octomacuata larvae (10.44%), S. dichotomus (8.36%),
and H. octomaculata adults (8.22%). The maize plant was
seven-weeks old and displayed 10—12 leaves. The terminal
branch of the tassel was visible but had not yet opened. At
this stage, similar to the previous ones, M. discolor adults
were found as the dominant species with the highest relative
abundance (27.29%), followed by C. sexmaculata adults
(18.06%), M. discolor larvae (13.4%), C. sexmaculata larvae
(11.75%), H. octomacuata larvae (10.55%), H. octomacuata
adults (9.93%), and S. dichotomus (8.98%).

By eight-weeks old, the maize crop reached the
blooming stage, showcasing the highest abundance of
predatory insects. M. discolor adults had the greatest relative
abundance (30.15%), followed by C. sexmaculata adults
(15.16%), S. dichotomus (11.79%), M. discolor larvae
(11.73%), C. sexmaculata larvae (11.70%), H. octomacuata
larvae (9.81%), and H. octomacuata adults (9.63%). The
pod silk had slightly dried by the 9th week of the maize
crop. M. discolor adult (27.36%) had the highest abundance,
followed by C. sexmaculata adult (14.37%), M. discolor
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larva (14.34%), S. dichotomus (11.84%), C. sexmaculata
larva (11.48%), H. octomacuata adult (10.8%), and H.
octomacuata larva (9.77%). The 10t week of the maize
crop is the ultimate growth and harvesting stage. As in all
the previous stages, the highest abundance was observed
in M. discolor adult (21.44%), M. discolor larva (16.1%),
C. sexmaculata larva (14.68%), H. octamaculata adult
(13.00%), S. dichotomus (11.63%) H. octamaculata larva
(11.58%), and C. sexmaculata adult (11.53 %).

The result revealed M. discolor adult as the dominant
predatory insect species in all the growth stages of the
maize crop except 15t week because the predatory insects
of S. frugiperda were not detected in the 15t week old maize
crop. However, the predatory insect species composition was
not drastically changed with the growth stages of the maize
crop except for S. dichotomus. During the first four weeks,
S. dichotomus was not observed in the maize plantation
(Table 1). However, when the canopy height increased,
S. dichotomus was found on the maize plants. That could
be associated with the feeding behaviour of S. dichotomus
because its feeding ground is the higher canopy level of the
oil palm plantation and it attacks bagworms (Metisa plana)
in oil palm plantations in Malaysia (Halil ez al. 2021).

When considering the total number of predatory insects
at various growth stages of the maize crop, the mean
abundance of predatory insects significantly varied among
these stages (F = 408.60; df = 9,290; p<0.001). The maize
crop in the flowering stage (8-week old) displayed the
highest mean abundance of predatory insects, which was
112.77 £ 1.63, followed by the 9th week (93.43 + 1.86), 7th
week (80.83 + 2.22), 6th week (72.23 + 1.74), 10th week
(65.60 + 1.63), 5th week (52.37 £ 1.73), 4th week (43.07
+ 2.16), 314 week (33.90 = 1.61), and 20d week (23.87 =
1.16). Previous researchers revealed that the highest insect
abundance in maize plants occurs at the flowering stage
(Sylvain et al. 2017). Ndiaye et al. (2023) also reported a
similar phenomenon in their entomofauna study within the
maize ecosystem. Their study noted the highest abundance
and diversity of entomofauna associated with the transition
from flowering to ear maturation. Similar phenomenon was
observed with the highest abundance of predatory insects
recorded during the maize plants' flowering stage to ear
maturation (8th and 9t week) (Fig. 1).

The results indicate that the lowest abundance of
predatory insects was detected in the first week up to the
fifth week of the maize crop. These findings align closely
with those reported by Ndiaye et al. (2023), who noted the
lowest entomofauna diversity and abundance during the
seedling to rising stage (immature stage) of the sweet corn
field. The low abundance of predatory insects during this
stage may indicate limited natural control of S. frugiperda
(the pest) in the field, as pest abundance increased during
this time (Fig. 1).

According to the data, 76.03% of S. frugiperda larvae
were identified in maize plants that were one to six weeks
old (approximately 42 days). This suggests that immature
maize plants, particularly those under 40 days old, are
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growth stages. The maize plant's
growth during the first 1 to 4 weeks
features a lower canopy level, making

100

it difficult to observe S. dichotomus in

maize plantations. However, it can be
observed from the 5t week onward,

up until the harvesting stage. The
abundance of S. dichotomus adults

varied significantly with the maize

crop's growth stage (F = 130.83; df
=9,290; p<0.001). The highest mean

Species composition and relative
abundance of predatory insects

abundance was recorded in the 8th
week old maize plant at 13.3 + 0.54,

Fig. 1
growth stages of the maize crop.

