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			Abstract | Pollinators play significant roles in preserving the production of food globally, environmental stability and biodiversity. Around 75% of the total crops are dependent on pollination for their production through animals like beetles, flies, butterflies, bees, bats and birds, which makes them an essential component of natural ecosystem. Pollinator populations, on the other hand, are rapidly dropping over the world due to a variety of factors such as parasite infestations, aggressive species, climate change, chemical exposure, agricultural expansion, and habitat degradation. All of these interrelated causes affect pollination efficiency, limit flora diversity, and weaken ecosystem resilience, resulting in worse crop quality and yields. The social and economic consequences of pollinator population decline are as serious, as pollination services provide USD 235-577 billion to the world economy each year. The declination in pollination products significantly threatens food security four pillars that are stability, utilization, access and availability through reductions in rich food productions like oilseeds, nuts, vegetables and fruits. Increased oversupply lowers food costs, increases the danger of starvation, and has a significant impact on small holder growers in developing nations. To address these concerns, major global action is necessary, including the implementation of integrated pest management (IPM), a reduction in chemical dependency, habitat restoration, and agricultural sustainability practices. Initiatives in policy from organizations such as Convention on Biological Diversity (CBD), Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES), and Food and Agriculture Organization (FAO) place a strong emphasis on biodiversity-friendly farming and cross-sector collaborations to safeguard pollinators. Pollinator conservation requires coordinated research, effective framework laws, and public awareness to maintain global food security, environmental balance, and long-term sustainability in the agriculture sector.
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			Introduction

			Pollinators are essential constituents of both regular bio-networks and agricultural efficiency, sustaining the propagative accomplishments of an enormous group of blossoming plants (Bie et al., 2025). Due to an important service of transferring pollens among the flowers, the pollinator fauna comprises primarily of different species of bees, bugs, beetles, butterflies, birds and bats (Kaur and Kaleka, 2022) as well, facilitating the sexual reproductions in floras, helps to sustain biodiversity, maintains the balance of ecology and safeguards food system globally (Patil et al., 2024). Pollinators are more important in agricultural contexts because of their role in determining the quantity of yields, the quality of fruits and their nutritional qualities, the formation of healthy diets, and the stabilization of the food supply chain (Jones and Radar, 2022). The most economically and efficiently valuable species of bees in terms of pollination are Meliponini, Apis spp. and Bombus spp (Khalifa et al., 2021). They ecologically serve far beyond the reproduction; they significantly enhance the resilience of ecosystem, diversity of genetics and sustainability of agriculture, connecting conservation of biodiversity straight to the survival of humans (Diyaolu and Folarin, 2024). 

			Pollinators have immense importance in the quantification of worldwide agriculture (Ulyshen et al., 2023). Around 75 % of the crops are totally or partially dependent on the pollination mediated by animals (Silva et al., 2021), 66 % of which comprises nuts, legumes, oilseeds, vegetables and fruits (Devi et al., 2024). These crops are significant in terms of micronutrient availability and calorie consumption for human health (Polmann et al., 2023). Different economic researches stated that services of pollination can be economically valued from USD 235 to 577 billion yearly, highlighting their exceptional role in the sustainability of agricultural economy (Khalifa et al., 2021). Beyond economic measures, pollinators are very important for human diets nutritional diversities (Porto et al., 2021). While the sufficient calories are being provided by the staple crops like cereals which are limited nutritionally (Kumar et al., 2023). The decline in crops that rely on pollination poses a double risk: a decrease in both the amount and quality of nutrients in food, which is consumed globally by the population (Nath et al., 2023).

			Along their crucial agricultural and ecological responsibilities, pollinators are drastically decreasing in distribution, quantity, and diversity worldwide (Ulyshen et al., 2023). In Europe, continuous monitoring indicated the reduction in the colonies of honeybees by about 30 % (Hristov et al., 2021)] and the diversity of wild bees were declined up to 50 % of the early 96% population (Abudulai et al., 2022), while reports from North America states that around one-quarter species of bees are at threat of extinction (Quandahor et al., 2024). The mono-cultural farming and rigorous usage of pesticides in Asia are causing considerable losses in the abundance and diversity of pollinators (Pervez and Manzoor, 2023). Global assessment led by IPBES stated that around 40% of pollinators that are invertebrates, specifically butterflies and bees, facing extinction (Nath et al., 2023). These drifts posed the productivity and balance of the ecosystem and global stability of food system which relied regular pollination services (Gutgesell et al., 2024).

			The main declination causes of pollinators are multifarious and interconnected. The sites of nesting and resources of flora are significantly reduced by the expansion of agriculture and urbanization resulting in the losses of habitats of various pollinator species, while thorough farming and mono-cropping have significantly limited the opportunities of foraging (Nath et al., 2023). The persistant pesticide usage like neonicotinoids significantly impairs the health of pollinators, reproduction and navigation (Paoli and Giurfa, 2024). These pressures are further intensifies by the climate change through disturbing the cycles of flowers and causes alteration in the pattern of rainfall and temperature, resulting in host plants and pollinators mismatches (Ghosh et al., 2025). Parasites and pathogens like Nosema species and Varroa destructor also devastates the population of bees (Figure 1) (Morfin et al., 2023). The interaction of these variables increases the scale of the crisis, posing serious risks to 21st century agriculture and biodiversity (Luo et al., 2025).
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			Figure 1: Different factors influencing the declination of pollinator’s population

			Worldwide food security is significantly implicated by the loss of pollinators (Tanda, 2024). Pollinators significantly enhances the alleviated production and yields of various crops, and increases food nutrient values through accumulative important micronutrients availability like calcium, folate and vitamins E, C and A (Zariman et al., 2022). The four important aspects of food security are greatly affected by the loss of pollinators that are access, stability, availability and utilization (Muluneh, 2021) through significant reductions in diversity of crops, higher costs of production and threatening livelihoods of farmers (Hailay, 2024). Global analysis carried out in 2023 correlating pollination insufficiency with substantial reductions in yields of nuts, vegetables and fruits, resulting in around 400,000 deaths in premature stages annually because of the deficiencies of nutrients (Levitt et al., 2022). In numerous underdeveloped areas, such effects ignite vulnerability in economics and significantly lead to malnutrition, hunger and excavating social inequalities (Nath et al., 2023). 

