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Abstract

Insect biodiversity is integral to agroecosystem functioning, contributing to pollination, pest regulation, decomposition, and
nutrient cycling. This study assessed insect diversity and seasonal variation across major cropping systems in Muzaffarpur
district, Bihar, India, over a 12-month period from August 2024 to July 2025. A total of 186 insect species belonging to 11
orders and 34 families were recorded using standard entomological sampling techniques across five representative agricultural
sites. Lepidoptera (24.19%), Coleoptera (17.20%), and Hymenoptera (15.05%) were the most species-rich orders.
Functionally, pest species constituted the largest group (38.71%), followed by pollinators (18.28%), predators (16.13%),
mixed-role taxa (15.59%), and decomposers/detritivores (11.29%). “The highest number of species records was obtained
during the monsoon (85), followed by summer (66) and winter (35).” The coexistence of pest and beneficial insect groups
highlights the multifunctional nature of agricultural insect communities and the importance of conserving beneficial taxa. The
findings emphasize the need for seasonal insect monitoring, habitat management, and ecologically based Integrated Pest
Management (IPM) to support biodiversity conservation and sustainable agricultural production in subtropical
agroecosystems.
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Introduction agricultural crops. Greater landscape and habitat diversity
Insects are important components of agricultural can support natural-enemy communities and enhance
ecosystems, performing key functions such as pollination, natural pest regulation in agricultural systems (Bianchi et
herbivory, decomposition, nutrient cycling, and natural pest al., 2006; Tscharntke et al., 2012) %1, Habitat management
regulation. However, several insect species are major can further provide food, shelter, and alternative resources
agricultural pests that adversely affect crop yield and for predators and parasitoids, strengthening conservation
quality. Understanding insect diversity, functional roles, and biological control (Landis et al., 2000; Gurr et al., 2017) [*-
seasonal patterns is therefore essential for sustainable 141 Therefore, documenting insect diversity and seasonal
agricultural management and biodiversity conservation distribution provides valuable baseline information for pest
(Altieri, 1999) @1, monitoring, conservation of beneficial insects, and
Muzaffarpur district of northern Bihar has diverse development of ecologically based integrated pest
agricultural and horticultural cropping systems, providing management (IPM) strategies.

varied habitats and resources for insect communities. Despite the agricultural importance of Muzaffarpur,
“Seasonal variation in temperature, rainfall, humidity, crop comprehensive information on insect diversity and seasonal
phenology, and vegetation can influence insect abundance, distribution across different agricultural habitats remains
distribution, and community composition, thereby affecting limited. Recent studies in the region have mainly focused on
pest dynamics and their management (Sharma & Dhillon, particular crops or pest groups, such as insect pests
2020) 24> associated with vegetable crops, while broader assessments
Seasonal variation strongly influences insect community of insect communities across agricultural ecosystems remain
composition, abundance, and population dynamics in comparatively scarce (Kumari & Singh, 2026). Studies from
agricultural  ecosystems. Climatic factors such as Bihar have also demonstrated considerable seasonal
temperature, rainfall, and humidity can affect insect variation in insect fauna associated with individual crop
development, reproduction, distribution, and interactions ecosystems, highlighting the importance of systematic
with host plants and natural enemies, thereby influencing seasonal monitoring (Giri & Mohapatra, 2024). A broader
pest occurrence and management decisions (Sharma & assessment across multiple agricultural habitats can
Dhillon, 2020) [, Seasonal monitoring is therefore therefore provide useful baseline information on insect
important for identifying periods of increased pest activity composition, seasonal distribution, and functional diversity
and changes in beneficial insect communities. for ecological monitoring and pest management.
Agricultural biodiversity also contributes to ecosystem The present study was undertaken to assess insect species
functioning and biological pest regulation. Predators and diversity and seasonal distribution across selected
parasitoids can suppress herbivorous insect populations, agricultural agro-ecosystems of Muzaffarpur district, Bihar.
while pollinators provide essential ecosystem services to The study aimed to document the taxonomic composition of
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the insect community, compare seasonal patterns of
occurrence, and classify recorded insects according to their
major ecological functions, including pests, pollinators,
predators, parasitoids, and decomposers. The findings are
expected to provide baseline information for biodiversity
monitoring, conservation of beneficial insects, and
development of region-specific integrated pest management
(IPM) strategies.

