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Abstract

Aquatic insects constitute one of the most diverse, abundant, and ecologically important components of
freshwater ecosystems. They occur in streams, rivers, ponds, lakes, reservoirs, marshes, swamps, wetlands,
and other aquatic habitats, where they participate in almost every major ecological process. Many insect
groups spend their larval or nymphal stages in water and their adult stages in terrestrial environments,
creating an important ecological connection between aquatic and terrestrial ecosystems. Major aquatic insect
groups include mayflies (Ephemeroptera), stoneflies (Plecoptera), caddisflies (Trichoptera), dragonflies and
damselflies (Odonata), aquatic bugs (Hemiptera), aquatic beetles (Coleoptera), mosquitoes and other flies
(Diptera), alderflies, dobsonflies and fishflies (Megaloptera), and several other less diverse groups. Freshwater
insects occupy diverse functional feeding groups, including shredders, collectors, scrapers, grazers, filter
feeders, herbivores, detritivores, and predators. Through these activities they contribute to decomposition,
nutrient cycling, energy transfer, primary and secondary production, and regulation of aquatic food webs.
They are also an important food source for fish, amphibians, birds, bats, spiders, and other predators. Because
many aquatic insects respond rapidly to changes in dissolved oxygen, temperature, nutrients, toxic substances,
habitat structure, and flow conditions, they are widely used as biological indicators of freshwater
environmental quality. However, aquatic insect communities are increasingly threatened by pollution, habitat
modification, flow alteration, pesticides, invasive species, climate change, and wetland loss. Conservation of
aquatic insect diversity therefore requires integrated management of freshwater habitats, riparian vegetation,
water quality, and catchment-level land use. This article reviews the diversity, distribution, functional roles,
ecological significance, bioindicator value, major threats, and conservation needs of aquatic insects, with
particular relevance to freshwater ecosystems in India.

Keywords: Aquatic insects, entomofaunal diversity, freshwater biodiversity, ecological roles, macroinvertebrates,
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Introduction

Freshwater ecosystems are among the most biologically productive and ecologically valuable ecosystems on
Earth. Although inland waters occupy a relatively small proportion of the Earth's surface, they support
disproportionately high biodiversity and provide essential ecosystem services. Aquatic insects form a major
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component of this freshwater biodiversity. They inhabit both standing-water ecosystems, such as ponds, lakes,
reservoirs, marshes, and wetlands, and flowing-water ecosystems, such as springs, streams and rivers. Many
species have complex life cycles in which eggs, larvae or nymphs develop in water while adults emerge into
terrestrial environments. This dual association gives aquatic insects an important role in linking aquatic and
terrestrial food webs. Aquatic insects are not a single taxonomic group. Rather, they represent members of
several insect orders that have independently evolved adaptations for living in aquatic environments. Mayflies,
stoneflies and caddisflies are particularly important in running waters, while dragonflies, damselflies, aquatic
bugs and beetles are common in a wide range of freshwater habitats. Dipteran larvae, including chironomids
and mosquitoes, can be especially abundant in ponds, wetlands and organically enriched habitats.

The diversity of aquatic insects is reflected not only in the number of species but also in their different
ecological adaptations and functional roles. Some species feed on algae and aquatic plants; some consume leaf
litter and other organic matter, while others filter suspended particles from water. Predatory species regulate
populations of other aquatic organisms and contribute to the complexity and stability of food webs. The
ecological importance of aquatic insects extends beyond their role within water bodies. Adult insects emerging
from aquatic ecosystems transfer aquatic-derived nutrients and energy to terrestrial environments, where
they become food for birds, bats, spiders and other terrestrial predators. Thus, aquatic insects function as
important biological links between freshwater and terrestrial ecosystems.

Aquatic insects are also valuable indicators of environmental change. Differences in species composition,
abundance, diversity and functional characteristics can provide information about water quality and habitat
conditions. In particular, mayflies, stoneflies and caddisflies the commonly recognized EPT assemblage include
many taxa that are sensitive to pollution and reductions in habitat quality.

