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ABSTRACT

Insects are one of the most diverse groups of organisms, inhabiting a wide range of ecological
niches and facing constant threats from predators, parasites, and pathogens. Their survival
depends on the integration of physiological immunity and adaptive behavioral strategies.
Behavioral immunity includes non-immunological responses that reduce pathogen exposure and
transmission and is categorized into qualitative resistance, quantitative resistance, and tolerance.
In addition, insects employ defense mechanisms such as camouflage, mimicry, structural barriers,
chemical defenses, and specialized behaviors to protect against natural enemies. These combined
strategies enhance survival and fitness in diverse environments. Understanding these defense
mechanisms provides useful insights for developing sustainable pest management strategies and

improving ecological research.
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INTRODUCTION

Insects are a diverse group of organisms inhabiting a wide range of habitats under different
climatic regimes. They are the major pests of agriculture, destroying about one-fifth of global
agricultural produce annually. They are exposed to threats from other organisms such as
parasitoids, predators, and microbes that naturally infect them and cause epizootics. Moreover,
these living organisms are also used by human beings under biological control for the
management of insect pests. Regardless of the means used to control them, they are still out
there in the fields thriving successfully with the help of their immune and defense systems (Raju et
al. 2022). The immune system of insects enables them to withstand parasitism and pathogens
(Eleftherianos et al. 2021). The word “immunity” is often associated with the physiological and
genetic pathways that underlie the innate and adaptive immune systems, but the concept of

immunity needs to be extended to these non-immunological defense mechanisms to obtain a
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complete understanding of how hosts defend themselves against parasites (Parker et al. 2011).
Changing environment demands organisms to change in order to survive. Organisms respond to
their environments by making different types of adaptations. To survive the environmental
extremes, to escape or alleviate environmental adversities, insects have evolved a number of
adaptations. Insects may feign death, a response termed thanatosis, show different colors and
patterns, which serve as a defensive function by offering a degree of protection from predators
and to adapt in the environment (Sheikh et al. 2017).

Behavioral Immunity in Insects

Behavioral immunity can be described as a range of strategies adopted by insects to reduce
infection risk and limit disease transmission without involving internal immune mechanisms. Unlike
physiological immunity, it does not involve immune cells or secretions but instead depends on the
actions of the organism. Insects are constantly exposed to pathogens such as bacteria, viruses,
protozoans and fungi. To cope with these threats, they have evolved various behavioral strategies
that enhance their survival and fitness.

Types Of Behavioral Immunity
Qualitative Resistance (Prevention of Infection)

Insects adapt strategies that help them to avoid infection called qualitative resistance. Just
as in humans, we protect ourselves from infection by maintaining proper hygiene, maintaining
distance and strengthening our immune system; similarly, insects avoid infection by adopting

various behavioral strategies such as:

1. Spatial avoidance: Insects avoid habitats that may contain predators or pathogens. For
example, females select safe sites for egg-laying (oviposition) to protect their offspring (Amano
et al. 2008).

2. Temporal avoidance: Insects adjust their activity patterns to avoid periods when parasites or
predators are active. Insects modify their activities and movements to avoid adverse conditions
or threats. An analogous pattern occurs in leaf-cutter ants (Atta cephalotes) which shifts from
diurnal to nocturnal foraging activity to avoid diurnal parasitic fly Neodohrniphora curvinervis
(Orr 1992).

3. Trophic avoidance: They avoid consuming contaminated or infected food sources. Many
viruses in insects are transmitted when host larvae consume foliage contaminated with virus-
infected cadavers. Larvae of the gypsy moth (Lymantria dispar) avoid feeding on leaves
contaminated with virus-infected conspecifics. Larvae also avoid uninfected cadavers or

molasses-smeared leaf discs (Parker et al. 2010).

