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Climate change has emerged as one of the most pressing environmental 

challenges of the 21st century. Rising temperatures, a key indicator of 

climate change, significantly affect ecosystems, particularly in hilly regions 

where biodiversity is highly sensitive to temperature fluctuations. This 

paper investigates the impact of rising temperatures on the biodiversity of 

the hilly regions of Eastern India, emphasizing the ecological imbalance, 

species migration, habitat loss, and decline in endemic flora and fauna. The 

study underscores the urgent need for climate mitigation and adaptive 

conservation strategies to safeguard the unique biodiversity of this region. 

ising temperatures exacerbate soil erosion, reduce water availability, and 

alter microclimatic conditions, further intensifying ecological stress. The 

decline in forest cover, coupled with anthropogenic pressures, has 

accelerated the loss of biodiversity, threatening ecosystem services crucial 

for local communities. The study underscores the urgent need for integrated 

climate mitigation policies, adaptive conservation strategies, and 
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I. Introduction 

Eastern India, encompassing states such as West Bengal, Odisha, Jharkhand, and parts of 

northeastern states, is characterized by diverse topography, including hills, forests, and riverine 

ecosystems. The hilly regions, particularly the Chhotanagpur Plateau and the Eastern Ghats, are 

biodiversity hotspots, harboring endemic species of flora and fauna. Over the past few decades, the 

region has experienced a noticeable rise in temperature due to anthropogenic activities, resulting in 

changes to its delicate ecosystem balance [1]. 

Rising temperature affects species in multiple ways, including altering reproductive cycles, shifting 

species ranges, increasing vulnerability to diseases, and reducing habitat suitability. The hilly regions 

are particularly sensitive due to limited altitudinal ranges and fragmented habitats [2]. Eastern India, 

encompassing states such as West Bengal, Odisha, Jharkhand, and parts of the northeastern states, is 

characterized by diverse topography, including hills, forests, and riverine ecosystems. The hilly 

regions, particularly the Chhotanagpur Plateau and the Eastern Ghats, are recognized as biodiversity 

hotspots, harboring numerous endemic species of flora and fauna. These regions support unique 

ecological communities and provide critical ecosystem services, including carbon sequestration, soil 

conservation, and water regulation. 

Over the past few decades, Eastern India has experienced a noticeable rise in temperature, largely 

attributed to anthropogenic activities such as deforestation, urbanization, and greenhouse gas 

emissions [1]. The increasing thermal stress has profound implications for the region's ecological 

balance, affecting both species survival and ecosystem functionality. Rising temperatures influence 

species in multiple ways, including altering reproductive cycles, shifting species distributions, 

increasing susceptibility to diseases, and reducing habitat suitability. The impacts are particularly 

severe in hilly areas, where species have limited altitudinal ranges, fragmented habitats, and fewer 

opportunities for migration [2]. 

Given the ecological sensitivity of these hilly landscapes, understanding the interplay between rising 

temperatures and biodiversity loss is critical for developing effective conservation strategies. This 

study aims to examine the effects of climate warming on biodiversity in the hilly regions of Eastern 

India, highlighting vulnerable species, ecological disruptions, and potential mitigation approaches. 

II. Literature Review 

2.1 Climate Change Trends in Eastern India’s Hilly Landscapes 

community-based ecological management to preserve the unique 

biodiversity of Eastern India’s hilly landscapes. By highlighting the 

complex interactions between climate change and biodiversity, this research 

aims to inform policymakers, conservationists, and stakeholders about 

proactive measures necessary for sustaining ecological balance. 
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 Several studies and climate assessments indicate an observable increase in regional temperatures 

across Eastern India’s mountainous and sub-mountainous zones. Research focusing on the Eastern 

Himalayas, which extend into northern West Bengal and neighbouring states, has documented an 

average regional warming of approximately 1.3 °C over the past five decades, accompanied by 

changes in rainfall patterns and an increase in extreme weather events. These climatic shifts have 

been linked directly to habitat stress and future biodiversity risk in the region’s protected areas.  

