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Abstract

This study investigated the impact of constant temperature(30+1°C) on the developmental stages of the fall armyworm
(FAW), Spodoptera frugiperda, and explored cannibalism behavior during the larval phase. The results revealed that
FAW female exhibited an average fecundity of 696 eggs, ranging from 494 to 984 eggs during their entire lifespan.
The pre-oviposition and oviposition periods averaged 2.66 and 1.33 days, respectively. Male and female longevity
were 9 and 10 days, respectively. The egg incubation period was 1.35 days, with a hatching rate of 83.3%. Larval
development took an average of 13.5 days, with the highest mortality rate observed in the 3™ instar (30%) and the
lowest in the 6™ instar (3.3%). Pupal development lasted 7.4 days, with an average pupal weight of 0.167 g and a 3.3%
mortality rate. The complete life cycle (from egg to egg) averaged 37 days. Cannibalism occurred across all larval
stages of the same age, peaking in the 4" larval instar on both maize (4.72+0.47) and castor leaves (1.75+0.25). The
lowest cannibalism rate was observed in the 6™ larval instar. Cannibalism increased with reduced food and smaller
container sizes. This study provides crucial insights into the biological aspects and cannibalistic behavior of S.
frugiperda, aiding in the development of integrated pest management strategies against this invasive species in Egypt.
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1. Introduction Bueno et al., 2010; Padhee & Prasanna, 2019).
) The fall armyworm caused a significant incursion
The fall armyworm, Spodoptera frugiperda (J. E. into West Africa in 2016 (Goergen et al., 2016)

Smith) (Lepidoptera: Noctuidae), poses a

) A X and subsequently expanded its presence across
substantial threat to economic crops, particularly

) extensive areas of sub-Saharan Africa and North
cereal crops, due to its polyphagous nature and Africa (Day et al., 2017; Cock et al., 2017). The
wide host range encompassing over 353 plant first occurrence of fall armyworm in Egypt was
species (Casmu_z et al., 2010; Mon_tezano et al., reported in May 2019 in the maize fields of a
2018). Economic crops such as maize, sorghum, village in Kom Ombo city, Aswan Governorate,
rice, sugarcane, Wheat,_ cotton, and various Southern Egypt (Dahi et al., 2020). Due to its
vegetables are among their targeted hosts (He et damage behavior, it causes high economic loss
al., 2022; Wu et al., 2021). Its geographic (Al et al., 2023) This invasive presence of S.
dIStI’It?UtIOI’] spans several countries in South frugiperda in Egypt necessitates a comprehensive
America and the USA (Prowell et al., 2004; exploration of its biology within the Egyptian
- - — — ecosystem for the development of effective pest
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inherent cannibalistic tendencies (Chaman et al.,
2000). Cannibalism, defined as the act of killing
and consuming specific individuals, is a
distinctive behavior observed in various animal
species, including insects (Fox, 1975). The
literature reveals instances of cannibalistic
behavior among fall armyworm larvae in both
field and laboratory conditions (Raffa 1987,
Chapman et al. 1999a; 1999b; 2000).
Cannibalism is particularly pronounced under
conditions of reduced food availability and high
population density (Richardson et al., 2010;
Vangansbeke et al., 2014; Murata et al., 2023).
Larger larvae tend to exhibit cannibalistic
behavior, often targeting smaller larvae,
especially when facing nutritional deficits
(Bentivenha et al., 2017; D'amico et al., 2021).

The adaptive nature of cannibalism, providing
growth and developmental advantages to the
cannibalistic larvae, has significant implications
for the understanding of fall armyworm ecology
(Ren et al., 2020). While cannibalism may
contribute to reducing the fitness of potential
natural enemies, it can complicate biological
control methods by depleting available resources
and compromising the quality of these resources

(Prasad & Prasad, 2018). Importantly,
cannibalism  among  same-aged  larvae,
particularly in immature instars, remains

insufficiently studied, although addressing this
gap is crucial for effective pest control strategies
targeting early instars (Ren et al., 2020).

This study seeks to elucidate the intricacies of
cannibalistic behavior within same-aged larval
instars of fall armyworms and investigate the
influence of density and food quantity on such
behavior under controlled laboratory conditions.
The findings are anticipated to contribute to the
development of nuanced and effective pest
management strategies tailored to the specific
ecological conditions in Egypt.

