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Pollinator organisms significantly contribute to the stabilization of ecosystems, plant reproduction, 
biodiversity preservation, and crop production. But environmental variables, such as variations in 
temperature and precipitation, seasonal changes, habitat modifications, and vegetation reduction, are 
currently influencing pollinator assemblages both naturally and artificially. This study investigates 
how climate fluctuation, irregular precipitation, seasonal change, vegetation reduction, habitat 
fragmentation, and land-use transformation influence pollinator populations and plant reproduction. 
Bee, butterfly, moth, fly, and beetle pollinator groups were evaluated concerning their interaction with 
flower availability, nest availability, pollination rate, fruit formation, and seed production. According 
to this study, the abundance and diversity of pollinator species tend to be lower in altered environments 
with reduced flower, shelter, and breeding sites.  The climatic fluctuations also play their role in 
altering the period of bloom, shortening the foraging time, and disrupting the synchronization between 
plants and pollinators. There is evidence showing that less pollinator visitation led to less fruit 
production, seed setting, and reproductive performance in flowers. Thus, it is important to understand 
that the presence of climate fluctuations coupled with habitat fragmentation may disrupt pollination 
processes. The strategies of preserving the environment include restoring native flowering plants, 
creating ecological corridors, limiting the use of pesticides, and climate-resilient landscape designs. 

 

  

Journal of Animal Environment 
(E-ISSN 2717-1396, ISSN 2717-1388) 

Journal homepage: https://aejournals.org/ 
 



Journal of Animal Environment, Vol. 18, No. 3s, Spring 2026 
 

162 

Introduction 

Pollinators are extremely important in 

ensuring the proper functioning of the 

ecosystems, their stability and plant reproduction 

(Artamendi et al., 2025). These insects help to 

create seeds and fruits and facilitate genetic 

exchanges between flowering plants (Brunet et 

al., 2025). Pollination is one of the factors that 

have great effects on vegetation regeneration in 

both natural and artificial ecosystems. 

Unfortunately, nowadays pollinator populations 

face certain threats due to fast environmental 

changes (Wang et al., 2026). 

Climate variation and habitat modification are 

two of the leading factors influencing pollinator 

communities (Martén‐Rodríguez et al., 2025). 

Climate variation due to changes in temperature, 

rainfall pattern, humidity, and flowering period 

affects the synchronization between pollinators 

and flowering plants (Menon & Deshpande, 

2023; Chandravanshi & Neetish, 2023). Habitat 

modification due to conversion of landscape, 

removal of vegetation cover, use of pesticides, 

and fragmentation affect nesting sites, variety of 

flowers, and connectivity among areas. Thus, this 

research will focus on determining the effect of 

climate variation and habitat modification on 

pollinator abundance, pollinator diversity, and 

plant reproductive success (Kumar et al., 2024; 

Allen‐Perkins et al., 2025). 

Key Contributions 

• The current study analyzes the effect of 

climatic variation on the abundance, 

diversity, and seasonal behavior of 

pollinators. 

• Herein, the effect of habitat alteration on 

pollinator behavior is assessed. 

The study provides conservation 

recommendations to protect pollinators and 

ensure ecosystem stability.  

Section I presents an overview of the role of 

pollinators in ecosystems and describes the study 

problem. Section II covers relevant literature 

regarding climate change, habitat alterations, and 

pollinator interactions. Section III outlines the 

study methodology including the approach used 

to gather information and the analysis of obtained 

data. Section IV presents the results regarding the 

abundance, diversity, and reproductive success of 

pollinators. Section V discusses the conservation 

aspects of the research findings. 

Literature Review 

Climatic Variability and Pollinator 

Abundance 

The density of the pollinators is greatly 

affected by climate as temperature, precipitation, 

moisture, and seasonality determine the time at 

which the flowers bloom and produce nectar, as 

well as the timing of pollination (Mishra, 2025; 

Layek et al., 2024). The bees, butterflies, flies, 

moths, and beetles require conducive climatic 

conditions for mobility, feeding, reproduction, 

and breeding (Trunschke et al., 2024). An 

increase in temperature beyond a certain level 

may cause pollinators to lower their foraging 

behaviors or change the times of their activities 

to times when the temperatures are low. 