Research Methodology

Study Area

The study was conducted in Muzaffarpur district, northern
Bihar, India (26.12°-26.39° N and 85.23°-85.56° E). Five
representative agricultural sites were selected based on crop
diversity, land use, and surrounding vegetation, covering
litchi orchards, vegetable fields, maize fields, and mixed-
cropping areas. Insect sampling was conducted for one year,
from August 2024 to July 2025 [, with visits twice a month
at each site.

Insect Sampling and Identification

Insects were sampled using sweep nets, pitfall traps, light
traps, sticky traps, hand collection, and visual observations
across different agricultural habitats (Southwood, 1978;
Montgomery et al., 2021) ], Specimens were preserved,
labelled, and identified using standard taxonomic keys and
reference literature, with expert assistance where required.

Data Analysis

Insect records were organized by site, season, order, family,
and functional group. Species richness, abundance, and
seasonal distribution were compared among summer,

monsoon, and winter. Data were analyzed and graphically
presented using Microsoft Excel and R software.

Functional Classification

Insects were classified as pests, pollinators, predators,
parasitoids, or decomposers based on their documented
ecological roles (Altieri, 1999; Landis et al., 2000) [> 141,

Results and Discussion

A total of 186 insect species representing 11 orders and 34
families were recorded during the study period as shown in
Table 1. Lepidoptera was the most species-rich order,
comprising 45 species (24.19%), followed by Coleoptera
(32 species; 17.20%) and Hymenoptera (28 species;
15.05%). Diptera and Hemiptera accounted for 25 (13.44%)
and 22 species (11.83%), respectively, while Orthoptera and
Odonata contributed 10 (5.38%) and 8 species (4.30%). The
remaining orders collectively contributed 16 species
(8.60%). Based on functional classification, pests
constituted the largest group (72 species; 38.71%), followed
by pollinators (34; 18.28%), predators (30; 16.13%), mixed-
function taxa (29; 15.59%), and soil
decomposers/detritivores (21; 11.29%) (Table 3). The pest
accumulation included aphids, leafhoppers, thrips,
lepidopteran larvae, beetles, grasshoppers, and fruit flies.
The groups included bees, butterflies, hoverflies, ladybird
beetles, predatory bugs, dragonflies, mantids, and parasitoid
wasps recorded under beneficial groups. Seasonal records
showed the highest number of insect species during the
monsoon (85), which is followed by summer (66) and
winter (35) (Table 2). The higher number of records during
the monsoon may be associated with increased vegetation
and resource availability, although climatic factors were not
statistically evaluated in the present study.

Table 1: Diversity, Ecological Roles, and Host Associations of Major Insect Orders in Agricultural Ecosystems:

S. No. Order Family Common name Hosts Ecological Role No. .Of
Species
1. Lepidoptera | Noctuidae Armyworms, Maize, Pulses, Vegetables Pest 12
Cutworms
2. Pyralidae FrUIt/Stem Bc_Jrers Sugarcane, Rice, Litchi Pest 10
(e.g., litchi)
3. Pieridae  |Cabbage Butterfly| Cabbage, Mustard, Cauliflower, Radish Pollinator/minor pest| 6
. Brush-footed . .
4. Nymphalidae Butterflies Flowers, Fruit trees (for nectar) Pollinator 10
5. Arctiidae Tiger Moths Cotton, Vegetables, Various cultivated plants Mixed 7
6. Coleoptera |Coccinellidae | Ladybird Beetles| Feeds on aphids on Mustard, Vegetables, Litchi Predators 8
7. Chrysomelidae| Leaf Beetles Brinjal, Okra, Cucurbits, Beans Pests 7
8. Scarabaeidae White Grubs, Sugarcane, Potato, Groundnut Deco_mposer/ 6
Dung Beetles Soil pests
9. Carabidae | Ground Beetles Found in all crop fields Predators 6
10. Tenebrionidae | Darkling Beetles Stored grains, Wheat, Rice Scavengeerssts/ Minor 5
11. Hymenoptera Apidae Honey Bees, Litchi, Mango, Mustard, Sunflower, Cucurbits Pollinator 10
Carpenter Bees
12. Formicidae Ants Associated with fruits, vegetables Mixed F(,E;Z;e ficial / 6
13. Ichneumonidae Ichneumon Parasitize caterpillars in Vegetables, Pulses, Parasitoids 5
Wasps Cereals
14. Braconidae | Braconid Wasps Parasites of HeIICO\;ﬁ;?Z‘E Spodoptera pulses, Parasitoids 4
15. Vespidae Paper Wasps Mango, Litchi (fruit pests) Predator/ Pollinator 3
16. Diptera Syrphidae Hoverflies Pollinators — VVegetables, Mustard, Litchi Predator/ Pollinator 6
17. Tephritidae Fruit Flies Mango, Litchi, Guava, Cucurbits Pests 5
18. Calliphoridae Blowflies Decaying matter; indirectly found in agro- Decomposers 4
ecosystems
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19. Muscidae House Flies Organic matter; can be secondary pests on Scavengers 5
vegetables
20. Culicidae Mosquitoes Not crop pests, breed in water bodies near fields Non-aNger:i:J;}uraI / 5
21. Hemiptera Aphididae Aphids Mustard, Beans, Peas, Litchi, Tomato, Brinjal pests 8
22. Cicadellidae Leafhoppers Rice, Maize, Brinjal, Cotton, Vegetables Pesse/cl?c:isease 5
23. Pentatomidae Stink Bugs Pulses, Rice, Cotton, Vegetables Mixed 4
24, Reduviidae | Assassin Bugs Predators in vegetable and pulse fields Predators 3
25. Lygaeidae Seed Bugs Pulses, Mustard, Cotton, Grains Minor Pests 2
26. Orthoptera Acrididae Grasshoppers Rice, Wheat, Maize, Grasses Pests 6
27 Gryllidae Crickets Rice fields, under debrls,_occasmnally damaging Minor Pests 5
seedlings
28. Tettigoniidae Katydids Found on leafy vegetigll ieasésometlmes feeding on Herbivores 2
29. Odonata Libellulidae Dragonflies | Feed on mosquitoes and insects near paddy fields Predators 5
30. Coenagrionidael Damselflies Found in rice fields, feeding on small insects Predators 3
31. |Thysanoptera| Thripidae Thrips Onion, Chilli, Mango, Litchi, Tomato Pests 5
32. Isoptera Termitidae Termites Sugarcane, Groundnut, Maize, Tree crops D?;ngsstir / 4
33. Mantodea Mantidae | Praying Mantids Predators found in allcgrrgé)lsé— vegetables, pulses, Predators
34. Blattodea Blattidae Cockroaches Stored products, compost, organic matter Decomposers 4
Total Orders =11 Families =34 No. of Species =186
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Table 2: Seasonal abundance and order-wise species recorded in study area:

S. No. Insect Order Summer Monsoon Winter Number of Species % of Total Diversity

1 Lepidoptera 20 18 7 45 24.2

2 Coleoptera 14 13 5 32 17.2

3 Hymenoptera 10 11 7 28 15.1

4 Diptera 6 15 4 25 13.4

5 Hemiptera 8 10 4 22 11.8

6 Orthoptera 2 6 2 10 5.4

7 Odonata 1 6 1 8 4.3

8 Others 5 6 5 16 8.6
Total 66 85 35 186 100

Table 3: Seasonal variation in insect species diversity across functional groups
Functional Group Summer Monsoon Winter Total % Distribution of Total F.G.

