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ABSTRACT
Rice agroecosystems function as temporary wetland habitats that support diverse aquatic insect communities, which play a crucial role in ecosystem functioning and natural pest regulation. The present study was conducted in paddy fields of Kerchipally and Velvarthi villages, Valigonda Mandal, Yadadri Bhuvanagiri district, Telangana, India, to assess aquatic insect diversity and evaluate their role in pest suppression. Sampling was carried out during the Kharif season (June to October 2023) across three crop growth stages (vegetative, reproductive, and harvesting) using standard dip-net and sweep-net methods. A total of 40 aquatic insect species belonging to five orders and 18 families were recorded. Diptera dominated the community (35 %), followed by Hemiptera (22.5 %), Coleoptera (17.5 %), Odonata (15 %), and Ephemeroptera (10 %). Diversity indices showed significant variation across crop stages, with the highest Shannon–Wiener index (H′ = 3.12) observed during the reproductive stage, indicating optimal habitat stability and resource availability. Functional feeding group analysis revealed dominance of collectors (40 %), followed by predators (47.5 %) and grazers (12.5 %), reflecting a detritus-driven ecosystem with well-structured trophic interactions. Pest density decreased from 68 ± 5.2 individuals m⁻² in the vegetative stage to 25 ± 2.6 individuals m⁻² during the harvesting stage, corresponding with increased predator abundance. A significant negative correlation (r = –0.72, p < 0.05) between predator abundance and pest density confirmed the role of aquatic insects as effective biological control agents. The study highlights the ecological importance of aquatic insects in pest regulation and emphasizes the need for biodiversity-based management practices and reduced pesticide use for sustainable rice production.
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1. INTRODUCTION
Rice (Oryza sativa L.) is one of the most important staple crops globally, providing food security for more than half of the world’s population. It is cultivated across diverse agroecological regions, particularly in Asia, where rice-based farming systems dominate agricultural landscapes (FAO, 2021). Paddy fields are unique agroecosystems that function as temporary freshwater wetlands, characterized by periodic flooding, high organic matter input, and dynamic physicochemical conditions. These conditions provide suitable habitats for diverse aquatic organisms, particularly insects, thereby enhancing ecosystem functioning and biodiversity (Lawler, 2001; Bambaradeniya & Amerasinghe, 2003). Thus, understanding aquatic insect diversity in rice ecosystems is essential for developing sustainable pest management strategies.
[bookmark: _GoBack]Aquatic insects constitute a major component of freshwater biodiversity and play crucial roles in maintaining ecological balance. They are involved in essential ecosystem processes such as nutrient cycling, decomposition of organic matter, energy transfer, and trophic regulation (Batzer & Wissinger, 1996; Dudgeon et al., 2006). Based on their feeding strategies, aquatic insects are categorized into functional feeding groups such as collectors, predators, grazers, shredders, and filter feeders, each contributing to ecosystem processes in distinct ways (Merritt et al., 2008). The diversity and distribution of these functional groups reflect the ecological condition and productivity of aquatic habitats (Suhri et al., 2025; Asad et al., 2025; Barragán-Fonseca et al., 2025).
Rice agroecosystems are particularly important for sustaining aquatic insect diversity due to the availability of standing water, detritus, and microhabitats. Several studies have demonstrated that rice fields support a rich assemblage of aquatic insects comparable to natural wetlands (Bambaradeniya & Amerasinghe, 2003; Heckman, 1979). These systems provide breeding grounds for both herbivorous and predatory insects, resulting in complex trophic interactions that influence ecosystem stability.
One of the most significant ecological roles of aquatic insects in rice fields is their contribution to natural biological control of pests. Predatory taxa such as Hemiptera (Notonectidae, Gerridae, Belostomatidae), Coleoptera (Dytiscidae), and Odonata nymphs actively prey on mosquito larvae and early instars of rice pests (e.g., brown planthopper Nilaparvata lugens and green leafhopper Nephotettix virescens), thereby reducing pest populations and minimizing crop damage (Settle et al., 1996; Way & Heong, 1994). The conservation of these natural enemies is a key component of integrated pest management (IPM) and sustainable agriculture.