4. Grooming: Grooming in insects is a behavior where they use their legs, mouthparts, antennae,
and specialized structures to clean and maintain their bodies. It is an essential activity for
insect hygiene and plays a crucial role in their overall health and survival. Grooming is very
common in social insects such as ants and termites which remove entomopathogenic fungi

spores from their own body or from their nestmates (Yanagawa et al. 2007).
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5. Prophylactic medication: Some insects use plant materials or substances that reduce the risk
of infection. Plants are good candidates for such prophylactic foods as they often vary in their
nutritional qualities and also contain various chemicals that are toxic, including oxalic acid,
cyanide, cardiac glycosides, alkaloids, terpenoids and tannins. Prophylactic medication is
documented in wood ants (Formica paralugubris). They incorporate conifer resin pieces into
their nest. It decreases the density of bacteria and fungi in nest material and inhibits growth of
bacteria (Christe et al. 2003).

6. Sexual behavior: Sexually transmitted diseases are common in natural populations, and hosts
should prefer healthy, uninfected partners to reduce the risk of infection during mating. Fitness
benefits can be gained when a preference for healthy mates is associated with heritable
resistance to parasites. After infection, insects attempt to reduce parasite growth and eliminate
infections, a process known as quantitative resistance, which can be passed on to offspring.
During mating, male-derived materials are transferred to females, and the physical contact also
involves the risk of sexually transmitted infections and wounding. Thus, mating can pose a

challenge to the female immune system (Oku et al. 2019).

7. Decreased social contact: Infections can disrupt social interactions in insect colonies. Infected
individuals may be avoided by healthy ones to minimize the risk of spreading. It is mostly seen
in social insects. Inclusive-fitness theory: Sick individuals avoid transmitting parasites to other

group members if they are related, and thus quarantine themselves (Hamilton WD 1964).
Quantitative Resistance (Reducing Infection After Occurrence)

After infection, insects may attempt to reduce parasite growth and clear infections, a process
referred to as quantitative resistance. Insects do not always manage to avoid parasites and in
many cases do become infected. When that happens, reducing parasite growth or clearing
infection altogether may result in reduced fitness loss. When insects become infected, they adopt
strategies to reduce the growth of parasites and minimize damage.

1. Therapeutic medication: Infected individuals may actively exploit specific substances to
alleviate the effects of infection, a phenomenon referred to as therapeutic medication. As with
prophylactic behavior, such responses may benefit the individual itself, its offspring, or other
related members of a group. For example, in the monarch butterfly, Danaus plexippus, infected
females have been shown to preferentially lay their eggs on milkweed species with higher levels
of toxic secondary compounds. These chemicals can suppress protozoan parasite development
in larvae, thereby improving offspring survival (Lefévre et al. 2012). This example illustrates
how infected organisms can alter their behavior in a targeted way to reduce infection,

emphasizing the evolutionary importance of therapeutic medication.

2. Behavioral thermoregulation: Behavioral thermoregulation is a process by which insects
regulate their body temperature within certain limit by actively engaging in specific behaviors.
Insects may move to warmer environments to raise their body temperature, which can
suppress pathogen development. Honeybees communally raise the temperature of their hive in
response to an infection with the heat-sensitive pathogen that causes chalk brood (Starks et al.
2000).
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3. Grooming: Helps in removing parasites even after infection has occurred. In qualitative
resistance it is used to reduce the probability of infection and under quantitative resistance it is
used to reduce the parasite burden after attack. Damselfly Ischnura verticalis uses its tarsal

claws to vigorously rub away ecto-parasitic mites from its body (Leung et al. 2001).
Tolerance (Minimizing Damage Caused by Infection)

Tolerance refers to the ability of insects to withstand infection without significantly affecting their

survival or reproduction.

3.1. Fecundity compensation: Insects increase their reproductive output to compensate for

future losses.

