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Abstract

Insects engage in cannibalism, a behaviour in which they devour members of
their own species. This paper brings together current knowledge on the
mechanisms, functions, and implications of insect cannibalism to improve
scholarly understanding of this ubiquitous phenomena. We give the ecological
and evolutionary situations in which cannibalism occurs, emphasising its adaptive
value and the processes that drive such behaviours. Molecular components,
including physiological and behavioural features, are studied, with a particular
emphasis on the signals, pheromones, and environmental factors that cause
cannibalism. The study also looks at the genetic and neurological underpinnings
of cannibalistic behaviour in insect populations. Beyond predation for sustenance,
cannibalism's responsibilities in population management, resource rivalry, kin
selection, and as an adaptive reaction to environmental challenges are discussed.
Furthermore, the study also investigates the relationships between cannibalism
and other ecological phenomena like as parasitism and mutualism. The
ramifications of insect cannibalism are examined in terms of pest control,
population dynamics, and biodiversity conservation. This literature synthesis
provides a thorough examination of the ecological and evolutionary relevance of
insect cannibalism, providing insights useful in insect ecology, pest control, and
conservation initiatives.
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Introduction

Cannibalism has a frequent connection with weird and Instinctivebehaviour.
Cannibalism in entomology is defined using three major criteria as prey
developmental stage, cannibal and prey genetic link, and cannibal and prey age
relationship. (Smith et al.,1991). This categorization method sheds light on several
types of insect cannibalism, including filial cannibalism, sibling cannibalism, and
non-kin cannibalism. It also clarifies the age connection between cannibalism and
prey, distinguishing intra- and inter-cohort cannibalism. These criteria aid in
understanding the evolutionary adaptationand ecological consequences of insect
cannibalism. What exactly is cannibalism? Cannibalism is the act of executing and
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eating a conspecific in whole or in part. It is a pervasive unusual behavior from an
evolutionary point of view throughout animal taxa. The term 'cannibal' originates
from the Spanish word 'cannibal,' which itself is derived from the pre-Columbian
Taino term 'caniba'. Christopher Columbus used this term to describe the Caribs,
a tribe he portrayed as fearsome. Earlier studies on animal cannibalism
meticulously documented the diverse circumstances under which this behavior
occurs and analyzed the various benefits and detriments associated with it,
highlighting the significant impact cannibals have on their populations. (Fouilloux
et al., 2019). Cannibalism has been documented across nearly all animal groups,
making the consumption of kin and conspecifics a fascinating, albeit sometimes
perplexing, behavior in the animal kingdom. Since cannibalism has been
documented in practically every group in the animal kingdom, kin and specific
consumption continue to be fascinating, in some ways, in other cases, strange
behavior occurs. For instance, birds have evolved asynchronous hatching, wherein
the earlier hatching of older eggs results in chicks that may be consumed by their
siblings. (Wegrzyn et al.,2023). in Sand tiger shark embryos consume their
siblings in utero. (Castro et al.,2016). What possible benefits might cannibal
behavior give if there are cannibals in so many distinct groups? This review study
on cannibalism in insects aims to clarify and enhance our understanding of this
remarkable issue. Cannibalism, a predation form occurring within various
species, is prevalent in the arthropod phylum. While most observed in predatory
species due to their specialized mechanisms for locating, capturing, and
consuming prey, it also exists among scavengers and herbivores. This behavior
involves complex predator-prey interactions, including targeting strategies,
capture techniques, and physiological adaptations for digesting animal tissue.
Remarkably, cannibalism extends to non-carnivorous insects, with around 130
species from orders such as Blattodea, Coleoptera, Diptera, Hemiptera,
Hymenoptera, Lepidoptera, and Orthoptera engaging in this practice (Richardson
et al., 2010). Significantly, Coleoptera and Lepidoptera comprise 75.3% of the total
species engaged in cannibalism within these taxa. In many cases, cannibalism
serves as a tool for population self-regulation, effectively limiting excessive
population increase and regulating epidemics (Richardson et al., 2010).
Cannibalism has been observed across a wide range of taxa, each exhibiting
unique ecological and evolutionary implications. In Platyhelminthes, the species
Schmidteamediterranea demonstrates adelphophagy, where embryos consume
one another, an adaptation likely serving to reduce competition among siblings
(Harrath et al.,2009). Rotifers, such as Cephalodellacatellina, exhibit sexual
cannibalism, a behavior where females consume males post-copulation,
potentially to gain nutritional benefits that enhance reproductive success
(Alvarado et al.,2017). In copepods like Acanthocyclopsamericanus, adults have
been observed consuming their own nauplii, which might be a response to
environmental pressures or resource scarcity (Enriquez et al.,2013). Phytoseiid
mites engage in competitive interactions where individuals may cannibalize
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conspecifics to reduce competition for limited resources (Calabuig et al.,2017).
Among fish, the three-spine stickleback Gasterosteusaculeatus shows instances
where adults consume juveniles from other nests, which could be a strategy to
eliminate future competitors (Pereira et al., 2017). Similarly, the Montpellier snake
Malpolonmonspessulanusexhibits sexual cannibalism, with potential reproductive
advantages for the consuming female (Glaudas and Fuento 2022). Avian species,
such as the Eurasian hoopoeUpupaepops, display sibling cannibalism, often driven
by resource limitations leading to the stronger offspring eliminating weaker ones
(Soler et al.,2022). In mammals, intraspecific infanticide is observed in grey seals
Halichoerusgrypus, where adults kill conspecific pups, possibly as a strategy to
reduce competition or enhance their own offspring's survival chances (Bishop et
al., 2016). These diverse instances of cannibalism across taxa highlight the
complex interplay of ecological and evolutionary forces shaping such behavior.

