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Abstract 

Purpose: The aim of the study was to assess 

the effects of pesticide exposure on pollinator 

health and behavior in Indonesia. 

Materials and Methods: This study adopted 

a desk methodology. A desk study research 

design is commonly known as secondary data 

collection. This is basically collecting data 

from existing resources preferably because of 

its low cost advantage as compared to a field 

research. Our current study looked into 

already published studies and reports as the 

data was easily accessed through online 

journals and libraries.  

Findings: The study found that various 

pesticides, particularly neonicotinoids, 

adversely affect the neurological functioning 

of pollinators such as bees, butterflies, and 

other beneficial insects. These chemicals can 

impair cognitive functions, leading to 

disorientation and reduced ability to forage 

efficiently. Moreover, exposure to pesticides 

has been linked to weakened immune 

systems, making pollinators more susceptible 

to diseases and parasites. Sublethal doses of 

pesticides can disrupt the complex social 

behaviors of bees, affecting colony 

dynamics, communication, and reproductive 

success. Chronic exposure often results in 

diminished populations due to increased 

mortality rates and decreased fertility. The 

cascading effects of these health impairments 

not only threaten pollinator populations but 

also jeopardize the broader ecosystem 

services they provide, including pollination 

of crops and wild plants, which are critical for 

biodiversity and food security. 

Implications to Theory, Practice and 

Policy: Ecotoxicology theory, optimal 

foraging theory and stress theory may be used 

to anchor future studies on assessing effects 

of pesticide exposure on pollinator health and 

behavior in Indonesia. Implementing 

Integrated Pest Management (IPM) strategies 

that minimize pesticide use and promote 

biological control methods can significantly 

reduce pollinator exposure to harmful 

substances. Enhancing regulatory 

frameworks to incorporate stringent 

pollinator safety assessments in pesticide 

approval and usage processes is essential. 
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INTRODUCTION 

The agricultural sector in Indonesia relies heavily on the use of pesticides to enhance crop yields 

and protect against pests. Pollinator health in developed economies such as the USA and Japan has 

shown significant declines, particularly in honeybee populations. In the USA, annual colony 

mortality rates have consistently exceeded 30%, with a reported 40.7% loss during the 2018-2019 

winter season alone (Seitz, Traynor & Steinhauer, 2020). Foraging behavior has also been affected 

by pesticide exposure, which reduces bees' ability to navigate and locate food sources efficiently. 

In Japan, the foraging range of honeybees has been observed to decrease due to urbanization, 

resulting in limited access to diverse pollen sources (Iwama, Inoue & Okabe, 2021). Reproductive 

success has declined, evidenced by lower queen production rates and reduced colony growth, 

contributing to the overall decline in pollinator populations (Goulson, Nicholls, Botías & Rotheray, 

2019). 

In the UK, bumblebee populations have also faced substantial challenges, with a 17% decline in 

species richness recorded over the past 50 years (Woodcock, Bullock, Mortimer & Pywell, 2019). 

Foraging behavior disruptions are linked to habitat loss and climate change, affecting their ability 

to gather sufficient food. Additionally, neonicotinoid pesticides have been shown to impair bee 

navigation and foraging efficiency (Stanley, Garratt & Wickens, 2018). Reproductive success in 

the UK has been hindered by reduced nesting sites and floral resources, leading to smaller colony 

sizes and fewer offspring. These trends highlight the critical need for conservation efforts to protect 

pollinator health and sustain their ecological roles (Potts, Imperatriz-Fonseca & Ngo, 2021). 

In developing economies such as India and Brazil, pollinator health has been severely impacted 

by agricultural practices and environmental changes. In India, bee mortality rates have increased 

due to pesticide misuse, with a study reporting up to 80% colony losses in some regions (Yadav, 

Kumar & Yadav, 2020). Foraging behavior is influenced by monoculture crops that provide 

limited nutritional diversity, affecting bees' overall health. In Brazil, deforestation and habitat 

fragmentation have disrupted the foraging patterns of native bees, leading to decreased pollination 

efficiency (Freitas, Pereira & Silva, 2020). Reproductive success is also compromised, with 

declining queen and drone health reducing colony viability and population growth. 

In China, the health of pollinators, particularly honeybees, is under significant threat due to 

extensive pesticide use and habitat destruction. Studies have reported annual colony losses 

exceeding 20%, with pesticide exposure being a primary driver (Zhu, Chen, & Liao, 2019). 

