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Abstract: Environmental ecology, biodiversity and climate change are closely interconnected dimensions of sustainable
development. The Agra region of Uttar Pradesh represents an ecologically significant geographical area because of its semi-
arid climatic conditions, the presence of the Yamuna River, agricultural landscapes, urban ecosystems, wetlands, forest
patches and historically important natural habitats. However, rapid urbanisation, industrial expansion, population growth,
changing land-use patterns, water pollution, declining groundwater levels and increasing climatic variability have created
considerable environmental challenges in the region.

The present research paper examines the relationship between environmental ecology, biodiversity and climate change in the
Agra region of Uttar Pradesh. It focuses on the major ecological characteristics of the region, the status and significance of
its biological resources, the effects of changing climatic conditions, and the environmental pressures affecting terrestrial and
aquatic ecosystems. Particular attention is given to the Yamuna River ecosystem, Sur Sarovar Bird Sanctuary (Keetham

Lake), agricultural biodiversity, urban green spaces and surrounding natural habitats.

The study adopts a descriptive and analytical research approach based on secondary information, environmental literature,
government publications and relevant scientific studies. It also proposes a framework for assessing regional ecological
conditions through indicators relating to temperature, rainfall, land-use changes, water quality, vegetation cover and
biodiversity. The paper highlights the importance of integrated environmental planning, ecosystem restoration, biodiversity
conservation, climate adaptation and community participation. It concludes that sustainable ecological management
requires coordinated efforts involving government institutions, research organisations, local communities and

environmental stakeholders.

Keywords: Environmental Ecology, Biodiversity, Climate Change, Agra Region, Yamuna River, Sur Sarovar, Wetland
Conservation, Ecosystem Sustainability, Environmental Degradation.

1. Introduction

Environmental ecology provides the scientific foundation for understanding the relationship between living organisms and

their physical surroundings. It examines how plants, animals, microorganisms and human populations interact with
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environmental components such as air, water, soil, temperature, rainfall and climatic conditions. The stability of ecological

systems depends upon the balance between these interacting components and the sustainable utilisation of natural resources.

Biodiversity, which encompasses genetic diversity, species diversity and ecosystem diversity, plays an essential role in
maintaining ecological stability. It contributes to food security, soil fertility, pollination, nutrient cycling, water purification,
climate regulation and the overall resilience of ecosystems. However, increasing anthropogenic activities have placed

substantial pressure on biodiversity across the world.

Climate change has emerged as one of the most significant environmental challenges of the twenty-first century. Changes
in average temperature, precipitation patterns, the frequency of extreme weather events and seasonal variations are affecting
ecosystems and the distribution of plant and animal species. These changes also influence agricultural productivity, water

availability, human health and regional economic development.

The Agra region of Uttar Pradesh provides an important geographical context for examining these interconnected
environmental concerns. Located in the northern Indian plains, Agra experiences hot summers, relatively cool winters and a
monsoon-dependent rainfall pattern. The region comprises urban settlements, agricultural areas, riverine ecosystems, wetlands

and scattered vegetation habitats.

The Yamuna River constitutes an important ecological feature of the region. It supports aquatic organisms and associated
habitats, while also serving various domestic, agricultural and industrial requirements. Similarly, Sur Sarovar Bird Sanctuary,
popularly known as Keetham Lake, represents an important wetland ecosystem that supports resident and migratory bird
populations.

Nevertheless, urban expansion, untreated wastewater discharge, solid waste disposal, industrial pollution, habitat
fragmentation and pressure on land and water resources have contributed to ecological degradation. Climate variability further

intensifies these pressures by influencing water availability, habitat conditions and the functioning of natural ecosystems.

Against this background, the present study investigates the environmental ecology, biodiversity and climate change dynamics of

the Agra region, with particular emphasis on ecological sustainability and conservation strategies.
2. Geographical and Ecological Profile of the Agra Region

Agra is situated in the western part of Uttar Pradesh and forms part of the Indo-Gangetic alluvial plains. Its geographical

characteristics, climatic conditions, soil composition and drainage system influence the ecological structure of the region.
2.1 Geographical Location and Physical Characteristics

The region is characterised by relatively flat alluvial terrain, fertile agricultural soils and a network of drainage channels

associated with the Yamuna River. The landscape includes:
1. Urban and semi-urban settlements.
2. Agricultural fields and horticultural areas.
3. Riverine vegetation and associated aquatic habitats.
4.  Wetlands and artificial water reservoirs.
5. Scattered woodland, grassland and scrub vegetation.
6. Roadside plantations and urban green spaces.

These ecological components collectively contribute to the environmental functioning of the region.
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2.2 Climatic Characteristics

Agra experiences a subtropical climate with considerable seasonal variation. Summers are generally hot and dry, while

winters are comparatively cool. Most annual precipitation occurs during the southwest monsoon.
The major climatic characteristics include:

e High summer temperatures and heatwave conditions.

Seasonal dependence on monsoon rainfall.

e Variability in the timing and distribution of precipitation.
e  Periods of high atmospheric dust concentration.

e Winter fog and associated air-quality concerns.

e Increasing pressure on water resources during dry periods.

