
©Encyclopedia of Life Support Systems (EOLSS) 

CONTENTS 
 

 
OCEANS AND AQUATIC ECOSYSTEMS 
 

 

 
 
 
 
Oceans and Aquatic Ecosystems - Volume 1 
No. of Pages: 341 
ISBN: 978-1-905839-05-6 (eBook) 
ISBN: 978-1-84826-905-7 (Print Volume) 
 
Oceans and Aquatic Ecosystems - Volume 2 
No. of Pages: 358 
ISBN: 978-1-905839-06-3 (eBook) 
ISBN: 978-1-84826-906-4 (Print Volume) 
 
For more information of e-book and Print 
Volume(s) order, please click here 
 
Or  contact : eolssunesco@gmail.com

https://www.eolss.net/ebooklib/bookinfo/oceans-aquatic-ecosystems.aspx


OCEANS AND AQUATIC ECOSYSTEMS 
 

CONTENTS 
 

VOLUME I 
 

Natural Resource System Challenge: Oceans and Aquatic      1 
Eric Wolanski, Australian Institute of Marine Science, Townsville, Australia 
 
1. Introduction: Water on Earth 
2. The Oceans 

2.1. Water circulation 
2.2. Plankton, nekton, and benthos 
2.3. Biodiversity 
2.4. Upwelling 
2.5. El Niño 
2.6. Nutrient cycling and eutrophication 
2.7. The ocean carbon cycle 

2.7.1. The solubility pump 
2.7.2. The biological pump 

2.8. Fisheries 
2.9. Global warming 
2.10. Transfer of non-indigenous aquatic species 

3. Lakes and Rivers 
3.1. Temperature and stratification 
3.2. Suspended and dissolved matter 
3.3. Oxygen 
3.4. Primary production 
3.5. Human-induced pollution of freshwater 

3.5.1. Eutrophication 
3.5.2. Chemical pollution 
3.5.3. Acidification 
3.5.4. Engineering works 
3.5.5. Soil erosion 

3.6. Introduction of new species 
3.7. Restoration of aquatic ecosystems 

4. Wetlands 
5. Estuaries 
6. Oceanic Islands 
 
 
Freshwater Wetland Resources and Biology       24 
Michael B. Jones, Trinity College,University of Dublin, Ireland 
 
1. Introduction 
2. Wetland Types 
3. Wetland Vegetation 
4. Adaptation of Plants and Animals to Wetlands 
5. Ecosystem Function 
6. Greenhouse Gas Exchange 
7. Carbon Cycling in Wetlands: Possible Future Change 
8. Sustainability of Wetlands 
 
 
Problems, Restoration, and Conservation of Lakes and Rivers     38 
Takashi Asaeda, Saitama University, Japan 
Jagath Manatunge, Saitama University, Japan 
Tilak Priyadarshana, Saitama University, Japan  
Bae Kyung Park, Saitama University, Japan 

©Encyclopedia of Life Support Systems (EOLSS) i



OCEANS AND AQUATIC ECOSYSTEMS 
 

1. Introduction 
2. Dynamics of Rivers and Streams and Lakes 

2.1. Energy Flow and Nutrients in Rivers and Streams 
2.1.1. Organic Matter in Rivers 

2.2. Nutrient Dynamics of Rivers 
2.3. Physical Processes of Lakes 

2.3.1. Light Zonation 
2.3.2. Thermal Stratification and Wind Action 
2.3.3. Circulation in Tropical Lakes 
2.3.4. Importance of Water Circulation in Lakes 