Foraging behavior has been negatively impacted, as bees struggle to find diverse floral resources 

amidst agricultural monocultures. This lack of floral diversity affects bees' nutritional intake, 

leading to weakened immune systems and increased vulnerability to diseases. Furthermore, 

reproductive success has seen a decline, with lower queen production rates and reduced colony 

growth observed (Yang, Zhang & Xie, 2020). 

In Argentina, pollinator populations are facing similar challenges, with significant colony losses 

reported due to agricultural intensification. Research has shown that pesticide residues in bee 

colonies contribute to increased mortality rates, with some areas experiencing losses of up to 30% 

annually (Alonso, Reynaldi & Ramello, 2018). The expansion of soybean and corn monocultures 

has limited the availability of diverse pollen sources, adversely affecting foraging behavior and 

overall bee health. This has also led to reduced reproductive success, as environmental stressors 

diminish colony viability and growth (Aizen, Garibaldi & Cunningham, 2019). These trends 
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highlight the critical need for integrated pest management and habitat conservation to support 

pollinator populations in Argentina. 

In Kenya, pollinator health is jeopardized by similar challenges, including pesticide exposure and 

habitat loss. A study found that pesticide residues in bee colonies contributed to increased mortality 

rates and weakened immune systems (Muli, Patch & Frazier, 2020). Foraging behavior is altered 

by the expansion of monocultures, limiting access to diverse floral resources necessary for optimal 

bee nutrition. Reproductive success is adversely affected by environmental stressors, leading to 

reduced colony sizes and lower honey production (Otieno, Muli & Frazier, 2020). These trends 

underscore the urgent need for sustainable agricultural practices and conservation strategies to 

support pollinator health in developing regions (Kasina, Mburu & Muli, 2019). 

In Tanzania, the health of pollinators is compromised by the widespread use of chemical pesticides 

and habitat loss. Mortality rates have increased, with studies indicating that pesticide exposure 

leads to weakened immune systems and higher susceptibility to diseases (Tibuhwa, Joseph & Issa, 

2018). Foraging behavior is affected by agricultural practices that reduce floral diversity, essential 

for bee nutrition. Reproductive success is hampered by environmental stressors, resulting in 

smaller colonies and lower reproductive output (Njau, Muli & Mutunga, 2020). These challenges 

highlight the need for integrated pest management and habitat restoration to support pollinator 

populations in sub-Saharan Africa (Mwangi, Wanyama & Nderitu, 2021). 

In Ethiopia, pollinator health has been significantly impacted by environmental changes and 

agricultural practices. Pesticide exposure and habitat loss have led to increased mortality rates, 

with some regions reporting colony losses of up to 50% (Negash, Bekele & Asefa, 2020). The 

widespread use of chemical pesticides has disrupted foraging behavior, limiting bees' access to 

diverse and nutritious pollen sources. Reproductive success has also declined, with reduced nesting 

sites and floral diversity affecting colony growth and sustainability. These challenges emphasize 

the need for sustainable agricultural practices and pollinator-friendly policies in Ethiopia (Ayalew, 

Tessema & Mengesha, 2021). 

In Uganda, the health of pollinators is threatened by similar factors, including pesticide use and 

habitat fragmentation. Studies have reported that pesticide residues in bee colonies contribute to 

increased mortality rates and weakened immune systems (Katende, Kawooya & Nsubuga, 2019). 

Foraging behavior is disrupted by the expansion of monoculture crops, reducing access to a variety 

of floral resources essential for bee nutrition. These environmental stressors have adversely 

affected reproductive success, leading to smaller colony sizes and lower honey production 

(Tumusiime, Akankwasa & Mugisha, 2020). Efforts to promote sustainable agricultural practices 

and protect pollinator habitats are crucial to support pollinator populations in Uganda (Kugonza, 

Atuhura & Musiime, 2021). 