			Resolving these crises needs collective, coordinated and urgent worldwide actions (Stout and Dicks, 2022). Pesticides usage reductions, expanded systems of cropping and natural habitats conservations are important for pollinator population sustainability (Duque-Trujillo et al., 2023). The protection of pollinators must be integrated with the policies frameworks into climatic and agricultural strategies, reinforced through initiatives from international organizations like FAO, IPBES and CBD (Nogués-Bravo et al., 2025). Solidification of researches, development of multi and interdisciplinary partnerships and promotion of communal awareness are of significant responses (Bie et al., 2025). The protection of pollinators is not just an environmental responsibility but an economical and moral authoritative vital for the assurance of food security, enhancement in sustainability and future generation resilience (Arif and Mukhtar, 2023).

			Agricultural and economical significance of pollinators 

			Main pollinator groups

			Pollinators include an extremely varied group of organisms that helps in the mediation of pollen transfers in flowering plants, maintaining both global agriculture and natural ecosystem (Loy and Brosi, 2022). Globally above 200,000 species of animals performs the duty of pollination (Shah et al., 2023), with around 20,000 bee species signifying the most prevailing cluster (Dar et al., 2025). Around 90% of activities of pollination are being carried out by the insects comprised of bees (Apis spp., solitary bee species like Megachile and Osmia, Bombus spp.), Lepidopteran group insects (moths and butterflies), Hemipteran group insects like bugs, and coleopteran group insects like beetles (Reddy et al., 2022). These groups make distinctive contributions to the ecosystem, including significant pollination by bees due to flora consistency and specialized adaptations in pollen transfer (Tanda, 2024). Apart from the insects, the vertebrate creatures like birds specifically honeyeater, sunbirds and hummingbirds and bats (Torezan-Silingardi et al., 2021) plays their role in the pollination of plants that bloom at night such as Saguaro and Agave which are ecological significantly important (Figure 2) (Maggi et al., 2025). Together, all these pollinators enables the global production of flowering plants around 75% and three-quarters roughly of major crops of food, highlighting the worldwide agricultural and biodiversity output (Sabbahi et al., 2025).
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			Figure 2: Flowchart illustration of the main insect and bird groups involve in active pollination.

			Role in services of ecosystem and crops productivity 

			Pollinators are of significant importance for the sustainable productivity of agriculture and ensure lasting ecosystem resilience (Figure 3) (Rehman et al., 2022) . Around 75% of global production of crops dependent on the pollination is mediated by animals including 87 out of 115 worldwide food crops significantly relying up to some extinct on pollinators (Tanda, 2024). The maintaining of yields in important commodities like canola, apples, almonds, cocoa and coffee, quality of crops and sets of seeds and fruits are significantly enhanced by the activities of pollinators (Khalifa et al., 2021). Environmentally, in plants the genetic diversity is maintained by pollinators, promotes structures of habitats and strengthens resilience of ecosystem under environmental and climatic stresses (Arif and Mukhtar, 2023). Elsewhere an economic and ecological dimension, pollinators holds aesthetic and cultural values among societies, signifying natural balance and biodiversity (Katumo et al., 2022). As a result, pollinators provide the biological foundations that connect human food security, agricultural sustainability, and environmental stability, and their continued decline is a severe challenge internationally for both people and nature (Rehman et al., 2022).

			[image: ]

			Figure 3: Pollinators role in the ecosystem, food and society.

			Global drivers and patterns of decline in pollinators

			Intensification in agriculture

			The worldwide pollinators are declined significantly by the intensification of agriculture (Abdulai et al., 2022). The monocultural systems prevalent expansion, combined with simplification of habitat, has significantly reduced the resources of flora availability and nest sites in agricultural lands (Hederström et al., 2024). Synthetic pesticides broad usages, specifically fungicides and neonicotinoids, significantly exposes different pollinators to chronic and acute toxicity, which ultimately leads to reduced efficiency of foraging, navigation impairments, immunity weaknesses and collapse of bee colonies (Ara and Haque, 2021). Furthermore, mechanized practices of farming, extreme tillage, and hedge row removals or a strip of wildflowers eliminates important wild pollinators’ habitats (Alarcon-Segura et al., 2025). In advanced agriculture the declination of floral diversity has created nutrient stress because the pollinators are significantly dependent on the continuous pollen supplies and sources of nectar for normal immunity and development (Figure 4) (El-Seedi et al., 2022). Subsequently, intensification govern landscapes have significantly became environmental traps, yield oriented practices of management negotiates the sustainability of eco-systems balance and services of pollination (Lundin et al., 2021). 

			Environmental and ecological stressors

			Different environmental and ecological pressures significantly accelerate the losses of pollinators globally (Dicks et al., 2021). Fragmentation and habitat losses, led by expansion in urbanization, conversion of land use and deforestation, have seriously reduced heterogeneity of sites that retains the diversity of pollinators (Ekka et al., 2023). Aggressive species, like Apis mellifera in some areas, competes the indigenous pollinators because of the floral sources, resulting in imbalance community (Abou-Shaara, 2025). Additionally, parasites and pathogens, comprising Nosema infections and Varroa destructor mites, are chief biological stressors significantly affecting the health and reproduction of bees (Figure 5) (El-Seedi et al., 2022). Contamination-specifically particulate matters, heavy metals and agrochemicals-supplementary disrupt the physiology and olfactory communication of pollinators (Reshi et al., 2024). The degradation of environment has thereby produces
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			Figure 4: Agricultural intensifications impact on the pollinators population.
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			Figure 5: Different ecological and environmental stresses affecting pollinator’s population.

			complex stressed conditions, weakening resilience of pollinators, alteration in the behavior of foraging and disturbing the rates of reproduction (Kumar et al., 2024). The growing effects of these pressures have significantly caused a notable decline in functional diversity and richness of species, risking the network of pollination globally (Doré ey al., 2021).