2.4. Chemical Processes in Lakes 
2.5. Biological Processes in Lakes 

3. Threats and Consequences 
3.1. Eutrophication 

3.1.1. Sources of Eutrophication 
3.1.2. Consequences of Eutrophication 

3.2. Organic Pollution of Rivers and Streams 
3.2.1. Point Source 
3.2.2. Nonpoint Source 

3.3. Chemical Pollution 
3.3.1. Sources of Pollutants 
3.3.2. Consequences of Chemical Pollution 

3.4. Acidification 
3.4.1. Sources of Acid Pollutants 
3.4.2. Effects of Acidification on Aquatic Ecosystems 

3.5. Overexploitation 
3.5.1. Threats and Consequences of Overexploitation 

3.6. Introduction of Exotic Species 
3.6.1. Threats and Consequences 

3.7. Siltation and Pollution from Watershed 
3.7.1. Sources of Pollutants 
3.7.2. Consequences of Siltation 

4. Restoration of Aquatic Ecosystems 
4.1. Diagnosis and Control of Lakes and Reservoirs 

4.1.1. Eutrophication 
4.1.2. Control of Aquatic Macrophytes 
4.1.3. Increasing Hypolimnetic Low Oxygen 
4.1.4. Removal of Excess Sediment 
4.1.5. Control of Exotic Species 
4.1.6. Recovery from Acidic Lakes 
4.1.7. Removal of Chemical Contaminants 

4.2. Diagnosis and Control of River and Stream Stresses 
4.2.1. Instream Techniques 
4.2.2. Stream Bank Treatments 
4.2.3. Water Management 
4.2.4. Channel Reconstructions 
4.2.5. Stream Corridor Restoration Measures 
4.2.6. Watershed Management 

5. Conservation and Policy Framework 
5.1. Basin Management Measures 

5.1.1. Protection of the Catchment 
5.1.2. Waste Treatment 
5.1.3. Management of River and Lake Margins 

5.2. Community Participation 
5.3.  Technology Transfer and Capacity Building 
5.4. Policy Issues 

6. The Future 
6.1. Contribution of Limnologists to Water Management 

©Encyclopedia of Life Support Systems (EOLSS) ii



OCEANS AND AQUATIC ECOSYSTEMS 
 

6.1.1. Future Trends in Limnology Research 
6.1.2. Applied Limnology and Future Trends in Restoration Techniques 

6.2. Role of Ecological Modeling 
6.3. Role of Communities and Policies 

6.3.1. Streamflow Allocations 
6.3.2. The Need for Action 

 
 
Shallow Lakes: Effects of Nutrient Loading and How to Remedy Eutrophication   100 
Erik Jeppesen, National Environmental Research Institute, Silkeborg, Denmark 
Martin Sondergaard, National Environmental Research Institute, Silkeborg, Denmark  
Jens Peder Jensen, National Environmental Research Institute, Silkeborg, Denmark 
Torben L. Lauridsen, National Environmental Research Institute, Silkeborg, Denmark 
 
1. The Eutrophication Process 
2. Resistance to Increasing Nutrient Loading 

2.1. Indirect Effects 
2.2. Effects on Fish and Zooplankton 

3. Triggering Factors for the Loss of Submerged Plants 
4. Resistance to Decreasing Nutrient Loading 

4.1. Chemical Resistance 
4.2. Biological Resistance 

5. How to Break the Chemical Resistance 
6. How to Break the Biological Resistance 
7. Perspectives 
 
 
Ecological Effects of River Rehabilitation Methodologies Applied in Europe   116 
Morten Lauge Pedersen, National Environmental Research Institute, Silkeborg, Denmark 
Brian Kronvang, National Environmental Research Institute, Silkeborg, Denmark  
Hans Ole Hansen, National Environmental Research Institute, Silkeborg, Denmark  
Nikolai Friberg, National Environmental Research Institute, Silkeborg, Denmark 
 
1. Introduction 
2. European Watercourses—Ecological State and Pressures on the Riverine Environment 
3. River Rehabilitation in Europe 

3.1. Development of a European Centre for River Restoration (ECRR) 
3.2. A Database on River Restoration Projects 

4. River Rehabilitation in Lowland Streams—Danish Examples 
4.1. The Ecological State of Danish Streams 
4.2. River Rehabilitation Measures Applied in Denmark 