The present article therefore examines aquatic entomofaunal diversity and emphasizes the ecological roles
performed by aquatic insects in freshwater ecosystems.

Objectives
The major objectives of this article are:

To describe the diversity and major taxonomic groups of aquatic insects.

To examine the distribution of aquatic insects in different freshwater habitats.
To explain their major ecological and functional roles.

To discuss their importance in aquatic food webs and nutrient cycling.

To examine their usefulness as biological indicators of water quality.

To identify major threats to aquatic insect diversity.

No ks W

To suggest conservation and management strategies for maintaining aquatic insect communities.

Diversity of Aquatic Insects

Aquatic insects represent a remarkable component of freshwater biodiversity. A major review estimated that
nearly 100,000 insect species from 12 orders spend at least one stage of their life cycle in freshwater. Other
reviews emphasize that aquatic insects constitute a substantial proportion of freshwater animal diversity and
are represented by numerous evolutionary lineages.

The principal aquatic insect orders are described below.
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Ephemeroptera Mayflies

Mayflies are primarily represented by aquatic nymphs that inhabit streams, rivers, lakes and other freshwater
habitats. Their nymphs generally possess gills and occupy different microhabitats according to species. Many
are associated with clean, well-oxygenated water, although tolerance varies among taxa. Mayfly nymphs
commonly act as grazers, collectors and shredders. They consume algae, biofilm, fine organic material and, in
some species, plant material. Their abundance makes them an important food source for fish and other
predators.

Because many mayfly taxa are sensitive to environmental deterioration, their presence and abundance are
frequently considered in freshwater biological assessment.

Plecoptera Stoneflies

Stoneflies are particularly associated with cool, flowing, oxygen-rich waters. Their aquatic nymphs occur
beneath stones, among gravel, woody debris and aquatic vegetation. Many stonefly nymphs are shredders that
consume coarse organic matter, especially decomposing leaves. Others are predators. Through these feeding
activities, stoneflies contribute to decomposition and energy transfer within streams. Stoneflies are among the
organisms commonly associated with high-quality running-water habitats, although sensitivity differs among
families and species.

Trichoptera Caddisflies

Caddisflies are highly diverse aquatic insects whose larvae inhabit streams, rivers, ponds and lakes. Many
larvae construct protective cases from sand grains, small stones, plant fragments or other materials, while
some species construct retreats or silken nets. Caddisfly larvae display diverse feeding strategies. Depending
on the taxon, they may act as shredders, grazers, collectors, filter feeders or predators. Their diversity of
feeding mechanisms allows them to occupy several ecological niches. Caddisflies are particularly important in
stream ecosystems and form a major component of the EPT assemblage used in biomonitoring.

Odonata Dragonflies and Damselflies

Dragonflies and damselflies have aquatic nymphs and terrestrial or aerial adults. Their nymphs are
predominantly predators and consume mosquito larvae, small crustaceans, aquatic insects, tadpoles and
occasionally small fish. Because odonate nymphs can remain in water for months or years depending on
species, they participate in aquatic predation over relatively long periods. Adults are also important predators
of flying insects. Odonates therefore occupy important positions at intermediate and higher trophic levels in
aquatic food webs.

Hemiptera Aquatic Bugs

Aquatic and semi-aquatic Hemiptera include water striders, backswimmers, water boatmen, giant water bugs
and related groups. They are found in ponds, lakes, streams, marshes and temporary waters. Their ecological
roles vary considerably. Some feed on algae or organic material, while predatory species consume aquatic
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insects, small crustaceans and other organisms. Surface-dwelling species such as water striders exploit an
unusual habitat—the air-water interfaces and demonstrates the ecological diversity of aquatic insects.

Coleoptera Aquatic Beetles

Aquatic beetles occur in both stagnant and flowing freshwater. Important groups include diving beetles and
water scavenger beetles. Both adults and larvae may be aquatic, although life histories vary considerably.
Aquatic beetles can act as predators, scavengers, herbivores or consumers of organic matter. Their ability to
exploit different habitats contributes to their wide distribution.