2. Materials and methods

2.1. Rearing of fall armyworm, S. frugiperda
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2.1.1. S. frugiperda Stock Colony:

FAW, S. frugiperda larvae were collected from
an infested maize field on 16 May 2023 in Esha
city, Luxor governorate (25°16'57.2N 32°32'45.9
E), and transferred to the insect laboratory of the
Plant Protection Department, Faculty of
Agriculture, South Valley University. These
larvae were reared in plastic containers (370 ml,
10.5cm height x 5.5 cm diameter) with air -
permeable lids and provided with maize leaves as
food and replaced daily. Larvae were reared
individually from the 4™ instar onwards. was in
the same plastic containers. Larvae were kept in
a rearing at 30 + 1°C and 65 #5% RH until
pupation. Pupae were emergencies and kept in the
same rearing as the larvae. Pupae were observed
daily until moths emerged.

After the emergence of moths, a pair of male and
female were confined in plastic containers (30 cm
height x12.5 cm diameter) for rearing, and they
were kept in the same conditions. A plastic
container was cut open from the side and
provided with a piece of cotton soaked in a 10%
sugar solution described by (Tian et al., 2020),
and provided with a maize plant, 10-15days old,
which was grown in the plastic cup until the
female lay eggs on it. The plastic containers were
covered with a fine of tulle to prevent moths from
escaping. The maize leaves and stems were
replaced daily and inspected for egg masses.
2.1.2. Eqgg stage

Egg masses from the stock colony were removed
from maize plants within 24 hours of oviposition
by cutting the piece of leaf to which the egg
masses were attached. The eggs were transferred
to plastic cups (10.5x5.5 cm), and incubated in
the same conditions. Four replicates of 10
eggs/replicate were checked daily until hatching.
2.1.3. The larval and pupal stage

Eggs were collected from moths kept in the same
conditions. After hatching, neonate larvae were
transferred and kept collectively, three replicates
(each of 10 larvae), in the plastic containers
(10.5%5.5cm), and they were covered with a piece
of cloth with narrow holes, as the larvae are not
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escape, and provided daily with fresh maize
leaves as food. The larvae from 4" instar were
reared individually. Once the larvae pupate, the
pupae remain in the same container under the
same conditions of constant temperature and
humidity as described above, and checked daily
until the emergence of the moths.

2.2. Cannibalism

2.2.1. Experiment the cannibalism between
larvae of the same age

Cannibalism with larvae at the same age under
laboratory conditions (30 £ 1°C and 65 +5% RH).
Twenty larvae of each instar stage were randomly
selected from the rearing colony and divided into
4 replicates for each instar stage. Larvae were
placed inside plastic containers (30 cm in height
and 12,5 cm in diameter) equipped with a
ventilated lid, and the larvae were fed a diet
divided into two groups (types of food), which
were either maize leaves (main host) or castor
leaves, to determine whether the food had an
effect on the rate of cannibalism, the food was
replaced daily. The feeding rate and leaf
consumption of FAW larvae were determined by
weighing leaves ingested by individual larvae at
each age stage and weighing them before and
after 24 hours feeding period using a digitally
sensitive balance with one decimal place. A
sufficient quantity of fresh maize and castor
leaves were provided every 24 hours during the
experimental period. The remaining larvae were
recorded, and it was assumed that the missing
larvae had been cannibalized every 24 hours.

The average cannibalism=
Dividing the number of cannibalistic larvae

Number of larvae that were initially present’

2.2.2. Experiment the food quantity

In this experiment, we studied the relationship
between food quantity and cannibalistic behavior
at the fourth and fifth larval instars. FAW larvae
used in the experiment were collected separately
from colonies rearing in the laboratory under the
same conditions mentioned above. The larvae
were transferred in groups consisting of 5
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individuals for each instar stage in plastic
containers (30 cm in height and 12.5 cm in
diameter) according to the amount of food at 0.1,
0.2, and 0.4 g/larva and that for each larval instar
and amount of food, 4 replicates were done for
each treatment. The food source was fresh corn
leaves, identical to the feeding system used in
mass rearing, and checked daily to record the
number of larvae that were cannibalized and
replaced with food.