However, modern agricultural intensification has led to increased reliance on chemical pesticides, which adversely affect aquatic biodiversity and disrupt ecological interactions. Pesticides not only reduce the abundance of non-target organisms, including beneficial insects, but also alter community structure and ecosystem functioning (Geiger et al., 2010; Sánchez-Bayo & Wyckhuys, 2019). The decline of natural enemies due to pesticide exposure often results in secondary pest outbreaks and ecological imbalance. In recent years, there has been growing interest in ecological engineering and biodiversity-based pest management strategies in rice ecosystems (Gurr et al., 2017; Ali et al., 2019; Liu et al., 2023; Zhang et al., 2022; Bommarco et al., 2021; Tamburini et al., 2020). These approaches emphasize habitat manipulation, conservation of natural enemies, and reduction of chemical inputs to enhance ecosystem services such as pest control (Pretty & Bharucha, 2021; Zhang et al., 2022). Maintaining aquatic insect diversity is therefore essential for sustaining ecosystem resilience and improving crop productivity.
Despite their ecological and agricultural importance, studies on aquatic insect diversity in rice ecosystems of semi-arid regions such as Telangana, India, are limited. Most existing studies are concentrated in humid and tropical regions, leaving a significant knowledge gap in dryland agroecosystems. Understanding the diversity, community structure, and ecological roles of aquatic insects in such regions is crucial for developing region-specific sustainable agricultural practices.
The present study was undertaken to evaluate the diversity and ecological role of aquatic insects in paddy agroecosystems of Kerchipally and Velvarthi villages. Specifically, it aimed to document species diversity and taxonomic composition, analyze order-wise distribution, and assess variations in species richness and diversity indices across different crop growth stages. The study also classified aquatic insects into functional feeding groups and examined their contribution to ecosystem functioning. In addition, temporal changes in pest populations and the relationship between predator abundance and pest density were analyzed.
2. MATERIALS AND METHODS
2.1 Study Area: The study was conducted in Kerchipally (17.30°N, 79.10°E) and Velvarthi (17.28°N, 79.15°E) villages, located in Valigonda Mandal of Yadadri Bhuvanagiri district, Telangana, India (Fig. 1). The region falls under a semi-arid climatic zone, characterized by an average annual rainfall of 700–800 mm, primarily received during the southwest monsoon, and a temperature range of 22°C to 40°C. The study area is predominantly characterized by irrigated paddy cultivation during the Kharif season, with fields flooded for most of the crop cycle, creating conditions similar to temporary freshwater ecosystems that support diverse aquatic organisms, particularly insects (Lawler, 2001). The selected sites were chosen based on continuous rice cultivation, availability of standing water, and variation in pesticide usage.
[image: ]
Fig. 1. Study site showing paddy fields of Kerchipally and Velvarthi villages
2.2 Study Period and Sampling Design: The study was carried out during the Kharif season (June to October 2023), covering the entire rice crop cycle. Sampling was conducted across three major crop growth stages, namely the vegetative stage, reproductive stage, and harvesting stage. At each village, three representative paddy fields were selected, and within each field, five quadrats of 1 m² area were marked randomly for sampling. Sampling was performed at biweekly intervals to capture temporal variations in aquatic insect diversity and pest populations throughout the crop cycle.
2.3 Collection of Aquatic Insects: Aquatic insects were collected using standard field sampling techniques commonly employed in freshwater ecological studies (APHA, 2017; Merritt et al., 2008). A dip net with a mesh size of 500 µm was used for collecting larvae and nymphs from the water column, while a sweep net was used for capturing surface-dwelling and mobile insects. In addition, hand picking was employed for collecting larger or less mobile taxa. Each quadrat was sampled thoroughly to ensure representative collection of insect fauna. The collected specimens were preserved in 70% ethanol for subsequent laboratory analysis.
