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Abstract 

Insect populations have declined worldwide, with an estimated 5–10% of species lost since the Industrial Revolution. Nearly 

70% of these declines are linked to anthropogenic pressures and climate-related stressors that disrupt reproduction. Insects 

support 35% of global crop production through pollination, biological control, and nutrient cycling, yet the extensive use of 

insecticides in Asia (59% of global consumption) endangers beneficial species, weakens pollination networks, and threatens 

food security. Evidence shows that crop rotation enhances maize yields by 28.1% and reduces drought losses by up to 89.9%, 

while agroforestry and ecological intensification sustain biodiversity with reduced chemical inputs. Climate change is expected 

to intensify pest pressures, with Helicoverpa armigera potentially reaching 14.2 generations annually in India by 2090 and 

Spodoptera frugiperda continuing its global expansion. Conserving insect biodiversity is therefore essential to stabilize crop 

yields and strengthen agroecosystem resilience under changing climatic conditions. 
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Introduction 

Globally, 5–10% of insect species have disappeared since the 

industrial age (Cardoso et al., 2020) [8]. Insect populations are 

declining across all habitats owing to habitat destruction, 

farming intensification, climate change, invasive species, and 

pollution (Wagner, 2020) [56]. Reversing these declines is 

essential for ecosystem functioning and climate-resilient 

agriculture. Insects are crucial for ecosystems, yet their 

populations have decreased owing to environmental changes 

(Suresh et al., 2025) [53]. In agroecosystems, both pests and 

beneficial insects affect food systems, making population 

monitoring essential for understanding biodiversity losses. 

The decline in pollinator populations is concerning, as 35% 

of the global crop production requires animal pollination. 

Modern agricultural practices such as monoculture and 

pesticide use have reduced habitat and floral diversity. Weeds 

in crop fields provide food and habitat for pollinators 

(Nicholls and Altieri, 2013) [35]. Factors such as habitat 

destruction, pollution, and climate change contribute to insect 

extinction and disrupt biodiversity (Eggleton, 2020; Cardoso 

et al., 2020) [15, 8]. 

Global temperatures and weather patterns affect the life cycle 

and survival of insects. Neonicotinoid pesticides contribute 

to pollinator decline, whereas artificial lighting disrupts 

insect behavior. Urbanization fragments habitats and alters 

insect communities (Eggleton, 2020) [15]. Global stressors, 

including pesticides, invasive species, and light pollution, can 

severely affect insects. Meta-analyses show 70% negative 

effects on insect reproduction, with predators, pollinators, 

and decomposers most affected, disrupting ecosystem 

services (Vidal et al., 2025) [55]. Insects provide essential 

ecosystem services including pollination, pest control, and 

nutrient cycling. Social insects like termites maintain 

ecosystem resilience during climate change, particularly in 

arid regions. Ants, bees, wasps, and termites are vital to the 

ecological communities (Elizalde et al., 2020) [17]. Ladybirds 

provide pest control and pollination but face declines due to 

climate change, requiring protection (Soares et al., 2023) [52]. 