Reasons behind the need for cannibalism

Cannibalism is caused by a variety of circumstances, the most important of which
is a paucity of food supplies and the accompanying high population density.
However, cannibalistic species may experience a large increase in fitness
because of the better quality of their meal, making this behaviour equally
favourable in some settings. (Fisher et al.,2018). Cannibals profit not only from
increased food sources because of rivalry reduction, but also from the superior
nutritional content of feasting on arthropod body tissues rather than plant tissues
(John, 2008).

Within the realm of cannibalism, this study carefully navigates the fine line
between predation and filial cannibalism, unveiling the distinct triggers behind
these behaviors. It explores the underlying neurobiological and physiological
elements, from the influence of hormones and neurotransmitters to genetic
predispositions.Environmental factors, such as temperature, resource availability,
population density, and competition, come under scrutiny to unveil their roles in
shaping cannibalistic tendencies. At its core, this review underscores the
multifaceted functions of cannibalism, from enhancing survival and development
to conferring reproductive advantages, while also shedding light on its pivotal
role in regulating populations and minimizing competition. The intricate interplay
between cannibalism, maternal investment, and parental care is dissected,
revealing captivating trade-offs with evolutionary implications. Additionally, the
study extends its gaze beyond evolutionary debates, delving into ecological and
conservation dimensions, and even practical applications in pest control and
agriculture.

Methods and approach to the study of cannibalism

Pursuing live prey is deemed hazardous and necessitates unique evolutionary
traits, leading to the occurrence of cannibalism across various species.it raises
questions about its purpose, in terms of adaption, and evolution in non-
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carnivorous organisms. In essence, this behavior manifests when a member of a
species actively hunts, kills, and consumes another member belonging to the
same species. This conduct is prevalent among various animal species, especially
in circumstances of resource scarcity or when it confers reproductive advantages.
There are three common predatory techniques in the insect kingdom
(Vijendravarma et al., 2013).Numerous predatory insects, such as ground beetles,
tiger beetles, and ant lion larvae, employ their mandibles for prey capture and
consumption. Alternatively, another group of insects, including praying mantids,
gigantic water bugs, and ambush bugs, utilize specialized front legs, known as
raptorial legs, to seize and immobilize their prey. A third method of prey capture,
predominantly utilized by aerial predators, entails grasping prey with all
appendages while in flight. Dragonflies, robber flies, and scorpion flies are
examples of insects that use this strategy. It is worth noting that these insect kinds
have a specialist feeding strategy, preying on arthropods of adequate size found
in their environment (Hoback et al.,2006).

Cannibalism among various species serves distinct adaptive functions and incurs
specific costs, reflecting a complex interplay between ecological and
evolutionary pressures.

Caterpillars of the Spodoptera genus exhibit intraspecific predation, a form of
cannibalism that is hypothesized to exhibit significant genetic diversity in its
manifestation. (Du, Xing-Xing, et al.,2023). While this behavior can confer
nutritional advantages, it also carries substantial costs, particularly in terms of
increased disease transmission. The genetic variability in cannibalistic tendencies
among Spodoptera caterpillars underscores the complex balance between the
benefits and detriments of such behavior. (Vergara et al., 2016)

Highly gregarious locusts (Hansen et al.,2011) and crickets engage in
cannibalism between species, primarily driven by the need for protein and salts,
which are crucial for their survival. This form of cannibalism facilitates longer
lifespans and the ability to undertake extensive migrations. However, the
avoidance of cannibalism also plays a critical role in their behavior, highlighting
the dual pressures of obtaining nutrition and mitigating the risks of predation.
(Simpson et al., 2006).

In Drosophila melanogaster, predatory cannibalism is observed and is influenced
by factors such as survival, phenotypic plasticity, genetic variation, and nutritional
status. This behavior enables individuals to adapt to varying environmental
conditions, enhancing their chances of survival and reproduction. The interplay
between these factors illustrates the multifaceted nature of cannibalism as a
survival strategy in this species. (Ahmad et al., 2015).

Each of these examples demonstrates how cannibalism can be a complex
adaptive strategy that balances nutritional benefits with the inherent risks, shaped
by the specific ecological and evolutionary contexts of each species.
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Fig l.illustrates cannibalistic behavior in Drosophila melanogaster larvae. (a) A
first instar larva attacking an isolated third instar larva. (b) A second instar larva
utilizing its mouth hooks to breach the victim's cuticle. (c) A first instar larva
burrowing into the flesh of a third instar larva. (d) Younger larvae engaging in
group cannibalism on third instar larvae along the walls of a culture bottle. The
scale bar represents 0.5 mm. All images capture spontaneous attacks occurring
within culture bottles, even in the presence of food. (Vijendravarma et al., 2013).