Diptera True Flies

Diptera is one of the most ecologically diverse insect orders associated with freshwater habitats. Larvae of
mosquitoes, midges, black flies and other flies occur in ponds, wetlands, streams and rivers. Chironomid larvae
are especially important in freshwater food webs and can occur in habitats with relatively low oxygen
concentrations. Other aquatic Diptera occupy specialized ecological niches. Dipterans contribute to
decomposition, nutrient cycling and secondary production and are consumed by fish, amphibians, birds and
other predators.

Megaloptera

Megalopterans include dobsonflies, fishflies and alderflies. Their aquatic larvae are generally predators and
are associated particularly with freshwater streams and rivers. Because their larvae consume other aquatic
organisms, they contribute to the regulation of aquatic populations and energy transfer through food webs.

Habitat-Based Diversity

Aquatic insect communities differ according to habitat type.

Lotic Habitats

Lotic ecosystems include springs, streams and rivers. These habitats are characterized by flowing water,
current velocity, variable substrates and strong longitudinal gradients. Fast-flowing streams often support
mayflies, stoneflies and caddisflies, whereas slower sections may support greater abundance of aquatic bugs,
beetles and dipterans.

Physical habitat complexity is an important determinant of stream insect diversity. Greater variation in
substrates, current velocity, vegetation and other habitat characteristics can create additional ecological
niches.

Lentic Habitats

Lentic habitats include ponds, lakes, reservoirs, marshes and other standing waters. They usually exhibit
greater differences in depth, vegetation and water chemistry than many stream habitats. Aquatic beetles,
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Hemiptera, Odonata and various Diptera are frequently important components of lentic insect communities.
Temporary ponds can also support specialized insect communities adapted to periodic drying.

Wetlands

Wetlands represent highly productive transition zones between aquatic and terrestrial environments. They
support diverse insect communities because they provide aquatic vegetation, shallow water, organic matter
and multiple microhabitats.

Wetland insects contribute to decomposition, predation, pollination and food-web functioning. However,
wetland drainage, pollution and land conversion can rapidly reduce their habitat.

Ecological Roles of Aquatic Insects

Aquatic insects perform numerous ecological functions. Their importance can be understood through their
roles in food webs, decomposition, nutrient cycling, productivity and ecosystem connectivity.

Primary Consumers

Many aquatic insects feed directly on primary producers such as algae, periphyton and aquatic plants. Grazing
insects regulate algal biomass and influence the structure of aquatic plant and microbial communities. Mayfly
and caddisfly larvae, aquatic beetles and several Hemipteran groups may participate in herbivory or grazing.

Detritivores and Decomposers

A major proportion of organic material entering streams and wetlands consist of leaves, twigs and other plant
debris. Aquatic insects contribute to the breakdown of this material. Shredding insects fragment coarse
organic matter into smaller particles, making it more accessible to microorganisms and other consumers. This
process facilitates decomposition and contributes to the transformation of terrestrial plant material into
aquatic food resources. Stoneflies and some caddisflies are important examples of shredders.

Collectors and Filter Feeders

Collector-gatherers consume fine particulate organic matter deposited in sediments, whereas filter feeders
obtain suspended particles from the water column. These insects help redistribute organic material within
aquatic systems and transfer microbial and detrital energy to higher trophic levels.

Predators

Predatory aquatic insects are essential components of freshwater food webs. Dragonfly nymphs, predatory
caddisflies, diving beetle larvae, stoneflies and various Hemipterans feed on other aquatic organisms.
Predation can regulate prey populations and influence community composition. Aquatic insects themselves
are also prey for fish, amphibians and other predators, creating interconnected trophic relationships.
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Food for Fish and Other Animals

Aquatic insects constitute a major food resource for freshwater fish. Mayflies, stoneflies, caddisflies,
chironomids and other insect larvae are frequently consumed by fish.

They are also eaten by frogs, turtles, aquatic birds, bats, spiders and other terrestrial predators. Consequently,
reductions in aquatic insect abundance can have effects that extend beyond insects themselves. Aquatic insects
are described as important components of freshwater food webs because they function both as consumers and
as prey for a broad range of organisms.

