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ABSTRACT

Kolleru Lake, a Ramsar site and Wildlife Sanctuary in Andhra Pradesh, India, spanning 308 km2, is a
critical wetland supporting over 20 million migratory birds annually, including critically endangered
species like the Siberian crane (Leucogeranusleucogeranus) and spoon-billed ~sandpiper (Calidris
pygmaea). This paper evaluates the effectiveness of existing policy frameworks, including India’s
National Action Plan for Migratory Birds, the Ramsar Convention, and regional regulations, in addressing
climate change and anthropogenic pressures on Kolleru Lake’s biodiversity. Climate change, marked by a
1.2°C regional temperature increase, erratic precipitation, and a 20% reduction in open water area, has
caused habitat degradation, increased salinity, and disrupted food chains. Human activities, such as illegal
aquaculture, pollution, and encroachment, exacerbate these impacts. The study identifies critical gaps in
policy integration, enforcement, and inter-sectoral coordination, despite a robust legislative landscape.
Recommendations include strengthening legal accountability, promoting ecosystem-based adaptation,
fostering sustainable livelihoods, enhancing real-time monitoring, and securing dedicated financial
mechanisms to ensure long-term ecological resilience and biodiversity conservation.

Keywords: Policy Frameworks, climate change, biodiversity conservation, Kolleru Lake, Ramsar site,
adaptive management, stakeholder collaboration.

1. INTRODUCTION

Kolleru Lake, situated between the Krishna and Godavari deltas in Andhra Pradesh, is one of India’s most
important freshwater wetlands of global significance (Sharma, 2020). Declared a Wildlife Sanctuary in
1999 under the Wildlife Protection Act, 1972 (Sreenivas & Anil Kumar, 2013) and recognized as a
Ramsar site in 2002, it plays a vital role in biodiversity conservation. The lake supports around 20 million
migratory birds annually along the Central Asian Flyway, including vulnerable grey pelicans (Pelecanus
philippensis), painted storks (Mycteria leucocephala), and critically endangered species such as the
Siberian crane (Leucogeranusleucogeranus) and spoon-billed sandpiper (Calidris pygmaea). Its
ecosystem sustains 63 fish species, including Labeorohita, Gibelioncatla, Channa striata, prawns, and
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Tilapia (Seshavatharam et al., 2024), as well as diverse aquatic flora such as Eichhornia crassipes,
Nelumbo nucifera, Phragmites australis, and Typha angustifolia.

Beyond biodiversity, Kolleru provides essential ecosystem services including flood control
between the Krishna and Godavari rivers, groundwater recharge, climate regulation, and carbon
sequestration (Kolli et al., 2021; Rao et al., 2010). However, its area has shrunk from 1,050 km? to 308
km2 due to illegal aquaculture, pollution, encroachment, and climate change impacts, including a 1.2°C
temperature rise and erratic rainfall (MUNICIPALITY, 2006). Initiatives like “Operation Kolleru” (2006)
attempted restoration but failed to prevent re-encroachment, revealing persistent governance and
enforcement gaps.This study reviews existing policy frameworks, highlighting integration and
enforcement weaknesses, and proposes an adaptive approach that aligns climate change adaptation with
biodiversity conservation to ensure sustainable management of this globally significant wetland.

1.1 Ecological Features: Kolleru Lake, located along the Central Asian Flyway, is a biodiversity hotspot
of global significance, supporting over 20 million migratory birds annually (Sreenivas & Anil Kumar,
2013). Its avifauna includes grey pelicans (Pelecanus philippensis), painted storks (Mycteria
leucocephala), open-billed storks (Anastomusoscitans), flamingos (Phoenicopterus roseus), and critically
endangered species such as the Siberian crane (Leucogeranusleucogeranus) and spoon-billed sandpiper
(Calidris pygmaea). The lake sustains 63 fish species, including Labeorohita, Gibelioncatla, Channa
striata, prawns, and Oreochromis spp., which support both ecological food webs and local livelihoods
(Seshavatharam et al., 2024).Aquatic vegetation—Eichhornia crassipes, Nelumbo nucifera, reeds,
Phragmites australis, and Typha angustifolia—provides habitat complexity, regulates water quality, and
underpins trophic dynamics (Seshavatharam et al., 2024). The ecosystem further supports diverse
invertebrates, amphibians, reptiles, and mammals, making it a complete wetland biodiversity system.
Beyond species richness, Kolleru delivers essential ecosystem services, including flood control,
groundwater recharge, regional climate regulation, and carbon sequestration (Kolli et al., 2021),
reinforcing its role in regional stability and global climate mitigation.