Pests 23 37 12 72 38.71
Pollinators 11 15 8 34 18.28
Decomposers/detritivores 8 9 4 21 11.29
Predators 11 13 6 30 16.13
Mixed 13 11 5 29 15.59

Total 66 85 35 186 100

Discussion Though, agricultural  strengthening,  habitat  loss,

The present study recorded a diverse insect community
comprising both pest and beneficial taxa in which pest
insects represented the largest functional group (38.71%),
including aphids, leafhoppers, thrips, lepidopteran larvae,
beetles, grasshoppers, and fruit flies. Due to their presence
across the surveyed agricultural habitats the importance of
regular monitoring and ecologically based pest-management
practices get emphasized. Pollinators represented 18.28% of
the recorded insect community where Bees, butterflies, and
hoverflies shows important contribution to pollination
services in agricultural landscapes. The production of fruit,
vegetable, or seed from 87 of 115 leading global food crops
was dependent to some degree on animal pollination
reported by Klein et al. (2007) [*3],

The occurrence of diverse pollinator groups in this study
highlights their ecological importance within the surveyed
agro-ecosystems. Natural enemies such as predators and
parasitoids, including ladybird beetles, ground beetles,
predatory bugs, mantids, dragonflies, braconid wasps, and
ichneumonid wasps, constituted an important component of
the insect community and they can contribute to biological
control by suppressing pest populations. Habitat
management that provides shelter, nectar, pollen, and
alternative prey or hosts can enhance natural-enemy
communities and support ecological pest regulation (Landis
et al., 2000; Gurr et al., 2017) (11141,

Decomposer and detritivore groups, including termites,
blowflies, and cockroaches, also contributed to the recorded
fauna. Insects provide important ecosystem services,
including decomposition, nutrient cycling, pollination, and
natural pest control (Losey & Vaughan, 2006) 151,

The existence of both pest and beneficial insects validates
the  multifunctional nature of agricultural insect
communities for maintaining habitat diversity and landscape
heterogeneity can influence insect biodiversity, community
structure, and ecosystem functioning (Tscharntke et al.,
2012) 51, Conservation of pollinators and natural enemies,
together with appropriate pest monitoring and habitat
management, can therefore contribute to biodiversity
conservation and integrated pest management.
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fragmentation, and agrochemical exposure can negatively
affect beneficial orthropod communities, particularly
pollinators (Potts et al., 2010). Therefore, conservation-
oriented practices such as crop diversification, maintenance
of flowering resources, and preservation of suitable non-
crop habitats may help sustain functional insect diversity
and ecosystem services in agricultural landscapes.

Conclusion

The study documented 186 insect species belonging to 11
orders and 34 families in the agricultural ecosystems of
Muzaffarpur, Bihar, demonstrating considerable taxonomic
and functional diversity. Lepidoptera, Coleoptera, and
Hymenoptera were the most species-rich orders, while pest
insects constituted the largest functional group, followed by
pollinators, predators, and decomposers.

Seasonal variation in insect occurrence was observed, with
the highest number of species recorded during the monsoon,
followed by summer and winter. The presence of diverse
pollinators, predators, parasitoids, and decomposers
highlights the ecological importance of insects within
agricultural landscapes.

The findings emphasize the importance of seasonally
informed insect monitoring, conservation of beneficial
insects, and habitat management as components of
sustainable pest management. Integrating these approaches
with localized integrated pest management (IPM) can
support pest monitoring while conserving beneficial insect
communities. The study provides baseline information for
future ecological monitoring, biodiversity conservation, and
development of sustainable agricultural management
strategies in Muzaffarpur.
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