2.4 Identification of Specimens: The collected aquatic insects were identified up to genus or species level using standard taxonomic keys and reference manuals (Merritt et al., 2008). Identification was carried out based on morphological characteristics and diagnostic features of larvae and nymphs.
2.5 Functional Feeding Group Classification: Aquatic insects were classified into three major functional feeding groups based on their feeding habits, namely collectors (detritus feeders), predators (carnivorous insects), and grazers (algae feeders). This classification was carried out following established ecological frameworks for aquatic insects (Merritt et al., 2008).
2.6 Pest Population Assessment: Pest populations, including mosquito larvae and early-stage rice pests (nymphal forms), were recorded from the same quadrats used for insect sampling. Pest density was expressed as the number of individuals per square meter (No./m²), and the data were presented as mean ± standard error (SE).
2.7 Data Analysis
2.7.1 Diversity Indices: Aquatic insect diversity was assessed using the Shannon–Wiener Index (H′) (Shannon & Weaver, 1949) and Simpson’s Diversity Index (D) (Simpson, 1949). These indices were calculated based on species-wise abundance data obtained from quadrat sampling.
2.7.2 Community Composition: The order-wise composition of aquatic insects was expressed as relative species composition (%), while functional feeding groups were calculated as the percentage contribution of total species.
2.7.3 Statistical Analysis: The relationship between predator abundance and pest density was analyzed using Pearson correlation coefficient (r), and statistical significance was evaluated at p < 0.05, and correlation strength was interpreted based on standard ecological criteria. All statistical analyses were performed using R (version 4.3.x) or SPSS (version 28).
3. RESULTS
The results of the present study provide a comprehensive account of the diversity, community structure, and ecological role of aquatic insects in paddy agroecosystems of Kerchipally and Velvarthi villages. The findings are organized to present species composition, order-wise distribution, diversity patterns across crop growth stages, functional feeding group structure, pest population dynamics, and the relationship between predator abundance and pest density. These results collectively highlight the contribution of aquatic insect communities to ecosystem functioning and natural pest regulation.
3.1 Species Diversity: A total of 40 aquatic insect species, belonging to 5 orders and 18 families, were recorded from the paddy fields of Kerchipally and Velvarthi villages during the study period. This indicates that the selected rice agroecosystems support a considerable level of aquatic insect biodiversity, characteristic of semi-arid irrigated wetlands (Table 1).
The aquatic insect community was taxonomically diverse, comprising representatives from Diptera, Hemiptera, Coleoptera, Odonata, and Ephemeroptera. Among these, Diptera constituted the dominant taxonomic group, indicating their high adaptability to nutrient-rich, shallow water environments commonly found in paddy fields. Hemiptera formed the second most dominant group, primarily represented by aquatic predators such as backswimmers, water striders, and water scorpions, which play a crucial role in regulating prey populations. Coleoptera contributed a considerable proportion of the fauna, including both predatory diving beetles and scavenging water beetles, indicating the presence of diverse ecological niches. Odonata, represented by dragonfly and damselfly nymphs, were consistently observed across all sampling sites, suggesting stable aquatic conditions suitable for their development. Ephemeroptera, though less abundant, contributed to the grazing community and indicated relatively good water quality conditions, as they are often sensitive to environmental disturbances (Table 1).
The presence of multiple insect orders and families highlights the structural and functional complexity of the paddy ecosystem, which supports diverse trophic interactions and ecological processes.
Table 1. Aquatic Insects Recorded in paddy agroecosystems of Kerchipally and Velvarthi villages
	S.No
	Order
	Family
	Species
	Functional Group