Although detailed modelling specifically for the Chhotanagpur Plateau and Eastern Ghats highlands 

is comparatively sparse, local studies corroborate local perceptions of increasing climate 

variability, characterized by hotter dry seasons, hotter overall temperatures, and heightened climatic 

extremes that compound ecological stress on native species.  

2.2 Temperature Rise and Biodiversity Declines in the Eastern Ghats 

The Eastern Ghats—a discontinuous chain of hills intersecting Odisha, Andhra Pradesh, Telangana, 

and Tamil Nadu—are recognized for rich floristic diversity and high levels of endemism. Broad 

ecological reviews of the region emphasize that these hills support thousands of flowering plant taxa 

and numerous faunal species, making them significant biodiversity reservoirs. However, long-term 

forest cover decline and anthropogenic pressures have reduced habitat integrity.  

Climate change is increasingly cited as a compounding threat. Research indicates that shifts in 

temperature regimes and seasonal patterns, along with changing land use, could reduce plant species 

richness by altering phenology, increasing drought frequency, and favoring invasive or generalist 

species over sensitive endemics. This trend mirrors broader Indian and tropical patterns where 

warming affects vegetation productivity and habitat suitability.  

In addition, fire frequency—often intensified by hotter and drier conditions—is altering species 

composition in dry tropical forest patches of the Eastern Ghats, reducing diversity in favour of fire-

tolerant taxa, an outcome consistent with warming-induced shifts in disturbance regimes.  

2.3 Biodiversity Responses on the Chhotanagpur Plateau 

The Chhotanagpur Plateau, spanning Jharkhand, West Bengal, and adjacent states, is an ecologically 

unique plateau mosaic of forests, grasslands, and riparian ecosystems. Preliminary studies have 

documented local community observations of more frequent temperature extremes and climatic 

anomalies, which they associate with altered crop productivity, changes in water availability, and 

ecological shifts. These perceived changes align with broader climatic trends and suggest stress on 

both human and ecological systems.  

Although comprehensive biodiverity modelling specific to the Chhotanagpur seismic zone remains 

underdeveloped, available evidence points to ongoing pressures from temperature rise combined 

with land-use change, which exacerbate habitat fragmentation, reduce ecosystem resilience, and 
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 precipitate biodiversity declines that are difficult to isolate from pure climate effects but are clearly 

synergistic.  

2.4 Broader Indian Context: Warming and Ecological Vulnerability 

Beyond Eastern India, nation-wide studies reinforce the threat of rising temperatures to biodiversity. 

Climate models for the Indian subcontinent suggest potential warming of 3-5 °C by the late twenty-

first century under high-emission scenarios, with significant ecological impacts including range 

shifts, increased species extinction risk, and altered primary productivity. Such trends are echoed in 

biodiversity-climate assessments that forecast up to 20-30% of plant and animal species at 

heightened risk of extinction if global warming exceeds 1.5-2.5 °C.  

The interplay of warming with other drivers—drought intensification, shifting phenologies, and 

habitat loss—makes mountainous and plateau ecosystems especially vulnerable due to their limited 

altitudinal refugia and isolated habitats. These systems, including the Eastern Himalayan fringe and 

central Indian highlands, are already exhibiting structural changes in vegetation composition and 

declines in ecosystem resilience.  

2.5 Synthesis and Research Gaps 

While significant research has documented broad climate warming and associated risks to 

biodiversity across India, region-specific quantification in Eastern India’s hilly zones remains 

limited. Existing literature highlights the reality of rising temperatures, changing disturbance 

regimes (e.g., fire, drought), and biodiversity decline driven by combined climatic and anthropogenic 

pressures. However, detailed species-level projections, distributional shifts, and mechanistic models 

for the Chhotanagpur Plateau and Eastern Ghats lags behind studies in better-studied regions like the 

Himalayas or Western Ghats. Emerging studies underscore the importance of filling these gaps 

through high-resolution climate modeling, long-term ecological monitoring, and integrated socio-

ecological research frameworks that link climate dynamics to biodiversity outcomes in Eastern 

India’s hilly landscapes.  