Drosophila melanogaster, commonly considered harmless decomposers of
vegetable matter and associated microbes, exhibit unexpected carnivorous
behavior under certain conditions. While Drosophila hydei larvae are known to
scavenge carcasses of adult insects, Drosophila melanogaster larvae have been
observed engaging in active predation on conspecific larvae. This behavior
appears to confer nutritional benefits, particularly under conditions of food
scarcity, in stark contrast to adults, which derive no such advantage from the
carcasses of their peers. (Gregg et al.,, 1990).In Drosophila melanogaster,
cannibalistic behavior predominantly features younger, smaller larvae preying on
pre-pupation wandering larvae, which possess the greatest body mass but have
stopped feeding, rendering them particularly susceptible.The larvae's mouthparts
are poorly adapted for predation, necessitating extended rasping to penetrate the
victim's cuticle. Although wandering larvae can defend themselves by writhing
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and using their mouth hooks to counterattack,become virtually immobile as they
undergo metamorphosis, making them easy targets for cannibalism.
(Vijendravarma et al., 2013).

In nature, Drosophila larvae densities are typically lower, and females avoid
ovipositing in crowded food sources. (santos et al.,1999). However, late-hatching
larvae in deteriorating food patches may face nutritional limitations, enhancing
the incentive to cannibalize more developed conspecifics. Although direct
evidence of natural cannibalism is limited, laboratory observations indicate that
cannibalistic predation is an intrinsic behavior of Drosophila larvae. This behavior
may influence both intra- and interspecific competition, stabilize population
dynamics, and preserve species diversity. (Atkinson et al.,1979).

Triggers and Distinctions of predatory cannibalism

Predatory cannibalism, which involves murdering conspecifics for consumption, is
considered the most selfish behaviour. While it can be used to eliminate
competitors (wise, 2006) and (crossland et al.,2011) or as a way of mating (Welke
et al., 2012), it is mostly a technique of Supplementing nutrition. (Roy et al.,2007).
(Hansen et al.,2011). Cannibalism has significant ecological impacts on
population dynamics, trophic interactions, disease transmission, and
epidemiology. (Richardson et al.,2010). (Rudolf et al.,2008). Cannibalism is a
natural behaviour for predatory animals, as they frequently consume conspecifics
as prey. (Kishida et al.,2009). Egg cannibalism is enabled by the tiny size,
immobility, and defenselessness of eggs, allowing a wider range of species to
partake in it or prey on younger juveniles. (Roy et al., 2007). Some predators
aggressively patrol territory for intruders or possible prey. This territoriality
might result in predation (Via, S.,1999).

Filial cannibalism

Filial cannibalism, or adults eating their own or conspecific offspring, is unusual in
the insect world. Many insect species lack parental care, which contributes to their
exceptions (Richardson et al., 2010). Nonetheless, this behavior has various
advantages, including refilling the adult's energy reserves after the hard
reproductive process and imposing selection pressure on the offspring,
promoting survival of the fittest. Filial cannibalism compensates for the male
Assassin Bug's (Rhinocoristristis) incapacity to forage by protecting its eggs from
predators and parasites. This behavior involves the ingestion of eggs on the
brood's perimeter in proportion to the male's size, which is more vulnerable to
wasp parasitism. (Thomas et al.,2003). Surprisingly, this cannibalistic behavior
remains even in the absence of parasitic dangers, implying a different function.
The level of cannibalism is closely connected to the duration of male care and the
overall brood size, indicating that males use the eggs as an additional food source
while performing custodial chores, resulting in diminished overall fitness. This
phenomenon appears as paradoxical behavior, however, eventually improves the
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parents' health and fitness, permitting them to care for their children and boosting
their odds of survival as long as another reproducing possibility (Thomas and
Manica, 2003).

The Burying Beetle (Nicrophorusvespilloides), on the other hand, engages in filial
cannibalism for another intent. The reproductive strategy of this beetle is to lay its
eggs on a buried vertebrate carcass, which serves as a critical food supply for its
progeny. However, the minimal nutrients offered by the corpse frequently fall
short of supporting the large number of larvae produced by the beetle. To reduce
possible progeny competition, the adult beetle eats extra larvae, often during
their initial larval stage, lowering brood size by up to half (Bartlett, 1987). These
findings highlight the numerous aspects of filial cannibalism in insects, revealing
that this fascinating behavior helps regulate the energy demands of parents, favor
the existence of robust offspring, as well as guarantees the best use of resources
in a variety of ecological contexts studied in the field of entomology (Bartlett,
1987).

Neurobiological and physiological factors

PAN: The Anti-Cannibalistic Pheromone

Cannibalism, identified as intraspecific predation, permeates diverse animal
species. (Fox et al., 1975), (polis et al., 1981) Consuming conspecifics augments
individuals' nourishment and energy levels, (Mayntz et al.,2006) exerting
substantial selection pressure and prompting the development of defensive
mechanisms against such predation. (Elgar 1992) Although the specifics of these
defensive strategies remain poorly understood, gregarious nymphs of the
migratory locust produce phenylacetonitrile, a chemical deterrent against
conspecifics, thereby mitigating intraspecific predation risk. Notably, cannibalism
is prevalent among locust species, particularly in protein-deficient environments.
This behavior, along with other locust behavioral traits, exemplifies phase
polyphenism in response to fluctuations in population density, wherein at lower
densities, locusts exhibit solitary behavior and minimize physical interactions.
(Bazazi, S. et al., 2008) However, as population density rises over a critical
threshold, behavioural repulsion reduces, resulting in reciprocal attraction and
greater encounters among conspecifics, enhancing the possibility of cannibalistic
interactions. Individuals in a group gain from cannibalising susceptible
conspecifics because it allows them to survive longer and migrate further than
solitary individuals who do not have cannibalistic chances. (Guttal et al.,2012) To
examine the olfactory backdrop of anti-cannibalism mechanisms, investigators
identified distinct cannibalistic features in Locustamigratoria. Cannibalism is
prevalent among gregarious locusts throughout their life stages, even in the
presence of ample plant-based nutrition. As hemimetabolous insects, locusts
undergo five successive juvenile instars before attaining maturity. Notably, the
apex of cannibalistic behavior occurs during the transition from the fourth to the
fifth instar, characterized by heightened aggression towards
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conspecifics.(Hansson et al., 2022) Seventeen distinct chemicals were found, all of
which are released exclusively during the gregarious period, when cannibalism is
common. Previously reported compounds include 4-vinylanisole (4VA) and
phenylacetonitrile (PAN). (Wei et al.,2017) VA works as an intraspecific
aggregation pheromone, whereas PAN repels avian predators and is a male anti-
aphrodisiac. (Wei et al.,2019)