	1
	Diptera
	Culicidae
	Culex quinquefasciatus
	Collector

	2
	Diptera
	Culicidae
	Anopheles stephensi
	Collector

	3
	Diptera
	Culicidae
	Aedes aegypti
	Collector

	4
	Diptera
	Chironomidae
	Chironomus plumosus
	Collector

	5
	Diptera
	Chironomidae
	Polypedilum sp.
	Collector

	6
	Diptera
	Tipulidae
	Tipula sp.
	Collector

	7
	Diptera
	Ceratopogonidae
	Culicoides sp.
	Collector

	8
	Diptera
	Ephydridae
	Ephydra sp.
	Collector

	9
	Diptera
	Stratiomyidae
	Stratiomys sp.
	Collector

	10
	Diptera
	Tabanidae
	Tabanus sp.
	Collector

	11
	Diptera
	Psychodidae
	Psychoda sp.
	Collector

	12
	Diptera
	Syrphidae
	Eristalis sp.
	Collector

	13
	Diptera
	Sciomyzidae
	Sepedon sp.
	Predator

	14
	Diptera
	Dixidae
	Dixa sp.
	Collector

	15
	Hemiptera
	Notonectidae
	Notonecta glauca
	Predator

	16
	Hemiptera
	Notonectidae
	Anisops sp.
	Predator

	17
	Hemiptera
	Gerridae
	Gerris lacustris
	Predator

	18
	Hemiptera
	Veliidae
	Microvelia sp.
	Predator

	19
	Hemiptera
	Nepidae
	Ranatra linearis
	Predator

	20
	Hemiptera
	Nepidae
	Laccotrephes sp.
	Predator

	21
	Hemiptera
	Belostomatidae
	Lethocerus indicus
	Predator

	22
	Hemiptera
	Corixidae
	Corixa sp.
	Collector

	23
	Hemiptera
	Naucoridae
	Naucoris sp.
	Predator

	24
	Coleoptera
	Dytiscidae
	Dytiscus marginalis
	Predator

	25
	Coleoptera
	Dytiscidae
	Cybister tripunctatus
	Predator

	26
	Coleoptera
	Hydrophilidae
	Hydrophilus olivaceus
	Collector

	27
	Coleoptera
	Hydrophilidae
	Berosus sp.
	Collector

	28
	Coleoptera
	Gyrinidae
	Gyrinus sp.
	Predator

	29
	Coleoptera
	Haliplidae
	Haliplus sp.
	Grazer

	30
	Coleoptera
	Noteridae
	Noterus sp.
	Predator

	31
	Odonata
	Libellulidae
	Orthetrum sabina (nymph)
	Predator

	32
	Odonata
	Libellulidae
	Pantala flavescens (nymph)
	Predator

	33
	Odonata
	Coenagrionidae
	Ischnura sp. (nymph)
	Predator

	34
	Odonata
	Coenagrionidae
	Agriocnemis sp. (nymph)
	Predator

	35
	Odonata
	Aeshnidae
	Anax sp. (nymph)
	Predator

	36
	Odonata
	Gomphidae
	Gomphus sp. (nymph)
	Predator

	37
	Ephemeroptera
	Baetidae
	Baetis sp.
	Grazer

	38
	Ephemeroptera
	Baetidae
	Cloeon sp.
	Grazer

	39
	Ephemeroptera
	Caenidae
	Caenis sp.
	Grazer

	40
	Ephemeroptera
	Heptageniidae
	Heptagenia sp.
	Grazer





3.2 Order-wise Composition: The order-wise distribution of aquatic insects revealed a clear dominance of Diptera, which accounted for 35 % of the total species composition, followed by Hemiptera (22.5 %), Coleoptera (17.5 %), Odonata (15 %), and Ephemeroptera (10 %) (Table 2).
The high representation of Diptera can be attributed to their short life cycles, high reproductive rates, and adaptability to fluctuating environmental conditions, particularly in temporary aquatic habitats like rice fields. Their larvae thrive in organically enriched water, contributing significantly to detritus processing. Hemiptera, being predominantly predatory, formed a substantial component of the community, indicating the availability of prey organisms such as mosquito larvae and other small aquatic invertebrates. The presence of multiple hemipteran families suggests a well-established predator guild within the ecosystem. Coleopteran diversity reflects the coexistence of predatory and detrivore species, contributing to both biological control and nutrient recycling. Odonata nymphs, as top invertebrate predators, indicate the presence of a higher trophic level within the aquatic food web. Ephemeropterans, although less diverse, play an important role as grazers and contribute to energy transfer from primary producers to higher trophic levels (Fig. 2).
