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Preface 

Biodiversity is the cornerstone of life on Earth, representing the intricate web of ecosystems, 

species, and genetic diversity that sustains our planet's health and resilience. However, in the face 

of unprecedented environmental changes, human activities, and climatic shifts, this vital natural 

wealth is under increasing threat. Biodiversity Conservation in a Changing World seeks to 

illuminate the urgent need to preserve and restore this delicate balance, providing insights, 

strategies, and inspiration to address one of the most critical challenges of our time. 

This book emerges from a growing recognition that biodiversity is not merely an ecological 

concern but also a fundamental pillar of economic prosperity, cultural heritage, and human well-

being. The interconnectedness of life on Earth means that the loss of biodiversity has far-reaching 

consequences, affecting food security, clean water availability, and the stability of global climates. 

In these pages, researchers, practitioners, and thought leaders from across disciplines contribute 

their expertise to explore the multifaceted dimensions of biodiversity conservation. The book 

highlights innovative approaches, from harnessing technology and community-based initiatives 

to policy frameworks and ethical considerations. At its core lies the understanding that 

conservation is not only about safeguarding species and habitats but also about fostering 

coexistence, equity, and sustainable development. The dynamic challenges we face today 

demand adaptive strategies that consider both local realities and global imperatives. By weaving 

together case studies, theoretical insights, and actionable recommendations, this volume aims to 

bridge the gap between science and practice, inspiring a collective commitment to a shared future. 

We hope this book serves as a resource and a call to action for students, researchers, 

policymakers, conservationists, and all those who recognize the profound value of biodiversity. 

Let it remind us that while the challenges are formidable, the opportunities for innovation, 

collaboration, and transformation are equally immense. 

As stewards of this planet, the responsibility to conserve its diversity lies with us all. Together, we 

can ensure that future generations inherit a world rich in natural beauty, ecological integrity, and 

life’s boundless potential. 

Dr. Chetan Kumar Joshi 

Chief Editor  

Associate Professor, Department of Zoology, Govt Science College, Sikar, Rajasthan, India 
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Environmental Protection Strategies in Biodiversity 

Dr. Chetan Kumar Joshi 

Associate Professor, Department of Zoology  

Govt Science College, Sikar, Rajasthan, India 

cjoshisk@gmail.com 

1. Introduction 

Biodiversity, the variety of life on Earth, plays a crucial role in maintaining ecosystem 

balance, resilience, and sustainability. However, human activities such as deforestation, 

pollution, climate change, and habitat destruction pose significant threats to biodiversity. The 

protection of biodiversity requires integrated environmental strategies that involve 

conservation policies, sustainable development, and innovative scientific approaches. This 

chapter explores various environmental protection strategies to safeguard biodiversity, 

including conservation practices, legal frameworks, ecosystem restoration, and community 

engagement. 

 

2. Understanding Biodiversity and Its Importance 

Biodiversity encompasses three key levels: 

1. Genetic Diversity – Variability in genetic material among organisms within a 

species, ensuring adaptability and resilience. 

2. Species Diversity – The variety of species within an ecosystem, contributing to 

ecosystem stability. 

3. Ecosystem Diversity – The range of different ecosystems (forests, wetlands, coral 

reefs, grasslands) that support diverse life forms. 

2.1 Importance of Biodiversity 

• Ecological Stability: Maintains food chains, nutrient cycles, and ecological balance. 

• Economic Benefits: Supports agriculture, medicine, fisheries, and tourism industries. 
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• Climate Regulation: Forests and oceans act as carbon sinks, mitigating climate 

change. 

• Cultural and Ethical Values: Many indigenous cultures depend on biodiversity for 

their traditional knowledge and spiritual practices. 

 

3. Major Threats to Biodiversity 

Human-induced activities have accelerated biodiversity loss. The key threats include: 

3.1 Deforestation and Habitat Destruction 

• Large-scale deforestation for agriculture, logging, and urban expansion reduces 

habitats for species, leading to population decline and extinctions. 

• Wetland destruction disrupts water cycles and species dependent on aquatic 

ecosystems. 

3.2 Climate Change 

• Rising temperatures alter species migration patterns and threaten ecosystems such as 

coral reefs. 

• Extreme weather events (droughts, hurricanes) disrupt natural habitats and food 

sources. 

3.3 Pollution 

• Air Pollution: Acid rain, smog, and greenhouse gases impact terrestrial and aquatic 

ecosystems. 

• Water Pollution: Industrial waste, plastics, and chemicals harm marine life and 

drinking water sources. 

• Soil Contamination: Pesticides and heavy metals disrupt soil microbiota, affecting 

plant and animal species. 

3.4 Overexploitation of Resources 
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• Overfishing, poaching, and illegal wildlife trade drive species to extinction. 

• Unsustainable hunting and harvesting of medicinal plants threaten ecosystem balance. 

3.5 Invasive Species 

• Non-native species disrupt local ecosystems by outcompeting native flora and fauna. 

• Examples: Cane toads in Australia, zebra mussels in North America. 

 

4. Strategies for Environmental Protection in Biodiversity 

4.1 Conservation Strategies 

4.1.1 In-Situ Conservation (Protecting species in their natural habitat) 

• Protected Areas & National Parks: Governments establish national parks and 

reserves to safeguard species. Example: Yellowstone National Park, Amazon 

Rainforest Reserves. 

• Biosphere Reserves: Areas designated for conservation and sustainable use, such as 

the Sundarbans Biosphere Reserve. 

• Wildlife Corridors: Link fragmented habitats to facilitate species movement and 

genetic diversity. 

4.1.2 Ex-Situ Conservation (Protecting species outside their natural habitat) 

• Botanical Gardens & Seed Banks: Preserve genetic material of endangered plant 

species. Example: Svalbard Global Seed Vault. 

• Zoos & Breeding Programs: Help restore populations of critically endangered 

species like the Arabian Oryx and Pandas. 

4.2 Ecosystem Restoration Approaches 

• Afforestation & Reforestation: Large-scale tree-planting efforts restore deforested 

areas and improve carbon sequestration. 
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• Wetland Restoration: Restoring mangroves and coral reefs improves coastal 

protection and biodiversity. 

• Soil Remediation Techniques: Bioremediation and phytoremediation help detoxify 

polluted soils. 

4.3 Sustainable Resource Management 

• Sustainable Agriculture: Reducing pesticide use, promoting organic farming, and 

implementing agroforestry to protect biodiversity. 

• Sustainable Fisheries: Enforcing fishing quotas, marine protected areas, and banning 

harmful practices like bottom trawling. 

• Water Conservation: Implementing rainwater harvesting and wastewater treatment 

to reduce freshwater depletion. 

4.4 Legal and Policy Frameworks 

• International Agreements: 

o Convention on Biological Diversity (CBD): Global agreement to protect 

biodiversity and ensure sustainable use. 

o CITES (Convention on International Trade in Endangered Species): 

Regulates wildlife trade to prevent species extinction. 

o Paris Agreement: Addresses climate change, which indirectly affects 

biodiversity conservation. 

• National Environmental Laws: 

o Endangered Species Act (USA) protects threatened wildlife. 

o Environment Protection Act (India) regulates pollution and habitat 

conservation. 

4.5 Community-Based and Indigenous-Led Conservation 
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• Empowering Local Communities: Engaging communities in conservation through 

ecotourism, sustainable farming, and participatory land management. 

• Indigenous Knowledge Integration: Utilizing traditional ecological knowledge for 

resource management and conservation. Example: Amazonian tribes managing 

rainforest biodiversity. 

• Public Awareness & Education: Promoting biodiversity conservation through 

school curricula, media campaigns, and workshops. 

4.6 Technological Innovations in Biodiversity Protection 

• Remote Sensing & GIS: Satellite imagery monitors deforestation, land use, and 

habitat degradation. 

• AI & Machine Learning: Helps track species populations and predict ecological 

changes. 

• Biotechnology & Genetic Engineering: CRISPR and other technologies aid in 

species conservation and resilience against environmental changes. 

• Blockchain for Wildlife Trade: Ensures transparency in legal wildlife trade and 

prevents illegal trafficking. 

 

5. Case Studies in Biodiversity Protection 

5.1 Success Stories 

• The Amazon Rainforest Conservation Initiatives: Various programs, including 

indigenous land rights and carbon credit schemes, have slowed deforestation. 

• Project Tiger in India: A successful initiative to revive Bengal tiger populations 

through protected reserves. 

• Great Green Wall in Africa: A pan-African effort to combat desertification and 

restore biodiversity in the Sahel region. 

5.2 Ongoing Challenges and Areas for Improvement 
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• Deforestation in the Congo Basin: Despite conservation efforts, illegal logging and 

land conversion threaten biodiversity. 

• Coral Reef Bleaching in the Great Barrier Reef: Climate change-induced bleaching 

requires urgent mitigation strategies. 

 

6. Conclusion and Future Directions 

Protecting biodiversity is essential for ecological balance, human well-being, and planetary 

health. Implementing robust environmental strategies, integrating technological 

advancements, strengthening legal frameworks, and fostering community participation are 

critical to biodiversity conservation. Future research should focus on climate adaptation, 

nature-based solutions, and interdisciplinary approaches to conservation. By embracing a 

holistic approach to biodiversity protection, humanity can work towards a sustainable future 

where ecosystems and species thrive harmoniously. 
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Preserving Life: Biodiversity Conservation Strategies for a 

Sustainable Future 

Manisha Devi 

Project Manager (Technical), IJRTS Takshila Foundation, Jind, Haryana, India 

panchalmanisha399@gmail.com 

1. Introduction 

Biodiversity is the foundation of life on Earth, supporting ecosystems, human well-being, and 

global sustainability. However, human activities such as deforestation, pollution, climate 

change, and habitat destruction have led to an unprecedented loss of species and ecosystems. 

Preserving biodiversity is not just about protecting wildlife but ensuring the stability of 

ecological services essential for food security, clean air, water purification, and climate 

regulation. This chapter explores biodiversity conservation strategies and their role in 

fostering a sustainable future. 

 

2. The Importance of Biodiversity Conservation 

Biodiversity exists at three primary levels: 

• Genetic Diversity: Variability within species that allows adaptation to changing 

environments. 

• Species Diversity: The variety of species within ecosystems. 

• Ecosystem Diversity: The range of ecosystems, from forests and oceans to grasslands 

and wetlands. 

2.1 Ecological Importance 

• Maintains Ecosystem Balance: Species interactions regulate food chains, nutrient 

cycles, and population control. 

• Pollination and Agriculture: Bees, birds, and other pollinators are vital for food 

production. 
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• Climate Regulation: Forests and oceans absorb carbon dioxide, reducing global 

warming effects. 

2.2 Economic and Social Importance 

• Sustainable Livelihoods: Fisheries, agriculture, and forestry rely on diverse 

ecosystems. 

• Medical Advances: Many life-saving drugs are derived from plants and animals. 

• Cultural and Recreational Value: Indigenous communities depend on biodiversity 

for spiritual and traditional practices, while ecotourism contributes to global 

economies. 

 

3. Major Threats to Biodiversity 

3.1 Habitat Destruction and Deforestation 

• Land-use changes for agriculture, urbanization, and infrastructure lead to loss of 

wildlife habitats. 

• Example: The Amazon rainforest, home to 10% of known species, faces severe 

deforestation. 

3.2 Climate Change 

• Rising temperatures and extreme weather events impact species distribution and 

breeding patterns. 

• Coral bleaching in the Great Barrier Reef is a direct consequence of warming oceans. 

3.3 Pollution 

• Air Pollution: Acid rain alters soil pH, affecting plant and microbial life. 

• Water Pollution: Plastic waste, oil spills, and chemicals destroy marine ecosystems. 

• Soil Contamination: Heavy metals and pesticides reduce soil biodiversity. 
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3.4 Overexploitation of Natural Resources 

• Overfishing, logging, and hunting lead to population declines and ecological 

imbalances. 

• Example: The overexploitation of Atlantic cod fishery resulted in severe population 

collapse. 

3.5 Invasive Species 

• Non-native species outcompete local species, leading to biodiversity loss. 

• Example: The introduction of cane toads in Australia disrupted native ecosystems. 

 

4. Biodiversity Conservation Strategies 

4.1 In-Situ Conservation (On-Site Conservation) 

Protecting species in their natural habitats ensures the maintenance of ecological balance. 

4.1.1 Protected Areas and National Parks 

• Biosphere Reserves: Areas promoting sustainable conservation (e.g., Sundarbans 

Biosphere Reserve). 

• National Parks & Wildlife Sanctuaries: Legally protected regions to conserve 

wildlife (e.g., Yellowstone National Park). 

• Marine Protected Areas (MPAs): Oceans are safeguarded to prevent overfishing 

and habitat destruction. 

4.1.2 Habitat Restoration and Wildlife Corridors 

• Reforestation projects restore degraded ecosystems. 

• Wildlife corridors connect fragmented habitats, allowing species migration and 

genetic diversity. 
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• Example: The Yellowstone-to-Yukon Corridor in North America supports large 

mammals. 

 

4.2 Ex-Situ Conservation (Off-Site Conservation) 

When species face extreme threats in their natural habitats, off-site conservation methods 

provide alternative solutions. 

4.2.1 Botanical Gardens and Seed Banks 

• Preserving plant species and genetic diversity through seed storage (e.g., Svalbard 

Global Seed Vault). 

4.2.2 Captive Breeding and Reintroduction Programs 

• Breeding endangered species in controlled environments for later reintroduction into 

the wild. 

• Example: The Arabian Oryx was successfully reintroduced after extinction in the 

wild. 

4.3 Sustainable Resource Management 

4.3.1 Sustainable Agriculture and Forestry 

• Agroforestry: Integrating trees into agricultural landscapes. 

• Organic Farming: Reducing pesticide use and promoting natural soil fertility. 

• Selective Logging: Cutting only mature trees to maintain forest integrity. 

4.3.2 Sustainable Fisheries 

• Fishing Quotas: Preventing overfishing by limiting catches. 

• Aquaculture (Sustainable Fish Farming): Reducing pressure on wild fish 

populations. 

4.3.3 Water Conservation Strategies 
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• Wetland Protection: Maintaining water purification functions of wetlands. 

• Rainwater Harvesting: Reducing dependence on groundwater. 

4.4 Legal Frameworks and Policies 

• Convention on Biological Diversity (CBD): A global treaty for biodiversity 

conservation. 

• CITES (Convention on International Trade in Endangered Species): Regulates 

wildlife trade to prevent overexploitation. 

• Endangered Species Act (USA): Protects species from extinction. 

• EU Biodiversity Strategy: Aims to restore ecosystems and reduce habitat 

destruction. 

4.5 Community Engagement and Indigenous Conservation Practices 

4.5.1 Involving Local Communities 

• Ecotourism: Generates income while promoting conservation. 

• Participatory Land Management: Ensures local communities benefit from 

conservation programs. 

4.5.2 Indigenous Knowledge and Biodiversity Protection 

• Indigenous groups often have deep ecological knowledge that helps maintain 

biodiversity. 

• Example: The Kayapo people of the Amazon manage vast forested areas using 

traditional methods. 

4.6 Technological Innovations in Biodiversity Conservation 

• Remote Sensing and GIS: Tracks deforestation, habitat loss, and illegal activities. 

• Artificial Intelligence and Big Data: Monitors species populations and predicts 

environmental changes. 
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• Biotechnology and Genetic Engineering: Developing climate-resilient crops and 

restoring extinct species. 

• Drones for Wildlife Monitoring: Helps track poaching activities and habitat 

conditions. 

 

5. Case Studies in Biodiversity Conservation 

5.1 Success Stories 

• Costa Rica’s Reforestation Efforts: Government incentives and community 

participation reversed deforestation. 

• Tanzania’s Serengeti National Park: Protects large mammal migrations and 

combats poaching. 

5.2 Challenges in Biodiversity Conservation 

• Illegal Wildlife Trade: The global black market for animal products threatens many 

species. 

• Deforestation in the Congo Basin: Increased land conversion continues to degrade 

biodiversity. 

 

6. Future Directions in Biodiversity Conservation 

• Nature-Based Solutions (NBS): Integrating conservation into urban planning and 

sustainable development. 

• Strengthening Global Cooperation: Countries must collaborate on transboundary 

conservation efforts. 

• Innovative Funding Mechanisms: Expanding carbon credit programs and 

biodiversity offsets to fund conservation. 
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7. Conclusion 

Biodiversity conservation is vital for sustaining ecosystems, economies, and human well-

being. A holistic approach, integrating policy, technology, and community-driven strategies, 

is essential for a sustainable future. By fostering a balance between development and 

conservation, we can ensure that life on Earth thrives for generations to come. 
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Nature’s Balance: Strategies for Conserving Biodiversity 

Worldwide 

Er. Kartik 

Open Scholar, School of Management, 

Shoolini University, Solan, Himachal Pradesh, India 

kartikji1212@gmail.com 

1. Introduction 

Biodiversity, encompassing the variety of life on Earth, is fundamental to ecological balance, 

environmental resilience, and human well-being. However, rapid industrialization, 

urbanization, climate change, deforestation, and habitat destruction have significantly 

disrupted nature’s balance. The conservation of biodiversity is crucial not only for 

maintaining ecological harmony but also for sustaining life-supporting systems such as clean 

air, water, and food production. This chapter explores global biodiversity conservation 

strategies, highlighting effective policies, scientific approaches, community involvement, and 

technological innovations that contribute to preserving nature’s delicate equilibrium. 

 

2. Understanding Biodiversity and Its Importance 

2.1 Levels of Biodiversity 

Biodiversity exists at multiple levels, each playing a crucial role in ecological stability: 

• Genetic Diversity: Variability within species that enhances adaptability and 

resilience. 

• Species Diversity: The variety of species within an ecosystem that ensures ecosystem 

functions. 

• Ecosystem Diversity: The range of habitats and ecosystems that support biodiversity, 

such as forests, oceans, wetlands, and grasslands. 

2.2 Ecological Significance of Biodiversity 
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• Ecosystem Stability: Biodiversity helps maintain ecological processes such as 

pollination, decomposition, and nutrient cycling. 

• Climate Regulation: Forests and wetlands act as carbon sinks, helping mitigate 

global warming. 

• Disaster Resilience: Mangroves and coral reefs provide natural defense against 

storms and floods. 

2.3 Economic and Societal Benefits 

• Agriculture & Food Security: Genetic diversity in crops ensures resilience against 

pests and climate changes. 

• Pharmaceutical Discoveries: Many medicines are derived from plants, fungi, and 

marine organisms. 

• Ecotourism & Livelihoods: Biodiversity-rich areas provide economic benefits 

through tourism and sustainable resource management. 

 

3. Major Threats to Global Biodiversity 

3.1 Habitat Destruction and Land Degradation 

• Deforestation for agriculture, mining, and urban expansion results in massive habitat 

loss. 

• Desertification due to unsustainable land use depletes fertile lands, reducing 

biodiversity. 

• Coral Reef Degradation from pollution, overfishing, and climate change threatens 

marine species. 

3.2 Climate Change and Its Impacts 

• Rising global temperatures disrupt species migration, breeding, and survival. 

• Ocean acidification harms marine biodiversity, especially coral reefs and shellfish. 
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• Extreme weather events like droughts, hurricanes, and wildfires threaten ecosystems. 

3.3 Pollution and Its Consequences 

• Water Pollution: Plastics, chemicals, and oil spills poison marine ecosystems. 

• Air Pollution: Acid rain and industrial emissions affect terrestrial and aquatic species. 

• Soil Contamination: Pesticides and industrial waste reduce soil fertility and 

microbial diversity. 

3.4 Overexploitation of Natural Resources 

• Overfishing depletes marine species, disrupting ocean food webs. 

• Illegal wildlife trade drives species toward extinction (e.g., rhino poaching for horns). 

• Unsustainable logging destroys forests, impacting carbon storage and biodiversity. 

3.5 Invasive Species and Ecosystem Disruption 

• Non-native species outcompete indigenous species, causing population declines. 

• Example: Burmese pythons in Florida’s Everglades threaten native wildlife. 

 

4. Strategies for Conserving Biodiversity 

4.1 In-Situ Conservation: Protecting Biodiversity in Natural Habitats 

4.1.1 Protected Areas and Wildlife Reserves 

• National Parks & Wildlife Sanctuaries: Designated regions where human activities 

are restricted (e.g., Yellowstone National Park, Serengeti National Park). 

• Biosphere Reserves: Areas integrating conservation and sustainable use (e.g., 

Amazon Biosphere Reserves). 

• Marine Protected Areas (MPAs): Ocean conservation zones that prevent 

overfishing and habitat destruction (e.g., Great Barrier Reef Marine Park). 
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4.1.2 Restoration of Degraded Ecosystems 

• Afforestation & Reforestation: Planting trees to restore deforested landscapes. 

• Wetland Conservation: Protecting and rehabilitating marshes, mangroves, and 

floodplains to enhance biodiversity. 

• Soil Conservation Techniques: Sustainable farming methods to prevent 

desertification. 

4.1.3 Wildlife Corridors and Habitat Connectivity 

• Eco-Bridges and Green Corridors: Enable species movement between fragmented 

habitats (e.g., the European Green Belt). 

• Transboundary Conservation Areas: Joint conservation efforts between countries 

(e.g., Kavango-Zambezi Transfrontier Conservation Area). 