S 25 50 100 250 300
Density

Figure 2 illustrates instances of cannibalism within Locustamigratoria. (a) Depicts a
fifth-instar migrating locust consuming a conspecific. (b) Presents data on the
frequency of cannibalism among gregarious fifth-instar nymphs across various
population densities. The information is visualized using violin-box plots, with
each test comprising six biological replicates. The plots indicate the mean with a
white dot, the interquartile range with a grey box, and the higher and lower
neighboring values with black lines. (Hansson et al.,2022)

Hormonal and Neurotransmitter Influences

The complicated patterns of alarm pheromones have been revealed in social
entomology by a painstaking study of Neotropical army ants, Ecitonburchellii and
Ecitonhamatum. These ecologically dominating species, distinguished by their
massive colonies, have used alarm pheromones as a potent tool to combat the
approaching threat of predators and competition. These warning signals, which
largely emanate from the mandibular glands, Intense responses characterized by
fierce anger. Frequently resulting in acts of cannibalism when confronted with
injured or weaker colony members. The most prominent of these chemicals is 4-
methyl-3-heptanone, which acts as a sentinel alarm stimulator. When compared to
the visceral reaction to a single crushed skull, its strong effect induces an evident
alarm response, although one that is significantly lessened in degree. Intriguingly,
our examination reveals broad differences in the alarm behaviors of closely
related species, with Ecitonburchellii deploying a higher number of workers and
major workers playing a critical part in Ecitonhamatum response dynamics. These
disparities may be anchored in each species' foraging habits and the numerous
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functions these pheromones play, not only in defense but maybe even in attacking
endeavors. As a result, the discovery of these alarm pheromone systems reveals a
fascinating aspect of social insect biology, one distinguished by sophisticated
modifications and varied environmentally conscious dominance (Makoto et al.,
2010).

Cannibalism in honeybee colony

While interesting and perhaps counterintuitive, cannibalism among honey bee
colonies is a well-documented occurrence with various underlying causes. This
behavior is frequently observed in response to environmental problems, most
notably food scarcity, especially when the supply of protein-rich supplies
becomes uncertain. During times of shortage, nurse bees may turn to eating their
own brood, preferring older larvae. Furthermore, honey bees' hygienic nature
plays an important part in this behaviour, as they aggressively remove and devour
sick brood to avoid pathogen transmission inside the colony. Added to that,
seasonal changes contribute to this behaviour, as bees efficiently preserve
resources by devouring brood during periods of variable supply of food, while
anticipating more favourable foraging circumstances. These findings highlight
honey bees' amazing flexibility and unshakable devotion to the communal well-
being of the community, even if it entails the unusual act of cannibalism (James,
2023). Cannibalism of infected pupae (Posada et al., 2021) is a major pathway of
DWYV transmission in honey bee (Apismellifera) colonies. This behaviour not only
distributes the virus among adult bees, but it also demonstrates how complicated
and nuanced DWV transmission dynamics are. Understanding the role of
cannibalism in the transmission of DWYV is critical for creating ways to reduce the
virus's impact on honeybee populations. (cook et al., 2023)

Genetic predispositions

For decades, the flour beetle (Triboliumcastaneum), a popular model organism for
population genetics studies, has been the focus of cannibalism research (Park et
al. 1961; Stevens 1989). The wild-type bl strain was used to create four strains with
various degrees of cannibalism. Interestingly, these strains maintained steady
cannibalism levels over two decades after only one bout of moderate selection
(Stevens and Mertz 1985). According to research, those with a high cannibalism
genotype are less effective at extracting nutrients from wheat (Via,1999), lending
credence to the nutritional benefit concept of cannibalism. This idea proposes that
cannibalism compensates for food shortages. Furthermore, the flour beetle's
ecology suggests an alternate water balance concept in which high-cannibalism
strain insects are less effective at obtaining or preserving metabolic water,
necessitating cannibalism to get water. In favourable conditions, beetles from low
and high cannibalism variants function similarly but use distinct methods. Low-
strain beetles excel in extracting nutrients from food, but high-strain beetles, with
their increased hunger for eggs, compensate for their worse nutritional adaption
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by consuming eggs. The difference in cannibalism rates is related to the high-
strain beetles' increased desire for eggs, which reflects a behavioural adaptation
rather than variations in search efficiency or accidental encounter rates with
victims. The stability of cannibalism levels in these strains is due to a combination
of dietary and behavioural adjustments. High cannibalism behaviour results from
an increased demand for eggs, indicating a shift in feeding behaviour.
Understanding these processes reveals the intricate relationship between dietary
requirements and behavioural adaptations in the development of cannibalism in
flour beetles. (Giray et al., 2001)