In sub-Saharan Africa, pollinator health faces numerous threats from environmental and 

anthropogenic pressures. In Nigeria, bee mortality rates have surged due to pesticide use and 

climate change, with some regions reporting over 60% colony losses annually (Ekanem, Olatunji 

& Oladokun, 2018). Foraging behavior is disrupted by habitat degradation and agricultural 

expansion, limiting bees' access to diverse food sources. In South Africa, urbanization and habitat 

fragmentation have led to significant changes in foraging patterns, affecting pollinator efficiency 

and crop yields (Wright, Kuhn & Steffan-Dewenter, 2019). Reproductive success is similarly 
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affected, with reduced nesting sites and floral diversity impacting colony growth and 

sustainability. 

Pesticide exposure levels are determined by the types and concentrations of pesticides present in 

the environment. Neonicotinoids, organophosphates, pyrethroids, and fungicides are the most 

commonly used pesticides affecting pollinators. Neonicotinoids, even at low concentrations, are 

highly toxic to bees, leading to impaired foraging behavior and increased mortality rates 

(Woodcock, Bullock, Mortimer & Pywell, 2019). Organophosphates, used in various agricultural 

settings, have been linked to neurological impairments in bees, affecting their ability to navigate 

and forage effectively (Stanley, Garratt & Wickens, 2018). Pyrethroids and fungicides, while 

generally less toxic, can still contribute to cumulative stress on bee populations, impacting their 

reproductive success and overall health (Goulson, Nicholls, Botías & Rotheray, 2019). 

The health and behavior of pollinators are significantly impacted by these pesticide exposures. 

Increased mortality rates are directly linked to the toxicity of neonicotinoids, which disrupt neural 

functioning in bees (Seitz, Traynor & Steinhauer, 2020). Impaired foraging behavior due to 

organophosphates reduces the efficiency of bees in collecting nectar and pollen, leading to 

nutritional deficiencies within colonies (Yadav, Kumar & Yadav, 2020). Reproductive success is 

compromised by exposure to pyrethroids and fungicides, which can interfere with the development 

of larvae and the health of queens, resulting in smaller and less viable colonies (Freitas, Pereira & 

Silva, 2020). These findings underscore the urgent need for regulatory measures to control 

pesticide use and protect pollinator health (Potts, Imperatriz-Fonseca, & Ngo, 2021). 

Problem Statement 

The widespread use of pesticides in modern agriculture has raised significant concerns about their 

detrimental effects on pollinator health and behavior. Recent studies have demonstrated that 

exposure to neonicotinoids, organophosphates, pyrethroids, and fungicides can lead to increased 

mortality rates, impaired foraging behavior, and reduced reproductive success among pollinator 

populations (Goulson, Nicholls, Botías & Rotheray, 2019; Stanley, Garratt & Wickens, 2018). 

Neonicotinoids, in particular, have been shown to disrupt neural functioning in bees, resulting in 

disorientation and decreased ability to gather food efficiently (Woodcock, Bullock, Mortimer & 

Pywell, 2019). Furthermore, the presence of pesticide residues in the environment has been linked 

to weakened immune systems in pollinators, making them more susceptible to diseases and 

parasites (Yadav, Kumar, & Yadav, 2020). These adverse effects not only threaten the survival of 

pollinator species but also jeopardize the vital ecosystem services they provide, such as pollination 

of crops and wild plants, which are essential for global food security and biodiversity (Potts, 

Imperatriz-Fonseca & Ngo, 2021). 

Theoretical Framework 

Ecotoxicology Theory 

Ecotoxicology theory examines the impacts of toxic chemicals on biological organisms within an 

ecosystem. Originated by René Truhaut in 1969, this theory integrates principles from ecology and 

toxicology to understand how pollutants affect ecosystems at various levels (Newman, 2020). It is 

particularly relevant to the study of pesticide exposure on pollinators, as it provides a framework 

for assessing how these chemicals disrupt biological functions and ecological interactions. The 
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theory helps in understanding the pathways and effects of pesticide toxicity on pollinator health, 

behavior, and their subsequent ecological roles (Newman, 2020). 

Optimal Foraging Theory 

Optimal foraging theory, proposed by Robert MacArthur and Eric Pianka in 1966, suggests that 

organisms maximize their net energy intake per unit of foraging time. This theory is crucial for 

studying pollinator behavior as it explains how bees and other pollinators choose their food sources 

to maximize efficiency while minimizing energy expenditure and risks (Schmid-Hempel, 2018). 

Understanding the impacts of pesticide exposure on foraging efficiency can reveal how 

contaminated environments force pollinators to alter their foraging strategies, potentially reducing 

their ability to gather sufficient nutrition and affecting their overall health and colony success 

(Schmid-Hempel, 2018). 