			Impacts of climate change

			Climate change is known to be the global pervasive driver of decline in pollinators, affecting distribution of species, foraging behavior and phenology (Ghosh et al., 2025). The rise in temperature, alteration in the patterns of precipitation and harsh weather increased frequencies are leading phenological disparities between host plant and pollinators, disturbing the flowering synchrony and periods of foraging (Freimuth et al., 2022). The climate zone shifts forces pollinators to transfer at higher latitudes or altitudes and significantly surpassing their capacity of adaptation and population fragments (Ghisbain et al., 2021). Moreover, temperature alleviations can significantly impair the metabolic efficiencies, reduces viability of pollens and alters pollen and nectars nutritional qualities (Althiab-Almasaud et al., 2024). Heatwaves and droughts reduce the flowering plants abundance, restricting sources of food during the important seasons of breeding (Figure 6) (Brunet et al., 2025). Together, these climate changes significantly intensifies vulnerability of wild and managed populations of pollinators, imposing lasting threats to food security, biodiversity and stability of pollination globally (Muluneh, 2021).

			Consequences of pollinators loss socio-economically

			Pollination services economic values

			Services of pollination illustrates important functions of ecosystem that supports rural economic and agriculture globally (Sabbahi et al., 2025) Different crops like apples, almonds, coffee etc. get benefitted by the pollination services in terms of quality and yield, and make most species important for the stability of agriculture and international trades (Reddy et al., 2022; Singh and Adhikary, 2021). The wild pollinator species are most efficient pollinators than managed honeybee species that contributes to more sets of fruits and crops genetic diversities (Kline et al., 2022). Moreover, their declination imposes rise in the cost of production as the growers are dependent on the artificial methods of pollination or managed colonies of honey bees (Dingley et al., 2022). These methods are financially untenable for small growers and less efficient as compared to natural pollination in the emerging areas (Broussard et al., 2023). Therefore, loss of pollinators risks profitability of agriculture, stability of market, and security of earnings of many 
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			Figure 6: Climate change Impacts on biology, ecology, reproduction, pollination services and distribution of pollinators.

			people, specifically in the economies where people are dependent on pollination like Latin America (Baylis et al., 2021), Africa (Upadhyaya and Bhandari, 2022) and Asia (Figure 7) (Zurek et al., 2022).
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			Figure 7: This figure illustrates the benefits of pollination and significant impacts of pollinator’s declination.

			Effect on nutrition and food security 

			Pollinator decrease is extended beyond the financial losses to straight compromise food globally and security of nutrition (Zurek et al., 2022). More than 70% of the leading crops of food are dependent of the services of pollination up to some extent and the productivity reduction can significantly affect the quality and quantity of available food (Bacelar et al., 2024). Antioxidants, minerals and vitamin are the important essential extracts of the crops that are dependent of the pollination like oilseeds, nuts, vegetables and fruits (Rahaman et al., 2023; Ibiapina et al., 2024). A continued declination in the yields can significantly results in the deficiencies of micronutrients, specifically in susceptible people that are dependent on diets which are plant-based (Neufingerl and Eilander, 2021). Furthermore, the reduction in the diversity of crops leads to homogenization of diets lowers the pliability of food web to climatic or economic shocks (Gawdiya et al., 2025). The losses in the services of pollination increases the prices of foods and spreads inequality, excessively upsetting low-capital populations and poor farmers (Figure 8) (Kumar et al., 2024). Hence the declination of pollinators is not just ecological issue but an important public health and socio-economic challenge, connecting conservation of biodiversity directly to well-being of human and stability of nutrition (Hunde, 2025).

			Policy and conservation interventions

			Habitat restoration and sustainable farming 

			Agricultural sustainable methods and restoration of habitats are important tools to reverse the declination of pollinators and maintain lasting productivity of ecosystem (Devi et al., 2021). Strategies like crops diversification (Fijen et al., 2025), agro-ecological growing (Joseph et al., 2022), and formation of flora-rich margins of field (Lowe et al., 2021) can significantly enhance the availability of floral resources and habitats for wild species of pollinators (Ludzuweit et al., 2025). An integrated pest management (IPM) method significantly minimizes usage of pesticides and encourages biological control, has illustrated benefits for the survival of pollinators and their diversity (Angon et al., 2023). Moreover, reduction in the utilization of dangerous chemicals like neonicotinoids and their alteration with ecofriendly methods can alleviate the risk of toxic exposures (Barathi et al., 2024; Pathak et al., 2022). Restoration of landscape levels by hedge rows, corridors of wildflowers, and management of fallow land significantly supports the linkages among population of fragmented pollinator species and enhances the genetic flow and resilience (Figure 9) (Vasiliev and Greenwood, 2023). The environment of urban also provides potentials of restoration by friendly-pollinator gardens and green rooftops (Passaseo et al., 2021), connecting efforts of conservation across urban-rural borders (Ranalli et al., 2025). Inclusively, an integrating friendly-biodiversity technique into the system of agriculture not just benefits the species of pollinators but positively contributes to pest regulation, soil health and production of food sustainability (Angaye et al., 2024; Böhm and Schäfer, 2025). 
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			Figure 8: This illustrates the declination of pollination and its impact on food and nutrition security.

			Global initiatives and policy frameworks 

			At the level of policy, numerous international guidelines have significantly recognized conservation of pollinators as an important aspect of safeguarding food security and biodiversity (Requier et al., 2023).The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) pollinators’ assessment in 2019 was a breakthrough effort highlighting the protection urgency of pollinators globally (Ruckelshaus et al., 2020). 
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			Figure 9: This figure illustrates the sustainable farming and habitat restoration effects.
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			Figure 10: Policy frameworks illustrations and initiatives done for the betterment of pollinator’s conservation.

			The integration promotion of diverse strategies of the conservation of pollinators in environmental and agricultural policies was proposed by the EU pollinators Initiative in 2018 (Albertazzi et al., 2021), FAO’s Global Action on Pollination Services (Peixoto et al., 2022) and The Convention on Biological Diversity (CBD) (Figure 10) (Hoban et al., 2021). Few countries like the United States and European Countries have applied National Pollinator Strategies emphasizing on restoration of habitats, regulation of pesticides and campaigns of public awareness (Stout and Dicks, 2022). Though, implementation of policies still remains uneven, specifically in emerging areas where the intensification of agriculture is continued without safeguarding ecology (MacLaren et al., 2022). Strengthening the mechanisms of governance, ensuring the presence and participation of farmers and advancing international partnerships are hereby important for the translation of scientific information in to actual policy actions (Prajapati et al., 2025). Worldwide coordinated responses, grounded in socio-economic and scientific realities are important to protect pollinators of future and for the sustainability of food systems (Galetto et al., 2022).