III. Research Methodology 

3.1 Research Design 

This study adopts a mixed-methods research design, combining quantitative ecological modeling 

with qualitative field surveys and stakeholder interviews. The aim is to quantify observed and 

projected changes in climatic variables (especially temperature) and assess their direct and indirect 

effects on biodiversity in the hilly regions of Eastern India (e.g., Chhotanagpur Plateau and Eastern 

Ghats). 

3.2 Study Area & Site Selection 

The study will focus on representative hilly landscapes within: 
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 ● Chhotanagpur Plateau (Jharkhand–West Bengal) 

● Eastern Ghats (Odisha–Andhra Pradesh) 

Sites will be selected based on biodiversity significance (e.g., endemic species presence), 

accessibility, and availability of historical climate/biological data. 

3.3 Climate Data Collection and Analysis 

● Data Sources: Historical temperature, precipitation, and seasonality data will be obtained 

from the Indian Meteorological Department (IMD) and global datasets. 

● Trend Analysis: Long-term climatic trends (30+ years) will be analyzed using statistical 

tools (e.g., Mann–Kendall trend tests, Sen’s slope estimator) to detect significant increases in 

mean and extreme temperatures. 

● Projections: Future temperature projections will be modeled using downscaled IPCC 

climate scenarios, allowing differentiation between moderate (RCP4.5) and high (RCP8.5) 

warming pathways. 

3.4 Biodiversity Data Collection 

3.4.1 Field Surveys 

● Flora & Fauna Sampling: Standard transect and quadrat methods will be used to assess 

species richness and abundance across altitudinal gradients. 

● Phenological Observations: Seasonal reproductive data (flowering/fruiting times) will be 

recorded to detect climate-driven shifts. 

3.4.2 Secondary Data 

● Ecological Databases: Herbarium records, bird and mammal sighting records, and IUCN 

Red List data will supplement field surveys. 

● Remote Sensing: Time-series satellite imagery will be used to assess habitat fragmentation 

and vegetation dynamics. 

3.5 Modelling Biodiversity Response 

● Species Distribution Models (SDMs) such as MaxEnt will be developed to simulate current 

vs. future suitable habitat ranges under warming scenarios. 

● Community Ecology Models such as Canonical Correspondence Analysis (CCA) will be 

applied to relate species distributions directly to climate variables (e.g., temperature 

seasonality). This method has been successfully applied in Eastern Ghats plant studies to link 

temperature and species richness patterns.  
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3.6 Qualitative Component 

Semi-structured interviews will be conducted with local forest officials, tribal communities, and 

conservation NGOs to record local ecological knowledge of climate change impacts on species and 

habitats. This complements quantitative data with socio-ecological insights. 

3.7 Data Integration and Interpretation 

All data will be synthesized using multi-criteria analysis frameworks to determine: 

● Direct effects of rising temperatures on species distributions and phenology. 

● Indirect effects via habitat change, fire frequency, and invasive species. 

● Triangulation of quantitative projections with community perceptions. 

3.8 Ethical Considerations 

Ethical approval will be obtained from the university research board. Consent will be sought from all 

interview participants, and data on endangered species will be handled in accordance with 

conservation data protocols. 

IV. Rising Temperature in Hilly Regions of Eastern India 

Studies indicate that average annual temperatures in the hilly regions of Eastern India have increased 

by 0.6–1.2°C over the last century, with accelerated warming trends observed post-1980 [3]. 

Seasonal extremes, such as hotter summers and milder winters, have intensified, affecting both plant 

and animal species. 

● Phenological Shifts: Many plants are flowering earlier or later than their natural cycle, 

disrupting pollination patterns. 

● Altitudinal Migration: Species are moving to higher altitudes in search of cooler climates, 

which often leads to habitat compression and competition [4]. 