4.2 Ex-Situ Conservation: Preserving Biodiversity Outside Natural Habitats 

4.2.1 Botanical Gardens and Seed Banks 

• Global Seed Vaults: Preserve plant genetic material for future restoration (e.g., 

Svalbard Global Seed Vault). 

• Botanical Gardens: Maintain rare and endangered plant species for research and 

conservation. 

4.2.2 Captive Breeding and Reintroduction Programs 

• Zoos and Conservation Centers: Provide breeding programs for endangered species 

(e.g., Giant Panda breeding in China). 

• Rewilding Projects: Reintroducing species into native habitats (e.g., reintroduction of 

European bison in Poland). 

4.3 Sustainable Resource Management 

• Agroecology & Organic Farming: Reducing chemical inputs to protect pollinators 

and soil health. 
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• Sustainable Forestry: Selective logging, replanting, and forest certification programs 

(e.g., FSC-certified timber). 

• Sustainable Fisheries: Marine conservation efforts to prevent overfishing (e.g., Tuna 

quota regulations). 

4.4 Policy and Legal Frameworks for Biodiversity Protection 

• Convention on Biological Diversity (CBD): International treaty promoting 

conservation and sustainable use of biodiversity. 

• CITES (Convention on International Trade in Endangered Species): Regulates 

global wildlife trade to prevent exploitation. 

• Paris Agreement: Addresses climate change, indirectly protecting biodiversity. 

• Endangered Species Protection Acts: National laws to safeguard threatened species 

(e.g., U.S. Endangered Species Act). 

4.5 Community Participation and Indigenous Knowledge 

4.5.1 Engaging Local Communities in Conservation 

• Community-Based Ecotourism: Economic incentives for biodiversity protection 

(e.g., Costa Rica’s sustainable tourism model). 

• Participatory Conservation Programs: Empowering indigenous groups to manage 

forests and wildlife. 

4.5.2 Integrating Traditional Ecological Knowledge 

• Indigenous land management techniques enhance conservation efforts. 

• Example: The Amazonian tribes protect vast areas of rainforest through sustainable 

practices. 

4.6 Technological Innovations in Biodiversity Conservation 

• Remote Sensing & GIS: Tracking deforestation, habitat loss, and illegal logging. 
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• Artificial Intelligence & Machine Learning: Predicting species population trends 

and threats. 

• DNA Barcoding & Genetic Research: Identifying species and improving 

conservation genetics. 

• Drones for Wildlife Monitoring: Tracking poaching activities and ecosystem 

changes. 

 

5. Case Studies in Biodiversity Conservation 

5.1 Successful Conservation Projects 

• Amazon Rainforest Protection Initiatives: Indigenous-led conservation efforts 

preserving biodiversity. 

• Tigers in India: Project Tiger’s success in increasing tiger populations. 

• Great Green Wall of Africa: Large-scale afforestation to combat desertification. 

5.2 Challenges and Future Needs 

• Strengthening global cooperation on conservation policies. 

• Developing more inclusive financing models for biodiversity protection. 

• Enhancing research on climate resilience for species and ecosystems. 

 

6. Conclusion 

Achieving nature’s balance requires a multi-faceted approach, integrating conservation 

strategies, sustainable resource management, policy frameworks, technological innovations, 

and community participation. With global efforts, humanity can safeguard biodiversity for 

future generations while ensuring ecological and economic stability. 
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1.1 INTRODUCTION 

Ecology implies, the assortment of information concerning the economy of nature. Ecology 

fret about, the interrelationship of living life forms, plants or creatures and their condition. 

Extraordinary environmental varieties and related changes in the vegetation happen together 

in nature. The biological investigations including the interrelationship between the creatures 

and physical condition where they live, are imperative significance. Odum has called 

attention to, the significance of the structure and capacity of nature. The basic studîes 

incorporate, the sum and attitude of physical, compound and natural segments and the 

practical examinations include, the pace of vitality move through the biosphere, supplement 

cycling and upkeep of homeostasis in the biological system. As per Daubenmire and 

Waddington living plants are composed frameworks, which keep up and change themselves 

through their ability for homeostasis to the environmental motion.  

A living plant and its different parts are exposed to a domain comprising of a huge number of 

variable elements. These variables incorporate both inner just as outer ones which decide the 

course of plant species and are corresponded with the example of vegetation on surface of the 

earth.  

With the progression of science and technology, quick development and their necessities, 

expanding industrialization is the request for the day. Distinctive modern effluents are the 

primary wellspring of environmental contamination in everywhere throughout the world. 

Quick development of populace, fast industrialization with the wide circle of human 

exercises have come about into the more prominent misuse of the earth. Air, water and soil 

are the most significant segments of the earth on which the endurance of living creatures, is 

reliant. For solid human life, immaculateness of nature is of incredible significance and with 
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any unsettling influence or variation in its ideal structure the condition of human life is 

antagonistically influenced. Water continues life, it is imperative for the welfare of people 

and their indigenous habitat. Yet, the abuse and shortage of this-life-supporting reaction 

represent a genuine and developing risk to nourishment shortage, human wellbeing and well 

creatures.  

Aquatic biological systems everywhere throughout the world have decayed lately essentially 

by virtue of the way that a wide range of local, civil and mechanical squanders are being 

tossed into them. Prior, the waterway and lake water was utilized for drinking and local 

purposes, however with expanding contamination, it is presently a wellspring of water borne 

infection causing living beings, reproducing place for mosquitoes that transmit individual 

from feared parasites, harmful or noxious substances and putrid air.  

The term water contamination is characterized as the defilement of water by means of 

variations in the physical, synthetic and organic properties because of release of sewage, 

mechanical, household effluents, rural spillovers, vaporous and strong substance which make 

aggravation by method for physical appearance, smell, taste or render and such water 

destructive and damaging to general wellbeing, local, business, modern and agrarian 

purposes. It likewise influences creatures and aquatic life. The contamination circumstances 

have weakened step by step after some time until they in the long run become clear. 

Acknowledgment of water contamination issue have hence, generally taken impressive time 

and utilization of the essential control measures has taken significantly bigger time. The 

ceaseless contribution of pollutants into aquatic condition have potential danger to the aquatic 

biological system by their immediate activity on aquatic verdure.  

The pollutants released into the water assets can be isolated into three significant 

classifications :  

1. Degradable  

2. Non-degradable  

3. Persistant contamination  

Degradable squanders are organic pollutants, whereupon microbes and other miniaturized 

scale living being can encourage and corrupt into littler substances. The chief quantitative 
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proportion of organic contamination is natural oxygen request (BOD) which measure the 

measure of broke down oxygen that would be drained by indicated amount of organic burn 

through in a given time at standard temperature.  

Non-degradable pollutants are for the most part of modern and farming cause and not 

assaulted by stream biota and experience next to no change ones they get into water course. 

These pollutants can be an issue for general wellbeing for the most part when they go into 

natural way of life.  

The third gathering of pollutants, which doesn't fall in either in the degradable and non-

degradable classifications can be called relentless. These are best exemplified by 

manufactured organic synthetic concoctions, for example, a portion of the pesticide and 

related substances exceptionally the chlorinated hydrocarbons created in bounty by the 

cutting edge enterprises.  

Indian floor coverings are well known everywhere throughout the world for their tastefulness, 

elite plan, workmanship and appealing shading plans separated from the fine surface joined 

with toughness. This industry is 400 to 500 years of age. In any case, the industry came into 

the lime light globally just around 1950, when the items were shown in a display in U.K. 

from that point forward Indian floor coverings are getting a charge out of expanding support 

and today we have our primary customer base in U.K.,U.S.A., West Germany, Canada, 

Belgium and France. During 1960's the normal fare was around four to five crores of rupees 

every year and just during the most recent decade there has been wonderful advancement in 

the accomplishment of fare income.  

India is the greatest provider of carefully assembled floor coverings to the world market in 

spite of the fact that Iran, Pakistan, Afghanistan and Algeria are other significant contenders 

for Indian items in the outside market. The basic plans in vogue are Persian, Bokhora, 

French, Abussol, Chinese and so on and as of late, the pattern is even towards pastels.  

The hand-woven floor covering industry is arranged in Bhadohi, Gyanpur, Gopiganj, 

Khamaria, Mirzapur, Agra, Pratapgarh, Sultanpur, Allahabad, Ghazipur, Varanasi,Panipat in 

U.P. aside from a couple of spots in Rajasthan, Madhya Pradesh, Punjab, Jammu and 

Kashmir, Andhra Pradesh. The weaving of floor coverings in an antiquated workmanship 

continued age to age and with the coming of dynamic science and technology in numerous 
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fields this industry has additionally seen the indications of headway especially in the most 

recent decade.  

The magnificence of this industry is that it has not left the dash of genetic expressions and 

abilities which are principally answerable for creation of such elite plans and characteristics 

of floor coverings that are esteemed on the planet showcase.  

The arrangement of production of rugs especially in Bhadohi and encompassing are advances 

that the colored yarns are provided to the weavers who weave the structure in their homes 

denoting this industry basically a bungalow one by utilization of inherited expressions and 

abilities as referenced previously.  

The bungalow ventures of woolen rugs, floor coverings and durries use synthetic substances 

as engineered colors, cleansers, dying operators, moderants and water in gigantic amounts. 

These coloring and washing synthetic substances are legitimately tossed in their quick 

condition for example field and lakes generally without denaturing them. In certain spots the 

effluents are utilized for water system of harvest field. During the weaving and washing of 

rug some measure of fleece strands additionally turn out and stream in the earth and stores in 

the fields and lakes. Sriwastawa et al. (2017) have revealed that almost 29 synthetics 

comprising of engineered colors (metal complex colors, corrosive colors and chrome colors), 

color supporting synthetic compounds, washing synthetics cleanser, cleansers) and moth 

sealing synthetic concoctions (Table 1.1) are utilized in cover fabricating forms. These 

synthetic compounds present in the water effluents have combined impact in light of the fact 

that the greater part of them don't debase. A few parts of effluents may have additionally get 

supplement improvement impact in medium, advancing the development of plants of explicit 

kind. A portion of the ranchers are likewise using such waste water for their water system 

purposes. The floor covering created in this belt brings outside trade for our nation, here its 

generation is expanding step by step. The expansion underway spurred the utilization of more 

coloring and washing synthetic substances.  

A color or a color stuff is normally a hued organic compound or blend that might be utilized 

for conferring shading to a substrate, for example, fabric, plastic or calfskin in a sensibly 

lasting manner. As it were colored substrate ought to be impervious to typical clothing or 

purging systems (wash quick) and stable to (light quick). 
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Already dyes were acquired from creatures and plants sources. Today a large portion of 

accessible dyes are manufactured dyes arranged from fragrant mixes, which are gotten from 

coal tar or oil. Synthetically, dyes display a lot of decent variety and unpredictability in their 

structure yet sweet-smelling cores (like benzene, naphthalene, anthrocene, and so forth.) 

structure skeleton of different dyes. Together with sweet-smelling cores some heterocyclic 

cores (as in carbazole dyes, cyanin dyes, flavanthrone dyes, indigoid dyes, and so on.) are 

additionally present.  

All things considered, there is no precise classification of dyes. By and large, exchange 

names have been given by the producer and are well known too. Such exchange naine as a 

rule demonstrate at least one in sequential order letter(s) and a number. The number alludes 

to the shade, while the letter shows the shading : G for yellow (Ger . gelb), R for red (Gerrot), 

B for blue. Methyl violet 6 B show exceptionally profound purple. A few letters have various 

implications, Alizarin blue D, D implies the color is immediate color; the letter F is the 

frequently used to demonstrate that the color is quick to light. In Fuchsine S, S shows that 

color is acidic (Singh et al., 2011). 

Table 1.1 Chemical used in carpet industry 

Metal Complex Dyes (i) Yellow G.L.  

(ii) Grey B.L. 

Orange R.L. 

Black BBL supra 

Red 2 BL  

Mc Green BLS 

Blue BS 

Acid Dyes 

Red RS 

Brilliant Crimson 

Chrome Dyes 

Chrome Brilliant Blue B 

Chrome Fast Red F (iii) Chrome Fast Red SDC 

Chrome Fast Blue B 

Chrome Black S Supra 
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Chrome Blue B 

(vii) Chrome Black T 

Dye Supporting Chemicals 

Acetic acid 

Formic acid 

Liquor ammonia 

Ammonium sulphate 

Sodium sulphate 

Potassium chromate 

Sodium bichromate 

Potassium dichromate 

Ferrous sulphate 

Washing Chemicals 

Caustic soda 

Bleaching powder 

Detergents 

Soap 

 

Woolen carpets made up of wool, which is the natural animal fiber. It is made out of protein 

substances, which thusly are made out of polypeptide structure and with amino and 

carboxylic corrosive end groupings and side chains (R) having disulphide groupings which 

keep the principle polypeptide skeleton parallel to one another. The structure of wool fiber is 

decimated by solid salt, solid corrosive causes hydrolysis yet the procedure might be 

controlled to allow coloring from acidic arrangements.  

Wool is cooled with either acidic or essential dyes through the salt linkages with amino or 

carboxylic corrosive end groupings. Wool may likewise be colored with responsive dyes that 

structure covalent bonds with amino gatherings. Now and again, mordanting is utilized to 

change the colour capacity to wool.  

In India the ventures, which cause edaphic and aquatic environmental contamination, are 

mash and paper, fertilizer, material, tanneries, sugar, refineries, coal, laundries, 

petrochemical, rug and calfskin and so on. At the point when untreated effluents of these 
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ventures are released into their quick condition, they upset the natural specialties of living 

beings. Since the remediation technology for the total treatment of the emanating to want 

wellbeing standard is yet to created and the accessible methods keep on being cost restrictive, 

impressive consideration is being paid to the reusing and usage of these modern effluents.  

The researchers have examined a few parts of water contamination and its administration. 

Household squanders and mechanical effluents have been viewed as the most widely 

recognized wellsprings of water contamination. Physico-synthetic attributes of sewage and 

modern effluents were considered and so on. A few specialists  likewise performed treatment 

of the sewage effluents. Number of labourers watched physicochemical properties of crisp 

water bodies in connection to contamination. played out various examinations to explore the 

cycling of inorganic and organic materials.  

The physico-compound properties of water and soil are one of the significant environmental 

components administering the conveyance of aquatic macrophysics and development of the 

plant has corresponded the circulation of aquatic plants with synthetic qualities of silt and 

water, for example, alkalinity, pH, conductivity and saltiness. The impact of dregs pH and 

redox potential on the bioavailability of A13+, Cu2+, Fe2+, Mn2+ and Zn2+ particle to 

established aquatic plant has been as of late concentrated by Jackson and Kalff (2018a and b). 

The support of a sound aquatic environment is reliant on the physical and concoction 

properties of water and furthermore on the organic assorted variety of water biological 

system. Fish are particularly delicate to the limnological states of their natural surroundings. 

In India significant limn logical examination have been made as assessed all the Indian works 

yet found barely any of these investigations worried about the contamination of aquatic 

biological system.  

Prior works have shown that aquatic saprophytes can be utilized to in part strip follow metals 

in the waste waters . The plants evacuate the metals by surface adsorption and additionally 

retention and consolidate them into their very own framework or store them in a bound 

structure. As of late have considered the utilized macrophytes in the expulsion of phosphorus 

from slop and waste water. Emanating enhanced by these plants in this manner makes less 

harm the aquatic condition where many shallow lakes and wetland are unsuited for ordinary 

fish framing and farming (Mohan Ram, 2011).  
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Every aquatic plant are not similarly compelling for evacuation of heavy metals. In view of 

prior report, plants, for example, Phragmites communis, Scirpus lacustris, Eichhornia 

crassipes, Spirodela polyrrhiza, Elodea Canadensis, Egeria densa, Hydrilla sp., 

Ceratophyllum demersum, Bacopa monnieri, Limnanthemum cristatum and the algal 

macrophytes, Hydrodictyon reticulatum have been discovered appropriate for the expulsion 

of various metals.  

The significance of green growth in checking and control of dangerous metals, moderately 

little consideration has been paid on them. The capacity of aquatic plants to take up heavy 

metals from water, delivering an interior fixation more prominent than in their surroundings 

has been appeared for some species . and their gathering attempted periphyton green growth 

for heavy metal expulsion from improved natural waters in a constant stream framework. As 

of late, an alga Hydrodictyon reticulatum, blossoming lavishly in water bodies, could amass 

numerous lethal metals like, Cr, Cd, Fe, Mn, Pb and so on. Nonetheless. the capability of 

these algal species has not exclusively been barely used in nation and no particular 

methodology has been made for building up any valuable biotechnology.  

Since the green growth comprise the biggest segment of first trophic level in aquatic 

environment, bio convergence of dangerous metals by these species is of impressive natural 

and monetary significance. In this specific circumstance, a few green growth have been 

accounted for to have ability to assimilate and gather heavy metals and this property have 

been abused for depollution and recuperation of supplements and metals from dirtied water 

natural surroundings. Besides, green growth use supplements in photosynthesis to create 

oxygen and produce organic material in a structure increasingly perfect with the earth. The 

blue green growth or cyan bacteria, a gathering of prokaryotic photosynthetic organisms, 

expect exceptional importance in an earthbound just as in aquatic framework in light of the 

fact that many are known to change over environmental nitrogen into usable nitrogenous 

structures at the expense of sun powered vitality. In this way, they are significant in light of 

the fact that they are essential makers, yet additionally in light of the fact that they contribute 

nitrogen to the biosphere. Subsequently, N2-fixing cyanobacteria appear to have an edge over 

other eukaryotic green growth in the bioassay of metal danger.  

A few parts of mechanical effluents have been turned out by various agents : Alabaster 

examined the treatment transfer and their consequences for vegetation. Pratt (2015) talked 
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about the criteria for the nature of follow components in water system water.) examined the 

impact of civil waste fertilizer on crop yield and supplement in green house pot tests. 

contemplated the nature of water system water as a list of the appropriateness for water 

system purposes. exhibited the salt resilience examines on some assortment of wheat and 

grain at germination arrange. contemplated the impact of nature of water system water on soil 

properties. proposed the horticultural use of sewage gushing and slime. detailed the 

imperatives to spreading sewage ooze on croplands.  

contemplated the impact of interchangeable sodium on the synthetic structure of significant 

yields at various phase of development. examined the impacts of sodium chloride on water 

status and development of sugar beet. contemplated the impact of paper manufacturing plant 

profluent on soil and harvest plants. have revealed the impact of mechanical profluent on 

development and improvement of rice seedlings. have considered the impact of refinery 

squander water system on soil qualities. has analyzed the impact of floor covering industry 

squanders on the different parts of wheat crop environment. analyzed the impact of molasses 

refinery gushing on rice seedlings. assessed the physico-synthetic qualities of modern dairy 

preparing effluents and observed the impacts of its release straightforwardly on prolific soil 

and in a roundabout way on the development and improvement of Phaseolus aurens and 

Pennisetum typhoides. 

inspected the impact of refinery profluent on seed germination, seedling development and 

color substance of has inspected the impact of fertilizer processing plant effluents on different 

parts of Eleusinian caracara crop environment. have considered the Eco physiological 

reaction of refinery and fertilizer production line effluents on Glycine max (L.) and Phaseolus 

mungo. have considered the occasional aggregation of nitrate and ammonium in Cynodon 

dactylon in connection to nitrogen fertilizer. considered the occasional changes in the 

standing harvest, yearly net generation and energetics of Dichanthium annulatum stands.  

examined the impact of heavy metal in improvement of environmental outrageousness in a 

salt influenced territory. analyzed a few parts of the environmental presentation to chromium 

diminishes. Wang and Williams (2017) considered the phytotoxicity of modern waste pre-

treatment plant and concoction industry effluents. evaluated heavy metal focus and dry issue 

creation of sewage water on grass species. inspected the science of chromium in some 

Swedish soils. reaction of refinery effluents on Pisum sativum and Citrus maxima. examined 
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the aggregation of heavy metals in the dirt and plants. analyzed the impact of refinery 

effluents on seed germination, development and 12 chlorophyll substance of finger millet 

(Elensine coracana) crop. broke down the regular variety of lingering impact of nitrogen and 

potassium fertilizer in prairie.  

examined the impact of fertilizer gushing on chlorophyll substance of Cyamopsis 

tetragonoloba (temp.). examined the circulation of compound constituents in plant portions of 

search grasses at early an thesis. Contemplated the impact of optionally treated city squander 

water system on the concoction nature of Burmudagrass. watched the impact of photo film 

manufacturing plant emanating on seed germination and seedling improvement of some 

harvest plants. considered the occasional variety of water nature of waterway investigated the 

refinery gushing of two cultivars of Brassica.  

The rug ventures are using synthetics and water in immense amount and discharge it as 

effluents. These effluents contain acids, soluble substances, heavy metals, poisonous 

inorganic and organic mixes, shading creating substances in broke down and suspended 

structures. At the point when the dirt gets these mechanical effluents by flood from seepage 

channel or through water system or let outs straightforwardly heading off to the land or by 

different methods, it gets antagonistically influenced. In spite of the fact that the edaphic 

condition can acclimatize a specific measure of waste materials, the progressive expansion of 

modern effluents in enormous amounts for extensive stretches over its absorptive limit results 

into a progression of edaphic issues and at last makes soil unfit for the plant development. 

Regularly soils are immediately exhausted of their supplements, have poor water holding 

limit, and tend to dissolved quickly under traditional development rehearses.  