Nutrient Cycling

Aquatic insects contribute to nutrient cycling through feeding, excretion, growth and decomposition. By
processing organic matter and redistributing nutrients between sediments and the water column, they
influence ecosystem productivity. Their bodies also represent nutrient stores that become available to
predators when insects are consumed.

Secondary Production

Aquatic insects are important contributors to secondary production the production of animal biomass from
organic resources. Their rapid growth, high abundance and diverse feeding strategies allow them to convert
algae, detritus and microorganisms into animal biomass.

This biomass subsequently supports fish and other predators.

Linking Aquatic and Terrestrial Ecosystems

One of the most important characteristics of aquatic insects is their complex life cycle. Adults emerging from
water transport aquatic-derived energy and nutrients into surrounding terrestrial ecosystems. Emerging
insects can be consumed by birds, bats, spiders, lizards and other terrestrial predators. Thus, aquatic insect
emergence provides an important ecological subsidy to terrestrial food webs.

Aquatic Insects as Bioindicators

Aquatic insects are widely used in freshwater biomonitoring. Their value arises from several characteristics.
First, different insect taxa have different tolerances to environmental stress. Second, many aquatic insects are
relatively sedentary during their immature stages, meaning that their communities reflect local habitat
conditions. Third, they are sufficiently abundant to be sampled quantitatively or qualitatively.

The composition of aquatic insect communities can respond to changes in:

e Dissolved oxygen

e Water temperature

° pH

e Electrical conductivity
e Nutrient concentration
e Organic pollution
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e Heavy metals

e Pesticides

e Sedimentation

e Flowregime

e Habitat alteration

The EPT assemblage Ephemeroptera, Plecoptera and Trichoptera is especially important in freshwater
bioassessment because many taxa within these groups are sensitive to pollution and habitat degradation.
Biomonitoring based on aquatic insects can provide information that chemical measurements alone may not
capture. Chemical sampling generally represents conditions at a particular moment, whereas biological
communities integrate environmental conditions over a longer period.

However, aquatic-insect bioassessment must be interpreted carefully because insect communities are also
affected by natural factors such as season, altitude, substrate, flow, temperature and geographic history.
Consequently, robust monitoring should consider both biological and physicochemical information.

Functional Feeding Groups

The ecological contribution of aquatic insects can be understood through functional feeding groups.

Functional group  Major ecological function Examples

Shredders Break down coarse organic matter Stoneflies, some caddisflies
Scrapers/Grazers Consume algae and periphyton Mayflies, caddisflies

Collector-gatherers = Consume deposited fine organic matter = Many Diptera

Collector-filterers Filter suspended particles Some caddisflies and Diptera

Predators Regulate prey populations Dragonflies, damselflies, predatory beetles
Herbivores Consume aquatic plants Some aquatic beetles and Hemiptera

This functional diversity contributes to ecosystem stability because different insect groups process different
forms of energy and organic matter.

Factors Affecting Aquatic Entomofaunal Diversity

Aquatic insect diversity is influenced by both natural and anthropogenic factors.

Water Quality

Water chemistry strongly influences aquatic insect communities. Pollution can eliminate sensitive taxa while
favouring more tolerant organisms.

Temperature

Temperature affects insect metabolism, growth, development and emergence. Changes in thermal regimes can
therefore alter species distributions and seasonal community patterns.
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Flow Regime

Flow velocity and hydrological variation are particularly important in streams. Different insects possess
different adaptations for surviving current conditions.

Substrate

Sand, gravel, cobbles, mud, leaf litter and woody debris provide different habitats. A heterogeneous substrate
can support a greater variety of insects.

Aquatic Vegetation

Macrophytes provide shelter, food, attachment surfaces and oviposition sites. Vegetation complexity can
therefore increase habitat availability.

Riparian Vegetation

Vegetation surrounding streams provides shade, leaf litter and terrestrial prey. It also helps stabilize banks
and reduce sediment and nutrient inputs.

Seasonality

Aquatic insect abundance and composition often change seasonally. Rainfall, temperature, water level and
food availability influence emergence and reproduction.