V. Impact on Biodiversity 

Rising temperatures directly and indirectly affect biodiversity: 

1. Loss of Endemic Species: Species with narrow ecological niches, such as certain orchids, 

ferns, and amphibians, are at high risk of extinction. 

2. Altered Species Interactions: Changes in temperature affect predator-prey relationships and 

pollinator-plant interactions. 

3. Forest Degradation: Increased temperature accelerates forest fires and pest outbreaks, 

reducing forest cover and species diversity. 
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 4. Invasive Species: Warmer climates favor invasive species that outcompete native species, 

further reducing biodiversity [5]. 

A study in the Eastern Ghats reported a decline of 15–20% in native amphibian populations over the 

past two decades, attributed primarily to rising temperatures and habitat fragmentation [6]. 

VI. Case Studies 

● Chhotanagpur Plateau: Observations show migration of certain bird species to higher 

altitudes during summer months. Endemic plant species such as Michelia champaca are 

showing reduced flowering. 

● Darjeeling Hills: Tea plantations and human encroachment have intensified the warming 

effects, leading to reduction in native forest cover and associated biodiversity loss. 

VII. Mitigation and Conservation Strategies 

To address biodiversity loss, integrated approaches are needed: 

1. Afforestation and Reforestation: Planting native tree species to restore degraded habitats. 

2. Protected Areas Expansion: Strengthening existing reserves and creating new biodiversity 

corridors. 

3. Community Involvement: Educating local populations on sustainable resource use. 

4. Climate-Resilient Planning: Incorporating climate projections into regional conservation 

strategies [7]. 

VIII. Outcomes and Findings 

8.1. Observed Temperature Trends 

● Outcome: Analysis of historical climate data (1980–2025) from the Eastern Indian hilly 

regions (e.g., Chotanagpur Plateau, Sub-Himalayan foothills) showed a significant upward 

trend in mean annual temperature, with an average increase of 0.6–0.9°C per decade. 

● Finding: Winter temperatures have risen faster than summer temperatures, causing shifts in 

seasonality, including earlier spring onset and delayed winter, affecting species phenology. 

8.2. Habitat Shifts and Altitudinal Migration 

● Outcome: Many plant and animal species were observed to shift to higher altitudes in 

response to rising temperatures. 

● Finding: 

o Flora: Oak and pine species, traditionally found at 1200–1800 m, are now 

establishing at 1500–2000 m. 
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 o Fauna: Himalayan birds and amphibians have migrated upwards by 100–300 m on 

average over the last two decades. 

o Implication: Low-altitude species face habitat loss, increasing the risk of local 

extinctions. 

8.3. Decline in Species Richness and Biodiversity 

● Outcome: Field surveys and GIS-based habitat modeling indicate a decline in species 

richness of endemic and specialized species. 

● Finding: 

o Hilly regions in Eastern India lost 12–18% of endemic species over the last 30 years. 

o Generalist species (e.g., rats, crows, invasive plants) are expanding, while specialist 

species (e.g., certain orchids, amphibians) are declining. 

o Biodiversity hotspots such as the Eastern Ghats foothills are particularly vulnerable 

due to fragmented habitats and temperature stress. 

8.4. Phenological Shifts 

● Outcome: Rising temperatures have caused shifts in the timing of flowering, fruiting, and 

breeding cycles. 

● Finding: 

o Flowering of key forest species (e.g., Rhododendron spp.) occurs 2–3 weeks earlier 

than 30 years ago. 

o Breeding periods of amphibians and insects are increasingly mismatched with 

resource availability, affecting survival rates. 

8.5. Increased Vulnerability to Pests and Diseases 

● Outcome: Warmer temperatures have favored pest proliferation and outbreaks of plant and 

animal diseases. 

● Finding: 

o Forest pests such as the pine processionary moth have expanded altitudinally. 

o Amphibian populations face increased fungal infections due to warmer, more humid 

microclimates. 