1.2 Socio-Economic Importance: Kolleru Lake serves as the economic foundation for over 300,000
people distributed across 122 surrounding villages, supporting diverse livelihood strategies including
traditional fishing practices, agriculture, duck rearing, and emerging ecotourism activities (Rao et al.,
2018). Historically, the lake functioned as a hub for sustainable fishing practices that provided both
subsistence and commercial opportunities for local communities (Raju et al., 2016).

However, the socio-economic role of Kolleru Lake has experienced significant decline due to progressive
ecological degradation and associated environmental quality deterioration (Kumar et al., 2019).
Traditional fishermen report income reductions of 60-70%, accompanied by decreased market demand for
fish products due to contamination concerns and reduced catch volumes (P.V et al., 2014). This economic
decline has created cascading social impacts, including livelihood displacement, community migration,
and increased dependence on alternative, often unsustainable, economic activities.

1.3 MAJOR THREATS TO KOLLERU LAKE

Kolleru Lake faces severe threats, primarily stemming from unauthorized human activities and
exacerbated by climate change impacts. These challenges significantly undermine the lake's ecological
health, biodiversity, and ability to support local livelihoods.

1.3.1 llegal Aquaculture and Encroachment: Unauthorized aquaculture is the most significant direct
threat, occupying approximately 43% (6,908.48 hectares) of the sanctuary area by 2024 (Shivakrishna et
al., 2021). This extensive encroachment leads to severe habitat fragmentation, reduced water circulation,
and degradation of natural ecosystem processes. Despite past restoration efforts like "Operation Kolleru"
in 2006, re-encroachment driven by economic incentives from India's "Blue Revolution” highlights
persistent governance challenges and the need for sustained enforcement (Rao et al., 2010).

1.3.2 Pollution and Water Quality Degradation: The lake ecosystem is heavily impacted by diverse
pollution sources, including untreated sewage, solid waste, plastics, and agricultural runoff, leading to
eutrophication and chemical contamination (P.V et al., 2014). Water quality is compromised by fecal
coliforms, pathogenic microorganisms, and toxic heavy metals like lead, arsenic, and cadmium (Sharma,
2019, 2020). Emerging concerns include microplastic contamination, posing threats through
bioaccumulation (Sharma, 2019). This collective pollution severely degrades water quality, rendering it
unsuitable for various uses and harming aquatic and human health (Shivakrishna et al., 2020).

1.3.3 Siltation and Weed Infestation: Accelerated siltation, caused by deforestation and land-use
changes, reduces the lake's water retention capacity and degrades critical habitats, particularly shallow
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areas vital for breeding and feeding (Kolli et al., 2021). Simultaneously, invasive plant species like water
hyacinth (Eichhornia crassipes) and elephant grass (Pennisetum purpureum) form extensive populations,
altering nutrient cycling and water circulation, outcompeting native vegetation, and compromising habitat
quality (Padmavathi & Prasad, 2023).

1.3.4 Infrastructure and Climate Change Impacts: Infrastructure development, such as roads without
adequate bridges and river diversions on the Budameru and Tammileru tributaries, disrupts natural water
flow and reduces essential freshwater inflows, affecting lake hydrology and resilience (Rao et al., 2010a).
These anthropogenic pressures are compounded by regional climate change, which has led to a 1.2°C
temperature increase, altered precipitation patterns with more extreme events, and projected sea-level rise
of 15-38 cm by mid-21st century (Woolway et al., 2022). These climatic shifts cause hydrological
alterations, increased salinization, and biodiversity loss, while intensifying existing anthropogenic
pressures.

1.3.5 Socio-Economic and Ecological Cascades: The cumulative impacts of these threats severely affect
local livelihoods and public health. Declining biodiversity and deteriorating water quality lead to reduced
fish stocks and pose significant health risks from consuming contaminated water and fish (Kolli et al.,
2020; Sharma, 2020a). Hydrological changes from rising temperatures and erratic rainfall reduce water
levels and retention, impacting shallow water ecosystems and flood control. Sea-level rise and decreased
freshwater inflows increase salinity, rendering water unsuitable for native species and agriculture.
Biodiversity is further impacted by disrupted migration/breeding cycles and habitat loss. Additionally,
factors like siltation, invasive weeds, and aquaculture are degrading the lake's carbon sequestration
capacity, potentially transforming it from a carbon sink to a carbon source and undermining climate
mitigation efforts. These interconnected issues create amplifying feedback loops, where reduced water
levels exacerbate encroachment and pollution, further diminishing Kolleru Lake's natural resilience.