Out of every single such choice, the usage of modern effluents for water system is promising 

and is rehearsed broadly. Dampness is the first and most basic factor to plant development 

even in sticky tropics. In the majority of the zones the accessible water is constantly deficient 

and plants are generally defenseless, as they require sufficient dampness. The utilization of 

mechanical effluents in water system is an ongoing wonder. Logical consideration regarding 

the effects has been centered distinctly in the fifth many years of a century ago, when the 

issue of crisp water contamination because of profluent transfer become especially intense. 

An enormous assortment of modern effluents (viz. dairy emanating (nourishment preparing 
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gushing mash and paper plant profluent refinery emanating and so forth and sewage water 

have been effectively utilized for water system of harvests with or with no treatment,  

A decent arrangement of work has been completed on the diverse part of mechanical 

effluents and their impact on earthbound and aquatic framework, yet little considerations 

have been paid on the impacts of rug industry effluents on macrophytes. In this manner out of 

sight of above early on comments the present subject has been taken out. To see the impact of 

floor covering industry effluents, the three locales have been chosen. Site I got washing 

effluents, site Il got colouring effluents and site Ill was control site liberated from any 

mechanical effluents. Fore aquatic macrophysics viz. Hydrilla verticillata (Linn. f.) Royle, 

Nymphaea stellata Willd., Ipomoea aquatica Forsk., Marsilea quadrifolia Linn. have been 

chosen for the present examination. The impact of rug industry effluents on the development 

and phytochemical properties of the aquatic macrophytes have been watched. The physico-

compound properties of water effluents and soil of various examination destinations have 

been worked out. 

1.2 AQUATIC PLANTS 

Aquatic plants assume a significant job in aquatic frameworks overall since they give 

nourishment and territory to fish, natural life and aquatic living beings. Plants settle silt, 

improve water lucidity and add decent variety to the shallow zones of lakes. Sadly, non-

native plants that are acquainted with new environments frequently become an aggravation 

by impeding human employments of water and compromise the structure and capacity of 

differing local aquatic biological systems. Huge assets are frequently consumed to oversee 

pervasions of aquatic weeds in light of the fact that unchecked development of these 

obtrusive species regularly meddles with utilization of water, expands the danger of flooding 

and results in conditions that undermine general wellbeing.  

Presentation Aquatic plants assume a significant job in aquatic frameworks overall since they 

give nourishment and natural surroundings to fish, untamed life and aquatic life forms. Plants 

settle residue, improve water lucidity and add decent variety to the shallow zones of lakes. 

Lamentably, non-local plants that are acquainted with new living spaces regularly become an 

annoyance by thwarting human employments of water and undermine the structure and 

capacity of various local aquatic biological systems. Huge assets are frequently exhausted to 
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oversee pervasions of aquatic weeds in light of the fact that unchecked development of these 

intrusive species regularly meddles with utilization of water, builds the danger of flooding 

and results in conditions that compromise general wellbeing. 

 

Figure 1.1 littoral zone utilization of water, builds the danger of flooding and results in 

conditions that compromise general wellbeing 

Algae additionally develop in lakes and give the premise of the natural way of life. The 

littlest algae are called phytoplankton and are infinitesimal cells that become suspended in the 

water segment all through the lake .Thick development of phytoplankton may cause water to 

seem green, yet even the "cleanest" lake with no green tinge has phytoplankton suspended in 

the water. Filamentous algae develop as chains of cells and may frame huge strings or 

tangles. Some filamentous algae are free-floating and become suspended in the water section, 

yet different species become connected to plants or the base of the lake. Plainly visible or 

macrophysics algae are enormous green life forms that resemble submersed plants, yet are 

really algae .  

1.3 WHAT AQUATIC PLANTS NEED  

Plants have basic needs so as to develop and flourish – they require carbon dioxide, oxygen, 

supplements, water and light. Plants utilize light vitality, water and carbon dioxide to 

incorporate sugars and discharge oxygen into nature during photosynthesis. Animals utilize 

both the sugars and oxygen delivered by plants during photosynthesis to endure, so without 

plants there would be no animal life. The supplements required in the best amount by plants 

are nitrogen and phosphorus, yet at least twelve different minerals are likewise expected to 
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help plant development. Plant cells use oxygen during the time spent breath simply like 

animal cells, however this is regularly overlooked since plants produce more oxygen than 

they requirement for their very own utilization. 

 

Figure 1.2 Plant cells use oxygen during the time spent breath simply like animal cells, 

however this is regularly overlooked since plants produce more oxygen than they 

requirement for their very own utilization 

Aquatic plants occupy a domain truly ideal in one regard – most earthbound plants must 

discover adequate water to endure. Aquatic plants are truly washed in water, one of the 

essential prerequisites for plant development. Since aquatic silt are regularly high in nitrogen 

and phosphorus, life may seem ideal for aquatic plants. When the leaves of new and drifting 

leaved plants ascend over the water surface, they have a prepared inventory of carbon 

dioxide, oxygen and light. What's more, the leaves may go about as a conductor for the 

prepared transfer of lethal gases like methane and sulfur dioxide delivered in the silt 

encompassing plant roots. Given these variables, it is nothing unexpected that new plants in 

fruitful bogs are among the most profitable biological systems on the planet.  

Too bad, life isn't as simple for submersed plants. While submersed plants have simple access 

to a similar pool of supplements from the water and the dregs, the accessibility of light and 

carbon dioxide is fundamentally decreased since most submersed plants live totally under the 

water. Light should infiltrate through the water section to arrive at submersed plants; hence, 

substantially less light vitality is accessible to them. Additionally, carbon dioxide must be 

extricated from the water, a situation where carbon dioxide is available in much lower 
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focuses and diffuses significantly more gradually than noticeable all around. Therefore, 

submersed plants are considerably less beneficial than new and skimming plants and The 

essential elements restricting their development are the accessibility of light and carbon 

dioxide. Some profoundly beneficial plants have created intends to expand their entrance to 

light and carbon dioxide.  

For instance, species, for example, hydrilla structure thick shelters on the outside of the 

water, which enables them to catch light vitality that is less accessible close to the base of the 

water section. These beneficial (and frequently obtrusive) aquatic plants structure thick 

settlements that meddle with human employments of the littoral regions, increment flooding 

danger and shade out plants – including most local species – that don't shape coverings.  

Lake ecology Trophic state Trophic state depicts the general profitability (measure of plants 

or algae) of a lake, which has suggestions for the natural, compound and physical states of the 

lake. For instance, aquatic animals use plants as a nourishment source, so inefficient lakes 

don't bolster enormous populaces of zooplankton, spineless creatures, fish, winged creatures, 

snakes and different animals. The trophic condition of a lake is legitimately attached to the 

general algal profitability of the lake and extents from extremely ineffective to profoundly 

gainful. Since phytoplankton commonly control lake efficiency, factors that expansion algal 

profitability likewise increment the trophic condition of the lake. Algal biomass in a lake is 

evaluated by estimating the centralization of chlorophyll in the water; henceforth, lake 

chlorophyll fixation is an immediate proportion of lake trophic state. 

1.4 USES AND BENEFITS OF AQUATIC PLANTS 

Ecosystem benefits 

Aquatic plants give numerous ecological benefits and are basic in advancing the decent 

variety and capacity of aquatic frameworks. Aquatic environments, both freshwater and 

marine, are the absolute most profitable territories around the world (Table 2.1). 

Table 1.1 – Annual net primary productivity of aquatic habitats compared to other 

ecosystems. Data reprinted from Wetzel 
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Ecosystem 

Approximate organic (dry) 

production (tonnes ha-1 yr-1)a 

 

Range 

(tonnes ha-1 

yr-1) 

Marine phytoplankton 2 1 - 4.5 

Lake phytoplankton 2 1 - 9 

Freshwater submersed macrophytes   

Temperate 6 5 - 10 

Tropical 17 12 - 20 

Marine submersed macrophytes   

Temperate 29 25 - 35 

Tropical 35 30 - 60 

Marine emergent macrophytes (salt 

marsh) 

30 25 - 85 

Freshwater emergent macrophytes   

Temperate 38 30 - 70 

Tropical 75 60 - 90 

Arid desert 1 0 - 2 

Temperate forest   
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Deciduous 12 9 - 15 

Coniferous 28 21 - 35 

Temperate herbs 20 15 - 25 

Temperate annuals 22 19 - 25 

Tropical annuals 30 24 - 36 

Rain forest 50 40 - 60 

at =tonnes. Values X 100 = g m-2 yr-1 and X 50 = g C m-2 yr-1 

A significant part of the essential generation in aquatic frameworks happens in neritic 

(marine) or littoral (freshwater) regions as an element of both macrophytes and green 

growth (Figure 2.1). 

 

Figure 1.3 A diagrammatic representation of a freshwater littoral zone, Minnesota 

Department of Natural Resources. 

These beneficial are naturally shallow, have generally stable water science, and enough light 

arrives at base substrates to help the development of aquatic life forms. For most submersed 

freshwater plant species, development can happen at water profundities where roughly 21 

percent of light arrives at base substrates. As a result of the more noteworthy accessibility of 

light and hotter water temperatures, phytoplankton, zooplankton, and other aquatic creatures 
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flourish in these zones; and concerning marine living spaces, bolster a portion of the world's 

best fisheries. 

 

Figure 1.4 – A diagrammatic representation of marinezonation. Diagram developed 

by Bethany Stroud, High Performance Computing Collabratorium, Mississippi 

State University. 

 

Inside aquatic biological systems, green growth structure the base of aquatic natural 

ways of life. As essential makers, green growth are answerable for delivering in excess 

of 70 percent of the world's oxygen. Green growth can have various development frames 

and can exist as either single cells or complex multi-cell structures, for example, 

filamentous, sheets, or barrel shaped structures. When all is said in done, little, single-

celled green growth are regularly called phytoplankton, while bigger multicellular 

species are Portrayed as macrophysics, if growing in freshwater or kelp (full scale green 

growth) if growing in marine situations.  

Marine living spaces – Macro-green growth serve numerous capacities inside the marine 

condition including filling in as the base of the natural pecking order for the two people 

and creatures. Significant green growth genera incorporate Laminaria, Macrocytosis, 

Nereocystis, Palmaria, Ulva, Undaria, Fucus, Porphyra, and Saccharina. Full scale green 
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growth beds are significant shelters for little zooplankton and different creatures, and fill 

in as an immediate nourishment hotspot for various bigger creatures including marine 

amphipods. Moreover, as full scale green growth becomes ousted they structure 

enormous skimming wracks that keep on serving ecological capacities. These huge 

wracks are significant wellsprings of reused supplements in close to shore ocean grassy 

knolls and reefs, and the garbage delivered because of these wracks frames the premise 

of the natural way of life. 

 

Figure 1.4 – A simplified representation of an aquatic  food pyramid. Adapted 

from Madsen (2009). 

In India, surf zone gathering of supplements within the sight of disconnected vegetation was 

high (NO3 2.0-8.0 µmol L-1; PO 4 1.0-7.0 µmol L-1) contrasted with seaside regions were 

no plants were available (NO3 0.9-2.0 µmol L-1; PO 4 0.2-0.3 µmol L-1). Disintegration of 

green growth in these beach front zones is likely an essential wellspring of supplements for 

sub tidal networks. Surf-zone and sea shore cast green growth wracks are likewise 

wellsprings of particulate carbon that supports the close to shore detrital-based nourishment 

networks, which incorporate suspension feeders, close to shore fishes, and sea shore waders . 

In California (United States), dark and reddish turnstone populaces increment with expanding 

measures of kelp wrack that wash aground on sea shores. Winged creature species feed on 

wrack-occupying life forms, for example, shellfish, mollusks, creepy crawlies, and 

polychaetes that additionally use green growth wracks.  
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Freshwater natural surroundings – The significance of plants in the littoral zone are 

extensive as they add to the structure, capacity, and decent variety of aquatic biological 

systems, help in supplement cycling, produce nourishment for aquatic living beings, and give 

living space to spineless creatures and fish. Aquatic plants help grapple delicate dregs, settle 

underwater inclines, evacuate suspended particles, and expel supplements from overlying 

waters. The absence of submersed plants brings about successive resuspension of base 

residue and low light conditions the two of which contrarily influences the development of 

submersed plants. In accordance with this, the spatial conveyances of submersed plants 

regularly are controlled by the accessibility of light, which is impacted to a huge degree by 

suspended materials.  

In most freshwater frameworks aquatic plants are significant parts of nourishment web 

elements. By and large, some green growth are available, both as phytoplankton and 

epiphytic, however a great part of the nourishment is gotten from plants. Most of aquatic 

plants are expended simply after they have kicked the bucket and somewhat deteriorated into 

waste. Debris is eaten essentially by aquatic creepy crawlies, spineless creatures and bigger 

shellfish. These detritivores, which live on or close to the lake base, are thusly devoured by 

the predominant littoral rummage fish, for example, bluegill sunfish. Finally, scavenge fish 

are devoured by the top predator, for example, largemouth bass.  

Fish, both adolescent and grown-up fish of numerous species, depend on aquatic plants 

sooner or later during their lives and regularly move to various territories dependent on their 

development organize. A few of these fish species incline toward territories with aquatic 

vegetation; more than 120 distinct species, speaking to 19 fish families, have been gathered in 

aquatic plant beds. As a rule, destinations with vegetation have higher quantities of fish 

contrasted with non-vegetated regions. Youthful fish utilize the spread gave by aquatic 

vegetation to escape predators and their eating regimens might be subject to green growth and 

the smaller scale fauna (for example zooplankton, bugs and hatchlings) that live on aquatic 

plants. Generally speaking, settling, development and scrounging accomplishment of a few 

fish animal groups are affected by plant arrangement and thickness.  

Aquatic natural surroundings are likewise vital in giving favored nourishment and vital 

territory for bolstering, settling, and moving waterfowl. Jumping types of waterfowl require 

rising aquatic plants for settling living space. Canvasbacks (Aythya valisineria) and redheads 
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(Aythya Yankee folklore) home only over the water in explicit kinds of vegetation. Hardstem 

bulrush (Scirpus acutus), cattails (Typha spp.), pod reed (Sparganium spp.) and sedges that 

reach out up to 1 m over the water surface are the favored environment for settling. These 

plant species for the most part have progressively succulent and adaptable stems that 

waterfowl can control for home development. Waterfowl likewise expend a wide assortment 

of vegetation of which submersed plants contain a huge portion of the all out nourishment 

things devoured.  

Submersed plant networks are an immediate wellspring of waterfowl nourishment and in a 

roundabout way fills in as a situation for aquatic large scale spineless creatures, which are 

additionally significant wellsprings of protein for moving and rearing waterfowl. For 

instance, curly leaf pondweed (Potamogeton crispus) all things considered yields 140 kg/ha 

of seed per growing season, or enough to continue 2 470 Mallards (Anas platyrhynchos) per 

hectare every day. Besides, as a gathering the pondweeds (Potamogeton and Stuckenia spp.) 

are the most significant aquatic plants seeing waterfowl as they positioned first, by volume, 

as nourishment devoured by 18 types of waterfowl.  

Of the pondweeds, sago pondweed Stuckenia pectinata is said to be one of the most looked 

for after nourishment plants by waterfowl. Sago pondweed is likely the most significant 

single waterfowl nourishment plant on the landmass and is liable for about half, or more, of 

the all out nourishment rate credited to the sort Potamogeton (Stuckenia). As a nourishment 

thing, sago pondweed can shape a huge segment of food sources found in gizzards of fall 

arranging populaces, pre-shedding winged creatures, flightless shedding ducks, and 

ducklings. Waterfowl keep on being a significant nourishment hotspot for people around the 

world, to a great extent due to accessible environment. 

1.4.1 Use of aquatic plants as food 

Marine plants – One of the essential and most established employments of marine large 

scale green growth has been for human utilization. Types of green growth are devoured by 

individuals all through the world, with Eastern Asian nations expending more than some 

other nation around the world. In Asia, large scale green growth have filled in as a vegetable 

since old occasions. In Japan, individuals devour by and large 1.4 kg of full scale green 

growth per individual consistently. France has as of late approved the utilization of 12 large 
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scale green growth for human utilization including six darker green growth, 5 red green 

growth, 2 green growth, and 2 microalgae. One of the most prominent of the green growth 

utilizes is dried Porphyra, regularly called Nori, Zicai, and Gim in Japan, China, and Korea 

individually, which is utilized broadly all through the world to make sushi. Porphyra has been 

gathered since the year 530, has been developed since 1640, and today frames a US$1 billion 

industry in Asia.  

Large scale green growth are a decent wellspring of dietary fiber (25-75 percent dry weight), 

of which water-dissolvable fiber comprises 50-85 percent. Fucus vesiculosus is enlisted by 

the European pharmaceutical industry as a characteristic wellspring of iodine to treat thyroid 

conditions. Laminaria spp. contain 1 500 – 8 000 ppmw of iodine with Fucus spp. containing 

500-1000 ppm of iodine. Full scale green growth are a vegetable wellspring of calcium with 

calcium substance of certain species being as high as 7 percent dry weight. Besides, green 

growth are a decent wellspring of nutrient B12, nutrient C, nutrient E. For instance, the day 

by day ingestion of 1 gram of Spirulina spp. would meet the day by day prerequisites for 

nutrient B12.  

Other than dietary benefits, large scale green growth are utilized for their anti-microbial, 

antiviral, antifouling, calming, cytotoxic, and antimitotic exercises; some of which have been 

sought after in pharmaceutical ventures. In the Mediterranean, separates from a few algal 

animal varieties are being utilized for antibacterial and antifungal employments. Developing 

examination has distinguished the potential utilization of kelp inferred polysaccharides for 

use as prebiotics and other human and creature wellbeing applications; however to date there 

have been no investigations concerning prebiotics led on people. Concentrates from the red 

green growth Corallina prolong have been recognized as being significant for 

immunodiagnostic treatment and makeup. Concerning makeup, fucoidans (fluid concentrates 

from marine green growth) are recorded and accessible for use in corrective items. Fucoidan 

extricates from Laminaria japonica, Ascophyllum nodosum, Undaria pinnatifida, and 

Durivillea Antarctica fill in as skin defenders; removes from Fucus vesiculosus fill in as skin 

smoothers, smoothing emollient and skin conditioners; and concentrates from Macroystis 

pyrifera fill in as consistency controlling specialists.  

The essential business employments of full scale green growth keep on being the creation of 

the three hydrocolloids: agar, alginates, and carrageenans the creators revealed that the 
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prepared nourishment industry is the essential market for kelp hydrocolloids where they fill 

in as finishing specialists and stabilizers. Agar is likewise utilized broadly in microbiological 

and electrophoresis applications. Alginates are utilized in material, printing, paper covering, 

other industrial applications, and use in rebuilt meat items for people and creatures. 

Carrageenan is utilized in close to home consideration things, for example, toothpaste, and 

has begun to be utilized in beauty care products and pharmaceuticals.  

Freshwater plants – Similar to marine plants, freshwater plants have been utilized by 

individuals worldwide for quite a long time. Significant plant species incorporate green 

growth, wild rice (Zizania spp.), water caltrop (Trapa natans), Chinese water chestnut 

(Eleocharis dulcis), Indian lotus (Nelumbo nucifera), water spinach (Ipomoea aquatica), 

watercress (Rorippa nasturtium-aquaticum), water mimosa (Neptunia oleracea), wild taro 

(Colocasia esculenta), and cattails (Typha spp.). Plants specie has been gathered as wild 

stock, or developed in overflowed paddies for nourishment, aquaculture and domesticated 

animals grain. All pieces of plants (stems, roots, rhizomes, tubers, seeds, and so on.) have 

been utilized for nourishment, medication, mulch, manure, and building materials. A few 

animal types, for example, Indian lotus, likewise have strict criticalness.  

Blue green growth has truly been utilized as nourishment. Spirulina spp. is a blue green-green 

growth that is 60-70 percent protein and plentiful in nutrients, for example, B12. In Africa, S. 

platensis is reaped from Lake Chad, dried, and cut into squares, which is cooked and eaten as 

a vegetable. Nostochopsis spp. another blue green-green growth, is eaten in India as a fixing 

in fish soup or overflowed with syrup and eaten as a treat. Spirogyra spp. a green alga is eaten 

as a new vegetable or utilized in soups in northern India. A few types of green growth, for 

example, Dunaliella salina, have high convergences of carotenoids, and extraction of β-

carotene is being directed on an enormous scale. Overall generation rates for green growth 

are around 7 000 tons year, with the lion's share being included Spirulina, Chlorella, and 

Dunaliella spp. The prevail utilizes (75 percent of generation) for Spirulina and Chlorella 

have been in the wellbeing nourishment showcase as powders, cases, tablets, or pastilles.  

Despite the fact that there are various benefits in utilizing green growth determined 

aggravates, a few gatherings, for example, cyanobacteria can be unsafe to people and 

untamed life. Cyanobacteria are known for delivering hepatotoxins or neurotoxins that cause 

genuine human medical problems when blossoms happen in lakes, waterways, or drinking 
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water repositories. In spite of the fact that some bioactive mixes delivered by cyanobacteria 

are being screened for potential therapeutic properties.  