2.2.3. Experiment the difference in space size
The experiment consisted of 90 larvae that were
randomly selected for both the fourth and fifth
larval instar from the rearing colonies, divided
into three groups according to the available
space: small (10 length, 7.5 width, and 6 depth
cm), medium (14 length,11 width, and 5 depth
cm), and large (19 length, 15 width, and 7.5 depth
cm) plastic containers with holes at the top to
allow ventilation and provide the larvae with
maize leaves. This was done to determine if space
affects the cannibalism rate. The larvae were
placed in groups of 10 larvae in each plastic
container, and each treatment was repeated 3
times, depending on the area of the container
providing each instar larvae with enough food.
The number of cannibalistic larvae in each plastic
container was recorded until the larvae molted to
the next instar.

2.3. Data analysis

The duration of the various stages was calculated
(incubation period, larval duration, larval
mortality, larval pupation, pupal duration, pupal
weight, sex ratio, pre-oviposition period,
oviposition period, post-oviposition period,
fecundity, number of egg masses, number of eggs
per mass, adult longevity, cannibalism rate at
each instar within the same age, and cannibalism
at different spaces and different amounts of food).
All data obtained in this study were subjected to
data analysis by means of standard errors.
Differences in each A parameter measured by
one-way analysis of variance (ANOVA) through
software (GraphPad Statistical version 6.01).
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3. Results and discussion hatched. The eggs are covered with gray, white

o ] scales or not covered. Data in Table (1) show that
3.1. Blologlcal_ stud|e§ the mean of incubation periods was 1.35 + 0.1457
3.1.1. Incubation period of eggs days and the mean percentage of egg hatching
Females lay eggs in several shapes, either in the was 83.3%. Figure (1) shows the different
form of masses, patches, or clusters of pale green behavior of female S. frugiperda eggs.

or creamy white eggs that turn brown when

Table 1. Incubation period and hatchability percent of S. frugiperda egg stage at 30°C.

Biological aspect Mean + SE Range
Incubation period (days) 1.35+0.15 1-3
Hatchability (%) 83.33+6.92 80-100%

ey S - e |
Figure 1. Different oviposition behavior of female S. frugiperda under laboratory conditions.

3.1.2. Development of larval stage

Through the rearing of larval stages and the same table indicated the mean of mortality for the
follow up of the molting process, 6 different larval ages, where the mortality was highest in the
larval instars were recorded. These larval stages 3 instar 30%, and lowest in the 6" instar 3.33%.
development took an average of 13.6 days before The percentage of pupation resulting from the 6%
turning to the pupal stage shown in Table (2). The instar larvae was 96.67%.

Table 2. Mean and range duration of development of the larval stage (days) and mortality (%) of S. frugiperda.

Parameters Mean + SE Range Mortality% Mo

1t instar 1.33+0.17 1-2 23.30

2" instar 2.33+0.17 2-3 23.30

3 instar 2.83+0.17 2-4 30

4™ instar 1.43+0.09 1-2 20

5™ instar 2.20+0.12 2-3 6.60

6" instar 2.63+0.18 2-3 3.33

Total larvae 135 10-17
3.1.3. Duration of pupal stage mean period of 7.40 days. The average pupal
The sixth larval instar stopped feeding in the pre- weight was recorded as 0.17, and the percentage
pupal stage and began to form cocoons from soil of pupal mortality was 3.33% as shown in Table
grains. The pupal stage was completed within a (3).
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Table 3. Pupal duration, weight, and mortality (mean + standard error) of S. frugiperda.

Biological aspects Mean + SE

Pupal duration(days) 7.40 £0.18

weight(q) 0.17+0.02

mortality (%) 3.33+£3.33
3.1.4. Duration of Adult Stage eggs (pre-oviposition period), post-oviposition
Data in Table (4) showed results of the male and period, and between two oviposition were 2.67,
female longevity and biological parameters of 1.67, and 1.33 days, respectively. The results
females. female lives an average of 10 days indicate that the fecundity (no. of eggs/female),
compared to the male, which lives an average of no. of eggs/mass, and no. of egg mass were 696,
9 days. At the same time, the mean time required 97.5, and 18.33, respectively. The sex ratio of S.
for maturation of the ovaries and starting to lay frugiperda was approximately (16 3:149).