S.d, Sycanus dichotomus; M.d.A, Micraspis discolor adult; H.0.A, Harmonia
octomaculata adult; C.s.A, Cheilomenus sexmaculata adult; M.d.L, Micraspis discolor
larva; H.o.L, Harmonia octomaculata larva; C.s.L, Cheilomenus sexmaculata larva.

extremely vulnerable to attacks by S. frugiperda larvae. In
2019, the Department of Agriculture (DOA) conducted an
island-wide survey of conventional maize fields in Malaysia,
making similar observations. However, after six week old
maize crops, the mean abundance of coccinellids and S.
dichotomus considerably increased. This clearly reflects
the reduction of S. frugiperda abundance during this stage
(Fig. 1).

Understanding pest dynamics and tri-trophic interactions
throughout the cropping season can reduce infestation
rates, yield losses, and unnecessary pesticide applications.
Furthermore, the diversity and abundance of natural enemy
populations during certain crop growth phases may help to
conserve and enhance them over time (Durocher-Granger
et al. 2021). Indiscriminate application of synthetic
insecticides leads to pest resurgence, pesticide resistance,
secondary pest outbreaks, and the decline of beneficial
insect populations (Bakker et al. 2020).
Farmers rely solely on insecticides,
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The mean abundance of insect predators and S. frugiperda larvae with different
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followed by the 9t week old plant
(11.06 £ 0.63), the 10th week old plant
(7.63 £ 0.62), the 7th week old plant
(7.26 £ 0.58), the 6th week old plant
(6.03 £ 0.43), and the 5t week old
plant (4.10 + 0.50) (Fig. 2).
This study revealed that M.
discolor adults are more abundant
than H. octomaculata and C. sexmaculata adults. The mean
abundance of M. discolor adults also varied significantly with
maize crop growth stage (F = 162.77; df =9,290; p<0.001).
The highest mean abundance was noted in the 8t week
(flowering stage) of maize crops (34.0 + 0.88), followed by
the 9th week (25.56 +0.94), the 6t week (24.33 +0.87), the
7th week (22.06 + 0.94), the 5th week (17.06 + 0.87), the
4th week (14.36 + 0.81), the 10th week (14.06 + 0.68), the
3rdweek (10.50 + 0.65), and the 20d week (7.26 + 0.61). M.
discolor adults were the most abundant predatory species
across all growth stages of the maize crop (Fig. 2). The
mean relative abundance of H. octomaculata adults varied
significantly with maize crop growth stages (F = 31.0; df
= 9,290; p<0.001). The 8th week of maize crops had the
highest mean abundance (10.86 + 0.42), followed by the
9th (10.10 + 0.59), 10th (8.53 £ 0.61), 7th (8.03 + 0.66), 5th
(6.03 £0.73), 6t (5.93 + 0.62), 4th (5.70 + 0.70), 314 (4.80
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Our results (Fig. 1) demonstrated a
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higher abundance of predatory natural
enemies in the later stages of the crop
cycle. If farmers apply insecticides 1 >
during this latter part, it may adversely
affect the natural enemy population.
Investigating the species-wise
relative abundance of predatory insects
at different growth stages of maize
is crucial for understanding whether
they are linked to the crop cycle's
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Fig. 2 Species-wise mean abundance of predatory insects at different growth stages of
maize crop.
S.d, Sycanus dichotomus; M.d.A, Micraspis discolor adult; H.0.A, Harmonia
octomaculata adult; C.s.A, Cheilomenus sexmaculata adult; M.d.L, Micraspis
discolor larva; H.o.L, Harmonia octomaculata larva; C.s.L, Cheilomenus
sexmaculata larva.
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Table 1 Mean abundance of predatory insects at different growth stages of maize crop
Stage (Mean abundance + Standard error) Total
week 54 M.d.A H.o.A CsA M.d.L HoL CsL
1 - - - - - - - -
2 - 7.26 + 0.61e 3.6 + 0.45¢ 320+ 0.40e 3.23+042d 3.13+£0.39c 3.43 +0.46e 23.87 £ 1.16h
3 - 10.5 + 0.65¢ 4.8 +0.58¢ 6.0 +£0.70de  4.03+0.52d 3.93+0.43c 4.63 +0.35de 339+ 1.6lg
4 - 1436 £0.81d 5.7+ 0.70de 923+0.68c 4.26+045d 4.16+0.38c 5.33+0.37d 43.07 +2.16f
5 4.10+0.50d 17.06 +0.87d 6.03 £ 0.73cde 12.06 + 0.65b  3.66 £ 0.43d 4.46 + 0.41c 4.96 + 0.33de 52.37 + 1.73¢
6 6.13 £0.42c 2433 £0.87bc 593 +£0.62de 12.70+0.69b 843 +0.57c 7.53+0.51b 8.20+0.45¢c 72.23 +1.74d
7 7.26 £0.58c 22.06 = 0.94c 8.03 + 0.66bcd 14.60 + 0.70aba 10.83 £ 0.39b 8.53 + 0.38b 9.50 + 0.51bc 80.83 = 2.22¢
8 13.3+0.54a 34.0+088a 1086 +042a 17.1+0.72a 1323 +0.58a 11.06 + 0.45a 13.20 £ 0.51a 112.7 + 1.63a
9 11.0 £ 0.63b 25.56+0.94b 10.10 £ 0.59abb 13.43 £ 0.59b 13.40+0.6la 9.13+0.53b 10.73 + 0.50b 93.43 + 1.86b
10 7.63 +0.62c 14.06 = 0.68d 8.53 £ 0.6labc  7.56 £ 0.73cd 10.56 + 0.42b 7.60 = 0.50b 9.63 + 0.44bc 65.60 + 1.63d

