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Temperature is one of the most important abiotic factors regulating the physiology, behaviour,
reproduction, development, distribution, and survival of insects. As ectothermic organisms, insects rely
heavily on environmental temperatures to regulate metabolic processes and life-history traits. Ongoing
climate change and global warming have significantly altered temperature regimes, resulting in changes
in insect phenology, reproductive success, mating behaviour, feeding activity, migration, diapause, and ©2026, All Rights Reserved
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1. INTRODUCTION

Temperature is one of the most influential environmental
factors governing the biology, ecology, physiology, and
evolution of insects. Unlike mammals and birds, insects are
ectothermic organisms whose body temperature depends largely
upon surrounding environmental conditions. Consequently,
virtually every aspect of insect life, including embryonic
development, growth, metabolism, feeding behaviour,
reproduction, movement, dispersal, communication, and
survival, is directly influenced by temperature. Small changes
in ambient temperature may produce substantial alterations in
insect life cycles and ecological interactions, making
temperature one of the primary determinants of insect
population dynamics [1-3].

Global climate change has resulted in a continuous rise in
average atmospheric temperatures, increased frequency of heat
waves, altered seasonal patterns, and changing precipitation
regimes. These climatic changes have significantly affected
insect Dbiodiversity across terrestrial ecosystems. Rising
temperatures have accelerated insect development, expanded
geographical distribution, altered seasonal emergence, and
increased the number of generations per year in many species.
Simultaneously, extreme temperatures may reduce reproductive
success, increase mortality, and disrupt ecological interactions
among insects, plants, predators, parasites, and pollinators [2—
5].

Reproduction represents one of the most temperature-sensitive
biological processes in insects. Temperature influences gonadal
development, gamete maturation, mating behaviour, courtship
activities, fertility, fecundity, egg production, egg viability,
embryonic development, and offspring survival. Each insect
species possesses an optimum temperature range for successful
reproduction. Temperatures above or below this optimum may
reduce reproductive efficiency by affecting hormone secretion,
metabolic activity, sperm viability, ovarian development, and
reproductive behaviour. Consequently, changing environmental
temperatures may significantly influence insect population
growth and long-term survival [4-7].

Behavioural responses of insects are equally sensitive to
temperature variation. Feeding activity, flight performance,
foraging behaviour, migration, host selection, aggregation,
predator avoidance, thermoregulation, communication, and
oviposition site selection are all regulated by thermal
conditions. Pollinating insects such as honey bees, butterflies,
and bumblebees modify their daily activity patterns according
to ambient temperature, while agricultural pests often become
more active under warmer conditions, increasing crop damage
and economic losses. Temperature also influences circadian
rhythms and seasonal behaviours including diapause,
overwintering, and migration [6-9].

Temperature-induced alterations in insect behaviour have
important ecological consequences for ecosystem functioning
and biodiversity conservation. Pollination efficiency, biological
pest control, decomposition, nutrient cycling, and food-web
stability are all affected by changes in insect activity.
Furthermore, medically important insects such as mosquitoes,
sand flies, houseflies, and ticks exhibit altered reproductive
rates and geographical distribution under warmer climatic
conditions, increasing the transmission risk of vector-borne

diseases such as malaria, dengue, chikungunya, Japanese
encephalitis, and Lyme disease. Understanding these ecological
responses has therefore become increasingly important in
public health and environmental management [8—11].

Recent advances in insect physiology, molecular biology,
behavioural ecology, and climate modelling have considerably
improved our understanding of thermal adaptation mechanisms.
Heat shock proteins, physiological acclimation, behavioural
thermoregulation, phenotypic plasticity, and evolutionary
adaptation enable many insect species to tolerate fluctuating
environmental temperatures. However, the rate of current
climate change may exceed the adaptive capacity of several
insect populations, particularly habitat specialists and
economically important pollinators. Consequently, predicting
insect responses to future climatic conditions has become a
major research priority in ecology, agriculture, and
conservation biology [10—13].