Table 4. Biological aspects of S. frugiperda adult stage reared in the laboratory at constant conditions.

Biological aspects Statistics
Range Mean + SE

No. of egg/female (fecundity) 494- 984 696+135.70

No. of mass/female 10- 27 18.33+4.91

No. of egg/mass 5-190 97.5

Pre-oviposition(days) 2-4 2.667+0.67

Post-oviposition period(days) 2-4 2.67+0.33

Between two positions(days) 1-2 1.33+£0.33

First egg (days) 2-4 2.667+0.67

Last egg (days) 9-11 10+0.58

Male longevity(days) 9 9+00

Female longevity(days) 9-11 10+0.58

Sex ratio 3: @ 16:14 1.14:1
3.2. Cannibalism cannibalism rate at 35%. The third and sixth
This experiment was conducted to determine instar larvae each recorded a cannibalism rate of
cannibalistic behavior within larval instars of the 30%.
same age, studying the effect of density, and food S. frugiperda larvae showed a higher rate of
guantity on cannibalistic behavior under cannibalism when feeding on maize leaves,
laboratory conditions. where the sixth larval instar recorded the lowest
3.2.1. Cannibalism within larval of the same age rate of cannibalism, 25%, the fourth larval instar
Data in Figure (2) showed the cannibalism rate showed the highest rate of cannibalism, 55%, and
among larvae of the same age when rearing on both the third and fifth larval instar showed a rate
castor and maize leaves. When rearing S. of 45%. There are no significant differences
frugiperda larvae on castor plant leaves, both the between the rates of cannibalism of larvae (P
first and second instar larvae exhibited a lower value = 0.07) when rearing on maize or castor
cannibalism percentage of 25%, whereas the leaves, as shown in Table (5).

fourth instar larvae recorded the highest
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Figure 2. Percentage of cannibalism behavior among S. frugiperda larvae of the same age on different plant hosts

under laboratory conditions.

Table 5. Cannibalism proportions of the different larval instar of S. frugiperda for different plant hosts (mean+ SE).

Instar larval Maize Castor P value
First instar 1.5+0.28 1.25+0.25

Second instar 210 1.25+0.25

Third instar 2.25+0.25 1.5+0.28 0.08
Fourth instar 2.75 +0.47 1.75+0.25 '

Fifth instar 2.25 + 0.47 1.5+0.28

Sixth instar 1.25+0.62 1.25 + 0.47

3.2.2. Relationship between food gquantity on
cannibalism in S. frugiperda larvae

Cannibalism in S. frugiperda larvae showed a
non-significant difference between the amount of
food in the evaluated instars, as shown in Table
(6). At 4" larval instar, the rate of cannibalism in
larvae was higher when the amount of food

decreased, and with an increase in the amount of
food, cannibalism decreased from 60 to 45%. As
for 51 larval instar, the rate of cannibalism was
recorded lower than that of 4™ larval instar, where
50% cannibalism was recorded at an amount of
0.5 g, and at 2 g recorded 40%. The data is shown
in Figure (3).

Table 6. Mean number of cannibalism larvae (mean £SE) on exposed to different food amounts of S. frugiperda

larvae.
Quantity of food
P value
059 1lg 29
Fourth larval instar 3+ 0.41 2.50+0.29 2.25 +0.49
) ] 0.51
Fifth larval instar 2.50 £0.29 2.25+0.478 20
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Figure 3. The percentage of cannibalism in the fourth and fifth instar larvae feeding at different food amounts of
maize.

3.2.3. Effect of different size space on fourth and fifth larval instars, where fourth and
cannibalistic behavior in S. frugiperda larvae fifth larval instar cannibalism recorded 46.6 and
The results data in Table (7 )show that there was 66.6%, respectively. However, when more space
no significant relationship between larval density was provided, the cannibalism rate decreased to
and cannibalism at the ages evaluated. Larval 36.6 for the fourth instar and 46.6% for the fifth
cannibalism was higher in small areas for both the instar, and these data are shown in Figure (4).