3.2. Tolerance medication: They may consume food that helps maintain health despite

infection.
Defense Mechanisms in Insects

In addition to behavioral immunity, insects possess several defense mechanisms that
protect them from predators and other threats. It is a mechanism developed through evolution

that assists prey/host in their constant struggle against enemies.
1. Primary Defense Mechanisms

1.1 Camouflage: Camouflage or cryptic coloration is a defense mechanism that helps insects to
blend with their surroundings. It is a strategy used to ensure that predators misclassify them
as non-prey. This adaptation reduces predation by interfering with predator recognition. Recent
studies have demonstrated that background matching and pattern disruption significantly
enhance survival. For example, experiments on the Biston betularia confirmed that morphs
matching their environment experience lower predation rates, supporting the role of natural

selection in camouflage (Cook et al. 2012).

1.2 Mimesis: Mimesis is a simple but effective defense strategy where insects look like ordinary
objects in their environment, such as twigs, leaves, or even bird droppings. Because of this,
predators often fail to recognize them as food. For instance, the stick insect (Carausius
morosus) looks almost exactly like a twig, while leaf insects (Phyllium) closely resemble real
leaves, complete with vein-like patterns. Some caterpillars even mimic bird droppings to avoid
being eaten. This form of deception helps insects stay unnoticed and greatly reduces their
chances of predation (Evans & Schmidt. 1990).

1.3 Mimicry: Mimicry is a defense strategy where insects look like other species to avoid
predators. Some harmless insects copy dangerous ones, like the hoverfly Episyrphus balteatus,
which looks like a stinging wasp. In other cases, species like the Danaus plexippus and
Limenitis archippus share similar warning patterns. This helps predators learn to stay away,
reducing the chance of being eaten (Evans & Schmidt. 1990). Three major forms are

recognized in insects.

1.3.1 Batesian Mimicry: Proposed by Henry Walter Bates in 1862, this occurs when a palatable,

harmless species mimics an unpalatable or dangerous one, only the mimic benefits. The
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hoverfly Episyrphus balteatus closely resembles stinging wasps in coloration and body shape,

deterring predators without any actual sting capacity. The viceroy butterfly (Limenitis

archippus) similarly mimics the unpalatable monarch (Danaus plexippus). Batesian mimicry is

frequency-dependent: it breaks down when mimics become too common relative to the model,

because predators encounter too many harmless individuals to maintain strong avoidance
(Evans & Schmidt. 1990).

1.3.2 Miillerian Mimicry: Proposed by Fritz Mdiller in 1878, this occurs when two or more

genuinely unpalatable or harmful species converge on a shared warning coloration pattern,
to their mutual benefit. Predators need only one aversive encounter with any member of the
mimicry ring to learn avoidance of all similar-appearing species. This sharing of the 'predator
education cost' across species reduces the per-individual risk for all members of the ring.
Many Amazonian Heliconius butterflies form Millerian complexes and some Asian and

African milkweed butterfly species show similar convergence.

1.3.3 Wasmannian Mimicry: In this form, the mimic resembles its model not for predator

deterrence, but to gain access to the model's colony or nest. Most models are colonial social
insects like ants, termites, or wasps. Certain beetle, spider and fly species so closely
replicate the chemical and physical cues of ant species that they are accepted within ant
colonies, where they can freely exploit colony resources. The ant-mimicking jumping spider

Myrmarachne spp. imitates the appearance and movement of ants with striking accuracy.

2. Secondary Defense Mechanisms

2.1

2.2

2.3

Structural Defense: Structural defense includes physical features such as a hard
exoskeleton, spines, and hairs that protect insects from predators. For example, beetles like
Carabus nemoralis have a tough exoskeleton that acts as a protective shield, while many
caterpillars possess spines or hairs that deter predators. In addition, insects such as the
cockroach (Periplaneta americana) use rapid escape responses to quickly flee from danger.

These adaptations help insects avoid or withstand predation.

