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Insects are essential to ecosystem health, playing key roles in pollination, decomposition
and predation, while also influencing disease transmission. Their adaptability across
diverse habitats highlights their importance in maintaining ecological balance. However,
climate change, habitat loss and pollution pose significant threats to insect populations,
disrupting ecosystems. In addition to their ecological roles, insects are valuable culturally and
economically, contributing to agriculture, traditional diets and medicine. Technological
advances in entomology promise deeper insights into insect behaviour and conservation,
underscoring the need for their protection in a rapidly changing world.

&% Introduction

@%@@ The balance of nature reflects the complexity and diversity of life on Earth. Ecosystems are
&% dynamic networks of organisms interacting with their environment, relying on delicate
= relationships and interdependencies. Whether terrestrial or aquatic, these systems have
&% evolved over millions of years, shaped by countless factors that ensure their stability and
&ggg_@ productivity. Insects, among the most crucial organisms in maintaining this balance, playing
% a leading role. Their vast diversity and global presence make them essential to ecosystem

health, resilience and complexity.

Ecosystem function depends on interconnected processes such as nutrient cycling and
energy flow. Insects are a prime example of biodiversity, with scientists estimating nearly 10
million species, which make up over 90% of all known life forms. Their ability to thrive in
nearly every habitat, from Arctic tundras to tropical rainforests, highlights their extraordinary
adaptability. For instance, some beetles navigate using the Milky Way, while certain ants
engage in complex farming behaviours, showcasing remarkable evolutionary innovation.

Insects play a crucial role in ecosystems through key biological interactions like
pollination, predation, herbivory and mutualism. Whether it’s a butterfly pollinating flowers,
an earthworm aerating the soil, or a predator controlling prey populations, each organism
contributes to maintaining ecological balance. Disruptions whether from natural events like
volcanic eruptions or human activities such as deforestation can trigger cascading effects
across ecosystems. They also provide essential ecosystem services, including water filtration
and air quality regulation which are vital for human survival. Their adaptability to various
habitats and environmental changes further underscores their ecological importance. As
climate change alters ecosystems around the world, shifts in insect populations not only
reflect their adaptability but also highlight the potential consequences of environmental
disruptions.

Insects as pollinators

Insects play a crucial role in plant reproduction by transferring pollen, which is called as
pollination essential for seed formation. While wind and water also assist in pollination,
insects are the most effective pollinators. Over millions of years, plants have developed traits
such as vibrant colors, scents and patterns to attract insects. Bees are the most important
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pollinators, as they transfer pollen while foraging for nectar and pollen, with some plants
even evolving specifically to suit certain bee species. Beetles, which have a longer history
with plants, also aid in pollination by feeding on flowers and inadvertently transferring
pollen. Insect pollinators are vital for food production, with 75% of global crops, including
fruits, vegetables and nuts, depending on animal pollination. The economic value of insect
pollination is enormous, running into billions of dollars annually, highlighting its essential
role in agriculture (Klein et al., 2007).

Insects as decomposers

Insects perform decomposition of organic matter, facilitating the transformation of dead
materials into essential nutrients for new life. Decomposition occurs through physical and
chemical processes, with insects contributing to both by introducing organic material to
microbes that aid in further breakdown. Beetles, such as carrion and dung beetles, are key
players in this cycle. Carrion beetles feed on dead animals and lay eggs on carcasses, where
their larvae continue the breakdown process (Verma et al., 2023). Dung beetles consume
faeces, breaking down undigested plant material and recycling nutrients back into the soil.
Termites, often seen as pests, are expert decomposers that feed on cellulose in wood and
plant material. They rely on gut microbes to break down cellulose, converting plant matter
into simpler compounds that can be utilized by other organisms. Through these processes,
insects ensure that organic matter is recycled, supporting ecosystem health and nutrient
cycling.

Insects as Predators and prey

Insects play a vital role in predator-prey dynamics, helping to maintain ecological balance,
shape biodiversity and control populations. With their immense diversity, insects act as both
predators and prey, influencing ecosystems on a fundamental level. Predatory insects such as
mantids, ladybugs and dragonflies have evolved specialized traits like raptorial legs, keen
sensory organs and stealthy behaviours to capture their prey. For example, the praying
mantids uses its powerful forelegs and flexible neck to hunt, while ladybugs are effective
predators of aphids, protecting plants from pest damage. Biological control strategies harness
these predator-prey relationships, promoting natural predators like ladybugs to manage pests
without relying on chemical pesticides. This approach supports healthier crops and
contributes to sustainable agricultural practices (Sarkar et al., 2018).

Insects as vectors

Insects act as vectors of plant and human diseases, greatly influencing ecosystems,
agriculture and public health. Their adaptability and close ties to hosts enable them to
efficiently spread various pathogens. In agriculture, insects like aphids, leafhoppers and
whiteflies transmit viruses, bacteria and fungi, leading to major crop losses. In human health,
mosquitoes especially Anopheles, Aedes and Culex species spread diseases such as malaria,
dengue, Zika and West Nile virus (Muhammad et al., 2017). Though ticks are arachnids, they
similarly transmit illnesses like Lyme disease and tick-borne encephalitis. Recognizing the
role of insects in disease transmission highlights their broad impact on both nature and
society.

Impact of Environmental changes on insects

Insects occupy countless essential roles across Earth's ecosystems, from dense forests to
sprawling cities. However, in the Anthropocene a new epoch defined by profound human
influence these insects are navigating a world undergoing rapid change. Climate change,
habitat loss and pollution are reshaping their existence, with climate change standing out as
one of the most pressing threats. Rising global temperatures, driven by human activities and
the greenhouse effect are dramatically altering the habitats insects depend on. As ectothermic
organisms, insects rely on external temperatures to regulate their metabolism, making even
slight shifts profoundly impactful. Changes in temperature are already causing phenomena
such as earlier spring emergence in butterfly species. However, these shifts can disrupt
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ecological relationships, leading to mismatches between insects and the plants or animals
they interact with, ultimately threatening ecosystem stability.

Economic and cultural roles of insects

While insects are often recognized for their ecological roles as pollinators, decomposers,
predators and disease carriers, their cultural and economic significance runs much deeper.
Throughout human history, insects have been integral to traditional diets, medicines, religious
practices, art and commerce. Entomophagy which is basically the consumption of insects has
long been practiced across Africa, Asia and the Americas, offering a nutrient-rich source of
protein, fats, vitamins and minerals. Species like palm weevil larvae, silkworms, crickets and
ants are commonly consumed in various traditional dishes. Insects also play a vital role in
traditional medicine for example, ground cicada sloughs are used in Chinese medicine to treat
fevers and eye conditions, while blister beetles have been valued for their supposed
aphrodisiac properties in several cultures. The relationship between humans and insects thus
extends far beyond nature, deeply shaping cultural practices and economic activities.

Conclusion

Thus, Insects with their extraordinary diversity, are vital not only to ecosystems but also to
cultural, economic and scientific fields. As technological advances such as molecular
research, drones, and Al reshaping entomology, an interdisciplinary approach into a novel
territory. By moving beyond traditional academic boundaries, we can gain a more
comprehensive understanding of insect behaviour, interactions and their broader influence.
Embracing these new research frontiers will deepen our knowledge, strengthen conservation
and public health initiatives and support sustainable coexistence. The future of insect studies
promises profound insights and transformative impacts.
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