Beetles aid pollination, pest control, and nutrient cycling 

have supported plant evolution since the Early Cretaceous 

(Bibi et al., 2025) [4]. Sustainable agricultural approaches are 

required to halt biodiversity loss. Although conservation and 

organic farming support biodiversity, insects may not be 

preserved (Jankielsohn, 2023) [27]. The 'Half-Earth' concept 

and 'agricultural boundaries' framework aim to balance food 

production with biodiversity by addressing agriculture's 

impacts on land, climate, water, and pollution. This 

framework proposes limiting farming to under 50% of ice-

free land, reducing emissions, and restricting agrochemical 

use, while combining land-sparing and sharing strategies 

(García-Vega et al., 2024) [19]. 
Targeted management strategies can enhance insect 
biodiversity through controlled burning, timber harvesting, 
grazing, invasive species removal, and wildflower replanting. 
Removing invasive species and adding wildflowers benefits 
pollinators, while grazing impacts vary by region, and 
burning shows neutral to positive effects on pollinators. 
Combined management actions often yield greater benefits 
than individual measures (Glenny et al., 2022) [20]. 
Agroforestry systems that integrate trees with crops enhance 
biodiversity and improve ecosystem services. The benefits 
depend on management practices and location, with organic 
methods showing better results (Kletty et al., 2023) [29]. Plants 
and insects shape biodiversity through co-evolution, with 
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plants using herbivore-induced volatile emissions as a 
defense mechanism. Insect herbivory affects plant 
productivity, whereas climate change affects pest 
management. These interactions inform sustainable 
agriculture (Dofuor et al., 2024) [14]. 
This study consolidates evidence on insect biodiversity, 
ecosystem services, and agroecological management to 
inform the design of climate-resilient cropping systems. It 
integrates ecological theory with conservation frameworks to 
merge high agricultural productivity and ecosystem stability. 
 
The role of biodiversity in agroecosystems 
Agroforestry systems, particularly shade-grown coffee and 
cocoa, maintain biodiversity while supporting agricultural 
practices. Biodiversity enables natural pest (insect) and 
disease control, reducing the utilization of chemical 
pesticides. These systems provide habitats for predators and 
parasitoids that manage pests, and diverse structures create 
microclimates disrupting pest proliferation (Leakey, 2014) 

[31]. Barrier crops, such as mung beans, tomatoes, and 
eggplants, near chili peppers influence insect diversity and 
ecological functions in agricultural landscapes. These crops 
modify herbivorous insect populations and increase the 
number of beneficial insects. Pests include Gryllidae, 
Gryllotalpidae, Tetrigidae, and Tettigoniidae families. 
Predatory insects from Carabidae (Cicindela decemguttata 
and Neocollyris sp.) and Coccinellidae (Coelophora 
inaequalis and Cheilomenes sexmaculata) manage many 
insect pests. Parasitoids provide pest control by laying eggs 
in host insects. Pollinators enable plant reproduction, whereas 
scavengers aid nutrient cycling in these ecosystems (Sataral 
et al., 2023) [47]. Crop microbiomes enhance plant health and 
productivity by facilitating nutrient uptake, promoting 
growth, increasing disease resistance, and enabling stress 
tolerance in plants. Molecular and omics techniques help 
investigate microbiomes and develop resilient crop varieties 
(Rai et al., 2023) [40]. 
Asia uses 59% of global insecticides, showing heavy reliance 
on chemical pest control. Insecticides harm beneficial insects 
through mortality and behavioral changes. These insects 
contribute to 33% of global crop yields, threatening 
agricultural productivity. Integrated Pest Management is 
crucial for protecting beneficial insects in agriculture 
(Rahman et al., 2022) [39]. Honey bees are crucial for 
pollination, preserving plant biodiversity, and crop yield. As 
effective bioindicators of environmental pollution, they help 
to evaluate environmental health. Their importance extends 
beyond ecological and economic aspects to include symbolic 
and cultural significance (Papa et al., 2022) [37]. Weeds play 
a vital role in agricultural biodiversity. Wildflowers provide 
resources for pollinators, such as bees, butterflies, and 
insects. These insect-pollinated weeds indicate the ecological 
health and sustainability of agricultural ecosystems, 
reflecting the biodiversity of the farming regions (Benvenuti, 
2024) [2]. Climate change disrupts host-parasitoid 
interactions, thereby diminishing biological control and 
compromising ecosystem stability. The increase in 
temperature compels species to relocate and influences the 
development of both pests and predators. Additionally, 
milder winters modify the diapause patterns of insects, 
thereby impacting their populations (Ramos Aguila et al., 
2023) [42]. 
 
Insect diversity and its importance 

Tropical regions harbour more than 70% of the world’s insect 

species, representing one of the richest biological resources 

on the planet. This diversity supports essential ecosystem 

services, including pollination of nearly 75% of crops, 

decomposition, nutrient cycling and natural pest regulation in 

agricultural systems (Slade and Ong, 2023) [51]. Butterflies, 

within this diverse group, are sensitive indicators of habitat 

quality and climate change, and as pollinators they maintain 

plant diversity and ecosystem stability, making their 

conservation crucial under current environmental change 

scenarios (Horák et al., 2021) [25]. 