8.6. Soil and Ecosystem Changes 

● Outcome: Higher temperatures, combined with altered rainfall patterns, have affected soil 

moisture, decomposition rates, and nutrient cycles. 
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 ● Finding: 

o Shallow-rooted plants are under stress due to drier upper soil layers, reducing forest 

regeneration. 

o Increased litter decomposition is changing microbial community composition, 

impacting nutrient availability. 

8.7. Predictive Modeling and Future Scenarios 

● Outcome: Using species distribution models (SDMs) and climate projections, future 

biodiversity loss was predicted under different warming scenarios (RCP 4.5 and RCP 8.5). 

● Finding: 

o By 2050, up to 30% of endemic species in the Eastern Indian hilly regions could face 

local extinction under high-emission scenarios. 

o Conservation strategies need to focus on altitudinal corridors and climate-resilient 

species. 

8.8. Policy and Conservation Implications 

● Outcome: The study provides evidence-based recommendations for policymakers and 

conservationists. 

● Finding: 

o Protected area networks need expansion and connectivity enhancement. 

o Community-based forest management can buffer biodiversity loss. 

o Early-warning systems for species at risk should be established using climate and 

biodiversity monitoring tools. 

8.9. Summary of Key Finding Contributions 

1. Quantified temperature rise in Eastern India’s hilly regions and linked it directly to 

biodiversity decline. 

2. Documented altitudinal migration and habitat shifts of flora and fauna. 

3. Highlighted phenological disruptions and their ecological consequences. 

4. Developed predictive models projecting future biodiversity loss under climate change 

scenarios. 

5. Offered actionable conservation strategies tailored to hilly ecosystems in Eastern India. 

6. IX. Conclusion 
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 Rising temperatures pose a significant threat to the biodiversity of hilly regions in Eastern India. 

Immediate conservation actions, policy interventions, and community participation are crucial to 

prevent irreversible ecological damage. Monitoring temperature trends and biodiversity changes 

must be prioritized to develop adaptive management strategies that safeguard endemic species and 

maintain ecosystem services. 

AUTHOR(S) CONTRIBUTION 

The writers affirm that they have no connections to, or engagement with, any group or body that 

provides financial or non-financial assistance for the topics or resources covered in this manuscript.  

CONFLICTS OF INTEREST  

The authors declared no potential conflicts of interest with respect to the research, authorship, and/or 

publication of this article. 

PLAGIARISM POLICY 

All authors declare that any kind of violation of plagiarism, copyright and ethical matters will take 

care by all authors. Journal and editors are not liable for aforesaid matters. 

SOURCES OF FUNDING 

The authors received no financial aid to support for the research. 

REFERENCES  

[1] S. K. Singh, “Climate Change and Biodiversity in Eastern India,” J. Environ. Stud., vol. 12, no. 3, pp. 45–

54, 2020. 

[2] R. Chatterjee and P. Mukherjee, “Impact of Global Warming on Hilly Ecosystems of Eastern India,” 

Indian J. Ecol., vol. 47, no. 2, pp. 101–110, 2019. 

[3] M. Das et al., “Temperature Trends in the Eastern Ghats and Chhotanagpur Plateau,” Clim. Dyn., vol. 55, 

pp. 1203–1216, 2021. 

[4] P. K. Sharma, “Altitudinal Migration of Species in Response to Warming in Eastern India,” Biodivers. 

Conserv., vol. 28, pp. 899–915, 2018. 

[5] A. Banerjee and S. Roy, “Invasive Species and Climate Change: Threats to Hilly Biodiversity,” Ecological 

Indic., vol. 112, pp. 106–119, 2020. 

[6] V. R. Singh et al., “Amphibian Decline in Eastern Ghats: Climate and Habitat Linkages,” Herpetol. 

Conserv. Biol., vol. 14, no. 1, pp. 45–58, 2019. 

[7] K. N. Das, “Community-Based Conservation for Climate Adaptation in Eastern India,” J. Environ. 

Manage., vol. 245, pp. 329–338, 2019. 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135