Water nursery and aquarium ventures – Water planting and aquaria keeping has gotten 

extremely well known in a few nations over the previous decade, and is one of the quickest 

developing sections of nursery specialists. It is evaluated that more than 400 types of aquatic 

plants have been exchanged India alone in the course of recent years. Around 16 million 

American family units have a water garden; which requires the importation and acquisition of 

billions of aquatic plants. In Europe, the best ten nations that imported aquatic plants in 2018 

and 2019 were the In complete, it was assessed that these 10 nations imported over 6.5 

million aquatic plants for decorative use, of which the Netherlands contained 73 percent of 

the aggregate. Plants were imported basically for aquarium use. The most imported species (1 

878 098) was the submersed plant Egeria densa. Other mainstream elaborate species 

remembered (arranged by extent) Cabomba caroliniana, Hygrophila polysperma, Vallisneria 

spiralis, Echinodorus bleheri, Vallisneria History of the U.S, Najas marina, and Hygrophila 

difformis.  

Plant species for which a starting point could be resolved, just 7 percent of plants began in 

Europe; showing a solid inclination for non-local plants. Actually, it was evaluated that 

Singapore sent out 1 550 800 aquatic plants in a given year followed by Indonesia, India, 

Guinea, Morocco, Madagascar and Israel; featuring the way that numerous aquatic plants 

used for decorative reasons for existing are not local in the nation where it is planted. The 

water nursery and aquarium ventures have become significant pathways for the presentation 

of dangerous plants, plant irritations and creatures all around. For instance, Caulerpa taxifolia 

is a marine full scale alga that is broadly accessible through the aquarium exchange and was 

inadvertently brought into the Mediterranean in 1984.  

Maki and Galatowitsch detailed that 93 percent of 40 aquatic plant orders from business 

sources contained different plants, creatures, parasites, or green growth as contaminants. The 

offer of fancy water lilies (Nymphae spp.) is a significant pathway for the spread of hydrilla, 

as hydrilla tubers are frequently contaminants in the silt where waterlilies are collected. It is 

assessed that more than 206 types of aquatic plants have been brought into Europe that are 

not known to be from the area (Brunel, 2009), further showing the volume of plant material 

being moved comprehensively.  
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Biomass feedstock and biofuel age – The photosynthetic productivity of aquatic plant 

biomass is a lot higher than the normal photosynthetic effectiveness of earthbound biomass. 

The asset potential for large scale green growth as a vitality source is considered to surpass 

earthbound biomass by around triple. Throughout the most recent decade a lot of research has 

been coordinated towards the improvement of biofuels. In spite of the fact that biofuels have 

picked up consideration, and their benefits all around recorded, earthly applications are 

constrained to little scale generation and use in view of an extreme requirement for land to 

develop crops. As of late, consideration has been centered around the utilization of full scale 

green growth to deliver biodiesel because of their high oil yield inferred that the framework 

utilized in their examination to process sunflower oil had a higher natural productivity, 

concerning the large scale green growth framework, as a result of higher contributions of 

non-inexhaustible assets to create green growth determined oil. The creators likewise inferred 

that large scale green growth oil extraction would not be productive based on the genuine oil 

yield extraction. Be that as it may, considered large scale green growth biodiesel stocks to be 

a conceivably alluring speculation. The creators presumed that biodiesel generation from oil 

removed from green growth was achievable. 

After reviewing several methods to convert algae biomass to liquid fuel, concluded that even 

at the low end of estimated seaweed production costs, improvements in processing 

throughout the supply chain would be needed to make fuel production viable. In the United 

States, questions still remain of where and how macro-algae based fuels can be produced, and 

the economic feasibility of production and conversion of biomass to liquid fuel. The use of 

algae to produce biofuels has shown promise, though there still appears to be logistical and 

economical obstacles to its widespread adoption. 

Although research has demonstrated that biofuels can be produced using oil extracted from 

macro-algae, the feasibility of cultivating the necessary volumes of algae at the scale required 

for biofuel markets is unknown. Recent work has utilized freshwater algae species for biofuel 

generation and there was interest in using freshwater plants, such as water hyacinth and giant 

salvinia, as a source of biomass to generate biofuels. However, weed management scientists 

caution the use of such species based on their potential to impact the environment and 

ecology. 
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1.4.2 Other uses of aquatic plants 

Aquatic plants, both marine and freshwater, are utilized widely worldwide as animal’s 

grain, manure, fertilizer, mulch and bioremediation. These utilizations have gotten 

impressive consideration preceding this report and along these lines minimal extra data 

will be introduced here. In an audit by on the usage of aquatic plants, it was accounted 

for that numerous aquatic plants contain to such an extent or increasingly unrefined 

protein, rough fat and mineral issue the same number of regular search crops on a dry 

weight premise. In spite of the fact that, fiber esteems were typically lower in aquatic 

plants than for rummages. Aquatic plants would in general have expanded tannin 

content, which may diminish the absorbability of protein. It was inferred that utilizing 

aquatic plants as feed would help pay for gathering, which is the most ideal approach to 

expel supplements from lakes experiencing counterfeit advancement. Collecting ought to 

be done when protein substance of the plants is most noteworthy for their greatest value 

as grub.  

Further, offer a worldwide audit of the employments of aquatic plants as feed in 

aquaculture creation. The creators reasoned that under current conditions green growth 

may not be a suitable decision as a feed for aquaculture generation, however a money 

saving advantage examination would be required before making any distinct 

determinations for its utilization as fish feed. In accordance with this, the creators 

recommended that the utilization of green growth as an added substance to angle feed 

might be restricted to the business generation of high-esteem fish.  

Azolla spp. indicated guarantee as fish feed, anyway extra research is required in its 

utilization designs, blends, and the suitable framework for use. Duckweed species 

(Lemna, Wolffia, Spirodela, and Landoltia) was found to give a total feed bundle to 

carp/tilapia polyculture, however the all year accessibility of duckweed in certain nations 

might be risky for across the board selection. For extra data on. The utilization of water 

hyacinth (Eichhornia crassipes) didn't show guarantee except if plants were treated the 

soil or aged and included as one fixing in fish feed for little scale aquaculture.  

The utilization of submersed plants would rely to a great extent upon the types of fish in 

culture and the natural conditions in various pieces of the world. Grass carp 
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(Ctenopharyngodon idella), for instance, incline toward delicate submersed vegetation. 

In controlled bolstering grass carp favored aquatic plants in the accompanying request: 

American pondweed (Potamogeton nodusus) > dioecious (Hydrilla verticillata) > 

(Elodea nuttallii) > (Egeria densa) > curlyleaf pondweed (Potamogeton crispus) > 

waterprimrose (Ludwigia peploides) > sago pondweed (Stuckenia pectinata) > (Chara 

flexilis) > spike surge (Elocharis acicularis) > parrotfeather (Myriophyllum aquaticum) > 

Eurasian watermilfoil (Myriophyllum spicatum) > water hyacinth (Eichhornia crassipes) 

> and coontail (Ceratophyllum demersum). Coontail was removed yet never eaten by 

grass carp. 

Economic benefits of aquatic plants 

The interest for aquatic plants, principally marine large scale green growth has expanded 

exponentially in the course of recent decades. Worldwide harvests of aquatic plants in 2009 

were about 17 million tones with marine green growth containing > 85 percent of this 

aggregate (Figure 2.4). 

 

Figure 1.5 – The global harvest of marine and freshwater aquatic plants from 1950 to 

2009. D  

Kelp has generally been the class of marine green growth collected in the best volume 

with top harvests happening from 2004 to 2009 at > 6 million tons (Figure 2.5). Anyway 

in 2009, the collect of red green growth outperformed kelp by roughly 2 million tons 
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(Figure 2.5). 

 

Figure 1.6 – The global harvest of marine and freshwater aquatic plants by taxa group 

from 1950 to 2009.. 

 

Nations contributing most of wild collected full scale green growth incorporate China, 

Chile, Norway, Japan, and Russia (FAO, 2010).  

The reap of freshwater plants has been moderately negligible going from no revealed 

gather from 1950 to 1966, to a collect of more than 2 million tones for each year in the 

most recent decade (Figure 2.4 and 2.5). The sharp increment in marine aquatic plant 

collects most likely is the aftereffect of expanded interest from the nourishment, 

pharmaceutical, and biomass feedstock; while the expansion in freshwater plant harvests 

is perhaps determined by expanded notoriety of water cultivating and aquarium 

plantings. A large number of the most famous water garden species are imported from 

tropical and subtropical locales. Since 1990, the worldwide estimation of aquatic plants 

has been between US $4 8 billion, with a top in 2019 at > US$7 billion (Figure 2.6). 
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Figure 1.7 – The global value of marine and freshwater aquatic plants from 1984 to 

2009.  

Like reap insights, marine large scale green growth are having the best impact in the 

estimation of aquatic plants around the world. From a worldwide point of view, 

freshwater aquatic plants contain a limited quantity of the absolute worth; anyway in the 

United States, water cultivating is a > US$1 billion industry as controlled by retail deals. 

Deals volumes of aquatic plants in Europe were around 7 million plants in 2018 and 

2019, with more than 2 million plants being sold by one Danish organization and an 

extra 2.1 million plants originating from the Near East and Asia. With the expanding 

globalization of trade because of the web and improved delivering techniques, a growing 

number of offers are made with species moved more noteworthy separations at expanded 

rates.  

Not at all like collect measurements, have where kelp and red ocean growth contained 

the best volume, Caulerpa kelp generally been a higher-esteem plant animal categories 

(Figure 2.7). The estimation of Caulerpa ocean growth stayed somewhere in the range of 
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US$2 and 3 billion from the mid 1990s until 2019 when a sharp decay was watched 

(Figure 2.7). 

 

Figure 1.8 – The global value of marine and freshwater aquatic plants by taxa group 

from 1984 to 2009.  

The high-estimation of Caulerpa ocean growth is a consequence of its prevalence in the 

aquarium business. The decrease in an incentive after 2019 is likely ascribed to Caulerpa 

taxifolia being set on the rundown of 100 of the World's Worst Invasive Alien Species 

distributed by the Invasive Species Specialist Group (ISSG). Offers of Caulerpa assortments 

have likely been restricted in various nations and therefore the worldwide worth has 

diminished.  

For the most part, in any case, human utilization of large scale green growth (Nori, aonori, 

kombu, wakame, and so on.) remains the essential use with an expected worldwide incentive 

in 2003 of US$5 billion. After human nourishment utilizes, full scale green growth 

hydrocolloids contain the following biggest fragment of the aquatic plant industry. In 2009, 

the hydrocolloid business was assessed at US$1.02 billion with carrageenans containing 
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US$527 million followed by alginates US$318 million, and agar US$173 million (Bixler 

and Porse, 2011). Other significant large scale green growth utilizes incorporate composts 

and conditioners US$5 million; and creature feed US$5 million.  

The benefits of aquatic plants to individuals are expansive with numerous new uses yet to be 

found. As of now, in any case, both marine and freshwater environments are being 

undermined by the presentation of aquatic plant species that become dangerous under 

specific conditions. These plant species are frequently presented from different pieces of the 

world for useful or plant uses, and afterward get away from development to frame common 

populaces. Aquatic living spaces are regularly powerless against colonization by dangerous 

plant species on account of rehashed aggravation that supports the development of these 

species. At the point when hazardous plants colonize a territory, changes in biotic and biotic 

connections frequently happen. The development of issue species regularly brings about 

decreases in progressively alluring plant species, diminished fish generation, and expanded 

dregs resuspension, turbidity and algal creation; the last further fuels submersed plant 

misfortune in freshwater frameworks. 

1.5 UNDERSTANDING THE LAKE ECOSYSTEM  

The lakes in Massachusetts were made in two head ways. Numerous lakes came about 

because of icy action around 12,000 years prior. Others were made by damming streams or 

by improving a little lake by damming its surge. Most damming happened during the early 

modern age of the nation when water control was a basic asset. Through natural procedures, 

most lakes become shallower and increasingly eutrophic (supplement rich) and in the long 

run fill in with dregs until they become wet knolls. The maturing procedure isn't 

indistinguishable for all lakes, nonetheless, and not all begin in a similar condition. Numerous 

lakes that were shaped by the icy masses never again exist while others have changed little in 

12,000 years. However lake maturing is reversible. The pace of maturing is dictated by 

numerous components including the profundity of the lake, the supplement wealth of the 

encompassing watershed, the size of the watershed comparative with the size of the lake, 

disintegration rates, and human instigated contributions of supplements and different 

contaminants. Existing lakes can be subdivided into four classifications.  
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Supplement poor lakes are named oligotrophic, supplement rich lakes are eutrophic, and 

those in the middle of are mesotrophic. A fourth class incorporates lakes following an 

alternate way; these commonly bring about peat marshes and are named dystrophic lakes. 

They are regularly emphatically tea shaded. Lakes in a single piece of the Commonwealth 

may share numerous attributes (profundity, hydrology, ripeness of encompassing soils) that 

cause them to be commonly progressively supplement rich while another locale may for the 

most part have supplement poor lakes. Lakes that are made by damming streams frequently 

pursue an alternate course of maturing than natural lakes.  

From the outset, they might be eutrophic as supplements in the past stream's floodplain are 

discharged to the water segment. Over a time of decades, that wellspring of profitability will 

in general decrease until the impoundment takes on conditions represented more by the whole 

watershed, similarly with respect to natural lakes. Impoundments in Massachusetts are 

ordinarily shallower than natural lakes, have bigger watersheds (comparative with lake 

region), and the prior supplement rich base silt may give supplements to plenteous aquatic 

plant development from the get-go in the life of the lake. The Quabbin Reservoir is a fairly 

huge special case to this portrayal, and there are others. Be that as it may, most 

impoundments in Massachusetts are littler, shallower frameworks with high watershed to lake 

region proportions. Human movement can quicken the procedure of lake maturing or, on 

account of presented species or substances, power an unnatural reaction.  

Instances of unnatural reaction incorporate the disposal of most aquatic species because of 

corrosive statement, poisonous algal blossoms coming about because of over the top 

supplement advancement, or the improvement of a thick monoculture of a non-local aquatic 

plant and end of local aquatic plants. Notwithstanding, it is unreasonable to accept that 

overseeing social effects on lakes can change over them all into oligotrophic bowls of clear 

water, and this would not be a suitable objective for some lakes. Understanding the reasons 

for singular lake attributes (i.e., understanding the lake environment) is a crucial piece of 

deciding proper administration procedures. A biological system is an arrangement of 

interrelated creatures living in a characterized physical-substance condition (Hutchinson, 

2011). A biological system may be the whole earth or a drop of water. We need an 

operational unit that can be sensibly examined and will help clarify all or a large portion of 

the qualities of the lake.  
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The lake is basically reliant on the water in the hydrologic cycle, and the most valuable 

meaning of the lake biological system is the lake and its watershed in light of the fact that the 

watershed characterizes the earthly wellsprings of the lake's water (Figure 1-1). Most effects 

on lakes can be identified with qualities of the watershed, albeit corrosive downpour has 

indicated that not all things impact lakes happens inside the watershed. Lakes have a trap of 

cooperations between many natural species, synthetic mixes, hydrological procedures and 

human activities, all in consistent change. A pull on any piece of the web swells all through 

the remainder of the biological system. Ecology is the logical investigation of these 

interrelationships (Ricklefs, 201

5).  

 

Figure 1.9 the hydrologic cycle (From Olem and Flock, 2011). 

1.5.2 Hydraulic Residence  

The blend of gravity and the incredible dissolvable attributes of water imply that water falling 

on the scene streams downhill and conveys both broke down and particulate material with it. 

Lakes are impermanent obstructions to proceeded with downhill stream. The amount of 

materials conveyed by lake tributaries and the length of water home in the lake are key 

factors in deciding a lake's attributes. The normal time required to totally restore a lake's 

water volume (lake volume isolated by surge rate) is known as the pressure driven living 
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arrangement time. Pressure driven home time is an element of the volume of water entering 

or leaving the lake comparative with the volume of the lake (i.e., the water spending plan).  

The bigger the lake volume is, and the littler the sources of info or yields, the more drawn out 

will be the living arrangement time. Lake living arrangement time may differ from a couple 

of hours or days to numerous years. Lake Superior, for instance, makes some living 

arrangement memories of 184 years (Horne and Goldman, 2011). Be that as it may, 

Massachusetts lakes regularly have living arrangement times of days to months. Our biggest 

lake, Quabbin Reservoir, makes some living arrangement memories of around three years 

(Friends of Quabbin, undated). Plant Pond in West Newbury, MA with a territory of 16 

sections of land and mean profundity of 4.1 feet makes some habitation memories of 14 days 

(IEP, 1988b), while Lake Massasoit (otherwise known as Watershops Pond, an impoundment 

of the Mill River) in Springfield has a normal living arrangement time of about seven days 

(BEC, 2016). Short habitation times will imply that algae can't develop sufficiently quick to 

exploit supplements before the algae and supplements are cleaned out of the lake. Long home 

occasions imply that algae can use the supplements and that they will most likely settle to the 

lake base instead of be cleaned out. Those supplements may become accessible again to the 

established plants or might be moved by biotic and abiotic inward reusing systems once more 

into the water segment for extra algal development.  

Water may stream into a lake straightforwardly as precipitation, from streams and from 

groundwater. Water may leave a lake as vanishing, by means of an outlet, or as groundwater. 

Lakes that have no deltas or outlets are called leakage lakes while lakes with outlets are 

called waste lakes. Leakage lakes are essentially a gap in the ground presented to the 

groundwater. Precipitation and vanishing may likewise be persuasive in such lakes, and will 

expand the convergence of minerals somewhat. Hardly any particulates will be brought into 

the lake or leave it. Waste lakes, then again, may get huge amounts of particulates and broke 

up material from bay streams. Since lakes moderate the progression of water, numerous 

particulates will be stored on the lake base. Precipitation, vanishing, and groundwater stream 

may have some impact, however waste lakes are ordinarily ruled by storm water streams.  

1.6 WATER CONTAMINATION  
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Every living thing on earth depends upon water for their quality in the natural framework. As 

showed by, water is the second most critical part required by human for perseverance after 

the air we unwind. The idea of water globally has been impacted unfavorably because of the 

plenitude of the people, human activities, fast industrialization, and awkward utilization of 

natural water resources and off the cuff urbanization. Notwithstanding the way that, the 

United Nations sees the openness of good drinking water for individuals as a human right, 

amazing amounts of people by and large are so far suffering with the nonattendance of new 

and clean drinking water. Starting at now 7.7 billion people are in the domain of which in 

excess of 900 million people don't have gotten to redesigned drinking water. A value which 

present an enormity decrease from around 2.6 billion social orders in 2011 and about 600 

billion people expected in 2015 if the United Nations' Millennium Development Goal was 

cultivated moving toward improved drinking water . Additionally, World Water Council 

assessed that around 3.9 billion people by 2030 will be living in water alert domains. In 

Nigeria, autonomous of the total replenish able water resource assessed at 319 billion cubic 

meters, simply 58% and 39% of the inhabitants in urban and provincial domains approach 

consumable water supply exclusively .  

While there is an extension in urbanization, industrialization and masses impact, the 

enthusiasm for water assets is developing step by step and thusly inciting authentic 

contamination of surface and ground water. The fundamental wellsprings of water defilement 

are sewage and other waste, mechanical effluents, plant discharges and present day wastes 

from creation endeavours, fossils fuel plants and nuclear power plants. Surface water sullying 

can be assembled into marine tainting and supplement pollution.  

The later suggests sullying by preposterous commitments of enhancements, which is 

essentially at risk for eutrophication of surface waters. It is pivotal that 70–80% of all issues 

in making countries are identified with water defilement, especially for kids. The toxic 

pollutants released in wastewaters can be frightful to aquatic living creatures which also 

cause the standard waters to be unfit as consumable water sources . An extensive number of 

harmful substances, for example, toxic metals, pharmaceuticals, pesticides, dyes, surfactants, 

and others have tainted the water resources and are organically dangerous to individuals and 

animals. It has been recommended that water tainting is the fundamental by and large 

purpose behind death and diseases, speaking to the passings of 1.8 million people in 2015. 

Water defilement is a noteworthy overall issue, as such requiring ceaseless appraisal and 
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correction of water resource approach at all levels (all inclusive down to particular springs 

and wells). 

1.7 HEAVY METALS 

Heavy metals are alluded to as those metals which have a particular thickness of in excess of 

5 g/cm3 and unfavourably influence the earth and living beings . For the most part, metals are 

of high electrical conductivity, pliability, and gloss, which intentionally lose their electrons to 

frame actions. Heavy metals are pervasive in nature and found naturally in the world's outside 

layer. Heavy metal organizations change among various territories, bringing about spatial 

varieties of encompassing fixations. The metal conveyance in the air is checked by the 

properties of the given metal and by different environmental variables .  

Water (surface and ground) contamination by heavy metals is a worldwide issue. Many 

surface and ground water in numerous nations (if not the entirety) of the world have been 

influenced by heavy metal contamination, yet the seriousness of contamination fluctuate 

colossally and controlled primarily by neighbourhood exercises. Numerous zones in Europe 

have been accounted for to be enormously influenced by heavy metals while in the USA, 

government insights uncovered that in excess of 19000 km of US streams and waterways 

have been sullied by heavy metals from coal mineshaft and corrosive mine waste . In Asia, a 

few nations, for example, India, Pakistan and Bangladesh are encountering serious 

contamination of surface water because of untreated effluents being poured in surface 

depletes by little modern units and from the utilization of crude sewage in creating vegetables 

close to enormous urban communities, which finishes in surface water by spillover and 

groundwater by draining procedures . By and large, heavy metals recognized in the dirtied 

streams in Asia incorporate As, Cu, Cd, Pb, Cr, Ni, Hg and Zn.  