			Conclusions and Recommendations

			The future pollinator researches on declination must be prioritize the climate resilient, data driven and integrative strategies for the good understanding of diverse interactions among stressors of environment, behavior of pollinators and stability of ecosystem. Important research urgencies comprises the advance lasting networks of monitoring that includes remote sensing, surveys of fields, and molecular information like metabarcoding of DNA to examine dynamics of floral resources and diversity of pollinators. Genomics and ecophysiology advancements can offer vision of adaptive traits that helps pollinators to withstand climate change and fragmentation of habitats. Furthermore, synergistic effects knowledge of pathogens, pesticides and nutrition on the health of pollinators is still an important area of study. The study should be expanded further from the honeybee specie (Apis mellifera) and must include the wild species of bees, flies, butterflies and other significant pollinators will result in complete information of ecosystems resilience. Developing data base open access globally and consistent protocols will enhance the results across different areas, promoting proof based development of policy.

			The sustainability pathway of the conservation of pollinators needs multi-sectorial partnerships among local communities, farmers, policy makers and scientists. The integration of friendly-pollinators strategies in policy of climate, planning or urban areas and agriculture can provide mutual benefits for food security and biodiversity. Institutions and different governments should work on initiatives of citizen sciences, public education and capacity building which empower the public who will contribute in the monitoring of pollinators and creation of habitats. Resultantly, a combine vision for the conservation of pollinators would include societal engagements, scientific innovations and policy commitments to safeguard the persistency of these important species in ecosystem.

			Novelty Statement

			This article provides new insights into pollinator conservation which requires coordinated research, effective framework laws, and public awareness to maintain global food security, environmental balance, and long-term sustainability in the agriculture sector.

			Author’s Contribution

			Hamza Iftikhar: Conceptualization, investigation, and methodology

			Ranra Jalal: Conceptualization, data curation, and software

			Syed Anas Shah Bacha: Formal analysis and investigation

			Saddam Hussain: Writing, review and editing

			Misbahullah: Resources and validation

			Syed Majid Rasheed: Writing, review, editing and finalizing the manuscript

			Generative AI or AI assisted technology statement

			Authors declared that they did not get assistance from any AI tool while completing this manuscript

			Conflict of interest

			The authors have no conflict of interest.

			References

			Abou-Shaara H F. 2025. Competition for resources: What factors lead honey bees to outcompete other insect competitors? Acta Oecol., 127: 104077.

			Abudulai, M., J.A. Nboyine, P. Quandahor, A. Seidu, F. Traore, and M. Abudulai. 2022. Agricultural intensification causes decline in insect biodiversity. Glob. Decline Insect., 1: 43-64.

			Alarcon-Segura, V., I. Grass, A. Feuerbacher, A. Gonzales-Chavez, and A.C. Mupepele. 2025. Semi-natural habitats and their contribution to crop productivity through pollination and pest control: a systematic review. Landsc. Eco., 40(7): 137.

			Albertazzi, S., E. Monterastelli, M. Giovanetti, E.L. Zenga, S. Flaminio, M. Galloni, M. Quaranta, and L. Bortolotti. 2021. Biodiversity evaluation: from endorsed indexes to inclusion of a pollinator indicator. Divers., 13(10): 477.

			Althiab-Almasaud, R., E. Teyssier, C. Chervin, M.A. Johnson, and J.C. Mollet. 2024. Pollen viability, longevity, and function in angiosperms: key drivers and prospects for improvement. Plant Reprod., 37(3): 273-293.

			Angaye, T.C., R.B. Ukoroije, and G.P. Angaye. 2024. Plant-derived pesticides (PDPs) versus synthetic pesticides: An eco-friendly approach to biodiversity conservation. IJIESR., 12(1): 67–75.

			Angon, P.B., S. Mondal, I. Jahan, M. Datto, U.B. Antu, F.J. Ayshi, and M.S. Islam. 2023. Integrated pest management (IPM) in agriculture and its role in maintaining ecological balance and biodiversity. Adv.Agric., 2023(1): 5546373.

			Ara, Z.G. and A.R. Haque. 2021. A comprehensive review on synthetic insecticides: toxicity to pollinators, associated risk to food security, and management approaches. J. Biosyst. Eng., 46(3): 254-272.

			Arif, M. and A. Mukhtar. 2023. Exploring the Role of Wild Relatives in Enhancing Genetic Diversity, Stress Tolerance, and Resilience of Cultivated Crops: Innovative Breeding Strategies, Agricultural Applications, and Future Directions for Global Food Security. Agric. Biotechnol. Reflect., 1(02): 24-37.

			Bacelar, E., T. Pinto, R. Anjos, M.C. Morais, I. Oliveira, A. Vilela, and F. Cosme. 2024. Impacts of climate change and mitigation strategies for some abiotic and biotic constraints influencing fruit growth and quality. Plant., 13(14): 1942.

			Barathi, S., N. Sabapathi, S. Kandasamy, and J. Lee. 2024. Present status of insecticide impacts and eco-friendly approaches for remediation-a review. Environ. Res., 240: 117432.

			Baylis, K., E.M. Lichtenberg, and E. Lichtenberg. 2021. Economics of pollination. Annu. Rev. Resour. Eco., 13(1): 335–354.

			Bie, M., K. Song, H. Dong, W. Zhao, H. Lin, D. Shi and D. Liu. 2025. Advancing sustainable agriculture through bumblebee pollination: bibliometric insights and future directions. Sustain., 17(5): 2177. 

			Böhm, U., and M. Schäfer. 2025. Considering biodiversity in food purchases: Consumer wishes and communication strategies. Front. Sustain. Food Syst., 9: 1665754.

			Broussard, M.A., M, Coates, and P. Martinsen. 2023. Artificial pollination technologies: A review. Agron., 13(5): 1351.

			Brunet, J., D.W. Inouye, E.E. Wilson Rankin, and T.C. Giannini. 2025. Global change aggravates drought, with consequences for plant reproduction. Ann. Bot., 135(1-2): 89-104.