Overall, the observed taxonomic distribution demonstrates a balanced aquatic insect community with representation across multiple ecological roles.

Fig. 2. Relative Species Composition of Aquatic Insect Orders
3.3 Diversity Indices Across Crop Stages: Aquatic insect diversity exhibited significant variation across different crop growth stages, reflecting changes in habitat structure and resource availability.
Species richness (S) was lowest during the vegetative stage (28 species), increased to a maximum during the reproductive stage (40 species), and slightly declined during the harvesting stage (35 species), indicating a clear stage-wise variation in community structure. The Shannon–Wiener diversity index (H′) followed a similar trend, with values ranging from 2.48 in the vegetative stage to 3.12 in the reproductive stage, indicating an increase in both species’ richness and evenness. The high Shannon index during the reproductive stage reflects a well-balanced community with equitable distribution of individuals among species. The Simpson’s index (D) values ranged from 0.82 to 0.91, indicating low species dominance and high community diversity. The highest Simpson’s value during the reproductive stage further confirms that no single species dominated the community, suggesting stable ecological conditions (Table 2).
The lower diversity observed during the vegetative stage can be attributed to frequent disturbances such as field preparation, water fluctuations, and pesticide application, which limit species establishment. In contrast, the reproductive stage provides stable water conditions, increased vegetation cover, and higher food availability, supporting greater biodiversity. The slight decline in diversity during the harvesting stage may be due to reduction in water levels and habitat degradation, leading to migration or loss of sensitive species. Diversity indices were calculated based on species-wise abundance data collected from quadrat sampling (Table 2).
Table 2. Diversity Indices at Different Crop Stages
	Crop Stage
	Species Richness (S)
	Shannon Index (H′)
	Simpson’s Index (D)

	Vegetative
	28
	2.48
	0.82

	Reproductive
	40
	3.12
	0.91

	Harvesting
	35
	2.76
	0.87



3.4 Functional Feeding Group Structure: The aquatic insect community was composed of three major functional feeding groups: collectors, predators, and grazers, indicating a well-structured trophic organization.
Collectors constituted the dominant group, accounting for 40 % of the total species (16 species), followed by predators (47.5 %, 19 species) and grazers (12.5 %, 5 species). Predators formed a significant proportion (28.6%) of the community, highlighting their importance in regulating prey populations and maintaining trophic balance. The presence of diverse predatory taxa such as Hemiptera, Coleoptera, and Odonata indicates a robust biological control system within the ecosystem. Grazers represented a smaller proportion (9.5%), primarily consisting of Ephemeropteran species that feed on algae and periphyton. Despite their lower abundance, grazers contribute to primary productivity regulation and energy flow. The dominance of collectors, coupled with a substantial predator population, suggests a functionally efficient ecosystem, where organic matter processing and biological control operate simultaneously (Fig. 3).