Understanding the influence of temperature on insect
reproduction and behaviour is essential for predicting
ecological responses to climate change, improving integrated
pest management, conserving beneficial insects, and
maintaining ecosystem services. Against this background, the
present study investigates the role of temperature in altering
insect reproduction and behaviour, with particular emphasis on
physiological mechanisms, reproductive biology, behavioural
adaptations, ecological consequences, and future research
directions [14-20].

2. MATERIALS AND METHODS

The present study adopts a comprehensive qualitative and
analytical research methodology to investigate the role of
temperature in altering insect reproduction and behaviour. The
research is primarily based on secondary data and integrates
concepts from entomology, insect physiology, behavioural
ecology, environmental biology, climate science, evolutionary
ecology, and agricultural entomology. This multidisciplinary
approach enables a systematic evaluation of the influence of
temperature on insect reproductive biology, behavioural
adaptations, population dynamics, and ecological interactions
across different terrestrial ecosystems [1,2].

Data were collected through an extensive review of peer-
reviewed journal articles, conference proceedings, technical
reports, books, government publications, and international
climate assessment reports published between 2017 and 2026.
Scientific literature was retrieved from internationally
recognized databases including Web of Science, Scopus,
PubMed, ScienceDirect, SpringerLink, Google Scholar, Wiley
Online Library, Taylor & Francis Online, and JSTOR.
Additional information was obtained from reports published by
the Intergovernmental Panel on Climate Change (IPCC), Food
and Agriculture Organization (FAO), International Union for
Conservation of Nature (IUCN), United Nations Environment
Programme (UNEP), and the Entomological Society of

America concerning climate change, insect ecology,
biodiversity conservation, and integrated pest management [3—
8].

The study focuses on representative insect groups of ecological,
agricultural, and medical importance, including honey bees
(Apis mellifera), butterflies, moths, beetles, ants, termites,
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grasshoppers, mosquitoes (Aedes, Anopheles, and Culexspp.),
houseflies, fruit flies (Drosophila melanogaster), and
agricultural pest insects. Particular emphasis was placed on
evaluating the influence of temperature on reproductive
parameters such as mating behaviour, courtship activity,
fecundity, fertility, oviposition, egg hatchability, embryonic
development, larval growth, pupal development, adult
longevity, and reproductive success. Simultaneously,
behavioural responses including feeding activity, flight
performance, host selection, migration, aggregation,
thermoregulation, predator avoidance, pollination behaviour,
and diapause were critically examined under different thermal
conditions [5,7,9-12].

A qualitative content analysis approach was employed to
evaluate published scientific literature and identify recurring
ecological patterns associated with temperature-mediated
behavioural and reproductive responses. Comparative analyses
were conducted among insects inhabiting tropical, temperate,
arid, and agricultural ecosystems under varying temperature
regimes. Biological indicators including developmental rate,
generation time, reproductive output, survival rate, metabolic
activity, emergence period, seasonal abundance, and
geographical distribution were analyzed to understand thermal
adaptation strategies. Particular attention was given to studies
investigating the effects of rising temperatures and climate
change on economically important pollinators, biological
control agents, agricultural pests, and disease vectors
[8,10,13,14].

The investigation further evaluated the ecological consequences
of temperature-induced alterations in insect biology, including
changes in pollination efficiency, crop pest outbreaks, vector-
borne disease transmission, species interactions, biodiversity
conservation, food-web dynamics, and ecosystem functioning.
Adaptation mechanisms such as behavioural thermoregulation,
phenotypic plasticity, physiological acclimation, heat shock
protein expression, diapause regulation, and evolutionary
adaptation were also critically assessed. Potential management
strategies  including  climate-smart  agriculture, habitat
conservation, integrated pest management (IPM), pollinator
protection, biological control, and ecological monitoring were
reviewed for minimizing the adverse impacts of climate change
on insect populations [11,13—-18].