Table 7. Cannibalistic Behavior of Fourth and Fifth Instar S. frugiperda Larvae in Response to Varied Spatial
Densities (mean + SE)

Density Fourth Fifth P value
Small 4.66+0.33 6.66 + 0.88
Medium 4.33+0.33 5.33 £0.88 0.34
Large 3.66 +0.33 4.66 £1.76
70
60
= 50
240
£ 30
220
10
0
Small Medium Large
Size spaces

mFourth instar = Fifth instar

Figure 4. Percentage mortality of S. frugiperda larvae at places Figure 5. Cannibalistic behavior among S.
of different size. frugiperda larvae of the same age.

113



Abd -ElGalil et al.,

SVU-International Journal of Agricultural Sciences, 6 (3): 107-120, 2024

4. Discussion

The biological study revealed that the incubation
period of eggs is between 1-3 days ,with an
average of 1.35 days. These results are consistent
with the results found by Malekera et al. (2022),
who recorded an average incubation period of
eggs 1.50 days, and Chen et al. (2022) recorded
1.61 days of incubation period. There are also
many previous results that found an average
incubation period of 2 days (Schlemmer, 2018;
Garcia et al., 2018; Du Plessis et al., 2020; Hong
et al., 2022). Dahi et al. (2020), who recorded an
average incubation period of 2.1 days.
According to the results of the current study, the
average percentage of eggs hatching was 83.8%.
Regarding the rate of egg hatching in our study,
it seemed to be less than the study by Hong et al.
(2022), who recorded a hatching rate of 91%, and
Savadatti et al. (2023), reported the rate of
hatching eggs at 90% .These differences between
the results may be due to differences in humidity
and the photoperiod.

The results in the current study showed that the
average period of larval development was 13.5
days, ranging from 10to 17 days. These results
are consistent with the results reached by many
previous studies, as Schlemmer (2018) and Du
Plessis et al. (2020), found the larval
development ranges from 10-14 days, Hong et al.
(2022), reported the duration of larval
development ranged from 10-16 days, Malekera
et al. (2022) reported the average duration of
larval development was 12.64 days, and Savadatti
et al. (2023) recorded the mean of development
larval stage of 13.06 days. Our results differ from
the results recorded by Dahi et al. (2020), who
found that the average duration of larval stage
development was 18.6 days. These differences
between the results may be due to the different
plant host used to feed the larvae.

The results of the study showed that the average
percentage of larval mortality was lower in 6%
larval instar, 3.3%, while the highest percentage
of mortality in 3" instar was 30%, and mortality
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in 1%t and 2" instar was equal, 23.3%, and in 4"
instar, 20%, and in 5" was 6.6%, with an average
mortality rate of 17.8%. These results are
different from the results recorded by Chen et al.
(2022) who recorded the average mortality rate
was 0 at 1%, 3 and 4™ larval instars, and the
average mortality rate at 2" larval instar was
0.02, and 5™ larval instar was 0.05. Our results are
similar to the results by Savadatti et al. (2023)
who obtained a percentage of larval mortality of
22%. The higher rate of larval mortality in this
study than in previous studies may be due to
rearing larvae in small areas.

The results of this study indicated that the average
duration of the pupal stage at 30 °C was 7.4 days.
This is consistent with the results recorded in
several previous studies at the same temperature,
the average duration of pupal stage 7.7 days by
Dahi et al. (2020), 7.5 days by Malekera et al.
(2022), 7.6 days by Chen et al. (2022), 7.9 days
by Hong et al. (2022), and Savadatti et al. (2023),
recorded that the mean duration of pupal
development 7days. The results recorded in this
study were less than the duration of pupal
development recorded by Du Plessis et al.
(2020), who recorded that the average duration of
this period was 9 days.