Climate-related changes in these conditions may influence agricultural productivity, vegetation growth, wetland hydrology

and species distribution.
2.3 Soil and Water Resources

The region is predominantly characterised by alluvial soils developed through riverine deposition. These soils support

agricultural activities and provide habitats for various soil microorganisms and invertebrates.

The Yamuna River is the principal surface-water resource. Other important water resources include ponds, lakes,

reservoirs, irrigation canals and groundwater aquifers.

However, increasing groundwater extraction, untreated sewage discharge, agricultural runoff and industrial effluents create

significant environmental concerns.
3. Review of Related Literature

The review of literature provides the theoretical and empirical foundation for understanding environmental ecology,

biodiversity and climate change in the Agra region.
3.1 Studies on Wetland Biodiversity

Tiwari and Chauhan (2006) investigated seasonal phytoplankton diversity in Keetham Lake, Agra. Their research recorded
73 algal species during the two-year observation period (2000-2001). The study demonstrated seasonal differences in

phytoplankton composition and identified certain algal groups as potential indicators of water pollution.

Wagh (2016) examined invasive alien plant diversity in Soor Sarovar Bird Sanctuary. The study documented 76 invasive
plant species belonging to 67 genera and 35 families. It highlighted the ecological threats associated with the spread of non-

native plant species.

Sagar and Singh (2023) studied wader bird diversity in Soor Sarovar Bird Sanctuary through systematic field observations
conducted during 2021. They recorded 42 wader species belonging to four orders and nine families. The findings highlighted

the importance of the sanctuary as a habitat for resident and migratory birds.
3.2 Studies on Sur Sarovar and Regional Biodiversity

Sur Sarovar, popularly known as Keetham Lake, was designated as a Ramsar Site on 21 August 2020. It is an important

wetland ecosystem supporting resident and migratory waterbirds, aquatic organisms and associated wildlife.
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The Ramsar Convention identifies the wetland as an important habitat for more than 30,000 visiting waterbirds annually

and reports more than 60 fish species. Its ecological importance is associated with its position along the Central Asian Flyway.
The Convention on Wetlands+1

Singh and Yadav (2024) examined biodiversity conservation and sustainable development in Soor Sarovar Bird Sanctuary.
Their work emphasised habitat protection, ecological management and community involvement as important components of

wetland conservation.
3.3 Studies on the Yamuna River Ecosystem

The Yamuna River represents a major ecological component of Agra. Its ecosystem supports aquatic organisms, riverbank
vegetation and associated food chains.

Environmental assessments have identified sewage discharge, wastewater management deficiencies and urban-industrial

activities as important concerns affecting water quality.

The Environmental and Social Impact Assessment report prepared for an Agra river-related project under the National
Mission for Clean Ganga examined water-quality parameters, including dissolved oxygen (DO), biochemical oxygen demand

(BOD), total coliform and faecal coliform at upstream and downstream monitoring locations.
3.4 Studies on Climate Change in Uttar Pradesh

Climate change assessments for Uttar Pradesh indicate increasing trends in average annual maximum and minimum
temperatures during 1980-2019. The state-level assessment also reports declining annual and monsoon rainfall trends over the
same period.

The State Action Plan on Climate Change identifies agriculture, water resources, forests, urban habitats, public health and
disaster management as important sectors requiring climate adaptation measures. These findings provide a broader climatic

context for investigating Agra, although state-level trends should not be interpreted as district-specific measurements.
3.5 Research Gap

The existing literature provides valuable information about individual ecological components of the Agra region. Several
studies have examined wetland biodiversity, phytoplankton diversity, invasive plant species, bird populations and river
pollution.

However, an integrated regional assessment connecting environmental ecology, biodiversity patterns and climate change

remains important.
The major research gaps identified are:
1. Limited integration of terrestrial, aquatic and wetland ecosystem assessments.

2. Insufficient long-term analysis of the relationship between climatic variability and biodiversity changes.

w

Need for greater understanding of the ecological consequences of urban expansion.

4. Limited integration of land-use changes with habitat fragmentation and species distribution.

5.  Need for systematic assessment of climate-related pressures on agricultural and wetland ecosystems.
6. Insufficient integration of community participation into regional biodiversity conservation planning.

The present study attempts to address these gaps through an integrated ecological and environmental framework.

© 2025, SK Publisher All Rights Reserved ISSN: 2394-3122 (Online) Impact Factor: 6.03 ISSN: 2394-6253 (Print) 56| Page



Afreen et al., SK International Journal of Multidisciplinary Research Hub
Volume 12, Issue 3, March 2025 pg. 53-72
A Monthly Double-Blind Peer Reviewed Refereed Open Access Multidisciplinary & Multilingual International Journal

4. Objectives of the Study

The principal objective is to examine environmental ecology, biodiversity and climate change in the Agra region of Uttar
Pradesh.