To ensure reliability and validity, information obtained from
multiple scientific publications and institutional reports was
systematically  cross-verified using data triangulation
techniques. Only peer-reviewed journal articles, internationally
recognized climate assessment reports, official entomological
publications, and authoritative scientific studies were included
in the final analysis. Any inconsistencies among different
investigations were carefully interpreted considering species-
specific thermal tolerance, geographical variation, experimental
conditions, and ecological differences. The synthesized findings
provide a comprehensive assessment of the role of temperature
in altering insect reproduction and behaviour while identifying
future research priorities, biodiversity conservation strategies,
and sustainable approaches for insect management under
changing climatic conditions [15-20].

3. RESULTS

The findings indicate that temperature is one of the most
influential environmental factors regulating insect reproduction,
behaviour, development, and population dynamics. Increasing
environmental temperatures significantly affect reproductive
physiology, mating success, oviposition behaviour, embryonic
development, and survival of numerous insect species. The
analysis reveals that most insects exhibit optimum reproductive
performance within a species-specific temperature range,
whereas temperatures exceeding physiological tolerance limits
reduce fertility, egg viability, offspring survival, and overall
reproductive success.

The study demonstrates that elevated temperatures accelerate
insect development and shorten generation time, enabling
several species to produce additional generations within a single
year. Faster larval development, earlier adult emergence, and
increased reproductive frequency contribute to rapid population
growth in many agricultural pests and disease vectors.
Conversely, prolonged exposure to extreme heat reduces adult
longevity, decreases reproductive lifespan, and increases
mortality among temperature-sensitive pollinators such as
butterflies and honey bees. These contrasting responses indicate
considerable variation in thermal tolerance among different
insect groups.

The results further reveal substantial behavioural modifications
associated with changing temperature regimes. Feeding activity,
flight performance, host selection, mating behaviour, migration,
aggregation, and oviposition timing are strongly influenced by
ambient temperature. Pollinating insects generally shift their
foraging activity to cooler periods of the day during extreme
heat, whereas mosquitoes and several agricultural pests become
increasingly active under warmer conditions. Temperature also
regulates diapause, seasonal emergence, dispersal patterns, and
geographical distribution, resulting in changes in species
interactions and ecosystem functioning.

The analysis also indicates that rising temperatures influence
the transmission dynamics of insect-borne diseases by
increasing the abundance, survival, and geographical expansion
of wvector species such as Adedes, Anopheles, and
Culexmosquitoes. Higher temperatures accelerate pathogen
development within insect vectors and increase biting
frequency, thereby enhancing the transmission potential of
diseases including malaria, dengue, chikungunya, and Japanese
encephalitis. Simultaneously, climate-induced alterations in
pollinator behaviour may reduce pollination efficiency,
affecting crop production and biodiversity conservation.
Overall, the findings suggest that increasing temperatures
associated with global climate change have profound effects on
insect reproduction, behaviour, and ecological interactions.
Although many insects exhibit behavioural plasticity and
physiological adaptation to changing thermal conditions,
continued warming may exceed the adaptive capacity of several
beneficial species while favouring pest insects and disease
vectors. Sustainable climate adaptation strategies, conservation
of insect habitats, pollinator protection, integrated pest
management, and long-term ecological monitoring are therefore
essential for maintaining ecosystem stability and agricultural
productivity under future climatic conditions.
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Graph

Effect of Temperature on Insect Reproduction and Behaviour

Illustrative influence of increasing temperature on major reproductive and behavioural parameters of insects

based on studies published between 2017 and 2026.
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Table : Influence of Temperature on Insect Reproduction and Behaviour
Insect Parameter Effect of Increasing Temperature Ecological Significance
Development Rate Accelerated development Shorter life cycle and additional generations
Reproductive Activity Increased within optimum range Higher fecundity and population growth
Egg Hatchability Reduced under extreme temperatures Lower offspring survival
Feeding Behaviour Increased metabolic demand Greater crop damage in pest species
Flight Activity Modified daily activity Changes in pollination and dispersal
Pollination Efficiency Reduced during heat stress Lower crop pollination success
Disease Vector Activity Increased Greater transmission of vector-borne diseases
Survival Rate Reduced under thermal extremes Decline in temperature-sensitive species