In various pieces of Africa including North, East, South and West Africa, there are provides 

details regarding heavy metal (quite Pb, Cd, Hg, Cu, Co, Zn, Cr, Ni, Mn, Fe, As and V) 

focuses in surface water surpassing prescribed limits,thereby dirtying the surface waters in 

the district. In Nigeria alone out of inland freshwater framework evaluated to be about 

283,293.47 hectares, just about 84,988.041 is as yet helpful because of contamination . Oil 

extraction, corrosion of oil pipelines, releases from oil businesses and regular demonstrations 

of treachery to oil offices are the significant reasons for contamination in West Africa . In 
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Northern Africa, the commitment of farming exercises (utilization of phosphate fertilizers 

and pesticides), East Africa incorporate unpredictable dumping of waste while in Southern 

Africa, mining exercises are the significant wellsprings of environmental contamination.  

Various examinations show that ceaseless convergence of metal contaminants in the earth can 

be arranged into two wide sources, in particular natural stone enduring or geogenic sources 

and anthropogenic sources . Anthropogenic sources are the more typical sources significantly 

from emanation or gushing from the utilization of items containing heavy metals or fit for 

retaining metals.  

The synopsis of wellsprings of different heavy metals is recorded in Table 1 while the 

utilization related emanations are introduced in Table 2. The nearness of any metal may 

fluctuate from site to site, contingent on the wellspring of individual contamination just as the 

force of anthropogenic exercises. For the most part, urban waterbodies have higher 

centralizations of heavy metals contrasted with less urbanized territories. Nonetheless, in 

Europe the discharge of certain metals is diminishing maybe because of increment being used 

of clean(er) advancements, enhancements in outflow controls and eliminating of leaded 

petroleum, following the 2012 Heavy Metals Protocol authorized by 29 December 2013. The 

pattern of emanation of chose heavy metals between the years 2011 to 2016 is introduced in 

Figure 1. The outflows of Cd, Hg and Pb have declined by roughly 35 %, 30 % and 10 % 

individually since 2011 . Besides, other need heavy metals emanations, for example, As, Cu, 

Ni and Zn are at the same time decreased by 57%, 53%, 65% and 29%, individually . 

 

Figure 1.10 Trends in emissions of heavy metals from 2011 to 2016 
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1.7.1 Effects of heavy metals pollution of water 

Numerous past examinations have broadly surveyed the antagonistic impacts of heavy metals 

to human and environmental framework. Expanded degrees of heavy metal contaminants in 

water influence contrarily the biological capacity of water. Capacities including reusing and 

essential creation of supplements. Likewise influenced is the soundness of natural life and 

people through bioaccumulation in the evolved way of life with the enduring effect of metal 

resilience improvement among specific creatures. Besides, destructive biological effects of 

metals may incorporate data interruption, that effect intra and interspecies connection among 

freshwater living beings and organisms. Nonetheless, the impacts of heavy metal 

contamination in water will be examined under the accompanying; plants, aquatic animals 

and people. The lethality of heavy metals to aquatic plant, animal and human is relied upon 

the dissolvability and bioavailability of the metals, life form resilience, pH, and nearness of 

different particles that meddle with bioavailability, among different issues that may meddle 

with the after-effect of contact with the component.  

1.7.2 Plant  

Aquatic plants require certain heavy metals for their development and upkeep; extreme 

measures of these metals can get dangerous to plants. The capacity of plants to aggregate 

basic metals similarly empowers them to obtain other superfluous metals. As metals can't be 

separated, when focuses inside the plant surpass ideal levels,  

They unfavourably influence the plant both straightforwardly and in a roundabout way. High 

convergences of heavy metals in plant may meddle with metabolic capacities, including 

physiological and biochemical procedures, for example, oxidative worry from generation of 

receptive oxygen species (ROS), restraint of photosynthesis, and breath and degeneration of 

primary cell organelles, in any event, prompting passing of plants . Other explicit reaction of 

plants to contact with heavy metals relies upon the fixation and introduction to them, 

displaying some phytotoxicity characteristics as decreased development (particularly the root 

framework is increasingly influenced), choruses and leaf corruption pursued by hints of 

senescence and abscission, which changes lead to bring down supplement take-up and 

meddle with the biomass gained . 
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Figure 1.11 Visual symptoms of arsenic toxicity in leaves (A) and roots (B) of Pistia 

stratiotes exposed to three AsIII concentrations after four days (reprinted from . 

The impact of heavy metal lethality on the aquatic plants changes as per the specific heavy 

metal engaged with the procedure, multi-metal connection in the water and the plant itself. As 

far as specific heavy metal, introduction of Water hyacinth (Eichhornia crassipes) to 

overabundance arsenic (As) centralization of 6 mg/L more than 8 days lead to the demise of 

the plant while the plant got undesirable following 3 days of presentation. At a similar 

centralization of 6 mg/L and an alternate convergence of 2.5 mg/L, Eichhornia crassipes had 

the option to withstand zinc (II) and cadmium (II) sorption individually in water . Besides, as 

far as plant, Brake greenery (Pteris vita) aggregated As up to grouping of 7500 mg/kg without 

indicating manifestation of poisonous quality while Water hyacinth (Eichhornia crassipes) 

makes due at that focus. By and large, for metals, for example, Pb, Cd, Hg, and As which 

don't assume any advantageous job in plant development, antagonistic impacts have been 

recorded at low groupings of these metals in the development medium. Additionally, impacts 

possibly upgraded or diminished by the blend or nearness of numerous metals in the media. 
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Wiafe saw that the degree of take-up of metals (As, Hg, Cd and Pb) by Typha capensis was 

restrained when either two of the heavy metals existed in the arrangement.  

A few plants check the harms of heavy metals while some at certain fixation increment in 

supplement. For instance, when E. camaldulensis species was presented to 45 μmol/L 

cadmium there was an expansion of carotenoids (identified with the resistance to oxidative 

pressure), and there is additionally an expansion in the thickness of the epidermis and root 

endoderm as indicated by the expanded dosages of the metal and the decline in the thickness 

of the mesophyll and leaf appendage identified with the abatement of the photosynthetic limit 

. The resilience could be because of some phyto mixes, for example, anthocyanins, thiols, and 

cancer prevention agent rummaging catalysts . Besides, at 50 mg/kg of Co, there was an 

expansion in supplement substance of tomato plants and increment in plant development, 

supplement content, biochemical substance, and cancer prevention agent protein exercises 

(catalase) in radish and mung bean . Chen et. al., saw that Ipomonea aquatica (water spinach) 

expanded in root size turning out to be fatter instead of longer when presented to high Cr3+ 

centralization of 10 mg/L in defiled water for 14 days in a hydroponic test.  

A rundown of the harmful impacts of explicit metals on development, natural chemistry, and 

physiology of some aquatic plants. Some aquatic plants tend to recoup inside days after 

introduction to high convergence of heavy metals. For example, Drost et al., saw that after 

high introduction to copper, nickel and cadmium danger, Duckweed recuperated inside days. 

It is protected to state, that where plant endures a significant level of presentation to a 

toxicant or worry, there is a potential for full recuperation.  

1.8 AQUATIC ANIMALS  

One significant biomarker of heavy metal poisonous quality in aquatic condition is fish. Fish 

are of extraordinary monetary significance, yet are influenced massively by different 

synthetic concoctions including heavy metals legitimately from tainted water or in a 

roundabout way in various ways through the natural pecking order. A few reports 

demonstrate high mortality of adolescent fish and decreased reproducing capability of grown-

ups after long haul introduction to heavy metals . The harmfulness may cause basic changes 

in the organs at tiny cell, DNA, constant pressure and organ level prompts modifications of 

the capacity frameworks and inevitable development hindrance . In fish framework, most 
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noteworthy centralization of heavy metals was accounted for to be in the kidney and liver . 

Animals in benthic condition, for example, worms, scavangers and creepy crawlies are 

enormously by tainted residue by heavy metals, influencing their encouraging propensity and 

inevitable passing and diminishing the nourishment accessibility for bigger animals, for 

example, fish.  

1.8.1 Human wellbeing  

In water, metals are available as intricate blends of discrete mineral stages. In any case, 

bioavailability of metals decides the effects on human wellbeing. Bioavailable types of 

metals are resolved through metal speciations or apportioning and effectively assimilated in 

the body and effectively pass on poisonous quality. A few examinations have investigated 

courses of introduction from water which incorporate dermal contact and the most immediate 

presentation pathway including oral ingestion. Unfavorable wellbeing effects to individuals 

are constrained by measures of defiled water ingested, high absorptive pace of metals from 

stomach related tracts and higher hemoglobin-metal fondness. For the most part, evaluation 

of wellbeing danger of conceivably dangerous metals includes the quantitative appraisal of 

the probability of the pernicious effects happening in a given arrangement of conditions.  

1.8.2 Organic pollutants  

Organic pollutants will be pollutants that are organic in nature i.e essentially containing 

carbon covalently reinforced with different mixes. They are known to be dangerous or 

cancer-causing in nature. Their quality in water in enormous amount of organic mixes caused 

impressive and across the board worry since two decades back. Streams, especially those in 

swamp locales, which may go about as receptors for treated sewage effluents, modern 

effluents and urban and provincial run-off , fills in as hotspot for organic contamination 

stacking.  

Organic water pollutants for the most part include: cleansers, sanitization results (found in 

synthetically sterilized drinking water, for example, chloroform), nourishment handling waste 

(which can incorporate oxygen-requesting substances, fats and oil), bug sprays and herbicides 

(a gigantic scope of organohalides and other concoction mixes), oil hydrocarbons (counting 

fills, for example, gas, diesel fuel, fly energizes, and fuel oil) and oils (engine oil), and fuel 

burning side-effects (from storm water overflow) , unstable organic mixes, (for example, 
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modern solvents, from inappropriate stockpiling), chlorinated solvents (which are thick non-

fluid stage fluids, may tumble to the base of repositories, since they don't blend well in with 

water and are denser), perchlorate (different compound mixes found in close to home 

cleanliness and restorative items), tranquilize contamination (including pharmaceutical 

medications and their metabolites, this can incorporate energizer drugs or hormonal 

prescriptions, for example, preventative pills). These organic water pollutants contain 

exacerbates that are diligent in nature and evoked most worry from the worldwide network 

viewed as tireless organic pollutants (POPs). POPs are heterogeneous arrangement of man-

made intensifies that are effectively moved from their source and effectively re-moved in the 

new condition to potential poisonous or unsafe levels.  

Concern in regards to the toxicities of these pollutants achieved a worldwide settlement, 

known as the Stockholm Convention, propelled in 2011 to decrease radically or wipe out 

POP discharge to nature.  

There are numerous confirmations of organic pollutants in surface and ground water sources. 

The all out convergence of organic substances in drinking water once in a while surpasses 20 

mg/L , yet this little division involves an exceedingly intricate and changed blend of mixes, 

both as far as synthetic nature and atomic weight. Sure of these mixes are naturally present, 

while others are of manufactured starting point. Some organic pollutants, for example, 

hormones and persevering organic pollutants (POPs), including polychlorinated dibenzo-p-

dioxins and polychlorinated dibenzofurans (PCDD/Fs), polychlorinated biphenyls (PCBs), 

organ chlorine pesticides (OCPs) and anti-microbials, herbicides and bisphenol A (BPA), 

have attracted huge consideration environmental science investigate . Notwithstanding, other 

organic pollutants considered low need pollutants might be educate regarding supplement or 

disintegrated materials including phosphates, nitrate, sulfate, ammonium nitrate, nitrite and so 

on. 

1.8.3 Adverse affects of Organic pollutants in water  

Albeit organic dirtying load in water can be wiped out bit by bit by the exercises of small 

scale life forms. This self-cleansing procedure includes the utilization of oxygen (in adequate 

fixation), weakening, sedimentation and daylight procedures to breakdown of complex 

organic particles into straightforward in organic atoms. The antagonistic impact of organic 
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pollutants in water sources will be talked about quickly under the accompanying headings; 

plant, aquatic animal and human.  

1.8.4 Plant  

Presentation of aquatic plants to organic pollutants is commonly through take-up from roots 

affected by their low unpredictability and through plant leaves by contact from air, regularly 

an outcome of rural showering with organochemicals. After take-up by plants, organic 

pollutants are translocated to various pieces of the plants, where harmfulness may happen. By 

and large, two sorts of organic poison transport pathways in higher plants have been 

accounted for: (I) intracellular and intercellular vehicle (short separation transport) and (ii) 

leading tissue transport (long separation transport) . Transport of the hydrophobic organic 

pollutants is restricted in phloem by the idea of the synthetic. Phloem and layer transport is 

frequently not good in light of the fact that hydrophobic aggravates that effectively cross the 

film are not promptly shipped in the phloem. Anthropogenic synthetic concoctions can 

likewise be quickly corrupted by dynamic chemicals.  

The resilience of aquatic plant to organic pollutants take-up appears to connect with the 

capacity to store huge amounts of toxin metabolites in the 'bound' buildup division of plant 

cell dividers contrasted with the vacuole, where enzymatic and metabolic exercises may 

happen. Be that as it may, lethality of organic pollutants might be founded on plant part viz 

root and leave. To the leave cell, harmful impacts may incorporate cell ultrastructure, 

biosynthesis, layer security and DNA while to the root cell, and dangerous impacts 

incorporate excessive mitotic division.  

Different impacts might be on plant physiological and biochemical reactions. Concentrates by 

and separately examined the impact of an organic toxin (Linear Alkylbenzene Sulphonate, 

(LAS)) on the protection framework and development of aquatic plants; Chara vulgaris L., 

Lemna minor L., H. dubia (Bl.) Backer and Potamogeton perfoliatus L separately. Their 

outcomes showed that the physiological and biochemical reactions of aquatic plants are 

influenced by the LAS stress yet impacts shifted among various plant species. Essentially, 

revealed that at centralization of 840 mg/L of ammonium nitrate in water, the development 

rate, carbon substance, carbon-nitrogen proportion, photochemical cells and incited receptive 

oxygen stress (ROS) of Lemna minor L (Duckweed) was decreased, bringing about cell 
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mortality of the aquatic plant. Expanded ROS in aquatic plant means that environmental 

pressure, bargaining the capacity or possibilities of such plants to do its standard natural 

capacity of controlling supplements in aquatic condition. Data in regards to the poisonous 

impacts of organic pollutants particularly POPs on aquatic plant species or macrophyte is 

rare. In this way, more investigations are required to fill this information hole.  

1.8.5 Aquatic animals  

Organic contamination influences the life forms living in a stream by bringing down the 

accessible oxygen in the water. This causes diminished wellness, or, when extreme, 

suffocation. The expanded turbidity of the water lessens the light accessible to photosynthetic 

living beings. Organic squanders likewise settle out on the base of the stream, adjusting the 

attributes of the substratum. Organic pollutants have been distinguished in marine life forms, 

including the green mussel, Perna viridis , barnacles , odontocete species and fish species .  

1.8.6 Human wellbeing  

Environmental xenobiotic intensifies that are both determined and bioaccumulative can 

possibly initiate unfavorable consequences for human wellbeing [94]. A typical model is 

hydrophobic contaminant like POPs are known to be a potential endocrine disruptor mixes. 

The risk of organic toxin to human life has not been at this point completely inspected [95-

99]. In any case, mounting proof exists recommending that long haul presentation to low 

convergences of certain organic synthetic concoctions can be a significant factor in the 

improvement and indication of some incessant ailments.  

Somewhere in the range of 80 and 90% of malignant growth cases are related with its 

introduction. Other lethal impacts could be on ovarian capacity in ladies , regenerative issue 

in both male and female and female bosom disease . Furthermore, exogenous organic toxin, 

for example, LAS can results to blood harming in people and bother human eyes and skins. 
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Abstract 

Algeria, with its vast desert areas and abundant sunshine, has a significant potential for 

renewable energy development, particularly solar energy. This paper explores Algeria’s 

national strategy for environmental protection and the promotion of solar energy, 

emphasizing governmental policies, international collaborations, and technological 

advancements. The study also highlights challenges and prospects for sustainable 

development in the context of Algeria’s commitment to global climate agreements. 
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1- Introduction 

Algeria, the largest country in Africa, boasts a diverse natural landscape ranging from the 

Mediterranean coastline to the vast Sahara Desert. The country’s environment is shaped by its 

geographical diversity, which includes forests, mountains, wetlands, and arid regions. 

However, it also faces significant environmental challenges, including desertification, water 

scarcity, pollution, and biodiversity loss. Addressing these issues requires a combination of 

governmental policies, international cooperation, and sustainable development initiatives. 

Renewable energy plays a crucial role in mitigating the effects of climate change in Algeria. 

By reducing dependency on fossil fuels and leveraging the country's abundant solar and wind 

resources, Algeria can transition towards a more sustainable and environmentally friendly 

energy sector. This transition is essential for preserving natural resources, reducing carbon 

emissions, and ensuring a greener future for upcoming generations. 

The objective of this article is to provide an overview of the current environmental situation 

in Algeria, analyze the major challenges, and explore governmental and international efforts 

to address these issues. Additionally, this research will highlight the importance of renewable 

energy and propose recommendations for achieving sustainable environmental management 

in the country. 

1. Environmental Challenges in Algeria 

1.1. Desertification and Land Degradation One of Algeria’s most pressing environmental 

concerns is desertification, exacerbated by climate change and human activities. The 

expansion of the Sahara threatens agricultural lands and settlements, making reforestation and 

soil conservation crucial. 

1.2. Water Scarcity and Management Algeria is characterized by arid and semi-arid 

climates, making water scarcity a persistent issue. Over-extraction of groundwater, inefficient 

irrigation, and pollution contribute to the depletion of water resources. The government has 

invested in desalination plants and water conservation strategies to mitigate this challenge. 

1.3. Pollution and Waste Management Industrial growth and urbanization have led to 

increased air, water, and soil pollution. Major cities like Algiers and Oran struggle with air 
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quality issues due to traffic congestion and industrial emissions. Waste management, 

particularly plastic waste, is another growing concern. 

1.4. Biodiversity Loss and Conservation Efforts Algeria is home to unique flora and fauna, 

including endangered species like the Barbary macaque. However, deforestation, habitat 

destruction, and illegal hunting threaten biodiversity. The government has established 

national parks and reserves to protect these ecosystems. 

2. Governmental and International Responses 

2.1. National Policies and Regulations The Algerian government has implemented various 

environmental protection laws, such as the National Environmental Strategy and the 

Sustainable Development Program. These policies aim to balance economic growth with 

environmental preservation. 

2.2. Renewable Energy Initiatives To reduce dependence on fossil fuels, Algeria is 

investing in renewable energy sources, particularly solar and wind power. The country’s 

ambitious Renewable Energy and Energy Efficiency Development Plan aims to increase the 

share of renewables in its energy mix. 

2.3. International Cooperation and Agreements Algeria is a signatory to international 

environmental agreements, including the Paris Agreement on climate change. Collaboration 

with global organizations, such as the United Nations Environment Programme (UNEP), 

plays a vital role in addressing environmental challenges. 

3. Future Prospects and Recommendations 

3.1. Strengthening Environmental Awareness Education and public awareness campaigns 

are essential in promoting sustainable practices among citizens. Schools, media, and NGOs 

can play a pivotal role in fostering environmental responsibility. 

3.2. Enhancing Waste Recycling and Management Developing efficient waste recycling 

systems and encouraging the circular economy can significantly reduce pollution and 

resource depletion. 
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3.3. Expanding Green Infrastructure Urban planning should incorporate green spaces, 

sustainable transportation, and eco-friendly building designs to mitigate environmental 

impact. 

Conclusion 

Algeria's environmental challenges are complex, requiring a multi-faceted approach that 

integrates policy, innovation, and community participation. By prioritizing sustainability and 

leveraging international cooperation, Algeria can pave the way for a greener and more 

resilient future. 
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2- Environmental Policies in Algeria 

2.1. Historical Background of Environmental Policies Algeria’s commitment to 

environmental protection dates back to its post-independence period in 1962. Initially, 

environmental concerns were not a primary focus, as the country prioritized economic 

development and industrialization. However, by the 1980s, growing concerns over pollution, 

deforestation, and desertification led to the introduction of national environmental policies. 

The establishment of the Ministry of Environment in 1995 marked a significant step in 

institutionalizing environmental governance. Algeria has since adopted a series of national 

strategies aimed at mitigating environmental degradation and promoting sustainability. 
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Notably, the National Strategy for Environmental Protection and Sustainable Development 

(2002) was a milestone in integrating ecological concerns into Algeria’s economic policies. 

The enactment of environmental legislation in the early 2000s further reinforced the 

government's commitment to environmental sustainability. 

2.2. Legislative Frameworks and Main Regulatory Bodies Algeria has enacted various 

laws and regulations to address environmental challenges. Key legislative instruments 

include: 

• Law No. 03-10 (2003) on Environmental Protection in the Context of Sustainable 

Development, which provides a legal framework for environmental governance. 

• Law No. 05-12 (2005) on Renewable Energy, promoting sustainable energy use. 

• Water Law No. 83-17 (1983), which governs water resource management and 

pollution control. 

• Forestry Law No. 84-12 (1984), aimed at preserving forests and combating 

desertification. 

• Waste Management Law No. 01-19 (2001), which outlines regulations for waste 

disposal and recycling initiatives. 