Land Use

Agriculture, urbanization, mining, industrial development and deforestation can modify catchments and alter
aquatic insect communities. Aquatic insect assemblages respond to both local habitat conditions and broader
landscape changes.

Major Threats to Aquatic Insect Diversity

Despite their ecological importance, aquatic insects face increasing environmental pressures.

Water Pollution

Domestic sewage, industrial effluents, agricultural runoff and other pollutants can alter water chemistry and
reduce sensitive insect taxa.

Pesticides

Agricultural pesticides can enter streams, ponds and wetlands through runoff. Aquatic insects may be directly

affected by toxic exposure, while indirect effects can occur through changes in food resources and predators.
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Habitat Destruction

Wetland drainage, stream channelization, dam construction and removal of aquatic vegetation can reduce
habitat complexity and eliminate breeding sites.

Sedimentation

Excess sediment can fill spaces between stones and gravel, reducing habitat availability for benthic insects.
Sedimentation can particularly affect organisms dependent on clean, coarse substrates.

Climate Change

Climate change can alter water temperature, rainfall, drought frequency, flooding and hydrological patterns.
These changes may affect aquatic insect development, emergence, geographic distribution and community
structure. Recent research continues to highlight aquatic insects as important components of ecosystems
undergoing climate-related change.

Invasive Species

Invasive plants and animals may modify aquatic habitats and food webs, potentially changing aquatic insect
communities.

Wetland Loss

Wetlands are increasingly affected by drainage, urban expansion, agriculture and infrastructure development.
Loss of wetlands reduces breeding and feeding habitats for numerous aquatic insect species.

Conservation of Aquatic Insects

Conservation of aquatic insect diversity should focus on maintaining the ecological integrity of freshwater
ecosystems rather than protecting insects in isolation.

Protection of Natural Habitats

Streams, rivers, ponds, lakes and wetlands should be protected from unnecessary physical modification.

Maintenance of Riparian Buffers

Vegetated riparian zones can reduce erosion and runoff, provide shade and supply organic matter to streams.

Pollution Control

Treatment of domestic sewage and industrial wastewater is essential. Agricultural runoff should also be

reduced through improved land-management practices.
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Sustainable Agricultural Practices

Integrated pest management, reduced pesticide use, erosion control and vegetated buffer strips can reduce
impacts on aquatic insect communities.

Environmental Flow Management

Where rivers are regulated by dams and other infrastructure, environmental-flow approaches can help
maintain ecological processes required by aquatic organisms.

Long Term Biological Monitoring

Regular monitoring of aquatic insect communities can detect ecological deterioration and evaluate restoration
programs.

Use of Modern Molecular Techniques

Traditional morphological identification can be complemented by molecular methods such as environmental
DNA and DNA metabarcoding. Recent research suggests that these approaches can increase the efficiency and
taxonomic resolution of insect biodiversity monitoring, although standardization and interpretation remain
important challenges.

Public Awareness

Local communities, students and citizen scientists can contribute to freshwater conservation through
awareness programs, biodiversity surveys and habitat restoration activities.

Relevance to Indian Freshwater Ecosystems

India contains a wide variety of freshwater habitats ranging from Himalayan streams to tropical rivers,
reservoirs, ponds, rice-field wetlands and coastal wetlands. These habitats support diverse aquatic insect
communities. A recent review of aquatic insects in India reported substantial regional variation in diversity
and distribution across different states and freshwater habitat types. It highlighted groups including
Hemiptera, Gerridae, Belostomatidae and several other aquatic insect families as important components of
Indian freshwater ecosystems. Indian aquatic insects have significance for biodiversity conservation,
freshwater assessment and ecological research. However, many regions remain inadequately sampled,
particularly at species level. Taxonomic expertise, standardized sampling and long-term ecological monitoring
are needed to understand the actual diversity and distribution of aquatic entomofauna.

Tropical freshwater ecosystems also face substantial pressures from urbanization, agricultural intensification,
pollution, water abstraction, habitat modification and climate variability. Conservation programs therefore
need to incorporate aquatic insects into broader freshwater biodiversity assessments.
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Discussion

Aquatic insects represent a critical biological component of freshwater ecosystems. Their ecological
significance arises from their diversity of feeding strategies, life histories and habitat adaptations. Rather than
performing a single ecological function, aquatic insects collectively participate in almost every level of
freshwater food-web organization.