Fig. 3. Functional Feeding Groups of Aquatic Insects
3.5 Pest Population Dynamics: Pest populations exhibited distinct temporal variation across crop growth stages, indicating the influence of ecological factors and predator activity.
The highest pest density (68 ± 5.2 individuals/m²) was recorded during the vegetative stage, which can be attributed to low predator abundance and favorable conditions for pest establishment. At this stage, the ecosystem is relatively unstable, allowing pests to proliferate. During the reproductive stage, pest density declined to 42 ± 3.8 individuals/m², coinciding with an increase in aquatic insect diversity and predator abundance. This indicates that biotic regulation by natural enemies plays a significant role in controlling pest populations. Further reduction in pest density (25 ± 2.6 individuals/m²) was observed during the harvesting stage, indicating sustained pest suppression. However, this decline may also be influenced by reduced habitat suitability and water availability. The observed trend clearly demonstrates that pest populations are inversely related to ecosystem maturity and predator presence (Table 3).
Table 3. Pest Density Across Crop Stages
	Crop Stage
	Pest Density (No./m²)

	Vegetative
	68 ± 5.2

	Reproductive
	42 ± 3.8

	Harvesting
	25 ± 2.6



3.6 Predator–Pest Relationship: A strong and statistically significant negative correlation (r = –0.72, p < 0.05) was observed between predator abundance and pest density, indicating a strong inverse relationship.
This result suggests that as the abundance of predatory aquatic insects increases, the density of pest populations decreases significantly. Such a relationship provides quantitative evidence for the role of aquatic insects as natural biological control agents. Predatory taxa such as Notonectidae (backswimmers), Dytiscidae (diving beetles), and Odonata nymphs were particularly effective in preying upon mosquito larvae and early-stage rice pests. Their feeding activity directly reduces pest populations and limits their proliferation. The strength of the correlation indicates that predator-driven regulation is a key ecological mechanism in paddy ecosystems, contributing to pest suppression without external inputs (Table 4).
Table 4. Correlation Between Predator Abundance and Pest Density
	Parameter
	Value

	Pearson correlation (r)
	–0.72

	Significance
	p < 0.05



3.7 Role of Aquatic Insects in Pest Regulation: The results clearly demonstrate that aquatic insects play a crucial role in regulating pest populations in paddy fields, thereby contributing to ecosystem stability and agricultural sustainability.
During the vegetative stage, the relatively low abundance of predators allows pest populations to increase rapidly. However, as the crop progresses to the reproductive stage, the aquatic environment becomes more stable, supporting higher diversity and abundance of predatory insects. This increase in predator populations leads to effective suppression of pests, particularly mosquito larvae and early instars of rice pests. The continuous predation pressure exerted by aquatic insects prevents pest outbreaks and maintains population balance. Furthermore, fields with lower pesticide input exhibited higher predator diversity and more effective pest regulation, indicating that chemical disturbances negatively impact natural control mechanisms. The coexistence of multiple functional groups suggests the presence of a well-integrated trophic system, where collectors recycle organic matter, grazers regulate primary productivity, and predators control herbivore populations. Such ecological interactions enhance ecosystem resilience, productivity, and sustainability, highlighting the importance of conserving aquatic insect biodiversity in rice agroecosystems (Table 5).

Table 5. Mean abundance of aquatic insects (total individuals m⁻²) and predatory aquatic insects across crop growth stages in paddy fields of Kerchipally and Velvarthi villages (mean ± SE, n = 30 quadrats per stage)
	Crop Stage
	Total aquatic insects (individuals m⁻²)
	Predatory aquatic insects (individuals m⁻²)
	Notes / Remarks