The specific objectives are:
1. To examine the geographical and ecological characteristics of the Agra region.
2. To identify the major terrestrial and aquatic ecosystems of the study area.
3. To assess the diversity and ecological significance of regional flora and fauna.
4. To examine the biodiversity status of Sur Sarovar Bird Sanctuary and the Yamuna River ecosystem.
5. To investigate the major climatic characteristics and changing climatic patterns of the region.
6. To analyse the relationship between climate change and ecological stability.
7. To identify the effects of urbanisation, industrialisation and agricultural activities on environmental quality.
8. To examine the major threats responsible for biodiversity degradation.
9. To suggest appropriate strategies for environmental protection and biodiversity conservation.
10. To develop recommendations for sustainable ecological management in the Agra region.
5. Research Hypotheses
The following hypotheses may be examined through primary and secondary data analysis.

e HO1: There is no significant relationship between changing climatic conditions and biodiversity patterns in the Agra

region.
e HO02: Urbanisation and land-use changes have no significant effect on regional ecological conditions.

e HO3: Water pollution has no significant relationship with the ecological health of aquatic ecosystems in the Agra

region.
e HO4: Climate variability has no significant influence on agricultural and wetland ecosystems.

e HO5: Environmental awareness and community participation have no significant association with biodiversity

conservation practices.

These hypotheses require empirical testing and should not be treated as statistically accepted or rejected without actual

observations.
6. Research Methodology
6.1 Research Design

The present investigation adopts a descriptive, analytical and exploratory research design. It combines environmental

literature review, secondary-data analysis and a proposed framework for primary ecological investigation.

The research focuses on understanding the interrelationships among environmental characteristics, biodiversity and

climate variability in the Agra region.
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6.2 Study Area

The geographical scope of the research is Agra district, Uttar Pradesh, with particular emphasis on:

Urban and peri-urban Agra.

Yamuna River and associated riverbank ecosystems.
Sur Sarovar Bird Sanctuary (Keetham Lake).
Agricultural landscapes surrounding Agra.

Selected ponds, wetlands and vegetation patches.

Avreas experiencing substantial urban and industrial development.

6.3 Sources of Data

The study uses two major categories of data.

A. Primary Data (proposed field investigation)

Primary information can be collected through:

1.

2.

6.

7.

Field observation of vegetation and wildlife.

Bird diversity surveys.

Water-quality sampling.

Soil-quality assessment.

Structured questionnaires for local residents and farmers.
Interviews with environmental experts and relevant officials.

GPS-based habitat mapping and photographic documentation.

B. Secondary Data

Secondary information may be obtained from:

India Meteorological Department (IMD).

Ministry of Environment, Forest and Climate Change (MoEFCC).

Uttar Pradesh Forest Department.

Uttar Pradesh Pollution Control Board (UPPCB).
Central Pollution Control Board (CPCB).
National Mission for Clean Ganga (NMCG).
Ramsar Convention Secretariat.

National Biodiversity Authority.

Published research articles, books and environmental reports.
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6.4 Sampling Framework

A stratified sampling approach is recommended to ensure representation of different ecological environments.

|Sampling category  ||Proposed coverage |
[Urban ecosystem  |[Major residential and commercial locations |

River ecosystem ||Selected upstream, urban and downstream locations|

|Wetland ecosystem ||Sur Sarovar and selected local wetlands |

|Agricultural ecosystem||Selected agricultural villages |

|Vegetation ecosystem ||Parks, plantations and natural vegetation patches |

[Human population  ||Farmers, residents and environmental stakeholders |

The actual sample size and number of sampling locations should be determined through pilot investigation and field

accessibility.
6.5 Statistical Techniques
The following analytical techniques are recommended:
1. Percentage and frequency analysis.
2. Mean, standard deviation and coefficient of variation.
3. Trend analysis of temperature and rainfall.
4. Correlation and regression analysis.
5. Shannon-Wiener biodiversity index.
6. Simpson's diversity index.
7. GIS-based land-use and land-cover analysis.
8. Comparative analysis of seasonal water-quality parameters.
9. Chi-square test for categorical survey variables.
10. ANOVA for comparisons among sampling locations or seasons, where assumptions are satisfied.
6.6 Biodiversity Assessment
Biodiversity assessment should include species richness, abundance, distribution and habitat characteristics.
The Shannon-Wiener diversity index can be calculated using:
\[ H'=-\sum_{i=1}*{S}p_iMin p_i \]
Where:
e \(H\) = Shannon-Wiener diversity index.
e \(S\) = Total number of species.
e \(p_i\) = Proportion of individuals belonging to species \(i\).

This index helps assess species diversity and the relative distribution of organisms within a particular habitat.

6.7 Climate Change Assessment
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Climate change assessment should consider long-term observations of:
e Annual maximum temperature.
e Annual minimum temperature.
e  Seasonal temperature variations.
¢ Annual and monsoon rainfall.
e Frequency of heatwaves.
e Dry spells and extreme rainfall events.
e Seasonal changes in vegetation and water availability.

A sufficiently long and consistent climate dataset should be used to distinguish long-term climatic trends from normal
seasonal fluctuations.

7. Environmental Ecology of the Agra Region

Environmental ecology in Agra is influenced by the interaction of climatic conditions, soil characteristics, water
availability, vegetation distribution, wildlife habitats and human activities.

7.1 Terrestrial Ecosystem

The terrestrial ecosystem includes agricultural land, urban vegetation, roadside plantations, scrubland and woodland

habitats. These ecosystems provide shelter and food resources for birds, insects, reptiles and small mammals.