Unpredictable rains affect the rate of blooming 

and production of nectar. 
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Climate Change and Pollinator Diversity 

Diversity within the pollinators may decrease 

because of environmental changes leading to 

unfavorable climatic conditions for some 

particular species (Ismail & Ahmad, 2026; Peer 

et al., 2025). While some pollinators have a broad 

ecological niche that allows them to adapt to 

changing conditions, some specialists may 

disappear due to their strong reliance on 

particular types of flowers or habitat conditions. 

Timing changes may lead to a phenological 

mismatch between flower blooms and pollinator 

appearances. For instance, when flowering 

occurs early because of higher temperatures 

while pollinators appear later, then successful 

pollination will not take place. 

Habitat Alteration and Plant–Pollinator 

Interactions 

Diversity within the pollinators may decrease 

because of environmental changes leading to 

unfavorable climatic conditions for some 

particular species (Dusi, 2025). While some 

pollinators have a broad ecological niche that 

allows them to adapt to changing conditions, 

some specialists may disappear due to their 

strong reliance on particular types of flowers or 

habitat conditions. Timing changes may lead to a 

phenological mismatch between flower blooms 

and pollinator appearances. For instance, when 

flowering occurs early because of higher 

temperatures while pollinators appear later, then 

successful pollination will not take place. 

Effects on Plant Reproductive Success 

Successful plant reproduction is largely 

dependent on the number and quality of visits by 

pollinators. Increased diversity of pollinators 

enhances the movement of pollen since different 

types of pollinators visit flowers differently. Low 

numbers of pollinators often result in low pollen 

deposition, fruit setting, and seed production, 

leading to low plant regeneration. Flowering 

plants in a degraded environment tend to attract 

less attention, which directly impacts their 

reproductive performance. This means that 

alteration of the pollinator community can have 

an impact on both insects and plant populations. 

Research Gap 

While past research has considered either the 

effects of climate change or habitat alteration on 

pollinators independently, the impact of the 

combined effects of both has been understudied 

with regard to the abundance, diversity, and 

reproductive fitness of pollinators. Most previous 

research on this topic is concerned with the 

reduction of pollinator populations, with few 

studies linking pollinator shifts to reproductive 

effects such as fruit and seed production. This 

research seeks to address that gap by considering 

the combined effects of climatic variation and 

habitat alterations. 

Methods 

Study Area and Research Design 

This study was carried out to determine the 

effect of climate variation and habitat 

modifications on the number and diversity of 

pollinators and the reproductive success of the 

plants. Three different types of habitats were 

considered in the experiment. These include the 

natural habitat, moderately modified habitat, and 

heavily modified habitat. The natural habitat 
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comprises areas with thick vegetation and 

abundant flowers that are not disturbed by 

humans. Moderately modified habitats 

comprised forest edges, mixed farming lands, 

and partially disturbed vegetation. Heavy 

modification involved areas where there was 

intensive agriculture, fragmentation, and 

roadsides. 

Assessment of Climatic Variables 

The climatic factors were measured in order 

to assess their effect on the behavior of the 

pollinators as well as the plants' blooming 

pattern. Temperature, rainfall, relative humidity, 

and seasonality were some of the climatic factors 

that were taken into consideration as the main 

climatic factors. In order to assess the effect of 

the different weather conditions on the 

pollinator's behavior, fieldwork was conducted at 

different blooming seasons. 

Pollinator Sampling Method 

The abundance and diversity of the 

pollinators were evaluated using the transect 

walk and the timed floral observation techniques. 

Transects were laid in each of the habitats 

studied, and visits by the pollinators were 

documented during times when they were most 

active. Observations were primarily performed 

early in the day and later in the afternoon when 

insect activity was at its peak. The pollinators 

were classified into broad categories like bees, 

butterflies, moths, flies, beetles, and others that 

pollinate flowers. 