*Mean accompanied by the same letter is not significantly different. S.d, Sycanus dichotomus; M.d.A, Micraspis discolor adult;

H.0.A, Harmonia octomaculata adult; C.s.A, Cheilomenus sexmaculata adult;, M.d.L, Micraspis discolor larva; H.o.L; Harmonia

octomaculata larva; C.s.L, Cheilomenus sexmaculata larva.

+ 0.58), and 2nd (3.60 + 0.45) (Table 1).

The mean abundance of C. sexmaculata adults varied
significantly across maize crop growth stages (F = 73.69;
df = 9,290; p<0.001). The eighth week of maize had the
highest mean abundance (17.10 + 0.72), followed by the
seventh week (14.60 + 0.70), ninth week (13.43 £ 0.59),
sixth week (12.70 £ 0.69), fifth week (12.06 = 0.65), fourth
week (9.23 £ 0.68), tenth week (7.56 £ 0.73), third week
(6.0 £ 0.70), and second week (3.2 + 0.40) (Table 1). The
mean abundance of M. discolor larvae was significantly
different across various growth stages of maize (F = 99.22;
df = 9,290; p<0.001). The highest mean abundance was
recorded in the ninth week of maize (13.40 + 0.61), followed
by the eighth week (13.23 + 0.58), seventh week (10.83 +
0.39), tenth week (10.56 + 0.42), sixth week (8.43 = 0.57),
fourth week (4.26 + 0.45), third week (4.03 + 0.52), fifth
week (3.66 £ 0.43), and second week (3.23 + 0.42) (Table
1). The mean abundance of H. octomaculata larvae varied
considerably with maize crop growth stages (F = 61.62; df
=9,290; p<0.001). The eighth week of maize crops had the
highest mean abundance (11.06 + 0.45), followed by the
ninth (9.13 + 0.53), seventh (8.53 + 0.38), tenth (7.60 +
0.50), sixth (7.53 + 0.51), fifth (4.46 = 0.41), fourth (4.16 £
0.38), third (3.93 £ 0.43), and second (3.13 £+ 0.39) (Table
1). The mean abundance of C. sexmaculata larvae varied
significantly with maize crop growth stages (F = 73.69; df
=9,290; p<0.001). The eighth week of maize crop had the
highest abundance (17.10 + 0.72), followed by the ninth
week (14.60 £+ 0.70), tenth week (13.43 £ 0.59), seventh
week (12.70 +0.69), sixth week (12.06 + 0.65), fourth week
(9.23 £ 0.68), fifth week (7.56 = 0.73), third week (6.0 £
0.70), and second week (3.43 + 0.46) (Table 1).

The highest mean abundance of predatory natural
enemies can be observed after the 6th week of the maize crop
throughout the sampling period (Fig. 1). This indicates that

the maize growth stages affect the abundance of predatory
natural enemies of S. frugiperda. The result revealed that
the highest abundance of coccinellid adults and larvae
was discovered in the flowering stage (eighth week) of the
maize crop (Fig. 1). In this stage, the maize plants are full
of pollen. Many predatory ladybird beetles rely on pollen
as a major part of their diet (Giorgi et al. 2009, Lundgren
2009). When aphids and other prey arthropods are in short
supply pollen has been identified as the most crucial food
source for coccinellids (Lundgren 2009).

The maize blossoming stage contains the greatest
richness and diversity of insects (Sylvain et al. 2017).
Moreover, entomofauna diversity and abundance are
relatively linked to the different development phases of
the maize crop, with the lowest entomofauna diversity and
abundance observed in the immature stages of the maize
plant and the highest entomofauna diversity and abundance
observed in mature maize plants (Ndiaye et al. 2023).
A similar phenomenon can be observed in these results,
indicating that the highest abundance of predatory insects
was detected after the six-week-old maize plant. Most
of the favourable parameters for these predatory insects
correlate with the maturity of the maize crop as predicted
by these results.

This study showed that the predatory species
composition and abundance of S. frugiperda were closely
related to the development stages of maize plants. However,
the predatory insect composition did not drastically change
with the growth stages except for S. dichotomus, but the
abundance of predatory insects significantly varied with the
development stages of maize, with the highest abundance
detected in the mature plants and the lowest abundance
detected in the immature stages of the maize crop. Hence,
these findings reflect the population trend of predatory
insects at different growth stages of the maize ecosystem.
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