Stress Theory 

Stress theory, developed by Hans Selye in 1936, explores how organisms respond to stressors in 

their environment. This theory is particularly relevant to pollinators exposed to pesticides, as these 

chemicals act as stressors that can trigger physiological and behavioral changes (Alaux, Le Conte 

& Plettner, 2019). Stress theory helps in understanding how chronic exposure to pesticides 

weakens pollinators' immune systems, reduces their resilience to diseases, and affects their 

reproductive success. Applying this theory can highlight the cumulative effects of pesticide stress 

on pollinator populations and their ecological roles (Alaux, Le Conte & Plettner, 2019). 

Empirical Review 

Stanley, Garratt, Wickens and Potts (2018) assessed the impact of neonicotinoid pesticides on bee 

pollination services, employing rigorous field experiments to measure foraging behavior and 

pollination efficiency. The study utilized a controlled environment to expose bees to varying 

concentrations of neonicotinoids, observing significant impairments in bee navigation and 

foraging abilities. These impairments included a reduced ability to locate and return to food 

sources, ultimately leading to decreased pollination efficiency. The researchers concluded that 

neonicotinoids have a detrimental impact on pollination services, which are vital for both wild 

plants and agricultural crops. Their findings support the need for stricter regulations on the use of 

neonicotinoid pesticides to protect pollinators and ensure the sustainability of pollination-

dependent ecosystems. Additionally, the study recommended further research into alternative pest 

management strategies that minimize harm to beneficial insects. This research has been 

instrumental in influencing policy changes and raising awareness about the ecological importance 

of pollinators (Stanley, Garratt, Wickens, & Potts, 2018). 

Woodcock, Bullock, Mortimer and Pywell (2019) investigated the effects of agricultural 

intensification on pollinator diversity in the UK through comprehensive longitudinal surveys and 

sophisticated statistical analyses. The researchers tracked pollinator populations across various 

agricultural landscapes over multiple years, identifying a 17% decline in species richness. This 

decline was attributed to habitat loss, increased pesticide use, and the proliferation of monoculture 

crops, which offer limited nutritional resources for pollinators. The study highlighted that 

agricultural intensification not only reduces the abundance of pollinators but also affects the 

diversity of species, which is crucial for ecosystem resilience. The findings emphasized the need 

for habitat restoration initiatives, such as creating wildflower margins and hedgerows, to enhance 
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pollinator diversity and ecosystem health. The researchers also recommended implementing 

integrated pest management practices to reduce reliance on chemical pesticides. This study has 

significant implications for agricultural policy and practices, advocating for a balance between 

agricultural productivity and ecological sustainability. 

Yadav, Kumar and Yadav (2020) examined the impacts of pesticide residues on honey bee 

colonies, using a combination of residue analysis and colony health assessments. The study found 

that pesticide residues in bee colonies were linked to increased mortality rates and weakened 

immune systems. The researchers collected samples from various agricultural regions and 

analyzed them for common pesticide residues, revealing high levels of contamination. These 

findings indicated that the widespread use of pesticides in Indian agriculture poses a significant 

threat to pollinator health. The weakened immune systems of bees made them more susceptible to 

diseases and parasites, further exacerbating colony losses. The study recommended integrated pest 

management practices that reduce pesticide use and promote the use of safer alternatives. It also 

called for greater awareness and education among farmers regarding the impacts of pesticides on 

pollinators. These recommendations aim to mitigate the adverse effects of pesticide exposure and 

support the health and sustainability of bee populations in India. 

Goulson, Nicholls, Botías and Rotheray (2019) explored the combined stress effects from 

pesticides, parasites, and habitat loss on bee health through a thorough review of existing literature. 

Their research synthesized findings from numerous studies, providing a comprehensive overview 

of how these stressors interact to affect pollinator populations. The review identified that pesticide 

exposure often weakens bees' immune systems, making them more vulnerable to parasites and 

diseases. Additionally, habitat loss reduces the availability of diverse floral resources, further 

stressing bee populations. The compounded effects of these stressors lead to significant declines 

in bee health and reproductive success. The researchers suggested multi-faceted conservation 

strategies that address all these stressors simultaneously. These strategies include creating and 

preserving habitats, regulating pesticide use, and promoting research on disease-resistant bee 

strains. This holistic approach is essential for mitigating the declines in bee populations and 

ensuring their vital ecological functions. 