Habitat Alteration Assessment 

Assessment of habitat modification took into 

consideration vegetation cover, floral diversity, 

flower density, availability of nesting habitat, 

degree of habitat fragmentation, and signs of 

human disturbance. It was presumed that natural 

habitats will exhibit high levels of floral diversity 

and provide adequate nesting opportunities, 

whereas modified habitats will show low 

vegetation cover, less plant diversity, and 

increased signs of human interference. Habitat 

modification assessment also included an 

analysis of land use practice, pesticides used, 

road presence, and loss of native flowering 

plants. 

Measurement of Plant Reproductive 

Success 

The measures used for plant reproduction 

included the rates of pollinator visits, the rate of 

fruit set, the rate of seed set, and the rate of 

flower-to-fruit transition. Flowering plants were 

identified within each category of habitat. The 

counts of flowers, number of pollinator visits, 

number of fruits produced, and number of seeds 

produced were noted. Increased visits suggested 

better services offered by pollinators, while 

decreased fruits/seed suggested low reproductive 

success. 

Statistical Analysis 

Data obtained were analyzed using statistical 

techniques to compare the abundance, species 

richness, and diversity of pollinators as well as 

the reproductive success of plants in various 

types of habitat. Species richness and diversity 

measures were employed for evaluating the 

species composition of the pollinator community. 

The ANOVA test was employed to compare the 

difference between natural, moderately modified, 
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and heavily modified habitats. A correlation 

analysis was performed to explore the link 

between climatic factors, habitat modification, 

and pollinator abundance. 

Results 

Effect of Climatic Variability on 

Pollinator Abundance 

The data revealed that there was significant 

variability in the abundance of pollinators due to 

changes in climatic conditions. The activities of 

the pollinators were high when the temperatures 

and rainfalls were moderate but low when there 

were high temperatures, lack of rain, and erratic 

rainfalls. The bees and butterflies reacted more to 

changes in climatic conditions as their activities 

depended heavily on the availability of flowers, 

presence of nectar, and favorable temperatures. 

Pollinator Diversity across Habitat 

Conditions 

Bees, butterflies, flies, beetles, and moths 

displayed high diversity in natural habitat 

conditions, medium diversity in partial habitat 

conditions, and low diversity in highly modified 

habitats. Natural habitats had high pollinator 

diversity due to high floral diversity, favorable 

nesting conditions, and less disturbance. On the 

other hand, highly modified habitats had less 

diversity of specialist pollinators and had 

generalists dominating them.

Table 1: Pollinator Abundance and Diversity Under Different Habitat Conditions 

Habitat Condition 
Pollinator 

Abundance 

Species 

Richness 

Shannon Diversity 

Index 

Dominant Pollinator 

Group 

Natural habitat 186 34 3.18 Bees and butterflies 

Moderately altered 

habitat 
128 25 2.61 Bees and flies 

Highly altered 

habitat 
74 16 1.86 

Flies and generalist 

insects 

From table 1, it can be seen that the 

abundance, richness, and diversity of pollinators 

decreased as habitat alteration increased. Natural 

habitats had the highest abundance and diversity 

of pollinators, whereas heavily modified habitats 

hosted less pollinator groups because there were 

few flowers, nesting locations, and high 

disturbances. 

Impact of Habitat Alteration on  

Plant–Pollinator Interaction 

Changes in the habitat weakened the 

interactions between flowers and their 

pollinators. In natural environments, flower 

species would receive many visits from various 

pollinator species, leading to efficient pollen 

exchange between species. In semi-altered 

environments, there would be fewer visits to 

flowers, but still enough to allow partial 

reproduction. However, in fully altered 

environments, there were fewer visits by 

pollinators since flowers were widely dispersed. 
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Relationship between Pollinator 

Population and Plant Reproductive 

Success 

The reproductive success of plants correlated 

positively with the number of pollinators. Higher 

number of pollinators resulted in higher success 

of fruits setting and seed production. The natural 

habitat experienced the highest level of plant 

reproductive success, whereas the high-level 

altered habitat had the least fruit and seed 

production. Therefore, decline in pollinator 

diversity results in reduced plant reproduction. 