Environmental influences on sexual cannibalism:

Researchers interested in understanding the subtle dynamics at work in the
animal realm have taken an interest in praying mantis behavior, notably the
phenomena of sexual cannibalism. Among the myriad causes driving this strange
behavior, malnutrition emerges as a potent driver for female mantises'
cannibalistic urges. Empirical research has revealed an intriguing link between
the amount of hunger in female mantises and their proclivity to cannibalize their
partners. (Barry,2010) conducted a seminal study that demonstrated a clear
pattern: females who felt more hunger were more likely to participate in
cannibalism. This discovery emphasizes the clear link between the female's
physiological state and her readiness to participate in this seemingly brutal
behavior. Furthermore, Kynaston et al. (1994) demonstrated that malnutrition,
irrespective of the quantity of male display, is a key indicator of whether a female
mantis would participate in cannibalism. This discovery emphasizes the
importance of nutrition in moulding female behavior, implying a deeper
evolutionary strategy at work. The foraging strategy hypothesis emerges as an
enticing theoretical framework for understanding the fundamental mechanics of
sexual cannibalism in praying mantises. According to this theory, sexual
cannibalism is an adaptive behavior that delivers needed nutrients to the female,
hence increasing her fecundity - the potential to produce a higher number of
healthy children. In the interesting world of praying mantises, this unique
perspective emphasises the delicate relationship between ecological challenges,
reproductive success, and the perplexing practise of sexual cannibalism.
(Schneider., 2014)

Temperature and Cannibalism

Rhodniusprolixus, commonly known as kissing bugs, possess an exceptionally
advanced ability to detect heat, which drives them to bite objects with
temperatures resembling those of warm-blooded hosts, particularly when they are
famished. During their meals, these insects consume large quantities of blood
within minutes. Consequently, the ingested warm blood raises the body
temperature of fed bugs, making them attractive to their hungry counterparts.
Given that heat triggers biting behavior, a bug's elevated body temperature post-
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feeding could likely make it a target for starving conspecifics. It has been
suggested that cannibalism might have been a selective pressure promoting the
evolution of the kissing bugs efficient thermoregulatory system. To delve into the
intricate interplay between cannibalism and thermoregulation in these insects,
researchers manipulated body temperatures. This exploration is pivotal as it
sheds light on how recently fed bugs strategically modulate their body
temperature to diminish their allure to ravenous conspecifics, thus evading
predation.(Lazzari et al., 2018).The ability to detect heat from endothermic hosts
is a crucial adaptation for a blood-feeding strategy in insects. In kissing bugs, this
thermal sensitivity is both necessary and sufficient to trigger biting behavior.
These insects will feed on any object warmer than the surrounding environment,
provided the temperature is close to that of a potential host (Fresquet and Lazzari,
2011). Experiments have shown that at room temperature, most starving first-
instar larvae do not respond to non-heated, freshly fed fifth-instar conspecifics or
steel spheres, as evidenced by the absence of proboscis extension reaction (PER).
However, artificially heated bugs and spheres attract the larvae, prompting them
to extend their proboscis and attempt to bite (Lazzari et al., 2018). Kissing bugs
have one of the most acute heat detection abilities among animals. (Lazzari, 2009),
allowing them to accurately identify endothermic hosts and blood vessels
concealed under the skin (Ferreira et al., 2009; Flores and Lazzari, 1996). Their
sensory system is finely tuned to detect host cues, primarily through smells and
heat (Lazzari, 2009).

Resource Availability

Cannibalism as a survival mechanism, noticed when resources are sparse, is a
critical technique that allows consumers to get important food from smaller prey,
such as eggs and juveniles. This phenomenon, like a "life boat mechanism," is a
significant driver of population survival amid periodically resource variations,
which are typically caused by seasonal shifts. A thorough investigation of this
interaction via the lens of bifurcation theory for periodic differential equations
sheds light on its complex dynamics. Notably, in periodic habitats, the "life-boat
effect" appears as a major consequence of cannibalism, especially when starting
population biomass and intrinsic net reproduction number reach non-negligible
levels. This impact protects against population extinction during resource-scarce
periods, and it is more prominent in seasonally fluctuating ecosystems than in
more stable equivalents. When the population's stability is examined under
different conditions, it is revealed that cannibalism can operate as a stabilizing
factor, averting extinction in resource-depleted settings. However, in
circumstances with relatively abundant resources, cannibalism may result in lower
population levels compared to non-cannibalistic situations. The circumstances
outlined in this discourse specify the fundamental parameters influencing the
positive or negative effects of cannibalism on population dynamics, depending on
resource availability and population size structure. As a result, these findings add
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greatly to our knowledge of the ecological complexities of cannibalism in
changing habitats (Blayneh,1999).