Vegetation contributes to ecological stability through carbon sequestration, temperature regulation, soil conservation and

groundwater recharge. Trees and shrubs also provide nesting and breeding habitats for different bird species.

However, increasing construction activities, infrastructure development and fragmentation of natural vegetation can reduce

habitat continuity and ecological connectivity.
7.2 Aquatic Ecosystem

The aquatic ecosystem of Agra is primarily associated with the Yamuna River, Keetham Lake, ponds, reservoirs and other
freshwater bodies.

These ecosystems perform several ecological functions:
e  Support aquatic biodiversity.

e Maintain freshwater food chains.

e Provide breeding and feeding habitats for birds.

e  Facilitate nutrient cycling.

e  Support groundwater interactions.

e  Contribute to regional hydrological stability.

The discharge of untreated wastewater, agricultural chemicals and solid waste can disturb aquatic ecological processes.

Reduced dissolved oxygen and excessive nutrient loading may adversely affect aquatic organisms.

7.3 Wetland Ecosystem
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Wetlands are among the most productive ecosystems because they provide essential ecological services, including water

storage, nutrient retention, habitat provision and flood regulation.

Sur Sarovar Bird Sanctuary is particularly important because it supports a combination of aquatic, terrestrial and
transitional habitats.

According to official wetland information, Sur Sarovar covers approximately 431 hectares and was designated as a Ramsar
Site in August 2020. Its ecological importance extends beyond bird conservation to include fish diversity and associated

wetland organisms.
Wetlands of India Portal+1
7.4 Urban Ecosystem

The urban ecosystem of Agra consists of residential areas, commercial centres, roads, industrial establishments, parks and

other built-up environments.
Urban green spaces provide important ecosystem services by:
1. Reducing local surface temperatures.
2. Improving air quality.
3. Supporting urban biodiversity.
4. Absorbing carbon dioxide.
5. Reducing surface runoff.
6. Improving the environmental quality of residential areas.

The expansion of impervious surfaces and the reduction of green cover may intensify urban heat island effects and

increase pressure on drainage systems.
8. Biodiversity Profile of the Agra Region

Biodiversity represents the biological wealth of an ecosystem. It includes plants, animals, microorganisms and the

ecological interactions that sustain natural systems.
8.1 Floral Diversity

The vegetation of the Agra region includes trees, shrubs, herbs, grasses, aquatic plants and agricultural crops.
Representative plant groups and species for ecological investigation include:

|Plant category ||Examples ||Eco|ogica| significance |
|Native and cultivated trees||Neem, Peepal, Banyan ||Shade, carbon storage and habitat |
|Avenue trees || Ashoka, Jamun, Arjun | Urban ecological improvement |
|Dryland vegetation ||Baboo|, Khejri ||Soi| protection and drought tolerance |
|Shrubs ||Lantana and other scrub species ||Habitat and vegetation structure |
|Aquatic plants | Typha, Potamogeton |Wetland habitat and nutrient cycling |
Floating plants Water hyacinth srcoovlvczgig;\:] :onedrigi?\;u?f nutrient enrichment; excessive
|Agricultural crops |Wheat, mustard, potato | Agricultural biodiversity and food production |

Note: This is an indicative list for field investigation, not a verified district-wide botanical inventory. Native status and local occurrence should be confirmed
through botanical surveys.

8.2 Faunal Diversity
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The faunal diversity of the region includes mammals, birds, reptiles, amphibians, fishes and invertebrates. Representative

groups requiring systematic investigation are:

[Faunal group |[Examples | Ecological importance

[Mammals | Nilgai, jackal, jungle cat | Food-web regulation and ecosystem functioning
Resident birds ||[Egrets, herons, cormorants |[Insect and aquatic organism regulation

[Migratory birds||Greylag goose, northern pintail, gadwall|Wetland ecological connectivity

Reptiles | Monitor lizards, snakes | Food-chain regulation

|Amphibians ||Frogs and toads ||Environmenta| and insect population regulation
IFish || Catfish and other freshwater species  ||Aquatic food-web functioning

|Invertebrates ||Butterf|ies, dragonflies, beetles ||Po||ination, decomposition and ecological regulation

The presence and abundance of individual species must be established through field surveys rather than assumed from

regional records.

8.3 Biodiversity Significance of Sur Sarovar

Sur Sarovar is a major biodiversity conservation site in the Agra region.

Its ecological importance can be understood through the following characteristics:

Provides habitat for resident and migratory waterbirds.
Supports aquatic and wetland vegetation.

Provides feeding and breeding grounds for various bird species.
Supports freshwater fish populations.

Contributes to the conservation of wetland-dependent wildlife.

Functions as an important stopover habitat along the Central Asian Flyway.

The Ramsar Convention identifies threatened species associated with this wetland, including the vulnerable greater spotted

eagle, sarus crane and Wallago attu.

The Convention on Wetlands

8.4 Invasive Alien Species and Biodiversity Loss

Invasive alien species are organisms introduced outside their natural geographical distribution that can establish and

spread, potentially causing ecological and economic damage.

Wagh (2016) documented 76 invasive alien plant species in Soor Sarovar Bird Sanctuary. This finding demonstrates the

importance of monitoring invasive vegetation and evaluating its effects on native species.

Major ecological consequences of invasive species may include:

1.