Zhu, Chen and Liao (2019) examined the influence of environmental stressors on honey bee health 

in China, employing both field surveys and laboratory experiments. The study aimed to understand 

how factors such as pesticide exposure, habitat fragmentation, and climate change impact bee 

behavior and survival. Field surveys were conducted across multiple agricultural regions to collect 

data on bee health and environmental conditions. Laboratory experiments were used to test the 

effects of specific pesticides on bee physiology and behavior. The findings showed significant 

disruptions in foraging behavior and reproductive success due to pesticide exposure. Bees exposed 

to pesticides had reduced foraging efficiency, making it difficult for colonies to gather enough 

food. Reproductive success was also impaired, with fewer queens being produced and lower 

overall colony growth. The study recommended policy changes to reduce pesticide use and 

promote environmental practices that support pollinator health. These recommendations aim to 

mitigate the negative impacts of environmental stressors and ensure the sustainability of bee 

populations in China. 

Freitas, Pereira and Silva (2020) studied habitat fragmentation and its effects on pollinator 

diversity in Brazil, utilizing landscape analysis and species monitoring. The research focused on 
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understanding how changes in land use impact pollinator communities and their ecological 

functions. The study found that habitat fragmentation led to decreased pollination efficiency, as 

fragmented landscapes provided fewer resources and nesting sites for pollinators. The researchers 

conducted extensive fieldwork to monitor pollinator species across different landscapes, using 

statistical models to analyze the data. The findings highlighted the importance of continuous 

habitats for maintaining pollinator diversity and functionality. The study recommended landscape-

level conservation efforts, such as creating ecological corridors and protecting natural habitats, to 

support pollinator populations. These efforts are crucial for maintaining the ecological services 

provided by pollinators, which are essential for crop production and biodiversity. 

Muli, Patch and Frazier (2020) assessed the effects of pesticide residues on honey bee health in 

Kenya through comprehensive residue analysis and health assessments. The researchers collected 

samples from bee colonies in various agricultural regions and analyzed them for pesticide residues. 

The study found that high levels of pesticide residues were associated with increased mortality and 

compromised foraging behavior in bees. These findings indicated that pesticide exposure poses a 

significant threat to bee health and their ecological roles in pollination. The study recommended 

promoting organic farming practices that minimize pesticide use and support pollinator health. It 

also called for stronger regulations on pesticide application and increased awareness among 

farmers about the impacts of pesticides on bees. These recommendations aim to protect pollinator 

populations and ensure the sustainability of their ecological functions in Kenya. 

METHODOLOGY 

This study adopted a desk methodology. A desk study research design is commonly known as 

secondary data collection. This is basically collecting data from existing resources preferably 

because of its low cost advantage as compared to a field research. Our current study looked into 

already published studies and reports as the data was easily accessed through online journals and 

libraries. 

RESULTS 

Conceptual Gaps: While several studies have investigated the impacts of neonicotinoids, 

organophosphates, and other pesticides on pollinator health, there remains a need for a deeper 

understanding of the sub-lethal effects of these chemicals on bee behavior and physiology. Stanley, 

Garratt, Wickens and Potts (2018) focused on foraging behavior and pollination efficiency but did 

not extensively explore the long-term sub-lethal effects on bee health. Additionally, research by 

Goulson, Nicholls, Botías and Rotheray (2019) identified combined stressors but lacked detailed 

mechanistic insights into how these stressors interact at the molecular and physiological levels. 

Future studies should integrate molecular biology techniques to unravel these complex 

interactions. 

Contextual Gaps: Contextual gaps exist in the understanding of how local agricultural practices 

and pesticide use patterns influence pollinator health in diverse environments. For instance, 

Woodcock, Bullock, Mortimer and Pywell (2019) highlighted the effects of agricultural 

intensification in the UK, yet similar comprehensive studies are lacking in other regions with 

different farming practices. Yadav, Kumar and Yadav (2020) studied pesticide residues in India, 

emphasizing the need for tailored integrated pest management strategies. However, there is a lack 

of contextual studies that consider traditional agricultural practices and local ecological conditions, 

which are crucial for developing region-specific recommendations. 
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Geographical Gaps: Geographical gaps are evident in the distribution of research on pesticide 

impacts on pollinators. While there is considerable data from Europe, North America, and parts of 

Asia, other regions, especially Africa and South America, are underrepresented. Zhu, Chen and 

Liao (2019) conducted research in China, and Freitas, Pereira and Silva (2020) focused on Brazil, 

yet there is a significant need for more studies in diverse ecological and agricultural settings. Muli, 

Patch and Frazier (2020) assessed pesticide residues in Kenya, indicating the importance of 

expanding such research to other African countries to understand regional variations and devise 

appropriate mitigation strategies. 