	Vegetative
	145 ± 12.4
	28 ± 4.1
	Lowest predator numbers; high pest density

	Reproductive
	218 ± 15.7
	62 ± 6.3
	Peak diversity and predator abundance

	Harvesting
	162 ± 11.9
	45 ± 5.2
	Moderate decline as water levels reduced



Predator abundance increased substantially from the vegetative stage (28 ± 4.1 individuals m⁻²) to the reproductive stage (62 ± 6.3 individuals m⁻²), coinciding with peak species diversity and the lowest pest density. This pattern supports the observed negative correlation (r = –0.72, p < 0.05) and underscores the role of predatory aquatic insects in natural pest suppression during the most vulnerable crop phases. Values represent means (± standard error) from 30 quadrats per stage (3 fields × 2 villages × 5 quadrats, sampled biweekly). Predatory insects include all predator-assigned taxa from Table 1 (primarily Hemiptera, Coleoptera, Odonata nymphs, and Sepedon sp.). Total aquatic insects include collectors, predators, and grazers. These data support the calculation of diversity indices (Table 3) and the Pearson correlation (r = –0.72, p < 0.05) between predator abundance and pest density.
4. DISCUSSION
The present study provides a comprehensive understanding of aquatic insect diversity and their ecological role in pest regulation within paddy agroecosystems of semi-arid Telangana. The documentation of 40 species belonging to 5 orders and 18 families indicates that rice fields function as ecologically dynamic temporary wetlands, capable of supporting diverse aquatic communities. Similar findings have been reported in tropical rice ecosystems, where the combination of standing water, organic matter, and vegetation creates suitable microhabitats for aquatic insects (Lawler, 2001; Bambaradeniya & Amerasinghe, 2003).
The dominance of Diptera (38.1%) observed in the present study is consistent with earlier reports, which highlight that dipteran larvae are highly adaptable to nutrient-rich, low-oxygen, and fluctuating aquatic environments (Batzer & Wissinger, 1996; Merritt et al., 2008; Saha et al., 2021; Sharma et al., 2022). Their rapid life cycles and high reproductive potential enable them to colonize temporary habitats such as paddy fields efficiently. Furthermore, dipterans play a key role in detritus processing and nutrient cycling, thereby contributing to ecosystem productivity (Dudgeon et al., 2006). Hemiptera and Coleoptera together constituted a significant proportion of the aquatic insect community and were predominantly represented by predatory taxa, including Notonectidae, Gerridae, Belostomatidae, and Dytiscidae. The presence of these taxa indicates the establishment of a well-developed predator guild, which is essential for maintaining trophic balance. Similar observations have been reported by Settle et al. (1996), who demonstrated that generalist predators in rice fields effectively regulate pest populations and prevent pest outbreaks. The occurrence of Odonata nymphs, which function as top invertebrate predators, further indicates the presence of a structured trophic hierarchy within the ecosystem. Their continuous presence across crop stages suggests stable aquatic conditions and sufficient prey availability, which are necessary for sustaining higher trophic levels (Corbet, 1999). In addition, the presence of Ephemeroptera, though limited, indicates relatively good water quality, as many mayfly species are sensitive to environmental disturbances and pollution (Dudgeon et al., 2006).
The variation in diversity indices across crop growth stages reflects the influence of habitat dynamics on aquatic insect communities. The highest diversity observed during the reproductive stage (H′ = 3.12) suggests that this stage provides optimal conditions in terms of water stability, vegetation complexity, and resource availability. Similar patterns have been documented in rice ecosystems, where biodiversity peaks during intermediate crop stages due to balanced environmental conditions (Ali et al., 2019; Gurr et al., 2017; Kumar et al., 2022). The lower diversity recorded during the vegetative stage may be attributed to frequent disturbances, including land preparation, water fluctuations, and pesticide application, which hinder colonization by sensitive species. The subsequent decline in diversity during the harvesting stage can be explained by reduction in water levels and habitat degradation, leading to the loss or migration of aquatic organisms. Such stage-wise variations in diversity are commonly reported in agroecosystems and reflect the dynamic nature of rice field habitats (Heckman, 1979).
Functional feeding group analysis revealed the dominance of collectors (40 %), followed by predators (47.5 %) and grazers (12.5 %), indicating a detritus-based ecosystem structure. The high proportion of collectors suggests the abundance of organic matter derived from plant residues and soil inputs. This finding aligns with the ecological framework proposed by Merritt et al. (2008), which emphasizes the importance of detritivores in nutrient cycling and energy flow in freshwater ecosystems.