2.

3.

4,

5.

Competition with native vegetation.
Alteration of natural habitat structure.
Reduction in native plant regeneration.
Changes in nutrient cycling.

Modification of wetland hydrology.
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6. Disturbance of food-web relationships.

Effective invasive-species management requires scientific identification, regular monitoring and carefully designed

ecological restoration.
9. Climate Change and Its Environmental Implications

Climate change affects the ecological functioning of terrestrial, aquatic and wetland ecosystems. Its effects are particularly
important in regions where water availability, agricultural productivity and seasonal climatic conditions are closely

interconnected.
9.1 Rising Temperature

Increasing temperatures can influence plant growth, flowering periods, soil moisture and the physiological functioning of

animals.

In the Agra region, prolonged heat exposure may increase water requirements for agriculture, vegetation and wildlife.

Higher temperatures may also intensify evaporation from water bodies.
9.2 Changes in Rainfall Patterns
Rainfall variability can influence agricultural productivity, groundwater recharge, wetland water levels and river discharge.
Irregular monsoon rainfall may create conditions of water scarcity in some periods and excessive surface runoff in others.
9.3 Heatwaves and Ecological Stress
Heatwaves are a significant climatic concern for the semi-arid and subtropical environments of northern India.
Their potential ecological consequences include:
e Increased mortality among heat-sensitive organisms.
e Reduction in soil moisture.
e Increased evaporation from wetlands.
e  Stress on urban vegetation.
e Changes in animal movement and habitat utilisation.
e Increased irrigation requirements.
9.4 Climate Change and Wetland Ecosystems
Wetland ecosystems are sensitive to fluctuations in temperature, rainfall and water availability.

Changes in water levels may affect aquatic vegetation, fish breeding, invertebrate populations and the availability of

feeding habitats for migratory birds.

In Sur Sarovar, climate-related changes in water availability and seasonal habitat conditions deserve systematic long-term

monitoring.
9.5 Climate Change and Agricultural Productivity
Agriculture in Agra is dependent on seasonal rainfall, irrigation availability, temperature and soil conditions.

Climate variability may influence:
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1. Crop growth duration.

2.  Wheat and other rabi crop productivity.
3. Water requirements for irrigation.

4. Soil moisture availability.

5. Pestand disease incidence.

6. Agricultural income and livelihood security.

Climate-resilient agricultural practices are therefore important for maintaining regional ecological and economic

sustainability.
10. Major Environmental Problems in the Agra Region

10.1 Yamuna River Pollution

Water pollution represents a major environmental challenge for Agra. Domestic sewage, industrial wastewater, agricultural

runoff and solid waste can contribute to deterioration in river-water quality.
The principal environmental consequences include:
e Reduction in dissolved oxygen.
e Increased organic pollution.
e Nutrient enrichment and eutrophication.
e Deterioration of aquatic habitats.
e  Potential risks to human health.

e Disturbance of aquatic food chains.

The NMCG environmental assessment for Agra includes monitoring of dissolved oxygen, biochemical oxygen demand

and microbiological indicators at different river locations.
NMCG
10.2 Air Pollution
Air pollution in Agra may arise from:
e Vehicular emissions.

Industrial activities.

Construction and demolition.

Road dust.

Solid-fuel combustion.

Seasonal agricultural burning in the wider region.
Air pollution can adversely affect human health, vegetation, soil quality and the overall urban environment.

10.3 Deforestation and Habitat Fragmentation
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Urban expansion and infrastructure development can result in the conversion of vegetated areas into built-up land.
Habitat fragmentation can isolate wildlife populations, reduce breeding opportunities and disrupt ecological connectivity.
10.4 Groundwater Depletion
Excessive groundwater extraction for domestic, agricultural and industrial purposes can create pressure on local aquifers.

Long-term groundwater monitoring is necessary to understand changes in water-table depth, groundwater quality and

seasonal recharge.
10.5 Solid Waste Management

Improper disposal of municipal solid waste creates environmental problems, particularly around water bodies, vacant land

and urban drainage channels.

Plastic waste and other non-biodegradable materials can enter aquatic ecosystems and affect wildlife.
10.6 Wetland Degradation

Wetland ecosystems may be affected by:

e Encroachment.

o Wastewater discharge.

e  Excessive nutrient loading.

e Invasive vegetation.

e Habitat disturbance.

e Changes in water inflow and outflow.

The conservation of Sur Sarovar and smaller regional wetlands requires continuous monitoring and appropriate

management interventions.
11. Secondary-Source Evidence and Ecological Indicators

The following table consolidates selected published and official evidence relevant to the present study. These are

documented observations from existing sources, not newly generated field results.