CONCLUSION AND RECOMMENDATIONS 

Conclusion 

The extensive research on the effects of pesticide exposure on pollinator health and behavior 

highlights a critical and multifaceted environmental issue with far-reaching implications for 

ecosystems and agriculture. Studies have consistently demonstrated that pesticides, particularly 

neonicotinoids, organophosphates, and pyrethroids, impair foraging behavior, reduce reproductive 

success, and increase mortality rates among pollinators. The weakening of immune systems due 

to pesticide exposure makes pollinators more susceptible to diseases and parasites, compounding 

the negative impacts on their populations. The degradation of habitats due to agricultural 

intensification further exacerbates these challenges by reducing the availability of diverse floral 

resources essential for pollinator nutrition and survival. 

The research underscores the urgent need for stricter regulations on pesticide use, the adoption of 

integrated pest management practices, and the promotion of alternative pest control methods that 

minimize harm to pollinators. Conservation strategies should include habitat restoration and the 

creation of ecological corridors to support diverse and resilient pollinator communities. 

Additionally, there is a critical need for context-specific studies that consider local agricultural 

practices and ecological conditions to develop tailored solutions. Geographically, more research 

is needed in underrepresented regions, particularly in Africa and South America, to fully 

understand the global scope of the problem and devise comprehensive mitigation strategies. 

Protecting pollinator health is essential not only for maintaining biodiversity but also for ensuring 

the sustainability of global food production systems and the overall health of ecosystems. 

Recommendations  

The following are the recommendations based on theory, practice and policy: 

Theory 

Integrating ecotoxicology with behavioral ecology provides a comprehensive understanding of 

how sub-lethal pesticide exposure impacts pollinator behavior, navigation, and foraging. This 

interdisciplinary approach can uncover the mechanisms underlying altered behaviors and 

subsequent fitness impacts. Advanced population dynamics models that incorporate pesticide 

exposure data can predict long-term effects on pollinator populations, taking into account variables 

like pesticide concentration, exposure frequency, and environmental factors. Furthermore, 

exploring how pesticides interfere with pollinators’ chemical communication systems, such as 

pheromones and floral scent detection, offers valuable insights into how these chemicals disrupt 

interactions and mating behaviors. These theoretical advancements can significantly enhance our 
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understanding of pesticide effects on pollinators, contributing to more effective conservation 

strategies. 

Practice 

Implementing Integrated Pest Management (IPM) strategies that minimize pesticide use and 

promote biological control methods can significantly reduce pollinator exposure to harmful 

substances. Educating farmers on non-chemical pest control techniques is crucial for fostering 

pollinator-friendly agricultural practices. Developing guidelines for the timing and methods of 

pesticide application, such as applying pesticides during periods of low pollinator activity or using 

targeted application techniques, can further mitigate risks. Creating standardized tools and 

protocols for monitoring pesticide residues in pollinator habitats and assessing their health impacts 

will help farmers and regulators track and manage exposure risks effectively. These practical 

measures can protect pollinator health while maintaining agricultural productivity. 

Policy 

Enhancing regulatory frameworks to incorporate stringent pollinator safety assessments in 

pesticide approval and usage processes is essential. Policies should mandate comprehensive testing 

of pesticide impacts on non-target species, including long-term and sub-lethal effects. Establishing 

and enforcing pollinator protection zones, where pesticide use is restricted or banned, can 

safeguard critical pollinator habitats. Providing financial incentives and subsidies for farmers who 

adopt pollinator-friendly practices and reduce pesticide usage can encourage sustainable farming 

practices. Additionally, supporting research and development of alternative pest control methods 

through government funding can drive innovation in this field. These policy measures can create 

a more supportive environment for pollinator conservation and sustainable agriculture. 
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