			Dar, S.A., M. Saad, W. Hasan, Y.K. Devi, F.L. Ridouane, K. Alyammahi, S.H. Masry, K. Bumpy, K. Javeed, H.S. Hussein, and L.M. El-Samad. 2025. Solitary Bees as Vital Bioindicators: A Comprehensive Review of the Diversity, Decline, and Conservation Imperatives of the Halictidae Family. Entomol. Res., 55(6): e70047.

			Devi, D., P. Rani, and S. Bhatia. 2024. Insect Pollinators and their use in crop production. Imminent Farm. pp 134–154.

			Devi, S., D. Devi, S.J. Singh, and B. Kaushal. 2021. Strategies to combat the decline in pollinator’s population. Pharma Innov. J., 727–737.

			Dicks, L.V., T.D. Breeze, H.T. Ngo, D.A.J Senapathi, M.A. Aizen, P. Basu, D. Buchori, L. Galetto, L.A. Garibaldi, and B. Gemmill-Herren. 2021. A global-scale expert assessment of drivers and risks associated with pollinator decline. Nat. Ecol. Evol., 5(10): 1453-1461.

			Dingley, A., S. Anwar, P. Kristiansen, N.W. Warwick, .H. Wang, B.M. Sindel, and C.I. Cazzonelli. 2022. Precision pollination strategies for advancing horticultural tomato crop production. Agron., 12(2): 518.

			Diyaolu, C.O. and I.O. Folarin. 2024. The role of biodiversity in agricultural resilience: protecting ecosystem services for sustainable food production. Int. J. Res. Publ. Rev., 5(10): 1560-1573.

			Doré M., C. Fontaine, and E. Thébault. 2021. Relative effects of anthropogenic pressures, climate, and sampling design on the structure of pollination networks at the global scale. Glob. Chang. Biol., 27(6): 1266–1280.

			Duque-Trujillo, D., C.A. Hincapié, M. Osorio, and J.W. Zartha-Sossa. 2023. Strategies for the attraction and conservation of natural pollinators in agro ecosystems: a systematic review. Int. J. Environ. Sci. Technol., 20(4): 4499-4512.

			Ekka, P., S. Patra, M. Upreti, G. Kumar, A. Kumar, and P. Saikia. 2023. Land degradation and its impacts on biodiversity and ecosystem services. Land and environmental management through forestry.77-101.

			El-Seedi, H.R., H.R. Ahmed, A.A.A. El-Wahed, A. Saeed, A.F. Algethami, N.F. Attia, Z. Guo, S.G. Musharraf, A. Khatib, S.M. Alsharif, and Y.A. Naggar. 2022. Bee stressors from an immunological perspective and strategies to improve bee health. Vet. Sci., 9(5): 199. https://doi.org/10.3390/vetsci9050199 

			Fijen, T.P., M. Eeraerts, J. Osterman, N. Beyer, A. Hass, O. Lundin, and C. Westphal. 2025. Crop diversification for pollinator conservation. Landsc. Ecol., 40(1): 19.

			Freimuth, J., O. Bossdorf, J.F. Scheepens, and F.M. Willems. 2022. Climate warming changes synchrony of plants and pollinators. Proc. Biol. Sci., B. 289(1971).

			Galetto, L., M.A. Aizen, M.D.C. Arizmendi, B.M. Freitas, L.A. Garibaldi, T.C. Giannini, A. Lopes, M.M. Do Espírito Santo, M.M. Maués, G. Nates Parra, and J.I. Rodríguez. 2022. Risks and opportunities associated with pollinators’ conservation and management of pollination services in Latin America.

			Gawdiya, S., R.K. Sharma, H. Singh, and D. Kumar. 2025. Crop diversification as a cornerstone for sustainable agroecosystems: tackling biodiversity loss and global food system challenges. Discov. Appl. Sci., 7(5): 373.

			Ghisbain, G., M. Gérard, T.J. Wood, H.M. Hines, and D. Michez. 2021. Expanding insect pollinators in the A nthropocene. Biol. Rev., 96(6): 2755-2770.

			Ghosh, S., S. Chowdhury, and M.N. Hasan. 2025. Climate change and threat to pollinators. Pollinators: Life, Biology and Threat., 75-85.

			Gutgesell, M., K. McCann, R. O’Connor, K. Kc, E.D. Fraser, J.C. Moore, B. McMeans, I. Donohue, C. Bieg, C. Ward, and B. Pauli. 2024. The productivity–stability trade-off in global food systems. Nat. Ecol. Evol., 8(11): 2135-2149.

			Hailay G.G. 2024. A systematic review of insect decline and discovery: Trends, drivers, and conservation strategies over the past two decades. Psyche: J. Entomol. 2024(1): 5998962.

			Harianja, A.H., Y. Adalina, G. Pasaribu, I. Winarni, R. Maharani, A. Fernandes, G.S Saragih, R. Fauzi, A.P. Tampubolon, G.N. Njurumana, and A. Sukito. 2023. Potential of beekeeping to support the livelihood, economy, society, and environment of Indonesia. Forest., 14(2): 321.

			Hederström, V., J. Ekroos, M. Friberg, T. Krausl, Ø.H. Opedal, A.S. Persson, H. Petrén, Y. Quan, H.G. Smith, and Y. Clough. 2024. Pollinator-mediated effects of landscape-scale land use on grassland plant community composition and ecosystem functioning–seven hypotheses. Biol. Rev., 99(3): 675-698.

			Hoban, S., C.D. Campbell, J.M. da Silva, R. Ekblom, W.C. Funk, B.A. Garner, J.A. Godoy, F. Kershaw, A.J. MacDonald, J. Mergeay, and M. Minter. 2021. Genetic diversity is considered important but interpreted narrowly in country reports to the Convention on Biological Diversity: Current actions and indicators are insufficient. Biolog. Conserv., 261: 109233.

			Hristov, P., R. Shumkova, N. Palova, and B. Neov. 2021. Honey bee colony losses: Why are honey bees disappearing?. Sociobiol., 68(1): e5851.