Table 2: Plant Reproductive Success Across Habitat Conditions 

Habitat Condition Flower Visitation Rate 
Fruit Set 

(%) 

Seed Set 

(%) 

Reproductive Success 

Level 

Natural habitat 8.4 visits/hour 78 72 High 

Moderately altered 

habitat 
5.9 visits/hour 61 56 Moderate 

Highly altered habitat 3.1 visits/hour 43 38 Low 

According to table 2, reproductive success in 

plants was lower in relation to less pollinator 

activity. Higher levels of success were witnessed 

in natural habitats owing to more and varied 

pollinator visits. Lower reproductive success was 

recorded in highly disturbed habitats owing to 

limited pollinator activity. 

Overall Result Interpretation 

In general, the results reveal that climate 

variability, along with habitat alteration, impacts 

pollinator population, species richness, and plant 

reproduction. Climate stress impacts pollinators 

through effects on their productivity and flower 

production; habitat alteration impacts them in 

terms of shelter, nest, and food availability. 

Discussion 

These results indicate that both climatic 

variations and habitat change have a significant 

impact on pollinator density and diversity. Stable 

temperatures and steady rainfall favored 

increased pollinator activity; conversely, high 

temperatures, drought, and unstable rainfall 

patterns resulted in fewer flower visits by 

pollinators. Such climatic variations may 

interfere with flower bloom times, nectar 

production, and pollination activities. 

Habitat modification also caused a decrease in 

pollinator diversity through reduction in floral 

availability, nesting sites, and movement 

pathways. Natural habitats harbored more bees, 

butterflies, flies, beetles, and moths compared to 

heavily modified habitats, where only generalist 

insects prevailed. This suggests that specialists 

are more susceptible to land use modifications, 

vegetation loss, pesticide application, and habitat 

fragmentation. 

The reduction in the abundance of pollinators 

had a direct impact on the reproductive success 

of plants. Places that experienced reduced visits 

from pollinators recorded lower rates of fruit set 

and seed set, potentially resulting in poor plant 

reproduction in the future. Thus, conservation 

should be aimed at restoring native flowering 
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plants, reducing the use of pesticides, creating 

corridors for pollinators, among other practices. 

Conclusion 

It is evident from this research that climatic 

variations and changes in habitats play an 

important role in the distribution, richness, and 

effectiveness of pollinators and the reproduction 

of plants. Bees, butterflies, moths, flies, and 

beetles depend highly on climate, food, and good 

habitats. Factors such as temperature variations, 

erratic rains, droughts, humidity variations, and 

seasonal changes negatively influence the 

amount of flowering and the production of nectar 

in the environment, hence reducing the 

effectiveness of pollinators. The alteration of the 

habitats is another factor which creates such 

pressures on the pollinators. The clearing of the 

vegetations, increased farming activities, 

pesticide exposure, habitat alteration, and 

fragmentation decrease the presence of the native 

plants and flowers, nest sites, shelter, and 

movement paths. The results have shown that the 

natural habitat provides higher numbers of 

pollinators, a larger number of species and 

improved reproduction among the flowering 

plants. On the other hand, the areas with high 

habitat alteration demonstrate low diversity of 

pollinators, few numbers of flower visits, fruit set 

rate, and seed formation. Thus, one can see that 

the quality of the habitats affects the pollinator 

communities and reproduction among the 

flowering plants. In conclusion, it has been 

proven that pollinators are important for 

biodiversity, plant regeneration and ecosystem 

stability, hence they deserve special attention in 

their conservation. Such actions must include the 

restoration of natural vegetation, native 

flowering plants, habitat corridors, protection 

against excessive pesticide usage, and 

encouraging agricultural practices which favor 

pollinators. Moreover, long-term monitoring 

would be required to investigate the seasonal 

changes caused by climate change among the 

pollinators and plant reproduction. 
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