Insects also reflect broader environmental diversity and 

shifts. Urbanisation generally reduces insect species richness, 

although generalist species may increase overall abundance 

in urban green spaces. The presence of native and drought-

resistant plants is associated with a 30% increase in insect 

diversity, with seasonal peaks observed from March to May, 

moderate levels from June to August, and low diversity from 

September to February (Adams et al., 2020) [1]. Even 

intensively managed agroecosystems sustain substantial 

insect diversity; for example, managed pastures yielded 

41,351 specimens representing 171 morphospecies, across 15 

orders and 60 families, with spiders (Arachnida: Araneae) 

and beetles (Coleoptera) being the most diverse and abundant 

taxa (Wallon et al., 2023) [57]. Agricultural landscape 

complexity further enhances insect biodiversity, as complex 

systems support more pollinators and natural pest predators, 

thereby improving ecosystem resilience and stability 

(Estrada-Carmona et al., 2022) [18]. 

 

Plant-insect interactions 

Pollination is a crucial mutualistic interaction between plants 

and insects, with bees and butterflies playing significant roles 

in plant reproduction and biodiversity. Pollinators enhance 

crop yields, highlighting the economic importance of this 

mutualism. Beneficial insects provide ecosystem services, 

and decomposers contribute to nutrient cycling and soil 

health. Predatory insects, such as ladybirds, regulate pest 

populations, maintaining an antagonistic relationship with 

pests while promoting plant health (Reddy et al., 2025) [44]. 

A study of 116,478 herbivorous insects on cabbage showed 

that 43% were phloem feeders (aphids/whiteflies), 26% were 

leaf-chewing insects (lepidopterans), 20% were thrips, and 

11% were flea beetles. The Strip diversity system increased 

the cabbage yield and insect abundance. In Strip cultivar, 

late-season herbivores decreased harvestable weight, but 

higher herbivore diversity improved yield. Late-season thrips 

reduced harvestable weight in this system, whereas late-

season flea beetles increased the yield in monoculture. Early 

season herbivores affect subsequent crop colonization 

through plant visibility and niche occupation (Croijmans et 

al., 2025) [11]. Changes in host plant quality trigger insect 

dispersal. The brown planthopper (Nilaparvata lugens) 

shows morphological changes when host plant quality 

declines. Climate change causes insects to expand host ranges 

and migrate, as seen in the southern small white butterfly's 

decreased host specialization. Climate change may disrupt 

synchronization between insect cycles and plant development 

(Terblanche et al., 2024) [54]. 

 

Ecosystem services provided by insects 

Natural predators and parasitoids of insects play crucial roles 

in controlling crop pests through predation and parasitism. 

This ecological service is a fundamental component of 
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integrated pest management (IPM) (Jaworski et al., 2023) [28]. 

Social insects, such as bees, ants, and termites, provide 

ecosystem services across all Millennium Ecosystem 

Assessment categories, including provisioning (food, 

pharmaceuticals), regulation (pollination, pest control), 

support (nutrient cycling, bioturbation), and cultural services 

(Figure 1).  

Although honeybee pollination is well recognised, many 

services remain underappreciated. The effectiveness of these 

insects originates from their abundance, mutualistic 

relationships, nest-building abilities, and chemical 

production. Their caste systems, division of labour, food 

storage capacities, and extended lifespans ensure consistent 

service delivery (Elizalde et al., 2020) [17].

 
 

Fig 1: Scatter plot showing contribution ranges of insects: bees (20–38%), ladybirds (12–25%), termites (8–18%), ants (5–15%), and 

butterflies (2–10%)

Insects provide essential ecosystem services across multiple 

categories of species. Provisioning services include their use 

in food, silk, and honey production and maggot therapy. 

Regulating services include pollination for agriculture and 

biodiversity, biological pest control, herbivory affecting 

carbon cycles, dung removal for pathogen control, and soil 

modification by termites and ants. Supporting services 

include nutrient cycling, soil improvement, food chain 

resources, and plant distribution. Cultural services involve 

the role of insects in religious symbols and tourism. However, 

insect populations are declining globally, with projections 

suggesting that 40% of species could vanish in the coming 

decades, threatening these ecosystem services (Ramos et al., 

2020) [43]. Aculeate wasps play a key role in regulating 

arthropod populations in natural and agricultural ecosystems, 

focusing on the predatory behaviors of solitary and social 

wasps. Social wasps demonstrate notable hunting 

adaptability and the capacity to reduce prey biomass. 