The primary regulatory bodies responsible for implementing these policies include: 

• Ministry of Environment and Renewable Energies – Oversees national 

environmental policy development and implementation. 

• National Agency for Climate Change (ANCC) – Focuses on climate change 

mitigation and adaptation strategies. 

• National Waste Agency (AND) – Manages waste collection, treatment, and recycling 

programs. 

• Algerian Water Basin Agencies – Monitor and regulate water resource management. 

• National Center for Renewable Energies (CDER) – Promotes research and 

development in the field of renewable energy. 

2.3. National Environmental Strategy and Action Plan The Algerian government has 

launched several strategic initiatives to address environmental challenges. The National 
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Environmental Strategy (NES) aims to integrate sustainable development principles into 

economic and social policies. Key objectives include: 

• Reducing air and water pollution through stricter regulatory measures. 

• Expanding renewable energy projects to decrease reliance on fossil fuels. 

• Promoting sustainable waste management and circular economy practices. 

• Strengthening reforestation programs to combat desertification. 

• Enhancing national biodiversity conservation efforts through the creation of protected 

areas. 

Additionally, the National Climate Plan (NCP) outlines Algeria’s commitments under the 

Paris Agreement, focusing on reducing greenhouse gas emissions and enhancing resilience to 

climate change. The government has also set ambitious targets under the National Renewable 

Energy and Energy Efficiency Program (2011-2030) to increase solar and wind energy 

capacity. 

2.4. The Role of Civil Society and Non-Governmental Organizations (NGOs) Civil 

society and NGOs play a crucial role in Algeria’s environmental governance by advocating 

for policy changes, raising awareness, and implementing grassroots initiatives. Key 

contributions include: 

• Public Awareness Campaigns – NGOs conduct educational programs on 

environmental sustainability, targeting schools and local communities. 

• Reforestation and Conservation Projects – Organizations such as Association 

Ecologique de Boumerdes lead afforestation projects to restore degraded lands. 

• Waste Management Initiatives – Local NGOs promote recycling and waste 

reduction programs in urban areas. 

• Policy Advocacy and Legal Action – Environmental groups lobby for stronger 

environmental regulations and monitor policy compliance. 

• Community-Based Renewable Energy Projects – Some NGOs collaborate with 

local communities to promote small-scale solar and wind energy initiatives. 
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The active participation of civil society has significantly contributed to the success of 

national environmental policies. Organizations like Réseau Environnement Algérie (REA) and 

Green Tea Association continue to work on climate resilience projects and policy advocacy. 
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3- Algeria’s Renewable Energy Strategy 

Algeria has recognized the importance of transitioning towards renewable energy to reduce 

its reliance on fossil fuels, enhance energy security, and combat climate change. As a result, 

the country has implemented ambitious programs to develop its renewable energy sector, 

with a particular focus on solar energy. The government has introduced national policies, 

financial incentives, and infrastructure projects to promote the growth of sustainable energy 

sources. 

3.1. National Program for Renewable Energy and Energy Efficiency (2011-2030) 

The National Program for Renewable Energy and Energy Efficiency (PNEREE), launched in 

2011, serves as Algeria’s long-term strategy to expand renewable energy. This program aims 
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to achieve 22,000 MW of renewable energy capacity by 2030, with solar energy accounting 

for the majority of the target. The key elements of this strategy include: 

• Increasing the share of renewable energy in electricity production to 27% by 2030. 

• Expanding photovoltaic (PV) and concentrated solar power (CSP) projects. 

• Strengthening research and development in renewable technologies. 

• Improving energy efficiency across different sectors, including transportation and 

industry. 

3.2. Objectives of Solar Energy Production and Deployment 

Given Algeria's vast solar potential, solar energy plays a central role in the country’s 

renewable energy strategy. The key objectives include: 

• Installing 13,575 MW of solar PV and 5,000 MW of CSP by 2030. 

• Deploying decentralized solar energy solutions in remote and off-grid areas. 

• Encouraging private sector participation in solar energy projects. 

• Developing local manufacturing industries for solar panels and related technologies. 

• Strengthening grid infrastructure to accommodate increased solar energy production. 

3.3. Incentives and Financial Mechanisms Supporting Renewable Energy 

To attract investment and promote the adoption of renewable energy, Algeria has introduced 

various incentives and financial mechanisms, including: 

• Feed-in Tariffs (FiTs): Fixed rates for renewable energy producers to ensure 

profitability. 

• Tax Exemptions: Reduced taxes and customs duties for equipment and materials 

used in renewable energy projects. 

• Subsidized Loans: Financial assistance programs facilitated by public banks to 

encourage investment in renewable projects. 

• Public-Private Partnerships (PPP): Collaboration between the government and 

private investors to accelerate solar energy development. 
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• Green Bonds and International Funding: Algeria has sought support from 

international financial institutions, including the World Bank and the African 

Development Bank, to fund renewable energy initiatives. 

3.4. Integration of Solar Energy into National Grid Systems 

The successful integration of solar energy into Algeria’s national grid is a key priority. 

Efforts to enhance grid reliability and capacity include: 

• Modernizing the Electrical Grid: Upgrading transmission lines and substations to 

handle increased renewable energy input. 

• Energy Storage Solutions: Developing battery storage and pumped hydro storage to 

stabilize supply. 

• Smart Grid Technologies: Implementing digital monitoring and management 

systems to optimize energy distribution. 

• Cross-Border Energy Trade: Strengthening electricity interconnections with 

neighboring countries to facilitate energy exchange and market integration. 

By focusing on these strategic objectives, Algeria aims to position itself as a regional leader 

in renewable energy and contribute to global efforts in combating climate change. 
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4- Solar Energy Potential in Algeria 

4.1. Geographical Advantages of the Southern Region in Algeria Algeria's southern 

region, primarily composed of the Sahara Desert, offers ideal conditions for solar energy 

development. This vast, sparsely populated area provides large tracts of land suitable for the 

deployment of solar farms without competing with agricultural or urban expansion. 

Additionally, its arid climate ensures minimal cloud cover, allowing for consistent solar 

radiation throughout the year. The low humidity levels further contribute to higher 

photovoltaic (PV) efficiency by reducing losses associated with moisture and atmospheric 

scattering. 

4.2. Solar Radiation Levels and Photovoltaic Efficiency Algeria receives some of the 

highest solar radiation levels in the world, making it one of the most promising locations for 

solar energy production. Key statistics include: 

• Average solar irradiation levels range between 2,000 kWh/m²/year in the northern 

regions and up to 3,900 kWh/m²/year in the Sahara. 

• The southern region enjoys 3,000 to 3,500 hours of sunlight per year, ensuring high 

energy output for solar panels. 

• Photovoltaic (PV) efficiency in Algeria is optimized due to high direct normal 

irradiation (DNI), which is crucial for concentrated solar power (CSP) systems. 

These factors contribute to Algeria’s capacity to harness solar energy at an industrial scale, 

positioning the country as a future leader in renewable energy within Africa and the 

Mediterranean region. 

4.3. Major Solar Projects and Government Initiatives The Algerian government has 

launched several large-scale solar energy projects as part of its strategy to transition toward 

renewable energy. Notable projects and initiatives include: 

• Tafila Solar Plant: A 300 MW solar PV project aimed at enhancing energy 

diversification. 

• Hassi R’Mel Hybrid Solar Plant: A pioneering 150 MW hybrid facility integrating 

solar and gas power generation. 
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• Solar 1000 MW Initiative: A flagship project to install 1,000 MW of solar PV 

capacity across multiple sites by 2030. 

• Algeria's Renewable Energy and Energy Efficiency Program (PNEREE 2011-

2030): A comprehensive strategy aiming for 22,000 MW of renewable energy, with 

solar accounting for a majority share. 

• Decentralized Solar Programs: Implementation of small-scale solar solutions in off-

grid rural areas to improve electricity access. 

4.4. The Role of the Private Sector and Foreign Investments in Developing Solar Energy 

Recognizing the need for investment and expertise, Algeria has sought increased participation 

from private sector stakeholders and foreign investors. The government has introduced 

policies to encourage private involvement, including: 

• Public-Private Partnerships (PPPs): Joint ventures between state-owned enterprises 

and international renewable energy firms. 

• Foreign Direct Investment (FDI) Incentives: Tax exemptions, land allocation 

benefits, and simplified licensing processes for solar energy investors. 

• Collaboration with Global Energy Institutions: Partnerships with organizations 

such as the International Renewable Energy Agency (IRENA) and the African 

Development Bank (AfDB) to finance solar initiatives. 

• Technological Transfers: Agreements with foreign firms to develop local 

manufacturing capabilities for solar panels, inverters, and battery storage systems. 

As a result, companies from Europe, China, and the Middle East have shown growing interest 

in Algeria's solar sector, providing expertise, funding, and technological advancements 

necessary for the expansion of renewable energy projects. 
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5- Challenges in Solar Energy Implementation 

Despite Algeria’s vast solar potential and ambitious renewable energy targets, several 

challenges hinder the effective implementation of solar energy projects. These obstacles span 

technical, financial, political, regulatory, environmental, and social dimensions. 

5.1. Technical Aspects and Structural Barriers One of the primary barriers to solar energy 

development in Algeria is the lack of adequate infrastructure and technology. Key technical 

challenges include: 

• Grid Integration Issues: The existing power grid infrastructure is not sufficiently 

modernized to handle the variability of solar energy production, leading to 

inefficiencies in transmission and distribution. 

• Energy Storage Limitations: Large-scale solar deployment requires efficient energy 

storage systems to ensure electricity availability during non-sunny hours, yet battery 

storage solutions remain costly and underdeveloped. 

• Limited Local Manufacturing Capabilities: The reliance on imported solar panels, 

inverters, and other equipment increases costs and dependency on foreign suppliers. 

• Harsh Climatic Conditions: The Saharan environment, with high temperatures and 

frequent sandstorms, accelerates the degradation of solar panels and reduces their 

efficiency. 

5.2. Financial and Economic Constraints Financial challenges pose a major obstacle to the 

rapid deployment of solar energy projects in Algeria. These include: 
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• High Initial Capital Costs: Solar power plants require significant upfront investment 

in infrastructure, technology, and grid upgrades, making them less attractive 

compared to traditional fossil fuels. 

• Limited Access to Financing: Although Algeria has introduced investment 

incentives, access to affordable financing remains limited due to a lack of financial 

mechanisms supporting renewable energy initiatives. 

• Subsidized Fossil Fuel Market: The government heavily subsidizes fossil fuels, 

making conventional energy sources cheaper and reducing the economic 

competitiveness of solar energy. 

• Foreign Investment Hesitancy: Due to regulatory uncertainty and bureaucratic 

hurdles, international investors remain cautious about investing in Algeria’s solar 

energy sector. 

5.3. Political and Regulatory Challenges The success of Algeria’s solar energy transition is 

closely tied to political will and regulatory frameworks. Some key challenges include: 

• Regulatory Uncertainty: Frequent changes in policies and a lack of clear long-term 

regulations discourage private sector investment. 

• Lengthy Bureaucratic Processes: Complex administrative procedures and slow 

permitting processes delay the implementation of solar projects. 

• State-Owned Energy Monopoly: Algeria’s electricity sector is largely dominated by 

government-owned entities, limiting competition and innovation in the renewable 

energy market. 

• Weak Policy Implementation: Although Algeria has adopted ambitious renewable 

energy policies, the execution and enforcement of these policies remain inconsistent. 

5.4. Environmental and Social Concerns Solar energy projects, while environmentally 

beneficial in the long term, also present certain ecological and social challenges: 

• Land Use Conflicts: Large-scale solar farms require significant land space, 

potentially competing with agriculture and local communities. 

• Water Usage in CSP Plants: Concentrated Solar Power (CSP) plants require 

substantial water for cooling, which is problematic in arid regions. 
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• Impact on Local Communities: While solar projects can create job opportunities, 

inadequate community engagement may lead to resistance from local populations. 

• E-Waste Management: As solar panels reach the end of their lifespan, the disposal 

and recycling of photovoltaic components pose environmental concerns. 

Addressing these challenges requires a multi-faceted approach, including technological 

advancements, increased financial incentives, regulatory reforms, and inclusive stakeholder 

engagement. Overcoming these barriers will be crucial in achieving Algeria’s long-term solar 

energy goals. 
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6- Case Studies of Successful Solar Projects 

Examining successful solar energy projects in Algeria provides valuable insights into best 

practices and lessons learned that can be applied to future initiatives in the country's 

renewable energy sector. The following case studies highlight prominent solar projects that 

have had significant economic, environmental, and technological impacts within Algeria. 

6.1. Hassi R’Mel Hybrid Solar-Gas Power Plant One of Algeria’s pioneering renewable 

energy projects, the Hassi R’Mel Hybrid Plant, integrates solar and natural gas to enhance 
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energy security and reduce carbon emissions. Located in the Laghouat region, this project 

features: 

• Capacity: 150 MW total, including a 25 MW solar component. 

• Technology: Combines concentrated solar power (CSP) with conventional natural 

gas turbines. 

• Operational Benefits: Reduces fuel consumption by utilizing solar energy during 

peak sunlight hours. 

• Strategic Significance: Serves as a model for future hybrid energy projects in the 

country. 

This hybrid approach ensures grid stability while promoting a gradual transition to 

renewable energy, demonstrating how Algeria can leverage its existing energy infrastructure 

to facilitate sustainable development. 

6.2. The Solar 1000 MW Initiative The Solar 1000 MW Initiative is a landmark project 

aimed at bolstering Algeria’s solar energy capacity. This initiative seeks to install 1,000 MW 

of solar photovoltaic (PV) capacity across multiple sites, with key features including: 

• Decentralized Approach: Distributed solar power plants in various regions to 

enhance grid resilience. 

• Public-Private Partnerships: Encourages investment from domestic and foreign 

stakeholders. 

• Job Creation: Estimated to generate thousands of direct and indirect employment 

opportunities. 

• Grid Integration: Designed to supply renewable energy to the national electricity 

network. 

The project aligns with Algeria’s National Renewable Energy and Energy Efficiency 

Program (PNEREE 2011-2030) and reinforces the country's commitment to reducing its 

reliance on fossil fuels. 

6.3. Research and Development in Solar Energy Algeria has invested in research and 

development (R&D) to improve solar energy technologies, optimize photovoltaic efficiency, 

and develop local manufacturing capabilities. Notable contributions include: 
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• Centre de Développement des Energies Renouvelables (CDER): Conducts 

research on solar panel performance in desert climates and advances in concentrated 

solar power (CSP) technology. 

• University Collaborations: Academic institutions partner with industry stakeholders 

to develop innovative energy storage solutions and grid optimization strategies. 

• Pilot Solar Testing Facilities: Testing of advanced materials, such as perovskite 

solar cells, for improved efficiency. 

These R&D initiatives are critical for enhancing Algeria’s energy transition, supporting 

local industries, and fostering long-term sustainability in the renewable energy sector. 
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7- Future Perspectives and Recommendations 

To ensure the continued growth and success of Algeria’s solar energy sector, a 

comprehensive approach is required that integrates political, economic, and technological 

improvements. The following recommendations outline key areas for future development. 

7.1. Strengthening Political and Regulatory Frameworks A stable and well-defined 

regulatory environment is essential for attracting investment and ensuring the long-term 

sustainability of solar energy projects. Key policy enhancements include: 



Biodiversity Conservation in a Changing World 

An Edited Book 

ISBN: 978-81-964047-8-9 

   

 
80 

• Developing Clear and Consistent Legislation: Algeria must implement long-term 

policies with clear regulatory guidelines that support renewable energy deployment. 

• Streamlining Administrative Processes: Reducing bureaucratic hurdles will 

facilitate faster project approvals and encourage private sector participation. 

• Enhancing Incentives for Renewable Energy: Introducing new tax benefits, 

subsidies, and feed-in tariffs will make solar investments more attractive. 

• Strengthening Enforcement of Renewable Energy Targets: Ensuring compliance 

with renewable energy commitments will help Algeria meet its climate and 

sustainability goals. 

7.2. Strengthening Partnerships Between the Public and Private Sectors Collaboration 

between the government and private entities is crucial for expanding Algeria’s solar energy 

capabilities. Measures to enhance these partnerships include: 

• Encouraging Public-Private Partnerships (PPPs): Co-financing models can attract 

domestic and international investors. 

• Involving Local Industries: Strengthening partnerships with local businesses will 

enhance supply chain efficiency and promote local manufacturing. 

• Facilitating Knowledge Transfer: Collaborating with international renewable 

energy firms will allow Algeria to gain expertise in solar technology and 

infrastructure development. 

• Expanding Investment-Friendly Policies: Implementing investor-friendly policies, 

such as risk-sharing mechanisms, will encourage further participation in Algeria’s 

solar energy market. 

7.3. Increasing Investment in Research and Development Research and development 

(R&D) play a pivotal role in improving solar technology efficiency and reducing costs. To 

advance solar energy innovation, Algeria should: 

• Expand Funding for R&D Institutions: Increasing government and private sector 

funding for institutions like the Centre de Développement des Energies Renouvelables 

(CDER) will boost technological progress. 

• Enhance University and Industry Collaboration: Strengthening partnerships 

between academic institutions and the solar energy industry will drive innovation. 
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• Focus on Emerging Technologies: Investments in next-generation solar cells, energy 

storage solutions, and smart grid technologies will improve solar energy deployment. 

• Support Local Manufacturing of Solar Components: Encouraging domestic 

production of solar panels, inverters, and batteries will reduce dependency on imports 

and create job opportunities. 

7.4. Expanding Regional and International Cooperation Algeria’s solar energy 

development can benefit from regional and global collaboration. Steps to enhance 

cooperation include: 

• Strengthening Ties with Neighboring Countries: Partnering with North African 

and Mediterranean nations on energy trade and infrastructure projects will enhance 

energy security. 

• Participating in International Renewable Energy Initiatives: Membership in 

organizations like IRENA and the African Development Bank (AfDB) will provide 

financial and technical assistance. 

• Exploring Cross-Border Energy Trade: Leveraging Algeria’s solar capacity to 

export clean energy to Europe and African countries will generate economic benefits. 

• Attracting Foreign Direct Investment (FDI): Encouraging international investors 

through transparent policies and financial incentives will accelerate the development 

of Algeria’s solar energy sector. 

By implementing these strategic recommendations, Algeria can strengthen its position as a 

leader in solar energy production, contribute to global climate goals, and secure a more 

sustainable energy future. 
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8- Conclusion 

Summary of Key Findings  

Algeria possesses vast potential for solar energy development due to its geographical 

advantages, high solar radiation levels, and growing investment in renewable technologies. 

Despite these advantages, the country faces several challenges, including regulatory 

uncertainties, financial constraints, and technical barriers. However, successful case studies 

such as the Hassi R’Mel Hybrid Solar-Gas Plant and the Solar 1000 MW Initiative 

demonstrate Algeria's ability to integrate solar energy into its energy mix. Strengthening 

research and development, regulatory frameworks, and international cooperation will be 

crucial in overcoming these obstacles. 

The Importance of Sustainable Government and Community Efforts  

Achieving a successful energy transition in Algeria requires a coordinated effort between the 

government, private sector, and local communities. The government must implement stable 

policies, streamline bureaucratic processes, and provide financial incentives to support solar 

energy adoption. Additionally, community engagement and awareness programs should be 

promoted to encourage public participation in sustainable energy initiatives. Public-private 

partnerships, knowledge-sharing programs, and foreign investment will further support 

Algeria's transition to renewable energy. 

Long-Term Vision for Energy Transition in Algeria  

Algeria's long-term vision for energy transition involves reducing reliance on fossil fuels, 

expanding solar energy production, and integrating smart grid technologies. By 2030, the 

country aims to have at least 27% of its electricity generated from renewable sources, 

primarily solar. Expanding research initiatives, increasing regional cooperation, and 

leveraging technological advancements will be critical in achieving this goal. Algeria’s 
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leadership in renewable energy in North Africa can serve as a model for sustainable energy 

transitions in similar regions. 

With strategic planning, sustainable investment, and collaborative efforts, Algeria can 

successfully transition to a clean energy future while fostering economic growth and 

environmental preservation. 
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1. Introduction 

Biodiversity—the variety of life on Earth, encompassing ecosystems, species, and genetic 

diversity—is fundamental to ecological stability and human survival. However, biodiversity 

is under severe threat due to deforestation, habitat destruction, pollution, climate change, and 

overexploitation of natural resources. These threats are not confined to a single region but 

span across continents, affecting ecosystems from the Amazon rainforest to the Arctic tundra. 

This chapter explores the major challenges to biodiversity conservation worldwide and 

presents viable solutions, including policy measures, scientific innovations, community 

involvement, and sustainable resource management. By analyzing biodiversity at risk across 

continents, we gain insights into the urgent need for global and localized conservation 

strategies. 

 

2. The Importance of Biodiversity and Its Global Status 

2.1 Ecological and Economic Significance 

• Ecosystem Services: Biodiversity supports air purification, water filtration, soil 

fertility, pollination, and climate regulation. 

• Economic Benefits: Agriculture, fisheries, forestry, and ecotourism rely on 

biodiversity for sustainability. 

• Medical and Scientific Value: Many medicines and biotechnological advancements 

originate from natural compounds found in plants, fungi, and marine organisms. 
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2.2 Global Biodiversity Decline 

According to the Living Planet Report, global wildlife populations have declined by nearly 

70% in the last 50 years. This alarming trend indicates that human activities are disrupting 

ecosystems at an unsustainable rate, leading to irreversible consequences. 