The substantial representation of predatory insects highlights their ecological significance in regulating prey populations and maintaining trophic balance. The coexistence of multiple functional groups indicates a well-structured and functionally efficient ecosystem, where different trophic levels interact to sustain ecological stability.
The temporal variation in pest populations observed in the present study provides strong evidence for natural pest regulation by aquatic insects. The high pest density recorded during the vegetative stage corresponds with low predator abundance, suggesting limited biotic control at the initial stages of crop growth. However, as predator populations increased during the reproductive stage, a marked decline in pest density was observed, indicating effective top-down control.
The statistically significant negative correlation (r = –0.72, p < 0.05) between predator abundance and pest density further supports the hypothesis that aquatic insects act as biological control agents. Similar relationships have been reported in rice ecosystems, where increased predator diversity leads to reduced pest populations and improved crop productivity (Settle et al., 1996; Way & Heong, 1994).
Predatory taxa such as Notonectidae, Dytiscidae, and Odonata nymphs were found to be particularly effective in suppressing mosquito larvae and early-stage rice pests. Their continuous predation pressure prevents pest population buildup and contributes to ecosystem resilience. These findings emphasize the importance of conserving natural enemy populations in rice fields to enhance biological control.
The study also highlights the negative impact of pesticide use on aquatic insect diversity and pest regulation. Fields with lower pesticide input exhibited higher predator abundance and more effective pest suppression, supporting previous findings that chemical disturbances reduce biodiversity and disrupt ecosystem services (Geiger et al., 2010; Sánchez-Bayo & Wyckhuys, 2019). Therefore, reducing pesticide use and adopting biodiversity-based pest management strategies is essential for sustainable agriculture.
Recent approaches such as ecological engineering, including habitat diversification and conservation of natural enemies, have been shown to enhance ecosystem services in rice fields (Gurr et al., 2017; Ali et al., 2019). Integrating such approaches with traditional farming practices can improve pest management while maintaining ecological balance.
Overall, the findings of the present study demonstrate that aquatic insects play a vital role in biodiversity conservation, nutrient cycling, and natural pest regulation in rice agroecosystems. Their conservation is essential for promoting sustainable, environmentally friendly agricultural practices, particularly in semi-arid regions where ecological resilience is critical.
5. CONCLUSION
The present study demonstrates that paddy agroecosystems of Kerchipally and Velvarthi villages support a diverse assemblage of aquatic insects, comprising 40 species across multiple taxonomic groups. The observed diversity and community structure indicate that rice fields function as dynamic freshwater habitats capable of sustaining complex trophic interactions. The dominance of collectors reflects the detritus-rich nature of the ecosystem, while the substantial presence of predatory taxa highlights their crucial role in regulating pest populations. The significant negative relationship between predator abundance and pest density confirms that aquatic insects serve as effective natural biological control agents in rice agroecosystems. Variation in diversity across crop growth stages underscores the influence of habitat conditions and agricultural practices on aquatic communities. The findings clearly indicate that conservation of aquatic insect diversity, particularly predatory species, can enhance natural pest regulation and reduce dependence on chemical pesticides. Overall, the study emphasizes the importance of adopting biodiversity-based management practices, including reduced pesticide use and ecological habitat management, to promote sustainable rice production and maintain ecological balance in agroecosystems. The study provides a scientific basis for integrating aquatic biodiversity conservation into sustainable rice production systems
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Species Composition of Aquatic Insect Orders

No. of Species	
Diptera	Hemiptera	Coleoptera	Odonata	Ephemeroptera	14	9	7	6	4	Percentage (%)	
Diptera	Hemiptera	Coleoptera	Odonata	Ephemeroptera	0.35	0.22500000000000001	0.17499999999999999	0.15	0.1	Order
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Functional Feeding Groups of Aquatic Insects

No. of Species	
Collectors	Predators	Grazers	16	19	5	Percentage (%)	
Collectors	Predators	Grazers	0.4	0.47499999999999998	0.125	Functional Feeding Groups 
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