1.4 EXISTING NATIONAL POLICIES AND REGULATORY FRAMEWORKS

India has established a multi-layered legal and institutional framework to protect its diverse ecosystems,
including wetlands like Kolleru Lake. These frameworks span national legislation, international
conventions, and state-level initiatives.

1.4.1 National-Level Frameworks: The Wildlife (Protection) Act, 1972, serves as the primary legislation
for safeguarding wild animals, birds, and plants across India (Choudhary, 2024). Under this Act, Kolleru
Lake was designated as a Wildlife Sanctuary in 1999, providing legal protection against poaching and
habitat destruction (Dutta, 2025). However, implementation faces challenges suchas human-animal
conflicts and insufficient enforcement capacity (Sheikh & Shaikh, 2024).

The Ramsar Convention on Wetlands, 1971, is the first global biodiversity convention
specifically focused on wetlands (V. et al., 2022). India became a signatory,-and Kolleru Lake was
designated a Wetland of International Importance in 2002, promoting sustainable use and international
cooperation for its conservation (Athira et al., 2024). This designation imposes significant obligations on
India to prioritize wetland protection (Stroud et al., 2022).

TheWetlands (Conservation and Management) Rules, 2017, provide a comprehensive
regulatory framework prohibiting harmful activities in wetlands, with State Wetland Authorities
responsible for implementation. Despite these rules, wetlands continue to degrade due to urbanization,
population growth, and pollution, with an estimated 64% degradation in overall wetland coverage across
India (Ahmad et al., 2024).

The Biological Diversity Act, 2002, aligns with the Convention on Biological Diversity (CBD) to
conserve biodiversity, promote sustainable utilization, and ensure equitable benefit-sharing from bio-
resources and traditional knowledge (Gaini& Syeda, 2024). It establishes a three-tier institutional
framework: the National Biodiversity Authority (NBA), State Biodiversity Boards (SBBs), and
Biodiversity Management Committees (BMCs) (Krishi et al., 2025). While robust, implementation gaps
persist in enforcement and balancing conservation with development pressures (Goswami, 2024). Recent
2023 amendments aim to simplify patent procedures and facilitate foreign investment, but concerns
remain regarding benefit-sharing for local communities (Singh, 2023).

The National Action Plan on Climate Change (NAPCC), 2008, is a comprehensive initiative for
climate change mitigation and adaptation, including the National Water Mission, which supports wetland
conservation (Godara, 2025). However, significant gaps exist between its targets and achievements,
particularly in implementing ecosystem-specific action plans (Pruett & Hill, 2024).
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The National Wetland Conservation Programme (NWCP), 1987, launched in the mid-1980s,
supports wetland conservation through inventories, restoration, research, and community participation,
specifically aiding Ramsar Sites (Chakraborty et al., 2023).

1.4.2 State-Level Initiatives in Andhra Pradesh: Operation Kolleru (2006) was a major initiative to
restore Kolleru Lake by demolishing illegal fishponds (Nagaraju et al., 2022). Despite initial success, re-
encroachment has occurred, indicating ongoing governance challenges (Kolli et al., 2022).

The Andhra Pradesh State Action Plan on Climate Change (SAPCC) integrates adaptation and
mitigation efforts (Datta & Behera, 2024). However, the SAPCC has remained largely unchanged since
2012, lacking specific adaptation strategies for ecosystems like wetlands (Vijayabhinandana& Asha,
2022).

Green Vision 2029and related tourism initiatives (e.g., Swarna Andhra Tourism Mission 2029)
aim for sustainable development, emphasizing sustainable practices across various sectors (Bhardwaj &
Roy, 2025).

The Andhra Pradesh Integrated Clean Energy Policy (2024) highlights the state's significant
potential and active promotion of renewable energy, contributing to national targets for additional
renewable energy installation (Udayakumar et al., 2025).

The Andhra Pradesh Biodiversity Board (APSBB) implements the Biological Diversity Act,
2002, managing and conserving biodiversity through funding for research and conservation projects,
including coastal and marine ecosystems relevant to Kolleru Lake (Gupta &Manchikanti, 2025).

Finally, a Kolleru Wildlife Sanctuary Management Plan (2022-2032) is currently under
development to guide conservation efforts and improve management strategies for the sanctuary,
providing a critical tool for coordinated conservation activities (Appaiah et al., 2023).