Chemical Defense: Many insects are equipped to wage chemical warfare against their
enemies. In some cases, they manufacture their own toxic or distasteful compounds. In
other cases, the chemicals are acquired from host plants. Irritant sprays are produced by
some termites, cockroaches, ants, wasps and leaf beetles (Sheikh et al. 2017). Bombardier
beetles (Coleoptera: Carabidae) have evolved chemical defenses against predators. When
attacked, bombardier beetles can discharge noxious chemicals at temperatures of
approximately 100 °C from the tip of their abdomens, “bombing” their attackers (Sugiura
2018).

Behavioral Defense: Insects also rely on specific behaviors for protection. These include
the following:

2.3.1 Thanatosis (feigning death): Refers to the adoption of a motionless posture by an

animal following close contact with a predator (Humphreys and Ruxton 2018). Many
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beetles and weevils feign death. It is a survival strategy used by insects especially when
they cannot fight back against the predator.

2.3.2 Dropping from plants to escape predators: This behavior is often observed in
caterpillars, especially those that are preyed upon by birds or other predators. When a
caterpillar feels threatened, it may suddenly "drop" or let itself fall from its current location
to the ground below. The idea behind this tactic is that by dropping to the ground, the

caterpillar becomes less visible and less accessible to its predator.

2.3.3 Autotomy (shedding body parts): It is a behavior whereby an animal sheds or discards
one or more of its own appendages usually as a self-defense mechanism to elude
a predator’s grasp or to distract the predator and thereby allow escape. Phasmida is the
only order within the class Insect that regularly sheds and regenerates lost legs. Stick

insects undergo autotomy due to predation as well as moulting complications.
Implications for pest management and biological control

The strategies covered in this article aren’t just theory-they're practical tools farmers can

use to manage pests more effectively.

Spatial and temporal avoidance: Sometimes, biological control doesn’t work as well as
expected because pests can exhibit adaptive behavioral responses that reduce the effectiveness of
biological control agents. They may avoid danger by changing where they go or when they're
active. So, if a parasitoid is released to control them, it might not even come into contact with
enough of the pests to make a real impact. That’s why, before releasing these natural enemies, it's
important to understand the pest’s behavior, so we can choose the right time and place for the

release (Parker et al. 2010).

Grooming and hygienic behaviors: Social insects such as ants and termites exhibit strong
hygienic behaviors, including grooming and colony sanitation, which help reduce pathogen load
and limit infection (Yanagawa et al. 2012). However, these defenses can be targeted in pest
management strategies. Certain entomopathogenic fungi may impair grooming efficiency rather
than causing immediate mortality, allowing spores to accumulate on the insect body and
eventually lead to infection. Such approaches are being explored as sustainable alternatives in

biological control.

Mimicry and camouflage: These are important for identification training: extension workers and
farmers who misidentify a harmless hoverfly as a pest wasp, or fail to recognize a cryptically
colored caterpillar on a crop, may either miss real damage or apply unnecessary treatments. Field
identification training that covers common mimicry systems in local agro-ecosystems is a practical

extension priority (Ruxton et al. 2019).
CONCLUSION

Behavioral immunity and defense mechanisms are essential for insect survival. These adaptations
allow insects to avoid infection, reduce the impact of pathogens, and protect themselves from
predators. Together, these strategies contribute to their ecological success and provide valuable

insights for pest management and conservation. Understanding these mechanisms can help in
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developing more sustainable and effective approaches to control insect pests. For farmers and
agronomists, the message is clear: effective pest management must account for the behavioral
plasticity of insect pests, not just their physiological susceptibility. Strategies that combine
knowledge of pest behavior, their avoidance rhythms, social immunity mechanisms and
compensatory responses with well-timed biological and chemical interventions are most likely to
achieve durable suppression. A deeper appreciation of these mechanisms also underscores the
value of conserving natural enemy populations in agroecosystems: parasitoids and predators that
exert consistent behavioral pressure on pest populations are a resource that, once lost, is difficult

to rebuild.
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