Aculeate wasps have potential as biological control agents 

and pollination services, including both exclusive and 

facultative relationships with plants (Brock et al., 2021) [6]. 

 

Climate change impacts on insects and cropping systems 

Climate change affects insect physiology, reproduction, and 

survival, increasing pest problems across regions. It disrupts 

pest-predator relationships and biological control, with 

impacts varying by location. Farmers adopt climate-smart 

techniques like crop diversification, influencing pest-

pollinator interactions (Eigenbrode and Adhikari, 2023) [16]. 

Climate change alters insect populations through changes in 

distribution and phenology. Climate extremes and 

anthropogenic stressors compound these impacts, while 

microhabitats provide essential refugia for insects (Harvey et 

al., 2023) [23]. Insects indicate climate change through altered 

life events and distributions. Climate change affects 

arthropod diversity and survival by enhancing winter 

survival. Higher temperatures accelerate insect development, 

increase generations, and cause crop damage. Elevated CO2 

levels affect insects by altering plant nutrition (Sangle et al., 

2015) [46]. Climate change has influenced insect populations 

globally, affecting 30% of the species through extreme 

weather and disrupted food sources. Insects adapt through 

physiological changes, impacting pollination and food webs 

(Ojija et al., 2025) [36]. 

Climate change affects insects, which regulate organisms, 

recycle nutrients, pollinate plants, maintain soil health, and 

feed on other species. Global insect populations are declining 

with rising temperatures, CO2 levels, and precipitation 

changes, affecting their biodiversity compounded by poor 

pest management. The Cotton Bollworm (Helicoverpa 

armigera) in India is projected to reach 14.2 generations 

annually by 2090, while Gypsy moth (Lymantria dispar) may 

reproduce faster due to higher temperatures (Bhagarathi and 

Maharaj, 2023) [3]. After 2011, Montane butterfly populations 

declined during a megadrought, with univoltine species 

emerging earlier and responding positively to rainfall and 

temperature variations (Halsch et al., 2021) [22]. Climate 

change is expected to increase insect pest risk in agricultural 

systems, particularly in cooler regions. Pests may expand 

their range to include new areas and crops. The fall 

armyworm (Spodoptera frugiperda) has spread across 

Africa, Asia and Australia owing to climate change. Higher 

temperatures enable more insect life cycles, increasing crop 

damage (IPPC Secretariat, 2021) [26]. Rising temperatures 

make new areas suitable for fall armyworm expansion, 

whereas warmer conditions accelerate development and 

outbreaks. Climate change also increases crop vulnerability 

through changes in temperature and precipitation (Yan et al., 

2022) [58]. 

Pest management requires an understanding of ecology and 

climate-dependent control mechanisms. Ecological 

engineering supports natural predators through resources and 

shelters, thereby enhancing their effectiveness (Nayak et al., 

2020) [34]. Climate change affects pest diversity and 
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phenology, thereby increasing crop loss. India's agricultural 

vulnerability threatens food security through pest damage 

(Singh, 2023) [50]. Increased CO2 levels affecting insect 

physiology and behavior (Regina et al., 2024) [45]. Climate 

change also has a cascading effect on insect ecology. For 

instance, a recent study by Raj et al., (2025) [41] from 

Himachal Pradesh, focused on a wasp called Vespa basalis 

earlier a beneficial predator, but due to changes in climate it 

changed its ecological role as an emerging pest on Pear.  

 

Consequences for crop production 

The significant impact of climate change on yield increments 

and crop production globally presents a substantial challenge 

in safeguarding food resources in the 21st century (Radwan 

et al., 2024) [38]. Climate change threatens ecosystems by 

altering environmental conditions. These changes affect heat 

waves and temperature, leading to new pests and disrupted 

plant growth by affecting photosynthesis and reducing crop 

yield and food security (Chaudhry and Sidhu, 2022) [10]. 

Climate change affects the water footprint (WF) of cereal 

production in India. The WF of cereal crops varies between 

3.2% and 6.3% across climate scenarios. Paddy's blue WF is 

projected to decrease by 9.6%, while wheat may increase by 

4.4% under RCP4.5 during the 2050s.  