Considering the weight of pupae in this study,
the average weight of pupae was 0.17g .These
results agree with Malekera et al. (2022), who
found that the weight of pupa ranged from 0.15 to
0.17g. The results of this study indicated that an
average mortality rate for pupae was 3.3%, and
this contradicts the results obtained by Chen et al.
(2022), who found that there is no mortality of
pupal stage at 30°C. It is possible that the
presence of pupal stage mortality in this study is
due to the occurrence of pupation in dry, not wet
soil, which led to some pupae not emerging.
Regarding the results of fecundity(egg/female) of
S. frugiperda, the number of eggs per female
ranged from 494 to 984 eggs, with an average of
696 egg/ female. This is somewhat similar to the
results reached by Garcia et al. (2018), who
recorded that the average number of eggs/female
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was 790.10 eggs. The results of this study were in
conflict with the results recorded by Saker et al.
(2021), who reported the fecundity of females
averaged at 355.2 egg/female, which is the lowest
rate ever recorded at a temperature of 30°c, Chen
et al. (2022), recorded an average female
fecundity of 956.83eggs, and Hong et al. (2022),
recorded the number of eggs/ female was
1400.50, which is the highest female fecundity
rate observed at 30°c. These differences between
the results may be due to differences in humidity
and the photoperiod

From the current study, the results for the first and
last egg laying (preoviposition and post
oviposition) were laid by the adult female
indicated an average of 2.66 days, and the
duration between each egg laying and the next
was recorded as an average of 1.3 days. These
results agree with the results of Saker et al.
(2021), recorded that the mean duration of pre-
oviposition was 2.05 days, post-oviposition was
1.05 days, while occurred oviposition period was
4.05 days. Dahi et al. (2022), who recorded mean
of pre-oviposition period was recorded at 2.1
days, Chen et al. (2022), who found the average
pre- oviposition duration was at 2.17 and the
oviposition period was 2.61 days, and Hong et al.
(2022), recorded the pre-oviposition and
oviposition duration an average of 3.33 days.
While Garcia et al. (2018), recorded the highest
average duration of the pre-oviposition and
oviposition were 4.8 and 5.2 days, respectively at
30°c.

In our study, the average male longevity was 9
days and that of the female longevity was 10
days. This is considered the highest average
recorded for S. frugiperda adults at 30°c
compared to previous studies. Garcia et al. (2018
), recorded the average longevity of the female
8.8 days, Saker et al. (2021) found that the
longevity of the male and female was almost the
same, as the male was 7.05 days and the female
was 7.14 days, and Savadatti et al. (2023),
recorded the shortest an average period of the
male and female of S. frugiperda, as the male was
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4.30 days, and the female was 5.30 days. The
difference in results may be due to the use of a
10% sugar solution instead of a 5% honey
solution, but this requires further study of the
effect of different concentrations of sugar
solution on the longevity of adults, the
oviposition period, and pre-oviposition.