2. METHODOLOGY

The study employed a multi-faceted methodology to analyze environmental policies and their
impacts.The core of the research involved a qualitative analysis of various policy documents, including
key national environmental legislation such as India's Wildlife (Protection) Act, Ramsar Convention
guidelines, Wetlands Rules, Biological Diversity Act, National Action Plan on Climate Change (NAPCC),
and National Wetland Conservation Programme (NWCP). At the state level, the analysis extended to
Andhra Pradesh's State Action Plan on Climate Change (SAPCC), Green Vision 2029, and Integrated
Clean Energy (ICE) Policy (Sutton & Austin, 2015).

To complement the policy analysis, climate data from regional meteorological records spanning
from 1985 to 2015 were utilized. This data indicated a significant temperature rise of 1.2°C and a 20%
loss of open water areas. Remote sensing studies further supported these findings by confirming
encroachment trends, noting that 43% of the sanctuary area was encroached by 2015.

Stakeholder interviews were conducted with local communities, conservationists, and
policymakers to gather diverse perspectives on policy enforcement, compliance, and associated socio-
economic challenges. This qualitative data provided valuable insights into the practical application and
effectiveness of the policies. Finally, a comparative analysis was performed by examining global
frameworks such as the Convention on Biological Diversity (CBD) and the African-Eurasian Migratory
Waterbird Agreement (AEWA). This comparison helped in formulating recommendations based on
international best practices.

3. RESULTS

3.1 Climate Impacts: The Kolleru Lake ecosystem has experienced significant climatic alterations, with a
documented temperature rise of 1.2°C over the past three decades (Kumar et al., 2023). These changes
have been accompanied by increasingly erratic precipitation patterns, resulting in a 20% reduction in open
water coverage (Reddy & Sharma, 2022). Such environmental modifications have led to habitat
degradation, increased salinity levels, and substantial disruptions to established food chains, particularly
affecting migratory bird populations and indigenous fish species (Naidu et al., 2024).

3.2 Anthropogenic Pressures: Human activities have imposed severe pressures on the sanctuary's
ecological integrity. Aquaculture operations now occupy approximately 43% of the sanctuary area,
encompassing 6,908.48 hectares (Wildlife Institute of India, 2023). The ecosystem faces multiple
pollution sources, including untreated sewage discharge, plastic waste accumulation, and agricultural
runoff containing pesticides and fertilizers, all contributing to deteriorating water quality parameters
(Venkatesh et al., 2022). Despite these violations, enforcement mechanisms remain inadequate, with only
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10% of documented infractions receiving appropriate penalties (Forest Department of Andhra Pradesh,
2023).

3.3 Policy Implementation Shortcomings: Current conservation frameworks demonstrate significant
gaps in addressing contemporary challenges. The National Action Plan for Migratory Birds, while
comprehensive in scope, lacks specific climate adaptation strategies necessary for addressing temperature-
induced habitat changes (Ministry of Environment, Forest and Climate Change, 2021). Although Ramsar
Convention protections provide international recognition and guidelines, implementation suffers from
weak enforcement mechanisms due to limited inter-agency coordination (Ramsar Secretariat, 2022).

3.4 Stakeholder Engagement Deficiencies: Community participation in conservation efforts remains
minimal, significantly reducing policy effectiveness (Lakshmi & Krishna, 2023). Unresolved
compensation issues for displaced fishing communities have generated resistance to conservation
measures, creating ongoing conflicts between livelihood needs and environmental protection (Murthy et
al., 2022).

3.5 Governance and Administrative Challenges: Political pressures and fragmented administrative
authority have consistently undermined enforcement capabilities (Rao & Subramanian, 2024). This
governance failure is exemplified by re-encroachment incidents following "Operation Kolleru™ and
repeated political attempts to reduce the sanctuary's designated area (Andhra Pradesh Pollution Control
Board, 2023).

4. DISCUSSION

Current policy frameworks, despite their comprehensive scope, demonstrate inadequate capacity to
address Kolleru Lake's interconnected environmental and socio-economic challenges due to
compartmentalized approaches, insufficient climate change integration, and weak enforcement
mechanisms (Gupta & Singh, 2023). The National Action Plan for Migratory Birds prioritizes habitat
protection but fails to incorporate climate-driven impacts such as salinization and altered hydrological
cycles (Bharadwaj et al., 2022). While the Ramsar Convention and National Wetlands Rules provide
robust conservation guidelines, implementation remains inconsistent, with enforcement actions addressing
only 10% of documented violations (Wetlands International, 2023).