Table 1: Selected ecological evidence from the Agra region

lIndicator

|Reported finding

||Sou rce

|Wetland designation

|21 August 2020

|[Ramsar Convention

|Sur Sarovar area

1431 hectares

|[Indian Wetlands Portal

Visiting waterbirds

[More than 30,000 annually||Ramsar Convention

|Fish diversity

||[More than 60 species

||Ramsar Convention

[Phytoplankton diversity||73 algal species

| Tiwari & Chauhan (2006)

\Wader bird diversity

|42 species

||Sagar & Singh (2023)

[Invasive alien plants

176 species

|wagh (2016)

|
|
|
|
|
|
|
|

Sources: The Convention on Wetlands+4

Interpretation: The evidence demonstrates that the Agra region contains ecologically important wetland habitats and
diverse biological communities. At the same time, the documented presence of invasive vegetation and the need for river-water

quality management indicate the importance of continuous ecological monitoring.
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11.1 Recommended Environmental Monitoring Indicators

[Environmental component|Indicator ||Suggested assessment |
|Climate ||Maximum and minimum temperatureHLong-term trend analysis |
Climate | Annual rainfall ||Seasonal and annual comparison|
|Air ||PM2.5 and PM10 ||Air-qua|ity monitoring |
Water | Dissolved oxygen | Aquatic ecosystem assessment |
\Water |BOD and COD | Organic pollution assessment |
|Water ||pH and electrical conductivity ||Physicochemical analysis |
ISoil | Organic carbon |ISoil fertility assessment |
|Soi| ||pH and electrical conductivity ||Soi|-qua|ity assessment |
Vegetation || Species richness | Floristic survey |
[Birds ||Species richness and abundance  [|Seasonal bird census |
Wetlands |Water spread and vegetation cover ||GIS and remote sensing |
|Land use |Built-up and green-cover changes |[Multi-temporal satellite analysis |

12. Analysis and Discussion

The available literature and official environmental records indicate that the ecological condition of Agra is influenced by

the interaction of natural processes and human activities.
12.1 Relationship Between Climate Change and Biodiversity

Temperature and rainfall influence the distribution, abundance and seasonal activities of biological organisms. Changes in

climatic conditions can affect the availability of food, water and suitable habitats.

Wetland-dependent birds are particularly sensitive to changes in water availability and habitat quality. Similarly, aquatic
organisms depend on suitable water temperature, dissolved oxygen and nutrient conditions.

Therefore, the conservation of biodiversity requires simultaneous consideration of climatic and habitat-related factors.
12.2 Relationship Between Urbanisation and Environmental Degradation

Urbanisation influences the ecological structure of Agra through land conversion, infrastructure expansion, increased

resource consumption and waste generation.

The replacement of natural vegetation with impervious surfaces can increase surface temperatures and reduce groundwater

recharge.

Urban ecological planning should consequently integrate green spaces, drainage systems, urban forestry and biodiversity
corridors.

12.3 Relationship Between Water Pollution and Aquatic Biodiversity
Agquatic biodiversity depends upon the physicochemical and biological characteristics of water.

Excessive organic pollution can increase microbial oxygen consumption, resulting in reduced dissolved oxygen

availability. This may adversely affect fish and other aquatic organisms.

Effective wastewater treatment and regular river-water monitoring are essential for restoring the ecological condition of

the Yamuna River.

12.4 Integrated Interpretation
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The evidence suggests that environmental degradation should not be examined through isolated indicators. Climate

change, biodiversity loss, water pollution and land-use transformation are interconnected processes.
An integrated environmental management strategy is therefore necessary for improving the ecological resilience of Agra.
13. Proposed Conceptual Framework

The conceptual framework establishes the relationship between environmental pressures, ecological conditions,

biodiversity and sustainability outcomes.

Conceptual Framework of the Study
Independent Environmental Factors
Climate change * Urbanisation ¢ Industrialisation * Agricultural practices ¢ Population growth
Environmental Conditions
Temperature « Rainfall « Water quality * Soil quality * Land-use patterns
Ecological and Biodiversity Outcomes
Species diversity « Habitat quality « Vegetation cover ¢ Aquatic biodiversity * Ecosystem stability
Environmental Sustainability
Biodiversity conservation * Ecosystem restoration * Climate resilience * Sustainable resource management
Proposed analytical framework developed for the present research.

The framework proposes that environmental pressures influence ecological conditions, which subsequently affect
biodiversity and ecosystem stability. Sustainable environmental management can reduce these pressures and strengthen

ecological resilience.
14. Strategies for Environmental Protection and Biodiversity Conservation
14.1 Conservation of the Yamuna River

The following measures are recommended:

1. Strengthening sewage treatment infrastructure.

2. Preventing the discharge of untreated industrial effluents.

3. Regular monitoring of river-water quality.

4. Restoration of riverbank vegetation.

5. Controlling solid waste disposal.

6. Promoting community participation in river conservation.

14.2 Protection of Sur Sarovar Bird Sanctuary

The following conservation measures should be prioritised:
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Protection of natural wetland habitats.

Monitoring of resident and migratory bird populations.
Control of invasive alien plant species.

Maintenance of appropriate water levels.

Prevention of pollution and habitat disturbance.

Scientific management of wetland vegetation.

Promaotion of environmental education and responsible ecotourism.

14.3 Climate-Resilient Agriculture

Agriculture can become more resilient through:

1.

2.

6.

7.

Adoption of drought-tolerant crop varieties.
Efficient irrigation technologies.

Rainwater harvesting.

Crop diversification.

Conservation agriculture.

Improved soil organic matter management.

Integrated pest management.

14.4 Urban Green Infrastructure

Urban ecological sustainability can be strengthened through:

Development of urban forests.

Protection of existing green spaces.