Cannibalism in social wasps: uncovering nature's survival strategy
Cannibalism, which occurs in a variety of species, including social wasps, might
be baffling at first. When we dive into the complex web of ecological processes, it
becomes clear that cannibalism may function as a strategic survival mechanism.
Field investigations on Polisteschinensisantennalis indicate that food scarcity can
cause larval cannibalism. This behavior, found in social wasps, appears to fulfil
two functions. First, it can compensate adult wasps by providing a food when
resources are scarce. Second, and possibly more intriguingly, it speeds up the
production of the initial workers. This method relies heavily on age-dependent
cannibalism. Young larvae are more commonly cannibalized when prey is scarce.
This intentional act facilitates the rapid development of the colony's initial cohort
of workers, which is crucial for the survival and reproductive success of the
colony's foundresses. Notably, the supply of honey, which adult wasps and larvae
ingest, impacts the incidence of larval cannibalism. In cases where honey is
scarce, a distinct pattern arises. Foundresses prefer to cannibalize older larvae
more often, which results in a delayed emergence of the first workers. The causes
for this aged-dependent cannibalism tendencies, particularly under honey-
limited situations, are still being researched. One theory is that honey availability
influences the development of larval saliva, which is critical for wasp survival.
However, further study is required to completely understand these complicated
interactions (Kudé and Shirai, 2012)

Population Density and Competition

Cannibalism, a common behavior among insects, has a significant impact on
population dynamics and ecological interactions within these groups. This natural
phenomenon in which members of the same species devour one another has
been found as a significant contributor to mortality, frequently accounting for a
considerable number of fatalities within certain life stages. Its effect on insect
populations is determined by several factors, including the size-dependent nature
of competition and the relative competitive powers of cannibals and their
potential victims. Importantly, the dynamics of these populations are governed by
the interaction of cannibalism and size-dependent competition. Other than that,
cannibalism can produce a net energy gain for the consuming adults because of
their juvenile counterparts' eating. This extra energy can eventually boost
reproductive production, balancing the costs of higher mortality owing to
predation. As a result, cannibalism can help to stabilize population dynamics and
promote species cohabitation, especially when other food sources are sparse.
Furthermore, cannibalistic relationships within insect communities may have a
regulatory effect on interspecific interactions, thereby improving community
stability. (Fisher et al., 2021)



Scopus Indexed Journal June 2024

The various functions and societal role of cannibalism

Nutritional benefits

Cannibalism confers two distinct nutritional benefits. Firstly, it grants access to an
energy source unavailable to non-cannibals, thereby enhancing food availability
for cannibalistic individuals (Fox 1975; Rohwer 1978). Secondly, conspecifics may
offer a different nutritional composition compared to other prey, potentially
providing nutrients in more balanced proportions than heterospecific diets
(Pfennig 2000; Fagan et al. 2002).Population regulationCannibalism, once
considered an unusual or abnormal behavior, is now recognized as a significant
factor in the self-regulation of many communities, despite being relatively rare in
certain contexts.Cannibalism can serve as an internal mechanism of population
control, activated in response to worsening ecological conditions induced by
increasing conspecific densities. Consequently, cannibalism emerges as a highly
density-dependent factor influencing mortality rates (Rosenheim et al., 2022).

Evolutionary implications of cannibalism in biological and social contexts
Impact on mating strategies

Precopulatory sexual cannibalism represents a brutal kind of sexual assault since
it possesses the capacity to obliterate male fertility rates in both the present and
the future. Several female factors,such as body condition, mating status, and
orientation are anticipated to impact the probability of cannibalism, with males
predicted to adjust their approach behaviors accordingly to minimize the risk of
attack (e.g., adopting slower approaches and maintaining greater distance during
mounting (Jayaweera et al., 2015).Sexual cannibalism is a co-evolutionary
dilemma that has been seen in a variety of species, Among the predators
exhibiting sexual cannibalism are spiders (Andrade, 1996; Schneider, 2014),
scorpions (Peretti et al.,, 1999), and praying mantids (Kynaston et al., 1994;
Maxwell, 1999a). Females of these species are infamous for their voracious
behavior during mating, as they possess the tendency to consume their mates
before, during, or after copulation (Dougherty et al., 2013).

The research on male mantid mating behavior in the setting of female
cannibalism detailed here gives unique insights into the evolutionary implications
and consequences on mating strategies in insect cannibalism behavior. The
findings of the study imply that male mantids are not opportunistic in their mates
choosing; rather, they are picky when approaching possible mates. This behavior
contradicts the widely held belief that male reproductive success in the animal
kingdom is often partner-limited, resulting in males seldom being picky in their
mate selection. The relevance of these discoveries is highlighted by one severe
expense of reproduction, particularly in the event of sexual cannibalism.
According to the findings, male mantids do not passively accept the danger of
cannibalism, but actively adjust their behavior in response to the possible danger
imparted by females. This plasticity in mate selection shows that males have
developed techniques to reduce the danger of cannibalization during mating.
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Furthermore, the study investigates how males may use environmental signals to
estimate the energy condition of females to make partner selection decisions.
Male mantids have a predilection for females who are already devouring prey.
This propensity for recently fed females may have developed as a defense
mechanism against sexual cannibalism. It means that male may have acquired the
ability to judge female nutritional state, thereby reducing their own risk of
cannibalism by mating with well-fed females. These findings have larger
evolutionary ramifications since they call into question the idea that male insects
should display indiscriminate mating behavior owing to partner scarcity. Instead,
they emphasize male mantids' plasticity and active decision-making in response
to the high reproductive cost of cannibalism. (Avigliano et al.,2016).