4. DISCUSSION

The present study demonstrates that temperature is one of the
most important environmental factors regulating insect
reproduction, behaviour, physiology, and population dynamics.
As ectothermic organisms, insects depend directly on
environmental temperatures to maintain metabolic activity and
complete their life cycle. Variations in ambient temperature
influence reproductive success, developmental rate, feeding
behaviour, dispersal, seasonal emergence, and ecological
interactions. The findings indicate that moderate increases in
temperature generally accelerate insect development and
reproductive activity, whereas prolonged exposure to extreme
temperatures negatively affects fertility, survival, and overall
population stability.

One of the major observations of the study is the strong
influence of temperature on insect reproduction. Rising
temperatures within the optimum physiological range accelerate
ovarian development, mating frequency, egg production, and
embryonic development, thereby increasing reproductive output
in many insect species. However, temperatures exceeding
species-specific thermal tolerance limits reduce egg viability,
sperm quality, fertility, and offspring survival. Consequently,
climate change may simultaneously promote population
expansion in heat-tolerant insects while threatening thermally
sensitive pollinators and beneficial species.

The study further reveals significant behavioural changes
associated with increasing temperatures. Feeding activity, flight
performance, host selection, migration, oviposition behaviour,
and daily activity patterns are strongly regulated by thermal
conditions. Pollinating insects such as honey bees and
butterflies shift their foraging activities to cooler periods of the
day during heat stress, whereas mosquitoes and agricultural pest
insects often exhibit increased activity and extended breeding
seasons. These behavioural modifications alter ecological
interactions, crop pollination, predator—prey relationships, and
overall ecosystem functioning.

Another important finding is the influence of temperature on
insect-mediated ecosystem services and public health.
Beneficial insects contribute to pollination, biological control,
decomposition, and nutrient cycling, whereas medically
important insects transmit diseases such as malaria, dengue,
chikungunya, and Japanese encephalitis. Rising temperatures
favour the geographical expansion, reproduction, and biting
frequency of several disease vectors, thereby increasing disease
transmission risks. Simultaneously, reduced pollination
efficiency among temperature-sensitive pollinators may
negatively affect agricultural productivity and biodiversity
conservation.

The findings emphasize that climate change poses both
ecological and economic challenges by altering insect
biodiversity, species distribution, and ecosystem functioning.
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Sustainable management strategies including conservation of
natural habitats, pollinator-friendly agricultural practices,
integrated pest management (IPM), biological control,
ecological monitoring, and climate-smart agriculture are
essential for minimizing adverse impacts. Continued research
on insect thermal biology, physiological adaptation, and long-
term ecological monitoring will improve predictions of insect
responses under future climate scenarios.

Temperature is a key ecological factor regulating insect
reproduction, behaviour, physiology, and survival. The present
study demonstrates that increasing temperatures significantly
influence reproductive performance, developmental rate,
feeding behaviour, migration, pollination activity, and
population dynamics. While moderate warming may enhance
reproduction and increase population growth in certain insect
species, prolonged exposure to extreme temperatures reduces
reproductive success, disrupts behavioural patterns, and
threatens temperature-sensitive pollinators and beneficial
insects.

The study concludes that understanding temperature-mediated
responses is essential for biodiversity conservation, integrated
pest management, sustainable agriculture, and public health.
Future research should focus on long-term field investigations,
molecular mechanisms of thermal adaptation, climate-resilient
insect conservation strategies, predictive ecological modelling,
and the development of sustainable approaches for managing
insect populations under changing climatic conditions.
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