			Hunde, T.A. 2025. The Potential and Transformation of Beekeeping for Natural Resource Conservation and Poverty Reduction in the Case of Ethiopia: A Review. Int. J., 13(1): 1–13.

			Ibiapina, A., L.D.S. Gualberto, B.B. Dias, B.C.B. Freitas, G.A.D.S. Martins, and A.A. Melo Filho. 2022. Essential and fixed oils from Amazonian fruits: proprieties and applications. Crit. Rev. Food Sci. Nutr., 62(32): 8842-8854.

			Jacobs, J., N. Beenarts, and T. Artois. 2023. Green roofs and pollinators, useful green spots for some wild bee species (Hymenoptera: Anthophila), but not so much for hoverflies (Diptera: Syrphidae). Sci. Rep., 13(1): 1449.

			Jones, J. and R. Rader. 2022. Pollinator nutrition and its role in merging the dual objectives of pollinator health and optimal crop production. Philosop. Transac. Royal Soc., B. 337(1853).

			Joseph R.K.A., M. Mani, K.M. Anes, and C. Mohan. 2022. Ecological engineering in pest management in horticultural and agricultural crops. Trend. Hortic. Entomol., pp.123-155.

			Katumo, D.M., H. Liang, A.C. Ochola, M. Lv, Q.F. Wang, and C.F. Yang. 2022. Pollinator diversity benefits natural and agricultural ecosystems, environmental health, and human welfare. Plant Div., 44(5): 429-435.

			Kaur, N. and A.S. Kaleka. 2022. Diversity, Importance and Decline of Pollinating Insects in Present. Global Decline of Insects. 85.

			Khalifa, S.A., E.H. Elshafiey, A.A. Shetaia, A.A.A. El-Wahed, A.F. Algethami, S.G. Musharraf, M.F. AlAjmi, C. Zhao, S.H. Masry, M.M. Abdel-Daim, and M.F. Halabi. 2021. Overview of bee pollination and its economic value for crop production. Insect., 12(8): 688.

			Kline, O., N.T. Phan, M.F. Porras, J. Chavana, C.Z. Little, L. Stemet, R.S. Acharya, D.J. Biddinger, G.V. Reddy, E.G. Rajotte, and N.K. Joshi. 2022. Biology, genetic diversity, and conservation of wild bees in tree fruit orchards. Biol., 12(1): p.31.

			Kumar A., N. Rajwar, and T. Tonk. 2024. Climate change effects on plant-pollinator interactions, reproductive biology and ecosystem services. In Forests and Climate Change: Biological Perspectives on Impact, Adaptation, and Mitigation Strateg., 2024: 97–117. 

			Kumar, A., A. Shukla, and S. Kailkhura. 2024. Biodiversity loss and its economic costs: a global perspective. Res. J. Recent Sci., 2277: 2502.

			Kumar, S., R.M. DePauw, S. Kumar, J. Kumar, S. Kumar, and M.P Pandey. 2023. Breeding and adoption of biofortified crops and their nutritional impact on human health. Annal. new York Acad. Sci., 1520(1): 5-19.

			Levitt B.B., H.C. Lai, and A.M. Manville. 2022. Effects of non-ionizing electromagnetic fields on flora and fauna, Part 2 impacts: how species interact with natural and man-made EMF. Rev. Environ. Health., 37(3): 327–406.

			Lowe, E.B., R. Groves, and C. Gratton. 2021. Impacts of field-edge flower plantings on pollinator conservation and ecosystem service delivery–A meta-analysis. Agric. Ecosys. Environ., 310: 107290.

			Loy, X. and B.J. Brosi. 2022. The effects of pollinator diversity on pollination function. Ecol., 103(4): e3631.

			Ludzuweit, A., J. Paterson, K. Wydra, C. Pump, K. Müller, and Y. Miller. 2025. Enhancing ecosystem services and biodiversity in agrivoltaics through habitat-enhancing strategies. Renew. Sustain. Energy Rev., 212: 115380.

			Lundin, O., M. Rundlöf, M. Jonsson, R. Bommarco, and N.M. Williams. 2021. Integrated pest and pollinator management–expanding the concept. Front. Ecol. Environ., 19(5):.283-291.

			Luo, A., M.C. Orr, and C.D. Zhu. 2025. Pollinator Bees in China: Diversity, Function, and Conservation. Ann. Rev. Entomol., 71.

			MacLaren, C., A. Mead, D. van Balen, L. Claessens, A. Etana, J. de Haan, W. Haagsma, O. Jäck, T. Keller, J. Labuschagne, and A. Myrbeck. 2022. Long-term evidence for ecological intensification as a pathway to sustainable agriculture. Nature Sustain., 5: 770-779. 

			Maggi, T., L. Pardo, and R. Chreil. 2025. Pollinator diversity and conservation strategies. Pollinat., 9: 33-48.

			Morfin, N., P.H. Goodwin, and E. Guzman-Novoa. 2023. Varroa destructor and its impacts on honey bee biology. Front. Bee Sci., 1: 1272937.

			Muluneh, M.G. 2021. Impact of climate change on biodiversity and food security: a global perspective—A review article. Agric. Food Secur., 10(1): 1–25.

			Nath, R., H. Singh, and S. Mukherjee. 2023. Insect pollinators decline: an emerging concern of Anthropocene epoch. J. Apic. Res., 62(1): 23–38.

			Neufingerl, N. and A. Eilander. 2021. Nutrient intake and status in adults consuming plant-based diets compared to meat-eaters: a systematic review. Nutrient., 14(1): 29.

			Nogués-Bravo, D., S. Whitmee, and L. Willetts. 2025. Metrics for biodiversity and health policy integration. PLOS global public health, 5(7): e0004624.

			Paoli, M., and M. Giurfa. 2024. Pesticides and pollinator brain: How do neonicotinoids affect the central nervous system of bees?. Europ. J. Neurosci., 60(8): 5927-5948.

			Passaseo, A., S. Rochefort, G. Pétremand, and E. Castella. 2021. Pollinators on green roofs: Diversity and trait analysis of wild bees (Hymenoptera: Anthophila) and Hoverflies (Diptera: Syrphidae) in an urban area (Geneva, Switzerland). Cities and the Environment (CATE). 14(2): p.1.