 

3. Major Challenges to Biodiversity Conservation 

3.1 Habitat Destruction and Deforestation 

• Tropical Rainforests (e.g., Amazon, Congo, and Southeast Asia) are being cleared 

for agriculture, logging, and infrastructure development. 

• Wetlands and Mangroves are shrinking due to urban expansion and aquaculture, 

reducing breeding grounds for marine species. 

Case Study: The Amazon Rainforest 

The Amazon, home to 10% of the world’s known species, is rapidly losing forest cover due 

to illegal logging and agricultural expansion for soybean and cattle farming. 

3.2 Climate Change and Its Impact on Biodiversity 

• Rising temperatures cause shifts in species distribution, coral bleaching, and 

increased extinction rates. 

• Extreme weather events like hurricanes, droughts, and wildfires destroy habitats and 

disrupt migration patterns. 

Case Study: Coral Reef Bleaching in Australia 

The Great Barrier Reef has lost over 50% of its coral cover in the past three decades due to 

increased ocean temperatures and acidification. 

3.3 Pollution and Its Consequences 

• Air Pollution: Acid rain and industrial emissions affect soil quality and forest health. 

• Water Pollution: Plastic waste, oil spills, and chemical runoff harm marine life. 
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• Soil Degradation: Excessive pesticide use and mining activities degrade soil 

biodiversity. 

Case Study: Plastic Pollution in the Pacific Ocean 

The Great Pacific Garbage Patch, covering 1.6 million square kilometers, endangers 

marine biodiversity as plastic particles are ingested by marine animals, disrupting the food 

chain. 

3.4 Overexploitation of Natural Resources 

• Overfishing has depleted fish stocks, threatening marine ecosystems. 

• Illegal Wildlife Trade endangers species like rhinos, elephants, and pangolins. 

• Deforestation for Commercial Agriculture reduces carbon sinks and habitats. 

Case Study: The Overexploitation of Pangolins in Africa and Asia 

Pangolins, the most trafficked mammals in the world, face extinction due to illegal hunting 

for their scales and meat. 

3.5 Invasive Species and Their Impact 

• Non-native species outcompete indigenous species, disrupting local ecosystems. 

• Example: The Cane Toad in Australia, introduced to control pests, has caused 

declines in native predator populations. 

 

4. Conservation Solutions Across Continents 

4.1 Protected Areas and Habitat Restoration 

• National Parks and Wildlife Reserves: Governments establish protected areas to 

safeguard ecosystems (e.g., Yellowstone National Park in the USA, Kruger National 

Park in South Africa). 

• Biosphere Reserves and World Heritage Sites: Recognized by UNESCO to 

promote conservation and sustainable use. 
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• Reforestation and Wetland Restoration: Restoring ecosystems to enhance 

biodiversity (e.g., China’s "Great Green Wall" project). 

Case Study: Costa Rica’s Reforestation Efforts 

Costa Rica has successfully reversed deforestation by implementing strict environmental 

policies and incentivizing tree planting programs. 

4.2 Sustainable Resource Management 

• Agroforestry and Organic Farming: Reducing chemical use while promoting 

biodiversity-friendly agricultural practices. 

• Sustainable Fisheries and Marine Protection: Enforcing fishing quotas and marine 

protected areas to prevent overfishing. 

• Sustainable Logging Practices: Selective logging and replanting to preserve forest 

ecosystems. 

Case Study: Sustainable Fishing in Norway 

Norway has implemented strict fishing quotas and marine reserves to prevent overfishing and 

restore fish populations. 

4.3 Legal Frameworks and International Agreements 

• Convention on Biological Diversity (CBD): A global treaty aiming to halt 

biodiversity loss. 

• CITES (Convention on International Trade in Endangered Species): Regulates 

wildlife trade to prevent species exploitation. 

• The Paris Agreement: Addresses climate change, indirectly benefiting biodiversity 

conservation. 

Case Study: The European Union’s Green Deal 

The EU has launched an ambitious biodiversity strategy to restore degraded ecosystems and 

strengthen environmental laws. 
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4.4 Community-Based Conservation and Indigenous Knowledge 

• Empowering Indigenous Communities: Indigenous groups play a key role in forest 

and wildlife conservation. 

• Ecotourism and Sustainable Livelihoods: Tourism that benefits local communities 

while conserving biodiversity (e.g., Kenya’s Maasai Mara community-led 

conservation efforts). 

Case Study: Indigenous-Led Conservation in the Amazon 

Indigenous tribes in the Amazon are using satellite technology to monitor deforestation and 

protect their land. 

4.5 Technological Innovations in Conservation 

• Remote Sensing and GIS Mapping: Tracking deforestation, illegal mining, and 

habitat loss. 

• Artificial Intelligence and Machine Learning: Predicting species population trends 

and climate change impacts. 

• DNA Barcoding and Genetic Research: Identifying species and improving 

conservation genetics. 

• Drones for Wildlife Monitoring: Enhancing anti-poaching efforts and habitat 

surveillance. 

Case Study: AI-Powered Anti-Poaching Systems in Africa 

Organizations use AI-driven camera traps and drones to detect poachers in real time, reducing 

illegal hunting. 

 

5. Future Directions for Biodiversity Conservation 

• Expanding Conservation Finance: Increasing funding for biodiversity conservation 

through carbon credits, sustainable investments, and philanthropy. 
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• Nature-Based Solutions (NBS): Integrating ecosystem restoration into urban 

planning and infrastructure development. 

• Strengthening Global Cooperation: Cross-border collaborations to address 

biodiversity challenges on a large scale. 

 

6. Conclusion 

Biodiversity is at a critical crossroads, and its conservation requires a multi-pronged 

approach. While challenges persist across continents, solutions exist in the form of protected 

areas, sustainable resource management, legal frameworks, community engagement, and 

technological advancements. Governments, scientists, policymakers, and local communities 

must collaborate to ensure the long-term preservation of Earth’s biodiversity. Only by taking 

urgent and coordinated action can we restore balance to nature and safeguard the future of 

life on our planet. 
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GENERAL ACCOUNT OF THE PHYLUM ACANTHOCEPHALA 

The phylum Acanthocephala (Greek: acanthos, thorn + kephale, head) or thorny headed 

worms comprise one of the smallest and least diverse group of parasites, characterized by the 

presence of retractile proboscis armed with hooks or spines. These worms are found in all 

classes of vertebrates in marine, freshwater and terrestrial habitats but are common in fishes 

and birds followed by mammals. Acanthocephalans rarely infect human beings, but there are 

reports of occasional infections (Fariba et al., 2007). The one group that is not parasitized by 

acanthocephalans is the elasmobranchs (Williams and Jones, 1994). While a minority of 

37.2% of species infect truly terrestrial definitive hosts, the greater majority of 62.8% infect 

aquatic hosts (Kennedy, 2006). 

The acanthocephalans enjoy a worldwide distribution. They have been reported from all 

continents and from all oceans (Zdzitowiecki, 1989; Sures and Reimann, 2003; Arai, 1989; 

Curtis, 1979). However, the acanthocephalan communities are poorer in tropical regions than 

in temperate ones (Ddgiel, 1964; Kennedy, 1977). 

Physical Characteristics 

Acanthocephalans are distinguished morphologically as worms. They are usually cream or 

white in colour when alive. However, some acquire a slight yellow, orange, red or brown 

tinge due to the absorption of pigments from the digested food in the intestine of the 

definitive host (George and Nadakal, 1985). Most acanthocephalan species measure a few 

millimetres in length, but their size varies greatly from 2 mm of Octospinjferoides chandlerito 

800 mm of Nephridiacanthus longissimus (Crompton, 1985). 
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The body of acanthocephalans is cylindrical and unsegmented, consisting of two parts - the 

praesoma and the metasoma. The praesoma comprises the armed proboscis, a more or less 

pronounced neck, the proboscis receptacle and a paired.structure termed lemnisci which 

protrude inwards from the inner surface of the neck wall. The metasoma or trunk is a hollow 

structure that contains the excretory and reproductive systems and is filled with 

psuedocoelomic fluid (Miller and Dunagan, 1985). 

Acanthocephalans remain deeply anchored to the gut wall of their definitive hosts by means 

of the armed proboscis bearing re-curved hooks arranged in quinquintial rows.  Like the 

body, the proboscis too is hollow and its cavity is separated from the body cavity by a septum 

or proboscis sheath. Dunagan and Miller (1974) studied the Muscular anatomy of the 

acanthocephalan praesoma. The whole proboscis apparatus or the proboscis alone can be 

withdrawn into the body cavity, either partially or completely, by the associated 

musculature.(Miller and Dunagan, 1985). Some species harbour an apical sense organ or an 

epidermis cone of uncertain function at the tip of the proboscis (Dunagan and Bozzula, 1989; 

Herlyn, 2001). 

The epidermis of acanthocephalans is a syncytium and is covered over by an extremely thin 

cuticle. The syncytium is traversed by a network of branching tubules containing fluid. 

Underlying the syncytjum is a not very regular layer of circular muscle fibres. Endothelium is 

absent (Crompton and Lee, 1965; Miller and Dunagan, 1985). 

Feeding and nutrition in Acanthocephala have been reviewed by Starling (1975). Since 

mouth and alimentary canal are absent, they selectively absorb nutrients, which have been 

digested by. the host, through their body surface. The syncytial epidermis and a lacunar 

system of circulatory channels facilitate the absorption of nutrients. The major substrate for 

acanthocephalan metabolism is carbohydrate with ethanol being the main end product (Graff, 

1964). Acanthocephalans have no circulatory or respiratory systems. They have a simple 

nervous system comprising a single ventral ganglion in the proboscis and a few nerves 

(Dunagan and Miller, 1976). A curious feature shared by both larva and adult is the large size 

of many of the cells (Budziakowski et al., 1984). Distinct excretory organs are usually 

lacking in Acanthocephala and excretion occurs across the body wall. However, there are 

reports that a few species possess protonephridia which are assumed to have an excretory 
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function (Dunagan and Miller, 1986; Dunagan and Rasheed, 1988). Raina et al. (1984) and 

Kaul et al. (1 993, 1999) described the male and female reproductive systems in detail. 

Reproductive Biology and Life History 

Acanthocephalans are gonochoric and exhibit distinct sexual dimorphism. The most 

noticeable difference between the sexes of acanthocephalans is that of body size; the females 

being larger than males (Parshad and Crompton, 1981 ). Other sexually dimorphic traits 

appear as differences in external features such as the size and shape of the proboscis as well 

as the proboscis hooks, the distribution of the body spines, the presence of the papillae and 

the position of genital orifices (Van Cleave, 1920; Yamaguti, 1963). Posteriorly, the female 

carries a sub-terminal or terminal gonopore and the male a copulatory bursa with a centrally 

placed copulatory organ or penis. 

As in many helminth parasites, acanthocephalan life cycles too exploit trophic interactions 

between arthropods and vertebrates. Acanthocephala utilize arthropods and vertebrates in a 

conserved two-host life cycle. Adults live as endoparasites in the intestine of their definitive 

(vertebrate) host, while their larvae are found in the haemocoel of intermediate (arthropod) 

hosts (George and Nadakal, 1973; Schmidt, 1985). The initial stages of the life cycle involve 

the ingestion of viable shelled embryos by the arthropod intermediate host. Completion of the 

life cycle occurs when an appropriate vertebrate definitive host ingests an infected 

intermediate host. Occasionally, vertebrates serve as paratenic or transport hosts harbouring 

larval acanthocephalans encysted in the mesenteries that do not develop to adults unless 

ingested by the appropriate vertebrate definitive hosts (Nickol, 1985). The use of paratenic 

hosts has helped the acanthocephalans to escape the rigidity and constraints of the two-host 

cycle (Schimidt, 1985).   

The whole process of acanthocephalan reproduction has been reviewed in detail by Parshad 

and Crompton (1981 ) and Crompton (1985). Acanthocephalans attain sexual maturity in the 

digestive tract of the definitive host, generally at a specific site (Crompton, 1973). The 

gonads (testes and ovarian ball) arise as rounded bodies on the 'ligament' extending from the 

hinder end of the proboscis sheath to the posterior end of the body (Asaolu, 1 981 ). Sexual 

reproduction is the exclusive mode of reproduction in Acanthocephala. In fact 

parthenogenesis, hermaphroditism and other forms of asexual propagation are unknown in 

this group (Van Cleave, 1953; Kennedy, 1993). Male and female acanthocephalans copulate 
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in the intestine of their definitive vertebrate hosts. Site preference in the gut assists 

probability of contact and so mating between the sexes, but polygamy appears to be normal 

and males may move down the alimentary canal, fertilising females (Crompton and Walters, 

1972; Crompton, 1985). Fertilization is internal and it is males that initiate copulation. 

From the ovaries masses of ova dehisce into the body cavity and starts segmentation there 

itself so that the young embryos are formed within the maternal body. These embryos are 

sucked into the uterus through a small funnel shaped opening called "bell" continuous with 

the uterus. From the uterus they reach the alimentary canal of the host via the oviduct and 

finally pass out along with faeces of the host. Further development is possible only if the 

embryos are swallowed by the intermediate or definitive host (Asaolu, 1980). The lifespan of 

adults within their definitive hosts is highly variable (Nickol and Heard, 1973). There is a real 

paucity of data on longevity, fecundity and potency periods, due largely to the fact that eggs 

are very difficult - to the extent of being often impossible - to detect in host faeces 

qualitatively or quantitatively. It can be tentatively suggested that few species survive in their 

definitive host for longer than a year and those probably only in some homoeotherms. Not all 

acanthocephalans show seasonality in their life cycle, but there are many instances in which 

they do. When seasonal life cycles exist there is often a direct link to change to host diet, 

water temperature, and/or the presence of intermediate hosts in the environment (Hine and 

Kennedy, 2006). 

Behaviour 

Acanthocephalans usually occupy precise niches within the intestine of their definitive hosts. 

However, some species have been shown to migrate along the intestinal tract during the term 

of infection (George and Nadakal, 1987). Such migration is correlated with both host diet and 

sexual maturity of the worms (Crompton and Edmonds, 1969). Nothing is known of 

acanthocephalan behaviour and communication, and there is no evidence of chemical 

attractants being released to assist in finding mates within the host's digestive tract. 

Acanthocephalans do not normally appear to alter the behaviour of their vertebrate hosts in 

any way as a response to or defence against infection (Hart, 1994), and there is only a single 

report of an acanthocephalan altering the behaviour of a vertebrate, in this case the swimming 

and diving behaviour of a skink (Daniels, 1985). There is also no evidence that 

acanthocephalans in any way alter the behaviour of their paratenic hosts to facilitate infection 
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(Kennedy, 2006). However, acanthocephalans are known to modify the behaviour of their 

intermediate hosts (Bethel and Holmes, 1973; Dezfuli et al., 2003b). They can have a major 

impact on their intermediate hosts at individual as well as at population levels by altering the 

behaviour of infected individuals which result in increased death by predation. This in turn 

means that they can have important effects on the communities and food webs of free-living 

organisms. 

Pathology 

Adult acanthocephalans attach to the intestines of their definitive hosts by embedding their 

probosces in the intestinal wall. There is little doubt that acanthocephalans do cause local 

damage to their intestines (Bullock, 1963; Taraschewski, 2000). The probosces with their 

rows of hooks appear capable of inflicting considerable damage to the gut wall of their hosts. 

The Pathologic impacts of acanthocephalans on their hosts were studied by several 

investigators (Bullock, 1963; Paperna and Zwerner, 1976; Mc Donough and Gleason, 1981; 

George, and Nadakal; 1981 , 1982; Kabata, 1985; Taraschewski, 1988; Douellou, 1992; 

Kennedy, 2006; Feist and Longshaw, 2008). The importance of acanthocephalan parasites 

from the point of human health has been studied and investigated by Beaver etal. (1 983), 

Alcalay etal. (1 987), Barnish and Misch (1987) and Counselman etal. (1989). The practice of 

eating of raw or inadequately cooked fish or intermediate host is reported to be the main 

cause behind human infection. Three species of these parasites, Corynosoma strumosum, 

Acanthocephalus butonis and Bolbosoma sp., have been reported from humans on rare 

occasions (Schmidt, 1971 ; Deardorff and Overstreet, 1991). 

Systematics 

The Acanthocephala appears to be a very old and monophyletic phylum. As with most soft 

bodied parasites, no fossil record of acanthocephalans is known. However, a fossil of what 

may be an acanthocephalan has been reported by Conway-Morris and Crompton (1982). 

According to Noronha et al. (1989) prehistoric human coprolites at archaeological sites in the 

United States and Brazil have revealed infections by acanthocephalans as they have been 

found to contain what may be acanthocephalan eggs.  

Acanthocephala have been recognized about three centuries ago and Francesco Redi, 1684, 

was the first to give a recognizable account of Acanthocephala as worms having proboscis 
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armed with hooks (Lühe, 1905 as cited in Amin, 1985). Anton van Leeuwenhoek in 1695 

described two kinds of acanthocephalans from the intestine of an eel (Meyer, 1932 as cited in 

Amin, 1985). Leeuwenhoek's first record included a drawing of the proboscis of 

Acanthocephalus anguillae. The close of the 18th century and beginning of the 1 9th century 

witnessed the discovery and description of many new species from different vertebrate hosts 

by several workers namely, Goeze, Schrank, Zeder, Rudolphi, Bremser and Westrumb 

(Amin, 1985). 

SERRASENTIS NADAKALI (GEORGE & NADAKAL, 1978) 

The members of the genus Serrasentis are generally parasitic on marine fish. The encysted 

juveniles were found on the mesenteries of several marine fishes which act as paratenic hosts. 

The worm Serrasentis nadakali (PL.I: Fig. 1 .1 to 1.4; PL.IV: Fig. 3.4) was first described by 

George and Nadakal (1978b). It lives as an endoparasite attached to the anterior region of the 

intestine (PL.II: Fig. 1.5 to 1.8) of the definitive host, Rachycentron canadum, a popular 

marine edible fish. 

Systematic Position 

phylum: Acanthocephala 

Class:  Palaeacanthocephala (Meyer, 1931 ) 

Order:  Echinorhynchida (Southwell & MacFie, 1925) 

Family: Rhadinorhynchidae (Travassos, 1923) 

Sub-family: Serrasentinae (Petrochenko, 1956) 

Genus:  Serrasentjs (Van Cleave, 1923) 

Species: Serrasentis nadakali (George & Nadakal, 1978) 

Taxonomic Features 

Pseudo-segmentation is reflected in trunk spination. Sexual dimorphism is well marked in 

size and trunk spination. Trunk elongated and cylindrical, slightly swollen anteriorly in both 

sexes and also posteriorly in females. Proboscis is club shaped with  24-28 longitudinal rows 

of hooks. Each row has 20-26 hooks, similar in both sexes. Proboscis hooks are smaller at the 
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apex and basal part. Collar spination exists at regular intervals of 8-15 circles, each with 25-

30 spines and followed by a short non spiny area. Second part of trunk spination consists of 

18-34 ventral semicircular combs, each with 8-36 spines. The spine number diminishes jn 

trunk combs posteriorly. Trunk combs differ in number in both sexes. Anterior trunk combs 

are closely packed but those of posterior region widely set. Trunk is non spiny posteriorly. 

Proboscis sac cylindrical and double walled. Three receptacle retractor muscles are attached 

to the base of the proboscis sac. Lemnisci are slender and equal, extending far beyond the 

proboscis receptacle (PL.I: Figs. 1 .1 to 1.4). 

RACHYCENTRON CANADUM (LINNAEUS, 1766) 

The host, Rachycentron canadum (PL.III: Fig. 1.9), was originally described as Gasterosteus 

canadus by Linnaeus in 1766 and later changed to Rachycentron canadum (Linnaeus, 1766). 

Rachycentron canadum is the only species in the family Rachycentridae. No subspecies are 

recognized till date. The standard FAO common names are: Cobia (English); Mafou (French) 

and cobie (Spanish) (Collette, 1984). 

Systematic Position 

phylum: Chordata 

Subphylum: Vertebrata 

Superclass: Gnathostomata 

Class:  Osteichthyes 

Superorder: Acanthopterygii 

Order:  Perciformes 

Family: Rachycentridae 

 Genus: Rachycentron (Kaup, 1826). 

Morphology 

Body is elongate, fusiform and subcylindrical with a long, broad and depressed head. The 

snout is broad and eyes are small with wide inter-orbital gap and no adipose. 
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POPULATION DYNAMICS OF SERRASENTIS NADAKALI 

The population dynamics of acanthocephalan parasite, Serrasentis nadakali, and its host 

Rachycentron canadum have been studied over a period of two years from 2009 to 2011 

through regular sampling at the selected stations, Vizhinjam and Neendakara, on the south-

west coast of Kerala. The data gathered on prevalence, intensity, abundance and other 

relevant parameters of parasite and host population with regard to seasons and environment 

have been subjected to statistical analyses to test the earlier hypotheses and to draw valid 

conclusions. The same parameters were also investigated with regard to juvenile population 

of the parasite. The study revealed irregular but statistically significant fluctuations in all the 

parameters between stations and seasons. A relevant feature common to the findings was the 

consistently higher values observed in all the three parameters at Vizhinjam station and 

during pre-monsoon among seasons. No seasonal cycle was found in either the prevalence or 

the intensity of natural infections of S. nadakalíin R. canadum. Likewise in most cases where 

seasons are involved a decreasing trend was observed in the order pre-monsoon > post 

monsoon > monsoon. Of the 628 hosts and 4250 parasites sampled during the study a sex 

ratio (female - male) of 1 .6:1 among the hosts and among the parasites was obtained. It did 

not show any significant fluctuation either between seasons or stations. Another pertinent 

finding of this study was the significant difference in mean prevalence between male and 

female hosts. However, the investigation failed to disclose any statistically significant 

association between the sex of the parasite and the sex of the host. Further, a significant and 

highly positive correlation was observed between parasite infection and body weight of the 

host fish. Throughout the period, S. nadakali was the dominant parasite, over-dispersed 

throughout the cobia population and most frequently occurred as a single species infection. It 

showed a clumped distribution with a clear site preference for the pyloric caeca region of the 

host's alimentary canal. 