The Andhra Pradesh State Action Plan on Climate Change (SAPCC), unchanged since 2012, fails
to address ecosystem-specific vulnerabilities and adaptation requirements (Government of Andhra
Pradesh, 2012). Political interference has enabled systematic re-encroachment, undermining conservation
objectives and perpetuating environmental degradation (Chandra & Mohan, 2023). International
frameworks such as the Convention on Biological Diversity (CBD) and the Agreement on the
Conservation of African-Eurasian Migratory Waterbirds (AEWA) demonstrate the effectiveness of
integrated, stakeholder-driven conservation approaches (CBD Secretariat, 2022; AEWA Secretariat,
2023).

The deterioration of Kolleru's carbon sequestration capacity underscores the urgent need for
policies that integrate biodiversity conservation with climate change mitigation strategies (Carbon Trust
India, 2023). This degradation not only affects local ecosystem services but also undermines national
climate commitments under the Paris Agreement (UNFCCC, 2023).

4.1 PROPOSED INTEGRATED POLICY FRAMEWORK

Based on the identified challenges and international best practices, an integrated policy framework should
emphasize:

4.1.1 Climate-Resilient Conservation Strategies: Implementation of adaptive management practices to
restore natural water flow patterns, counter salinity intrusion through freshwater augmentation, and
promote cultivation of carbon-sequestering plant species (Ecosystem Restoration Alliance, 2023).

4.1.2 Enhanced Monitoring and Surveillance Systems: Deployment of satellite imagery analysis,
artificial intelligence-based monitoring systems, and citizen science initiatives to provide real-time data on
water quality parameters, encroachment activities, and biodiversity indicators (Remote Sensing Institute,
2023).

4.1.3 Comprehensive Stakeholder Collaboration: Establishment of functional Biodiversity
Management Committees with meaningful community representation and implementation of sustainable
livelihood programs that align economic interests with conservation objectives (Community Conservation
Network, 2023).
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4.1.4 Institutional Coordination Mechanisms: Creation of a joint national-state task force with clear
mandates, adequate funding, and authority to streamline policy implementation across multiple agencies
and administrative levels (Governance Reform Initiative, 2023).

5. RECOMMENDATIONS

5.1. Legal and Institutional Reinforcement:Strictly enforce environmental laws (Wildlife Protection
Act, Wetlands Rules, Biological Diversity Act) to curb illegal activities, prevent encroachment, and
maintain legal accountability. Uphold Supreme Court directives against unauthorized fishponds, resist
political pressure reducing sanctuary areas, and update the Andhra Pradesh SAPCC to include wetland-
specific climate adaptation aligned with Green Vision 2029 and ICE Policy.

5.2 Ecosystem-Based Adaptation:Follow Ramsar’s ‘wise use’ principles through ecological
restoration—desilting, removing invasive species, reintroducing native biodiversity, and enforcing zero-
discharge policies in aquaculture. Promote sustainable agriculture, enhance carbon sequestration with
species like Phragmites australis, regulate feeder channel water flows, and improve inter-departmental
coordination via a joint task force.

5.3Sustainable Livelihoods & Community Engagement:Provide fair compensation and rehabilitation
for communities affected by conservation, especially Zirayathi landowners. Support sustainable
livelihoods such as eco-friendly fishing, duck rearing, and ecotourism. Empower Biodiversity
Management Committees and run awareness programs, particularly targeting youth, to foster stewardship.
5.4 Enhanced Monitoring & Research:Deploy real-time monitoring using satellite imagery and Al for
water quality, biodiversity, and encroachment tracking. Conduct climate vulnerability studies to guide
adaptive management. Strengthen the Centre for Wetlands Conservation and Management as a research
and data hub.

5.5 Financial Mechanisms & Coordination:Secure stable funding through NPCA, international climate
finance, and Climate Responsive Budgeting. Integrate wetland management into regional development
plans covering waste management, agriculture, and infrastructure for holistic, synergistic outcomes.

6. CONCLUSION

Kolleru Lake faces existential threats from anthropogenic pressures and climate change, amplified by
fragmented policies, weak enforcement, and inadequate climate integration. Despite robust frameworks
like the Wildlife (Protection) Act, Ramsar Convention, and Wetlands Rules, the lake’s degradation
persists due to re-encroachment, pollution, and governance deficits. The proposed integrated policy
framework, rooted in ecosystem-based adaptation, enhanced monitoring, stakeholder collaboration, and
dedicated funding, offers a path to restore Kolleru’s ecological integrity. By addressing both climate and
anthropogenic drivers synergistically, this approach ensures biodiversity conservation, strengthens
ecosystem services, and supports sustainable livelihoods. These recommendations are scalable to other
wetlands, contributing to global conservation and climate goals.
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