			Pathak, V.M., V.K. Verma, B.S. Rawat, B. Kaur, N. Babu, A. Sharma, S. Dewali, M. Yadav, R. Kumari, S. Singh, and A. Mohapatra. 2022. Current status of pesticide effects on environment, human health and it’s eco-friendly management as bioremediation: A comprehensive review. Front. Microbial., 13: 962619.

			Patil, P.B., R.A. Rajah, N.R. Bora, D. Brahma, S.N. Krishnan, V. Vasanth, I. Nath, P.L. Dutta and G. Nitish. 2024. Pollination ecology: Understanding plant-pollinator relationships. Int. J. Agric. Res., 7: 101-105.

			Peixoto, P.G., H.L. Martins, B.C. Pinto, A.L. Franco, L.S. Amaral, and C.V.D. Castro. 2022. The significance of pollination for global food production and the guarantee of nutritional security: a literature review. Environ. Sci. Proceed., 15(1): 7.

			Pervez, M. and F. Manzoor. 2023. Honey bee losses and pesticides threat: an Asian perspective. J. Apicul. Res., 62(1): 64-75.

			Polmann, G., V. Badia, R. Danielski, S.R.S. Ferreira, and J.M. Block. 2023. Nuts and nut-based products: A meta-analysis from intake health benefits and functional characteristics from recovered constituents. Food Rev. Int., 39(8): 5021-5047.

			Porto, R.G., O. Cruz-Neto, M. Tabarelli, B.F. Viana, C.A. Peres, and A.V. Lopes. 2021. Pollinator-dependent crops in Brazil yield nearly half of nutrients for humans and livestock feed. Global Food Secur., 31: 100587.

			Prajapati, C.S., N.K. Priya, S. Bishnoi, S.K. Vishwakarma, K. Buvaneswari, S. Shastri, S. Tripathi, and A. Jadhav. 2025. The role of participatory approaches in modern agricultural extension: bridging knowledge gaps for sustainable farming practices. J. Exper. Agric. Int., 47(2): 204-222.

			Quandahor, P., L. Kim, M. Kim, K. Lee, F. Kusi, and I.H. Jeong. 2024. Effects of agricultural pesticides on decline in insect species and individual numbers. Environ., 11(8): 182.

			Rahaman, M.M., R. Hossain, J. Herrera-Bravo, M.T. Islam, O. Atolani, O.S. Adeyemi, O.A. Owolodun, L. Kambizi, S.D. Daştan, D. Calina, and J. Sharifi-Rad. 2023. Natural antioxidants from some fruits, seeds, foods, natural products, and associated health benefits: An update. Food Sci. Nutri., 11(4): 1657-1670.

			Ranalli, R., S. Borghesan, M. Labra, and P. Biella. 2025. From cities to refuges for pollinators: Urban practices for enhancing pollinator habitats in changing landscapes. J. App. Ecol., 62(11): 2874-2881.

			Reddy, P.V.R., V.V. Rajan, M. Mani, S.J. Kavitha, and K. Sreedevi. 2022. Insect pollination in horticultural crops. Trend. Hortic. Entomol., 491-516.

			Rehman, A., M. Farooq, D.J. Lee, and K.H. Siddique. 2022. Sustainable agricultural practices for food security and ecosystem services. Environ. Sci. Pollution Res., 29(56): 84076-84095.

			Requier, F., N. Pérez-Méndez, G.K. Andersson, E. Blareau, I. Merle, and L.A. Garibaldi. 2023. Bee and non-bee pollinator importance for local food security. Trends Ecol. Evol., 38(2): 196-205.

			Reshi, M.S., T.A. Sheikh, D. Javaid, S.Y. Ganie, M.A. Ganie, and M.A. Malik. 2024. Pesticide pollution: potential risk to insect pollinators and possible management strategies. In Insect diversity and ecosystem services (pp. 55-73). Apple Academic Press. 

			Ruckelshaus, M.H., S.T. Jackson, H.A. Mooney, K.L. Jacobs, K.A.S. Kassam, M.T. Arroyo, A. Báldi, A.M. Bartuska, J. Boyd, L.N. Joppa, and A. Kovács-Hostyánszki. 2020. The IPBES global assessment: pathways to action. Trends Ecol. Evol., 35(5): 407-414.

			Sabbahi, R., S. El Assri, A. Bouanga, S. Chafiki, R. Qessaoui, and R. Bouharroud. 2025. Unveiling the symbiotic nexus: pathways linking beekeeping, crop pollination, and biodiversity protection in a Moroccan case study. J. Insect Conserv., 29(6): 1-20.

			Saha, H., S. Chatterjee, and A. Paul. 2023. Role of pollinators in plant reproduction and food security: A concise review. Res. J. Agric. Sci., 14(1): 72-79.

			Silva, F.D.D.S., L.G. Carvalheiro, J. Aguirre-Gutiérrez, M. Lucotte, K. Guidoni-Martins, and F. Mertens. 2021. Virtual pollination trade uncovers global dependence on biodiversity of developing countries. Sci. Adv., 7(11): .eabe6636.

			Singh, A. and T. Adhikary. 2021. Importance of pollinators in fruit production: A Review. Int. J. Eco. Plant., 8(3): 156–161.

			Stout J.C. and L.V. Dicks. 2022. From science to society: implementing effective strategies to improve wild pollinator health. Philosophical Transactions of the Royal Society B, 2022, 377(1853): 20210165.

			Tanda, A.S. 2024. Insect Pollination: An Incredible Natural Service for Food Sustainability in Agro ecosystems-A Review. Agric. Res. J., 61(5): 668-684.

			Torezan-Silingardi, H.M., I. Silberbauer-Gottsberger, and G. Gottsberger. 2021. Pollination ecology: natural history, perspectives and future directions. Plant-animal interactions: Sour. Biodivers., 119-174.

			Ulyshen, M., K.R. Urban-Mead, J.B. Dorey, and J.W. Rivers. 2023. Forests are critically important to global pollinator diversity and enhance pollination in adjacent crops. Biol. Rev., 98(4): 1118-1141.

			Upadhyaya, N. and K. Bhandari. 2022. A review: pollinator services and its economic evaluation. Int. J. Food Agric. Natur. Resour., 3(2): 11–15.