Their contribution to decomposition is particularly important in streams. Leaf material entering streams from
surrounding vegetation becomes a major source of organic energy. Shredding insects fragment this material,
while microorganisms further process it and collectors consume the resulting fine particles. Predators then
transfer this energy through higher trophic levels. Aquatic insects also demonstrate the importance of
ecological connectivity. Their immature stages contribute to aquatic processes, whereas their adults may
transport energy into terrestrial habitats. Consequently, disturbance to aquatic insect communities may affect
terrestrial organisms that depend on insect emergence.

Another important feature is their value as ecological indicators. Sensitive insect taxa can disappear following
environmental degradation, while tolerant taxa may increase. Therefore, changes in community structure can
provide an integrated signal of ecosystem condition. However, no single insect taxon should automatically be
interpreted as evidence of a particular pollutant or environmental condition. Effective biomonitoring requires
appropriate sampling design, taxonomic resolution, reference conditions and consideration of natural
environmental variability.

The conservation of aquatic insects should therefore be considered an integral part of freshwater ecosystem
conservation. Protecting aquatic insect communities simultaneously protects many ecological processes,
including decomposition, nutrient cycling, and energy transfer and food-web stability.

Research Gaps and Future Directions: Despite extensive research on aquatic insects, several important
knowledge gaps remain.

1. Taxonomic gaps: Many aquatic insects remain poorly documented, particularly at species level in
tropical regions.

2. Distributional gaps: Large areas of India and other tropical regions remain under-sampled.

3. Long-term monitoring: More long-term datasets are needed to distinguish natural variation from
climate-driven change.

4. Functional diversity: Research should move beyond species counts and examine functional traits and
ecological roles.

5. Molecular identification: DNA-based methods can complement conventional taxonomy and improve
detection of cryptic diversity.

6. Climate-change research: More work is required on species-specific responses to warming, drought
and altered rainfall.

7. Restoration ecology: Aquatic insects should be incorporated into assessments of river and wetland
restoration.

8. Landscape ecology: Future studies should examine how catchment-scale land use affects aquatic insect
diversity and ecological functions.

9. Citizen science: Public participation in aquatic insect monitoring could increase spatial and temporal
coverage.

10. Integrated assessment: Biological monitoring should be combined with physicochemical

measurements, habitat assessment and modern molecular approaches.
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Conclusion

Aquatic insects are indispensable components of freshwater ecosystems. Their remarkable taxonomic and
functional diversity enables them to occupy a wide range of ecological niches. Mayflies, stoneflies, caddis flies,
dragonflies, damselflies, aquatic bugs, beetles, flies and other aquatic insect groups contribute to grazing,
decomposition, nutrient cycling, predation, secondary production and energy transfer. Their importance
extends beyond aquatic ecosystems because emerging adults provide food and nutrients to terrestrial
predators. Aquatic insects therefore function as ecological connectors between freshwater and terrestrial
environments. Their sensitivity to environmental changes also makes them valuable biological indicators.
Changes in aquatic insect diversity and community composition can reveal deterioration in water quality,
habitat structure and hydrological conditions. Nevertheless, biological assessment should account for natural
environmental variability and should ideally be combined with chemical and physical measurements.

The growing pressures of pollution, habitat destruction, pesticides, altered flow regimes, wetland loss and
climate change make conservation of aquatic insects increasingly important. Protection of freshwater habitats,
restoration of riparian vegetation, pollution reduction, sustainable land use and long-term biodiversity
monitoring are essential strategies. Ultimately, conserving aquatic insect diversity is not merely an
entomological objective. It is an important component of maintaining freshwater ecosystem health,
biodiversity, ecological connectivity and sustainable environmental management. Future research combining
classical taxonomy, ecology, functional-trait analysis, molecular tools and landscape-level assessment can
provide a stronger scientific foundation for aquatic insect conservation.
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