The green WF for rabi crops will increase significantly, 

affecting water resource management and crop production 

(Mali et al., 2021) [32].  

Climate extremes such as droughts, floods, and pests have 

impacted farmers’ livelihoods. The Decision Support System 

projects rice and wheat yields declining by 15.2% and 14.1%, 

respectively, while the Agricultural Production Systems 

Simulator predicts 17.2% and 12% reductions during 2040-

2069 (Habib-Ur-Rahman et al., 2022) [21]. Industrialisation 

influences tropospheric ozone (O3) levels, thereby affecting 

climate change. O3 impact on crop yield is critical in India's 

Indo-Gangetic Plain. O3 effects on yield and enzymes in six 

rice varieties, with and without ethylenediurea (EDU), 

showed significant impacts on crop yield and antioxidants. 

The four rice varieties showed O3 sensitivity, whereas MTU 

1010 and Kshitish demonstrated O3 tolerance with better 

photosynthetic values. EDU application reduced O3 toxicity 

in the sensitive varieties. The use of O3-tolerant rice 

genotypes could minimise the impact on production (Singh et 

al., 2022) [49]. The interplay between declining 

biodiversity, reliance on ecosystem services, and climate 

change poses significant threats to global agricultural 

productivity. Nevertheless, agroecological approaches offer 

considerable potential in mitigating these impacts (Figure 2).

 
 

Fig 2: Violin plot illustrating the distribution of impact values, showing biodiversity decline (4–20%), ecosystem services (26–40%), climate 

change impacts (10–19%), and agroecological strategies (14–35%)

 

Strategies for designing Climate-Resilient cropping 

systems  

Enhancing biodiversity through crop diversification and 

semi-natural habitats while balancing ecosystem services can 

achieve high efficiency (Dardonville et al., 2022) [12]. Crop 

rotation increases resilience to extreme weather while 

maintaining yields, with maize yields increasing 28.1% 

across conditions, 22.6% under favorable conditions, and 

reducing losses by 14.0%–89.9% during droughts. 

Diversifying rotations reduces agricultural risk (Bowles et 

al., 2020) [5]. Ecological Intensification (EI) enhances 

ecosystem services to replace human inputs, while 

maintaining yields and making farming sustainable. Plant 

biodiversity affects ecosystem functions across spatial scales 

(Brooker et al., 2023) [7]. Systems must be designed with 10-

50-year sustainability views (Carof et al., 2022) [9]. Crop 

rotations with multispecies cover and cash crops increase 

biodiversity and system resilience compared with 

conventional methods (Delbaere et al., 2025) [13]. Ecological 

intensification aims to maintain food production, while 

promoting biodiversity and ecosystem services and 

agricultural systems (Kremen, 2020) [30]. Consideration of 

pests and predators that rapidly interact within agricultural 

ecosystems leads to effective pest suppression even the 

climatic conditions are not favourable (Hatt and Döring, 

2023) [24].  

 

Research gaps and future perspectives 

The absence of plant teaming or intercropping among farmers 

reduces biodiversity and climate resilience (Scherber et al., 

2020) [48]. Although insects are vital for pollination and 

ecosystem functions, evidence linking biodiversity 

restoration to food security remains limited. This knowledge 

gap maintains misconceptions about ecosystem restoration 

that impedes agricultural productivity. Research must 

combine ecological and socioeconomic perspectives to 

understand the benefits of biodiversity restoration in 

agriculture (Nadeu, 2022) [33]. Evaluating insect diversity and 
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plant-insect interactions requires advanced molecular tools 

and ecological modeling. Regional studies should examine 

how intercropping and ecological intensification can enhance 

climate resilience. Developing frameworks that connect 

ecosystem services with farmers’ adoption will advance 

biodiversity strategies. These approaches can create cropping 

systems that maintain food production while preserving the 

ecosystem. 

 

Conclusion 

Insect diversity enables pollination, pest control, and nutrient 

cycling, which are vital for climate resilience in agriculture. 

Agricultural intensification and climate change threaten food 

security through the decline of insects. Agroecological 

practices such as intercropping and ecosystem restoration can 

enhance resilience and stabilize yields for sustainable 

agricultural production. 
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