The parasite population in cobia fish appeared to be in a state of dynamic equilibrium and 

gain and loss of parasites have been taking place throughout the year with the level of 

infection at any moment being determined primarily by the feeding behaviour of the host and 

the availability of the infected intermediate and transport hosts. Although not verified 

experimentally, differences in prevalence, intensity and abundance of the parasite population 

related to stations may have a link to the possible differences in  the physical, chemical and 

biological features of water and sediments. The population dynamics of a species can be 
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approached from several different perspectives. One of these is an appreciation of the effects 

that a parasite has upon individual host, host population and on the community in which these 

hosts exist. Dynamics can also be studied over different time-scales, ranging from short-term 

studies of seasonal changes in population parameters to long-term studies of stability and 

persistence of parasite populations (Kennedy, 2006). 

Acanthocephalans in many respects are particularly suitable for studies of population 

dynamics, since the life history generally comprises only three infra populations: the eggs and 

the larval stages in the arthropod intermediate hosts and the adults in the definitive hosts 

(Crompton, 1985). The transfer of eggs to the intermediate host and the transfer of 

cystacanths from the intermediate host to the definitive host are always passive, by ingestion. 

Furthermore, since the parasites solely reproduce sexually; the infra populations within a host 

can only increase by immigration. Despite the suitability of the group and the number of 

investigations on life cycles and seasonality of occurrence, the amount of useful data in 

relation to regulation and dynamics of acanthocephalan populations are rather limited and the 

majority of field investigations having been conducted in freshwater habitats (Kennedy, 

2006). 

Parasites occur in all ecosystems and in all genera, and interact with their host in different 

ways depending upon the stability of the ecosystem (Combes, 1995). More than half of the 

world's species behave as a parasite at some point of their life cycle and most organisms are 

parasitized (Poulin and Morand, 2004). Parasites constitute a substantial proportion of the 

entire biomass of an ecosystem (Kuris et al., 2008) and have very strong community effects 

(Mouritsen and Poulin, 2002). Many authors (Awachie, 1965; Camp and Huizinga, 1980; 

Brattey, 1986, 1988; Gleason, 1987 and Molloy etal., 1995) have reported seasonal cycles in 

the prevalence and abundance of acanthocephalan populations. However, observations 

supporting the absence of seasonality in acanthocephalan life were also made by several 

others (Chubb, 1964; Kennedy, 1972; Hine and Kennedy, 1974b; Crompton etal., 1984 and 

Brown, 1989). 

Presence or abundance of parasites may be influenced directly by both the host environment 

and the environmental condition of the ecosystem. Changes in the environment are capable of 

modifying the host—parasite interactions by either increasing the parasites' effect through an 

increase in host susceptibility (Kadlec et al., 2003) or disadvantaging the parasites by 
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increasing host mortality or decreasing the abundance of intermediate hosts (Pampoulie etal., 

2001 , 2004). Attempts were also made to identify the correlation between population levels 

and changes in various biotic and abiotic environmental factors such as breeding cycle of the 

intermediate host (Awachie, 1965; Molloy et al., 1995); availability of infected intermediate 

hosts (Cribb et al., 2000); diet and feeding behaviour of the intermediate and definitive hosts 

(Awachie, 1965; Lackie, 1972; Hine and Kennedy, 1974b; Chubb, 1982; Brattey, 1 986); host 

starvation (Crompton, 1975); population density of intermediate and definitive hosts (Lackie, 

1972; Campbell et al., 1980; Villarroel et al., 2000) host sex (Thomas , 2002); host migration 

(Nicholas and Hynes, 1958; Hynes and Nicholas, 1963; Thompson, 1985a, b); density and 

longevity of parasite eggs (Kates, 1942; Lackie, 1972; Hine and Kennedy, 1974b); water 

temperature (Awachie, 1 965; Kennedy, 1972; Parshad and Crompton, 1981 ; Gleason, 1987; 

Brattey, 1 988); water depth (Campbell, i 990) and pollution (Eure and Esch, 1974; 

McDowell et al., 1999). Thomas (2002) studied the influence of habitat selection by the host 

fish, their position in the social hierarchy and the over dispersed nature of the transmission 

sites in causing differences in the parasite fauna related to host species, age, size and sex.  

Seasonality of parasite infestatim has also been investigated in hosts other than fish and 

isopods: in eider ducks (Nicholas and Hynes, 1958; Hynes and Nicholas, 1963; Liat and Pike, 

1980; Thompson, 1985a, b) in ringed seals (Helle and Valtonen, 1980, 2004) and in rat 

(Crompton et al., 1984). Parshad and Crompton (1981) reported that fully developed eggs are 

infective to arthropods immediately upon leaving the parent without needing a period of 

further developmert Hynes and Nicholas (1958) opined that successful infection of an 

intermediate host requires compatibility between parasite strain and host species. Parasites in 

the wrong species of hosts are killed in a short time (2-3 weeks) by a host response, but in the 

right species the host response has no obvious effect upon them and may even protect them 

(Crompton, 1975; Uzanski and Nickol, 1980). 

MATERIALS AND METHODS 

Collection and Examination of the Host Fish, Rachycentron canadum 

A total of six hundred and twenty eight specimens of the fish, Rachycentron canadum, which 

formed the host sample units for the study, were procured from fresh landings brought to 

Vizhinjam and Neendakara (for details on sampling stations see Chapter 1), two major 

fishing harbours located on the South-West coast of India. The period of sampling was from 
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June 2009 to May 2011. The randomly selected units were immediately screened for any 

grossly visible external abnormalities and those found unfit were summarily rejected. They 

were then transported to the laboratory in ice bags, cleaned in tap water and put to 

experimentation. Length (mm/fork length), weight (g/wet weight) and sex were determined 

for each fish. The weights were taken with the aid of the digital weighing balance while the 

lengths 'were measured using a metre rule. Isolation and Processing of the Parasite, 

Serrasentis nadakali. 

The parasites recovered from the intestine were first washed in 0.7% saline. The total number 

of parasites recovered from each host and the length (mm), weight (mg) and sex òf each 

worm were assessed and recorded. They were then refrigerated overnight in distilled water to 

force osmotic protrusion of their proboscis and then fixed in cold 10% Neutral Buffered 

formalin (NBF) for two days and stored in 70% ethanol. The worms   obtained from each fish 

constituted a separate infra population for further experimentation in the study. 

Population Parameters 

Sex ratio and three important parameters of the parasite population namely, prevalence, 

intensity and abundance were investigated during the current study. In order to avoid any 

misunderstanding with the terms prevalence, intensity and abundance the definitions of 

Margolis et al. (1982) were used. Parasite prevalence (P) is the number of hosts infected with 

one or more individuals of a parasite species divided by the number of hosts examined for 

that particular species. It is expressed as a percentage (0/0) value. Parasite intensity (I) is the 

number of individuals of a particular parasite in or on a single infected host. Parasite 

abundance (A) is the number of individuals of a particular parasite in or on a single host 

regardless of whether or not the host is infected. 

Data Analyses and Statistical Treatment 

The sex ratio and the variation in the distribution of the parasites observed during   the period 

of study were recorded. Parasitological parameters such as prevalence (P), intensity (l) and 

abundance (A) of infection were calculated according to Bush et al. (1997). The collected 

data on various parameters with respect to different stations and seasons (Pre monsoon: 

February - May; Monsoon: June - September; Post monsoon: October January) are subjected 

to statistical treatments using well-known and appropriate statistical techniques. All statistical 
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analyses were carried out using the statistical package SPSS 16.0 for WINDOWS. The 

following statistical tools were employed in the present investigation. 

Descriptive Statistics 

The raw data collected were condensed using summary statistics such as arithmetic mean 

(AM) and standard error (SE). 

One-Way Analysis of Variance 

One-Way Analysis of Variance (One-Way ANOVA) has been applied for finding statistically 

significant mean differences between the divisions of a single factor with respect to various 

parameters. 

Two-Way Analysis of Variance 

Two-Way Analysis of Variance (Two-WayANOVA) has been applied for findiñg statistically 

significant mean differences between stations or between seasons or any interaction effect 

due to stations and seasons with respect to various parameters. 

Scheffe's Post Hoc Test 

It is a single-step multiple comparison statistical procedure that can be used to determine the 

significant differences between group means in an analysis of variance setting. In practice, 

post hoc analyses are usually concerned with finding patterns and/or relationships between 

subgroups of sampled populations that would otherwise remain undetected and undiscovered. 

Correlation Coefficient   

Karl Pearson's product moment correlation coefficient is calculated for finding significant 

linear relationship between host body weight with prevalence, intensity and abundance. The 

statistical significance of the observed correlation coefficient has been tested using Student's 

t-test. 

Chi-square Test 

Chi-square test for independence has been applied for finding significant association, if any, 

between sex of the parasite and sex of the host in different stations. 
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Level of significance 

Level of significance was fixed at 1 % or 5% before starting the investigation P value P value 

(calculated probability of type I error, in statistical terminology) less than 0.01 or 0.05 is 

considered to be statistically significant at 1 % or 5% level of significance. 

Pre-processing of Sample Data 

The statistical tests employed in the present study must require the condition that the data 

distribution obeys Gaussian law - assumption of normality (Arnold and Seshadri, 2009). But 

Kolmogorov-Smirnov test of normality (Lopez, et al., 2007) revealed that none of the data 

relating to various parameters obey the assumption of normality (P>O.05). Hence data were 

pre-processed using NI(X+I) transformation to obey the normality assumption. 

RESULTS 

Regular field sampling was done for a period of two years from June 2009 to May 2011. A 

total of 628 (241 males and 387 females) host fish were examined from the two sampling 

stations: Vizhinjam (319) and Neendakara (309). Among the collected hosts 525 (83.6%) 

were infected with parasites and 103 (16.4%) were uninfected. The total number of parasites 

recovered from the hosts was 4,250 (822 males and 3428 females). Observation of the 

intestine of the host revealed mild, moderate and heavy infection with the parasites being 

congregated at the pyloric caeca, i.e. at the anterior region of the intestine just after the 

stomach (PL.II: Fig. 1.6 tol .8). At high levels of infection the range of the parasite's 

distribution is extended posteriorly. Moreover, the mean position of males was slightly 

anterior to that of females. Copulating pairs of worms from natural infections were also 

observed (PL. IV: Fig. 3.4 & 3.5). The raw data gathered on various parameters with respect 

to different stations and seasons during the field investigation (Appendices 1 A-C) were 

grouped and condensed using summary statstics. These were then subjected to further 

statistical treatments using well known and appropriate statistical techniques such as One-

Way and Two-Way ANOVA followed by Scheffe's post hoc test, Correlaton coefficient, 

Student's t-test and Chi-square testto ascertain the statistical significance of the findings 

pertaining to the prevalence, intensity and abundance of infection in relation to environmental 

conditions (seasons and locality), sex and developmental stage of the parasite, and the sex 

and body weight of the host. The details are presented in tabular form (Tables 2.1 to 2.16) 
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under respective headings and statistically significant observations are illustrated in the form 

of suitable graphs (Figs. 2.1 to 2.17). The Two-Way ANOVA of the data clearly showed the 

absence ofany statistically significant interaction effect due to stations and seasons on any of 

the population parameters investigated. Hence we compared the 'seasonal effect' (ignoring 

stations) and 'station effect' (ignoring seasons) on the respective parameters. 

SUMMARY 

Acanthocephalans, known as thorny-headed worms, are a group of obligate endoparasitic 

helminths with complex life cycle involving arthropods as intermediate and vertebrates as 

definitive or paratenic hosts. The prime objective of the present study was to conduct a 

detailed investigation on certain aspects of the candidate species Serrasentis nadakali (George 

& Nadakal, 1978), an intestinal acanthocephalan parasite in the marine edible fish, 

Rachycentron canadum (Linnaeus, 1766). The population dynamics of the parasite and its 

host have been studied over a period of two years from 2009 to 2011 through regular 

sampling at the selected stations, 

Vizhinjam and Neendakara, on the South-West coast of Kerala. A total of 628 hosts and 4250 

parasites were sampled during the study. Statistical analyses of the data gathered on the 

prevalence, intensity, abundance and other relevant parameters of the parasite (both adult and 

juvenile) as well as the host population with regard to seasons and stations revealed irregular 

but statistically significant fluctuations in all the parameters between stations and seasons. All 

the three parameters showed consistently higher values at Vizhinjam station and during pre-

monsoon among seasons. No seasonal cycle was observed in the prevalence or intensity of 

natural infection of S. nadakaliin R. canadum. A sex ratio (female-male) of 1 .6:1 among the 

hosts and 4.2:1 among the parasites was noted. The average prevalence was significantly 

lower in male hosts when compared to female hosts. In addition, a significant and highly 

positive correlation was observed between the host weight and all the three parameters of 

parasitic infection. Throughout the period of study, S. nadakaliwas the dominant parasite, 

over-dispersed throughout the cobia population and generally occurring as a single species 

infection. It showed a clumped distribution with a clear site preference for the pyloric caeca 

region of the host's alimentary canal. The S. nadakalipopulation in cobia seemed to be in a 

state of dynamic equilibrium. The gain and loss of parasites had taken place throughout the 
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year with the level of infection at any moment being determined primarily by the feeding 

behaviour of the host and the availability of the infected intermediate and transport hosts. 

Structural organisation of the body wall and certain novel features of the copulatory bursa 

and anchoring structures of S. nadakaliwere described in relation to their function with the 

aid of Light and Scanning Electron Microscopy. As in other acanthocephalans, the body wall 

was seen organized into the usual three layers: outer syncytial tegument, a middle circular 

muscles and inner longitudinal muscles. A very thin layer of mucopolysaccharides, termed 

glycocalyx, is found outside the tegument. Vacuole like spaces reveal the presence of lacunar 

system. A double layered, muscular, proboscis receptacle with attached protrusor and 

retractor muscles was also evident. SEM images of the copulatory bursa showed specialized 

features such as a thick muscular rim and intricately folded internal wall. S. nadakali 

possessed an extensive system of anchoring structures for firm attachment to the host. The 

elaborate system of hooks and spines elucidated by the present study indicated the greater 

investment by the parasite in anchoring structures for safeguarding itself from being 

dislodged from the host intestine. 

Investigations on the histochemical and biochemical profile of S. nadakaliusing 

histochemical and bochemical techniques manifested differential localization of glycogen, 

protein and lipid that appeared to be correlated with the anatomy and function of the 

respective structure or part. The glycocalyx, muscle layers of the body wall, proboscis 

receptacle and the associated protrusor and retractor muscles, the oocytes and the covering of 

the lemnisci contained rich stores of glycogen. The amount of glycogen in the testis, 

lemnisci, core of the comb spines and the striped layer of the tegument was moderate. Intense 

localisation of protein was demonstrated in the glycocalyx, in the outer, striped zone of the 

tegument and in the surface as well as core of comb spines. The testis, the felt layer of the 

tegument and thecircular and longitudinal muscle layers of the body wall exhibited only 

moderate protein deposit. The glycocalyx and the oocytes displayed heavy deposit of lipids. 

Biochemical estimations yielded glycogen values ranging from 0.8 to 2.47% of the wet mass 

of S. nadakali. Females on average contained more glycogen (175%) than males (1.22%). 

The content of protein varied from 5.97 to 8.15% of wet weight with higher average (7.46%) 

in females. The total lipids varied from 0.92 to 2.36% of wet mass with more lipid (1.84%) in 

the males than in the females (1.5%). 
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The molecular systematics of S. nadakaliwas studied using the partial sequences of COI and 

18S rRNA genes generated from S. nadakali during the study as well as those retrieved from 

GenBank for 20 acanthocephalans, 9 rotifers, and one mollusc (outgroup). The main 

objective of the study was to DNA barcode S. nadakali and to ascertain its phylogenetic 

position among the acanthocephalans. An attempt was also made to examine the much 

debated Acanthocephala-Rotifera relationship. The COI gene sequence was reported as the 

barcode. The sequences of COI and 18S rRNA genes obtained for the present samples were 

submitted to GenBank under the accession numbers KC291712, KC291713, KC291714 and 

KC291715. Phylogenetic relationships were inferred by analysing combined dataset of the 

gene sequences using maximum parsimony, neighbour joining and maximum likelihood 

methods. The mean genetic divergence calculated among the acanthocephalan species 

selected for the current analysis fully justified the placement of S. nadakali as a distinct 

species in the class Palaeacanthocephala. Within the context of sampled taxa, all phylogenetic 

analyses supported the hypothesis that Acanthocephala is an independent and monophyletic 

group that includes four subclades that too are monophyletic. Thus the current higher order 

classification seemed to be natural. The phylogenetic analyses also suggested that 

Archiacanthocephala is the most basal and the earliest divergent group within the phylum. 

Based on inter-group genetic divergence, the Palaeacanthocephala appeared to be more 

closely related to Archiacanthocephala than to Eoacanthocephala or Polyacanthocephala. 

Further, Palaeacanthocephala was the most derived clade with the highest diversity inside the 

class in contrast to Archiacanthocephala, which exhibited a slower rate of evolution at the 

nucleotide level. With regard to the relationship with rotifers the findings conclusively 

showed that Acanthocephala enjoys the status of a sister group to Rotifera and never a 

subtaxon of it as some authors claimed. 

Of late, acanthocephalan parasites of fish have been attracting increasing interest from 

parasite ecologists as potential bioindicators of environmental quality due to their ability to 

accumulate metals at higher concentration than that in the host tissues or in the environment. 

The suitability of S. nadakali as a sentinel of ecosystem integrity in terms of heavy metal 

concentration in the marine ecosystem has been evaluated by assessing the concentrations of 

some heavy metals such as iron, manganese, copper, zinc, lead, cadmium, nickel and 

chromjum in the intestine, liver and muscle tissues of the host fish and the parasite using 

Atomic Absorption Spectrophotometry (AAS). The results revealed alteration in the uptake 
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and accumulation of heavy metals between and within the tested components. Generally, the 

essential metals, such as iron, zinc, copper and manganese were present in higher 

concentration than the non-essential and toxic metals such as lead and cadmium. 

Comparisons of heavy metal concentrations among the fish tissues exhibited certain obvious 

patterns. The bioaccumulation pattern observed for all the elements except iron in parasite 

and different tissues of the host fish was as follows: parasite > liver > intestine > muscle; for 

iron the order was liver > parasite > intestine > muscle. The order of the accumulation of 

heavy metals observed in parasite and different tissues of the host fish was as follows: 

 Parasite: Zn > Fe > Cd > cu > Mn > Pb >Ni 

Intestine: Zn > Fe > Cr > Cd > CU > Mn > Ni > Pb 

Liver  

According to the bioaccumulation potential in the parasite, the heavy metals could be 

arranged in the following descending order: Pb > Cd > Cr > Cu > Ni > Mn > Zn > Fe. The 

concentrations of Fe, Mn, Cu, Zn, Pb, Cd, Ni and Cr in the parasite were 0.84, 3.5, 2.5, 2.8, 

5.0, 4.7, 2 and 2 times greater than in the liver; 1.5, 5.7, 5.4, 4.0, 44.0, 8.3, 6.5 and 3.3 times 

than in the intestine and 2.06, 21, 27.3, 110, 302, 57, 24.3 and 31 times than in the muscle 

respectively. The present study thus indicated that S. nadakali accumulated metals in 

significantly higher quantities and could be used as a very' sensitive bio indicator for the 

presence of biologically available heavy metals in aquatic habitat. 

The histopathology of S. nadakali infection in the intestine of the host R. canadum was 

studied by observing appropriately stained paraffin sections under Light Microscope. Heavy 

infection almost blocking the intestinal lumen was observed in many hosts. In such cases the 

intestine at the site of parasite crowding appeared to be discoloured, flabby and dilated; 

partially due to the pressure exerted by the parasites and partially due to the disruption of the 

tissue architecture of the intestine. The host's immune reactions were characterised by 

inflammatory responses involving infiltration and aggregation of leucocytic inflammatory 

cells and hyperplasia, changes in microvasculature, excessive mucus secretion and discharge 

of purulent exudates at the site of parasite attachment. Prolonged attachment and aggregation 

of the parasites caused considerable damage to the tissue architecture of the host's intestine, 

featured by erosion of the mucosa, submucosa and muscle layers of the intestine to varying 
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degrees. On consolidating the results of the study it could be highlighted that the relationship 

between S. Nadakali and R. canadum provided an example of ecological homeostasis in 

which they were able to co-exist in a relatively stable equilibrium. Therefore it seemed 

justifiable to state that the host as well as the parasite might have evolved together (co-

evolution) to acquire reciprocal adaptation and further studies are needed in this regard. 
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