Genetic Diversity and Adaptation

Genetic variety is critical in molding our planet's complicated web of life,
allowing species to adapt to a wide range of ecological problems. Cannibalism in
insects is a fascinating occurrence in the domain of evolutionary adaptation.
Cannibalism, or the act of devouring members of one's own species, is a
contradiction that has captivated biologists for decades. This behavior reflects not
just ecological interactions, but also genetic variety and its importance in allowing
insects to adapt to changing surroundings. In this context, the study of genetic
variety and adaptability in the context of insect cannibalism reveals an enthralling
voyage into the complexities of evolutionary biology. This investigation looks at
how genetic variety might either encourage or prevent cannibalistic behaviors,
impacting the adaptability and survival of insect populations in ever-changing
settings. Understanding the interaction between genetic variety and cannibalism
gives insights into the amazing techniques used by these organisms, sheds light
on their evolutionary journey, and may offer useful lessons for the larger area of
ecology and genetics.

Locust behavioral phase polyphenism: genetic diversity and adaptation

The phenomena of locust swarming, with its destructive harm to agricultural
output and flora, has long enthralled scientists and agricultural producers across
the world. Scientists have been perplexed for decades by the unexplained
transition in locust behavior from solitary to gregarious, which is driven by
changes in local population density. According to recent research, the answer to
this behavioral puzzle resides in the realms of genetic variety and adaptability.

Adaptive Evolution: This change in behavior constitutes more than simply a
reaction to external stimuli; it is the result of generations of adaptive evolution.
Locust colonies have most likely developed and preserved genetic variety,
allowing this adaptive behavior to occur when it is required. The capacity of these
insects to quickly switch from avoidance to attraction as population density
increases demonstrates their genetic flexibility. It's a stunning example of how
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genetic diversity, sculpted by evolutionary processes, enables locusts to survive
in a variety of ecological settings.

Consequences for locust populations: The evolutionary adaptation observed in
locusts, which is characterized by their ability to switch between avoidance and
attraction behaviors in response to variable population densities, has significant
ramifications for their population dynamics. This behavioral flexibility is anchored
at its core by genetic variety, which allows locusts to traverse shifting
environmental situations with precision. This genetic flexibility enables them to
successfully utilize available resources and adjust to population density variations.
Therefore, locust populations not only ensure their immediate survival, but also
lay the groundwork for the species' long-term existence.

Future research and pest management: Investigating the genetic foundations
of locust behavioral phase polyphenism and its critical role in adaptability reveals
intriguing potential study directions. It offers a unique perspective through which
we may obtain a better understanding of the complicated mechanisms driving
locust population variation and their incredible capacity to survive and prosper.
Furthermore, this understanding has use in pest management tactics. It navigates
up the opportunity to the advancement of improved preventive and management
techniques that correspond with the inherent flexibility of these enigmatic insects
by providing a thorough understanding of locust outbreaks and the variables
influencing their occurrence. (Guttal et al., 2012)

Practical and applied aspects of cannibalism in various fields

Pest control strategies

Cannibalism, defined as a conspecific fatal encounter, is a common occurrence in
many animals. Numerous natural adversaries, such as phytoseiid mites, display
cannibalistic behaviours to live in environments with low resources (Fox 1975;
Gabriel 1985; Gabriel and Lampert 1985; Polis 1980, 1981; Schausberger 2003).
Cannibalism has been proven in theoretical studies to have a stabilising effect on
predator-prey dynamics (Cushing 1991; Frauenthal 1983; Kaewmanee and Tang
2003; Kohlmeier and Ebenhoh 1995; van den Bosch et al. 1988; Walde et al 1992).
Empirical investigations show that generalist predators are more likely to
cannibalise than specialist predators (Schausberger and Croft 2000, 2001).

To achieve efficient biological control, natural adversaries' cannibalistic
inclinations must be mitigated. Providing more food is one way to diminish
cannibalistic behaviour, hence boosting predator biomass and decreasing prey
density. This method, known as seeming competition, is supplying non-
reproducing prey or supplemental food to increase predators' effectiveness in
pest management (Holt 1977).

Both theoretical and empirical studies on providing more food to predators has
generated some key findings (Harmon 2003; Harwood and Obrycki 2005; Koss



Scopus Indexed Journal June 2024

and Snyder 2005; Lundgren 2009; Pekas and Wackers 2017; Sabelis and van Rijn
2006; van Baalen et al. 2001; Wade et al. 2008). Providing more food of adequate
quality and quantity can not only assist remove pests from the environment, but it
can also diminish predator numbers if not managed properly (Srinivasu et al.
2007; Prasad et al. 2013). Furthermore, appropriate supplementary food might
enhance the population of cannibalistic natural enemies while decreasing their
hostility (Ferreira et al. 2008; Montserrat et al. 2006). Frank et al. (2010) found that
different food sources can reduce cannibalism and boost predator larval survival.
The helpful activity of parasites, viruses, and predators in regulating pests and
their harm is known as biological control. Biocontrol offered by these living
creatures, known collectively as '"natural enemies," is extremely useful for
lowering pest bug and mite populations. Natural predators effectively control
weeds in rangeland and wildland areas, such as Klamath weed. Despite the
presence of natural adversaries for plant diseases, nematodes, and vertebrates,
managing and recognizing this form of biological control is often challenging.
Strategies like conservation, augmentation, and classical biological control are
essential to harness the benefits of these natural predators. (Dreistadt et al.,2004).
The relevance of interactions between pests and their natural enemies is
emphasized in integrated pest control. When broad-spectrum pesticides are used,
pest and non-pest species are killed, and community's ecological equilibrium is
upset. Pesticides used in pear orchards to fight codling moth, for example, can
also kill pear psylla's natural enemies. Pear psylla may achieve great densities
and inflict substantial harm to the fruit in the absence of natural adversaries. Avoid
applying slightly and extremely hazardous pesticides between mid-June and
early July, when adult parasitoids are most active. Control measures that will be
least destructive to natural adversaries should be used.