The results of the current study confirmed the
existence of cannibalism within the larvae of the
same age at all larval ages of S. frugiperda, but
the rate of cannibalism was high in 4" and 5%
larval ages compared to immature ages when
reared on maize and castor plants, but the rate of
cannibalism was in the total is high when reared
on maize, and this may be due to the maize plant
its preferred host. The results also show that the
stage of larval development is an influential
factor in cannibalism. The results of this study
agree with Khafagi et al. (2023), who recorded
the highest cannibalism rate in 4™ larval age,
41.3% and the rate of cannibalism among larval
instar was significant, and Tang et al. (2016)
found that the cannibalism is more frequent by
development larvae in 3", 4™ and 5" with rate
41.6, 60, and 73.3, respectively. These results
were contrary to the results by Murata et al.
(2023), who found that cannibalism does not
occur among 6™ larval instar, although some
larvae bite other individuals of the same age with
their mandibles, Mbuji et al. (2022), recorded that
cannibalism was not observed before 2" larval
age, and the highest rate of cannibalism was
recorded in 5" larval age, while 6" larval age
showed a decrease in activity and food intake, and
this may be related to its entry into the pupation
stage, Kasiga et al. (2022) found that the
cannibalism did not occur in 1%t and 2" larval
instars and recorded the highest rate of
cannibalism in 4™ and 5" with an average of 0.20
and 0.22, respectively, and decreased at 6" larval
instar. Grobler (2019), who documented
cannibalism in 4" larval age and above, it may be
the possible reason for the absence of
cannibalism in the first three instars that feed on
maize may be the lack of pressure in terms of area
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and density and found the rate of cannibalism is
higher when S.frugiperda larva reared on maize
than castor, and Chapman et al. (1999b) observed
that cannibalism is rare in the early stages of
larval development and that it increases sharply
inthe 5" and 6™ larval instars. The higher rate of
cannibalism in S. frugiperda larvae that feed on
maize than on castor may be due to the fact that
castor leaves contain more nutritional value than
maize leaves or may contain substances that alter
the bacterial community within the digestive
system of the larvae and thus could in turn affect
their nutritional status larvae (Dyer et al., 2008;
Da Silva & Parra, 2013; Maheshwari &
Kovalchuk, 2016; Grobler, 2019). The higher
incidence of cannibalism in mature larvae than in
immature larvae is due to the increased mobility
and higher predation force provided by the
stronger physical structure of the mandible in the
mature larvae (Zago-Braga & Zucoloto, 2004).
Dial& Adler (1990) found that at the moment of
molting, the larvae become more vulnerable to
attack and cannibalism increases. A possible
reason for the increase in cannibalism at older
ages is that people eat more and become density
population in terms of space (Fox, 1975; Polis,
1981; Joyner & Gould, 1985; Raffa, 1987;
Richardson et al., 2010).The differences in the
results of this study compared to previous studies
may be due to the temperature, as Wang et al.
(2010) found that temperature significantly
affects the increase in cannibalism, and Tang et
al. (2016) found that cannibalism behavior
increases at 31°C compared to 22, 25, and 28°C.
Our study indicated that cannibalism is more
frequent when the amount of food is 0.5 g/ 5
larvae compared to its occurrence when the
amount of food is 2 g/ 5 larvae. The results of this
study agree with Machado et al. (2022), who
found that the absence of food led to an
intensification of cannibalism in the fourth and
fifth larval ages at a rate of 65 and 72%,
respectively, at 31 °C, and that by increasing the
amount of food, the rate of cannibalism decreased
. they observed that the amount of 10g of feed
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artificial diet reduces cannibalism in the fifth
larval instar, and the amount of 15 g of artificial
diet is sufficient to feed larvae of the third and
fourth instar for 72 hours, Ren et al . (2020)
observed that cannibalism often occurs when
rearing populations of FAW larvae, even though
there is sufficient food available, Tang et al.
(2016) found that cannibalism is influenced by
the arrangement of food in the rearing container
when using more complex combinations in
artificial  diet arrangements, which pose
difficulties for the larvae to come into contact
with each other, leading to lower rates of
cannibalism, observed no significant differences
in cannibalism between different treatments as
the amount of food increased. Byrd & Castner
(2001) reported that cannibalism in S. frugiperda
larvae was common even when food was not
limited but occurred increasingly at low food
quantities or high rearing densities, and Fox
(1975) mentioned that the relationship between
the incidence of cannibalism and the amount of
food is inverse and that cannibalism occurs even
when its food sources are still plentiful. Chapman
et al. (1999b) recorded that cannibalism in FAW
larvae occurs until food is available.
Cannibalistic behavior is affected by several
factors, including temperature and quantity of
food, the nutritional quality of the food, and the
stage of the larvae (Sigsgaard et al., 2002;
Richardson et al., 2010; Vangansbeke et al.,
2014).

From the current study, it was recorded that
cannibalism increases with a decrease in the
space per larvae when kept in closed plastic
boxes. Many studies agree with these results, as
Grobler (2019) found that cannibalism was not
significantly affected by differences in the
density of larvae feeding on corn, and the rate of
cannibalism increased with increasing density in
a fixed area, Andow et al. (2015) reported that
cannibalism is density dependent because as
larvae congregate increasingly, encounters
become more frequent and random. So, when
there is a constant space for larvae, as density
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increases, the rate of cannibalism increases.
Cannibalism in FAW larvae increases when food
guantity is low and population density is high
(Richardson et al., 2010; Vangansheke et al.,
2014; Murata et al., 2023).

5. Conclusion

The results of the current study indicated that
cannibalism appears to be an obligatory behavior
in fall armyworm larvae under laboratory
conditions, and the frequency of cannibalism was
higher when larvae were reared on corn leaves
than on castor leaves. Cannibalism is affected by
the type of food, quantity of food, larval density,
and larval development. Cannibalism was
frequently higher in fourth and fifth instar larvae,
but there were no significant differences between
cannibalism and larval development, density, and
food quantity. Cannibalism increased at high
density and low food quantity.
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