Plantation of locally appropriate native species.
Restoration of urban ponds.

Creation of green corridors.

Promation of sustainable drainage systems.

Expansion of roadside and institutional plantations.

14.5 Environmental Awareness and Community Participation

Public participation is essential for successful environmental conservation.

Educational institutions, universities, non-governmental organisations and local authorities can organise biodiversity

awareness programmes, tree plantation drives, wetland conservation activities and environmental monitoring initiatives.

Students and researchers can also participate in citizen-science programmes for recording local biodiversity.

15. Policy Implications
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The study has several implications for regional environmental governance.

First, environmental planning should be integrated with urban development policies to minimise habitat fragmentation and

loss of green cover.

Second, wetland conservation should receive greater attention through scientific monitoring, habitat restoration and

effective implementation of wetland management plans.

Third, climate adaptation measures should be incorporated into agricultural, water-resource and urban development

policies.

Fourth, pollution control institutions should strengthen the monitoring of surface water, groundwater and industrial

effluents.

Fifth, universities and research institutions should undertake long-term ecological investigations to generate reliable

regional biodiversity and climate datasets.

Sixth, environmental education should be integrated into local development programmes to encourage sustainable

behaviour and responsible resource utilisation.
16. Major Findings of the Study
Based on the reviewed literature and official secondary information, the following findings emerge:

1. Agra possesses diverse ecological environments, including riverine, terrestrial, agricultural, urban and wetland
ecosystems.

2. Sur Sarovar Bird Sanctuary represents an important biodiversity conservation site and was designated as a Ramsar
wetland in 2020.

3. Existing research has documented considerable biological diversity in Keetham Lake, including 73 phytoplankton
species and 42 wader bird species in separate historical investigations.

4. The documentation of 76 invasive alien plant species in Sur Sarovar highlights the need for systematic invasive-species
management.

5. The Yamuna River ecosystem requires sustained attention because wastewater discharge and associated pollution
pressures can affect aquatic ecological conditions.

6. Climatic trends documented at the Uttar Pradesh state level indicate increasing temperatures and changes in rainfall
patterns, which warrant further district-level investigation.

7. Urbanisation and changing land-use patterns may influence habitat connectivity, vegetation cover and local
environmental conditions.

8. Agricultural ecosystems are potentially vulnerable to heat stress, rainfall variability and increasing irrigation
requirements.

9. Wetland conservation requires the integration of water-quality management, habitat protection and biodiversity
monitoring.

10. Sustainable environmental development in Agra requires coordinated institutional action, scientific research and

community participation.

Research qualification: These are findings from the literature-based assessment. They are not results of a newly conducted
household survey, field census or original statistical analysis. District-specific empirical conclusions will require additional

primary data.
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17. Suggestions and Recommendations

The following recommendations are proposed for improving environmental sustainability in the Agra region.

|Area of intervention [ Recommended action ||Expected outcome |
[Yamuna River | Effective sewage treatment [[Improved water quality |
|Wetland conservation||Scientific management of Sur Sarovar |Improved habitat protection |
[Biodiversity |Regular flora and fauna surveys ||Better species documentation |
Climate adaptation || District-level climate monitoring | Improved preparedness |
|Agricu|ture ||Climate-resilient farming ||Sustainab|e productivity |
[Urban planning | Expansion of green infrastructure  |[Improved urban ecology |
|Groundwater ||Rainwater harvesting ||Improved water security |
[Pollution control |[Industrial effluent monitoring | Reduced contamination |
[Education | Environmental awareness programmes||Increased public participation |
|Research ||GIS-based ecological assessment ||Better environmental planning|

17.1 Long-Term Environmental Monitoring

A regional environmental monitoring programme should be established to collect comparable information over multiple

years.

Such a programme should include:

This would provide a scientific basis for identifying environmental changes and evaluating conservation interventions.

Annual biodiversity assessments.

Seasonal bird population monitoring.
Continuous or periodic water-quality monitoring.
Long-term temperature and rainfall analysis.
Satellite-based land-use mapping.
Groundwater-level observations.

Ecological assessment of restored habitats.

18. Limitations of the Study

The present research paper has certain limitations.

1.

2.

The study is primarily based on published literature and available secondary information.
Existing biodiversity records relate to different years and observation periods.

Long-term district-specific climate datasets require further compilation and validation.

The availability of comparable water-quality and groundwater data may vary across locations.

A comprehensive ecological inventory would require systematic field surveys.

The effects of climate change cannot be separated completely from other environmental pressures without detailed

longitudinal investigation.

These limitations provide opportunities for future empirical research.
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19. Future Scope of Research
Further investigations may be undertaken in the following areas:
1. Long-term assessment of biodiversity changes in Agra.
2. Impact of temperature variations on migratory bird populations.
3. GIS-based analysis of land-use and land-cover transformation.
4. Comparative ecological assessment of the Yamuna River and Sur Sarovar.
5. Effects of water pollution on aquatic biodiversity.
6. Assessment of urban heat island intensity in Agra.
7. Relationship between rainfall variability and agricultural productivity.
8. Assessment of invasive alien species and their ecological impacts.
9. Community perceptions regarding environmental degradation and conservation.
10. Development of an integrated regional environmental sustainability index.
20. Conclusion

Environmental ecology, biodiversity and climate change are interconnected dimensions of sustainable development in the Agra
region of Uttar Pradesh. The region possesses important ecological resources, including the Yamuna River, Sur Sarovar Bird

Sanctuary, agricultural landscapes, urban green spaces and associated terrestrial and aquatic habitats.