Parasites, pathogens, and predators in biological control

A parasite is an organism that lives in or on a host and feeds off it. Insect parasites
can develop both inside and externally on the host. Typically, only the parasite's
immature stage feeds on its host. Nevertheless, apart from mortality caused by
parasitism, specific adult female parasites, like various wasps targeting scales and
whiteflies, engage in consuming and terminating their hosts. This conduct
signifies a frequently neglected yet significant form of biological control.

Natural enemy pathogens, which include microbes including bacteria, fungus,
nematodes, protozoa, and viruses, may infect and kill hosts. These infections can
significantly lower the populations of numerous pests like as aphids, caterpillars,
mites, and other invertebrates, especially under conditions of elevated humidity
or dense pest infestations, both natural disease outbreaks (epizootics) and
commercially available biological or microbial pesticides can be effective. Key
examples of these beneficial pathogens include Bacillus thuringiensis (Bt), insect-
parasitic nematodes, and granulosisviruses.Predators serve an important part in
biological control by Kkilling and eating various victims throughout their
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lifespan.Numerous amphibians, birds, mammals, and reptiles exhibit a voracious
appetite for insects. Predatory beetles, flies, lacewings, true bugs (Hemiptera),
and wasps actively seek out and consume nuisance insects and mites.
Additionally, most spiders primarily subsist on insects. Furthermore, predatory
mites belonging to the genera  Amblyseius, Neoseiulus, and
Galendromusoccidentalis specialize in preying upon nuisance spider mites.
Which helps with pest management. This integrated strategy, which includes
parasites, pathogens, and predators, emphasizes the complexities and efficiency
of natural biological control mechanisms in pest management.

Research Gaps and Potential Avenues in the Study of Insect Cannibalism
Ecological Context and Drivers

Significant research has explored the incidence of cannibalism in insects, yet
there remains a substantial gap in understanding the ecological contexts and
environmental variables that drive this behavior. Critical factors such as resource
availability, population density, temperature, and predation risk need to be more
thoroughly investigated to comprehend their relationship with cannibalistic
behavior.

Potential Research Avenues: Field surveys and controlled experiments could be
conducted to examine how varying environmental conditions influence the
occurrence of cannibalism across different insect species. This research would
enhance predictive models of cannibalism's incidence and its ecological impact.

Evolutionary Significance

Although some studies have addressed the evolutionary aspects of cannibalism in
insects, further research is essential to uncover the genetic and evolutionary
foundations of this behavior. Specifically, understanding the genetic basis of
cannibalism and its long-term effects on population dynamics is crucial.

Potential Research Avenues: Genetic and genomic analyses of insect species that
exhibit cannibalistic behavior could identify the genes and pathways involved.
Additionally, long-term experimental evolution studies could provide insights into
the adaptive significance of cannibalism and its role in insect diversification.

Behavioral Mechanisms

The behavioral mechanisms underpinning insect cannibalism are complex and
not fully understood. Key questions include how insects detect opportunities for
cannibalism and what factors influence their decision-making processes.

Potential Research Avenues: Ethological studies could elucidate the behavioral
triggers and cues that lead to cannibalistic behavior. Research could also focus on
how individual variation, learning, and prior experience affect these interactions.
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Impact on Ecosystems

Insect cannibalism can significantly impact ecosystem dynamics by regulating
prey populations and altering food web structures. However, more research is
needed to quantify and predict these ecological effects, especially considering
environmental changes and species interactions.

Potential Research Avenues: Ecological modeling and field studies could assess
the broader implications of insect cannibalism on community dynamics and
ecosystem stability. These investigations should also consider the potential
cascading effects on other trophic levels.

Conservation and Pest Mlanagement

Understanding and harnessing cannibalistic behavior in insects could be
beneficial for pest control and conservation efforts. Nonetheless, more research is
required to explore the practical applications of insect cannibalism in these
contexts.

Potential Research Avenues: Investigating the use of cannibalism as a pest
management strategy in agricultural settings could prove valuable. Additionally,
exploring how managing cannibalistic interactions might aid in the conservation
of native species could provide new tools for biodiversity preservation.

While there is a vast corpus of study on insect cannibalism, there are significant
gaps in understanding the delicate dynamics driving this phenomenon. These
gaps include a lack of understanding of the ecological conditions that lead to
cannibalistic behavior, the intricate behavioral mechanisms that govern such
interactions, and the substantial evolutionary ramifications for insect populations.
Given the importance of these queries, a comprehensive program of future
research is required to methodically disentangle these perplexing elements.
Future research endeavors are expected to uncover the fascinating subtleties that
govern insect relationships, therefore enhancing our academic grasp of this topic.

Conclusion

The goal of this literature synthesis is to offer acomplete review of the ecological
andevolutionary importance of insect cannibalism. This endeavor advances our
understanding ofthe intricate interplay of forces that generate this fascinating
occurrence, providing insights useful to sectors ranging from insect ecology to
pestcontrol and conservation initiatives.
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