			Vasiliev, D. and S. Greenwood. 2023. The role of landscape connectivity in maintaining pollinator biodiversity needs reconsideration. Biodiver. Conser., 32(12): 3765–3790.

			Zariman, N.A., N.A. Omar, and A.N. Huda. 2022. Plant attractants and rewards for pollinators: their significant to successful crop pollination. Int. J. Life Sci. Biotech., 5(2): 270-293.

			Zurek, M., J. Ingram, A. Sanderson Bellamy, C. Goold, C. Lyon, P. Alexander, A. Barnes, D.P. Bebber, T.D. Breeze, A. Bruce, and L.M. Collins. 2022. Food system resilience: concepts, issues, and challenges. Ann. Rev. Environ. Resour., 47(1): 511-534.

		

	OEBPS/image/Image123906898.png
BENEFITS OF POLLINATION VS IMPACTS OF P

[ POLLINATION SERVICES ]






OEBPS/image/Image123906885.png
Habitat Loss and
Fragnentation

6]

o8
7| fe3)

Pollution

—

Invasive Species

Pl R

Parasites and Pathogens

Phenological Changes





OEBPS/image/Image123906911.png
' | !

EepiDlers!fication Agroecological Farming Flower-Rich Field Margins
* More floral resources
. * Ecological balance * Habitats for wild species
and habitats

Integrated Pest Reduced Chemi Landscape
= Biocontrol * Replace neonics * Hedgerows, wil
* Less pesticides friendly methods corridors recon

+

OPTIONS
GREEM ROOFTOOPS

RESILIENT ECOSYSTEM + HEALTHY POLLINATORS

Better Natural Hiigher Food
Soil Pest Crops Sustainability

Health Control Yield





OEBPS/image/Image123906920.png
Global - Initiative
Assessment 2018
2019 D>

Highlighted Global Urgency
of Pollinator Protection

EU Pollinators

Promoted Integration of
Diverse Pollination
Conservation Strategies

v \4

National Pollinators Strategies

"o =

Habitat
Restoration

R"es'l'clf’e Public
egulation Awareness
Campaigns

A Uneven Implementation ﬁ

Especially Where
Agricultural Intensification
continuous without Ecological
Safeguard

® W

Strengthened
Governance
Mechanisms

Farmers
Participation and
Inclusion
International

Partnerships
\.and cooperations J

Needed Improvements
for Effective Policy
Translations

Global
Coordinated
Response for

Pollinators
» Protection
Grounded in
Socio-Economic
Realities

Grounded in
Scientific Evidence

Ensure Food
System
Sustainability

Protect Future

Pollinators





OEBPS/image/Image123906891.png
CLIMATE
CHANGE

Rising
Temperature

Altered
Percipitation
Patterns

Extreme

Weather
Conditions

—

—

IMPACT OF CLIMATE CHANGE

BIOLOGICAL AND
ECOLOGICAL
MECHANISMS

Phenological
Mismatches

* Flowering time shifts,

« Pollinators emergence
shifts

* Loss of synchrony in
foraging period

&

Physiological and
Reproduction
Stress

RANGE AND
DISTRIBUTION
SHIFTS

POPULATION-LEVELS
AND GLOBAL
ECOLOGICAL IMPACTS

W

Increased vulnerability of
wild and managed
pollinators

Declining population sizes
Reduced pollination
stability

Threats to biodiversity
Food security risks
Destabilized ecosystem
services





OEBPS/image/Image123906863.png
Losses in the sites of
nesting sites and habitats
of the potential
pollinators

Excesssive use of
different pesticides
have significantly
affected pollinators
population

The continuous rise in
temperature and variations
in the rainfall patterns and
changes in the phenology
of flowering crops

Interspecific and Intra
specific competitions
for the sources of
nectars and pollens

The degradation of
crops nutritional
qualities significantly
affect the
populations of
pollinators

The infestations of Pests
and Pathogens in the
colonies and nests of

Pollinators





OEBPS/image/1.png
OPEN aAccsss Sarhad Journal of Agriculture

®

Check for

Research Article ekt

Climate Change as a Threat to Pollinators, Food Security and
Biodiversity

Hamza Iftikhar', Ranra Jalal?, Syed Anas Shah Bacha®, Saddam Hussain*, Misbahullah® and Syed Majid Rasheed™*

lDepartment of Entomology, The University of Agriculture Peshawar; ZDepartment of Weed Science and Botany, The Univer-
sity of Agriculture Peshawar; *Department of Agriculture, Bacha Khan University Charsadda; *Federal Seed Certification &

Registration Department; 5Department of Entomology, The University of Agriculture, Swat; 6Department of Plant Breeding &&
Genetics, The University of Agriculture, Swat.

Abstract | Pollinators play significant roles in preserving the production of food globally, environmental
stability and biodiversity. Around 75% of the total crops are dependent on pollination for their production
through animals like beetles, flies, butterflies, bees, bats and birds, which makes them an essential component
of natural ecosystem. Pollinator populations, on the other hand, are rapidly dropping over the world due
to a variety of factors such as parasite infestations, aggressive species, climate change, chemical exposure,
agricultural expansion, and habitat degradation. All of these interrelated causes affect pollination efficiency,
limit flora diversity, and weaken ecosystem resilience, resulting in worse crop quality and yields. The social
and economic consequences of pollinator population decline are as serious, as pollination services provide
USD 235-577 billion to the world economy each year. The declination in pollination products significantly
threatens food security four pillars that are stability, utilization, access and availability through reductions
in rich food productions like oilseeds, nuts, vegetables and fruits. Increased oversupply lowers food costs,
increases the danger of starvation, and has a significant impact on small holder growers in developing nations.
To address these concerns, major global action is necessary, including the implementation of integrated pest
management (IPM), a reduction in chemical dependency, habitat restoration, and agricultural sustainability
practices. Initiatives in policy from organizations such as Convention on Biological Diversity (CBD),
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES), and Food
and Agriculture Organization (FAO) place a strong emphasis on biodiversity-friendly farming and cross-
sector collaborations to safeguard pollinators. Pollinator conservation requires coordinated research, effective
framework laws, and public awareness to maintain global food security, environmental balance, and long-term
sustainability in the agriculture sector.
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