The available scientific literature demonstrates the ecological significance of Sur Sarovar through its diverse bird populations,
aquatic organisms and wetland vegetation. Similarly, studies on phytoplankton, wader birds and invasive alien plants provide

important insights into the biological characteristics and conservation challenges of the region.

At the same time, increasing urbanisation, industrial activities, water pollution, groundwater extraction, habitat fragmentation
and changing climatic conditions present considerable environmental challenges. These pressures can influence ecological
stability, species distribution, agricultural sustainability and the availability of natural resources.

The study emphasises that environmental conservation cannot be achieved through isolated interventions. It requires an
integrated approach involving pollution control, habitat restoration, wetland protection, climate-resilient agriculture, urban

ecological planning and biodiversity conservation.

Particular importance should be given to the scientific management of the Yamuna River and Sur Sarovar Bird Sanctuary.
Regular environmental monitoring, GIS-based ecological assessment and long-term biodiversity surveys can strengthen the

scientific foundation of regional environmental planning.

Ultimately, sustainable development in Agra will depend on the ability to balance economic growth with ecological protection.
Coordinated participation by government agencies, academic institutions, environmental organisations and local communities is

essential for preserving the region's natural resources and ensuring environmental sustainability for future generations.

References

1. Sagar, H., & Singh, J. K. (2023). Study of diversity of wader birds in Soor Sarovar Bird Sanctuary, Agra. International Journal for Multidisciplinary
Research, 5(1). https://doi.org/10.36948/ijfmr.2023.v05i01.5351

2. Singh, D., & Yadav, S. (2024). Biodiversity conservation for sustainable development in Soor Sarovar Bird Sanctuary, Keetham, Agra, Uttar
Pradesh: Status and strategies. International Journal of Agricultural Invention, 9(2), 97-99. https://doi.org/10.46492/1JA1/2024.9.2.16

© 2025, SK Publisher All Rights Reserved ISSN: 2394-3122 (Online) Impact Factor: 6.03 ISSN: 2394-6253 (Print) 71| Page



Afreen et al.,

SK International Journal of Multidisciplinary Research Hub
Volume 12, Issue 3, March 2025 pg. 53-72

A Monthly Double-Blind Peer Reviewed Refereed Open Access Multidisciplinary & Multilingual International Journal

© © N o

11.
12.
13.
14.
15.

Tiwari, A., & Chauhan, S. V. S. (2006). Seasonal phytoplanktonic diversity of Kitham Lake, Agra. Journal of Environmental Biology, 27(1), 35-38.
Wagh, V. V. (2016). Diversity of invasive alien plants in Soor Sarovar Bird Sanctuary (SSBS), Keetham, Agra, India. International Journal of
Current Research in Biosciences and Plant Biology, 3(3), 62—69. https://doi.org/10.20546/ijcrbp.2016.303.012

Ramsar Convention Secretariat. (2020). India names two more wetlands of international importance. Ramsar Convention.
https://www.ramsar.org/news/india-names-two-more-wetlands-international-importance

Ministry of Environment, Forest and Climate Change. (2023). Uttar Pradesh State Action Plan on Climate Change 2.0. Government of India.
National Mission for Clean Ganga. Environmental and Social Impact Assessment Report: Agra Project. Government of India.

Press Information Bureau, Government of India. (2021). Faunal diversity of Ramsar wetlands of India. Government of India.

Uttar Pradesh Eco-Tourism Development Board. Soor Sarovar Bird Sanctuary, Agra, Uttar Pradesh. Government of Uttar Pradesh.

Wetlands of India Portal. Sur Sarovar Bird Sanctuary, Uttar Pradesh. Ministry of Environment, Forest and Climate Change, Government of India.
Intergovernmental Panel on Climate Change. (2022). Climate Change 2022: Impacts, Adaptation and Vulnerability. Cambridge University Press.
Convention on Biological Diversity. (1992). Convention on Biological Diversity. United Nations.

Odum, E. P., & Barrett, G. W. (2005). Fundamentals of Ecology (5th ed.). Thomson Brooks/Cole.

Begon, M., Townsend, C. R., & Harper, J. L. (2006). Ecology: From Individuals to Ecosystems (4th ed.). Blackwell Publishing.

Millennium Ecosystem Assessment. (2005). Ecosystems and Human Well-being: Synthesis. Island Press.

... Cite this article .::

Afreen & Kumar, Dr. M. (2025). A Study on Environmental Ecology, Biodiversity and Climate

Change in Agra Region, Uttar Pradesh. SK INTERNATIONAL JOURNAL OF
MULTIDISCIPLINARY RESEARCH HUB, 12(3), 53-72.
https://doi.org/10.61165/sk.publisher.v12i3.8

© 2025, SK Publisher All Rights Reserved ISSN: 2394-3122 (Online) Impact Factor: 6.03 ISSN: 2394-6253 (Print) 72| Page