4.2.1. Classification 
4.2.2. Single Structure Restoration 
4.2.3. Stream Channel/Instream Habitat Restoration 
4.2.4. Re-meandering and River Valley Restoration 
4.2.5. Effect Studies of River Restoration 
4.2.6. Stream Maintenance Procedures 

5. Case Studies 
5.1. Re-meandering of the River Bredeå—Short-term Implications of Nutrient and Sediment 

Retention 
5.1.1. Background 
5.1.2. Aims of the Project 
5.1.3. Monitoring Program and Methods 
5.1.4. Effects on the River Hydraulics and Transport of Nutrients and Sediment 
5.1.5. Effects on the Nutrient Retention on the Riparian Areas on Restored Reach 

5.2. Re-meandering of the River Gelså—Effects on the Instream Habitats 
5.2.1. Background 
5.2.2. Restoration Site 

©Encyclopedia of Life Support Systems (EOLSS) iii



OCEANS AND AQUATIC ECOSYSTEMS 
 

5.2.3. Habitat Survey 
5.2.4. Effects of Re-meandering on the Physical Habitats 

5.3. Replacement of Weirs by Rapids in Small Streams—Effects on the Macroinvertebrate 
Community and Physical Conditions 

5.3.1. Study Sites and Monitoring Program 
5.3.2. Results 

5.4. Bypass Channel in the River Storå at Holstebro 
5.4.1. Background and Aims of the Project 
5.4.2. Implementation of the Project 
5.4.3. Effect Studies 

6. Challenges in the New Millennium 
 
 
Geographic Information Systems Applied to the Analysis of Riparian Buffer Zones and 
Lakes           156 
Norio Tanaka, Saitama University, Saitama,  Japan 
 
1. Introduction 
2. Analysis of Riparian Buffer Zones 

2.1. Hydrologic Effects of Buffer Zones 
2.2. Relation between Nonpoint Source Pollution and Buffer Zones 
2.3. A Buffer Width Model 
2.4. Methods to Identify Critical Source Areas 

3. Analysis of the Aquatic Ecosystem 
3.1. Factors Affecting Aquatic Macrophyte Growth 
3.2. Predictive Methods Using GIS 

 
 
Pre-Reservoirs for Reducing Nutrient Inputs from Diffuse Sources — A Case Study   171 
Vera Istvánovics, Water Management Research Group of the Hungarian Academy of Sciences, Budapest, 
Hungary 
 
1. Introduction: The Objective 
2. Description of the System 

2.1. Historical Aspects 
2.2. Limnology of Lake Balaton 
2.3. Socioeconomic Trends and Major Sources of the Present P Load 
2.4. Ecological Status 

3. Operation of the Kis-Balaton Reservoirs 
3.1. The Monitoring System 
3.2. The Upper Reservoir 
3.3. The Ingói 
3.4. The Unimplemented Area of the Lower Reservoir 

4. Recovery in Basin 1 of Lake Balaton 
5. Discussion 

5.1. Size and Position of the Kis-Balaton Reservoirs 
5.2. The Conflict between Water Quality Management and Nature Protection 
5.3. Pre-reservoir Construction versus Environmentally Sound Agricultural Management 

6. Conclusions 
 
 
Development of Decision-Making Tools for Eutrophic Lakes     193 
Akihiko Hirayama,  Chief Research Engineer, Shimizu Corporation, Tokyo, Japan 
 
1. Introduction 
2. Dynamic Lake Models 
3. Mixing Models 

3.1. Overview of the Mixing Models 

©Encyclopedia of Life Support Systems (EOLSS) iv



OCEANS AND AQUATIC ECOSYSTEMS 
 

3.2. Formulation of Multilevel Model 
3.3. Model Application to Weakly Stratified Lake 

4. Biogeochemical Models 
4.1. Overview of Biogeochemical Models 
4.2. Formulation of Biogeochemical Models 
4.3. Sediment-Water Interactions 

4.3.1. Phosphorus Exchange between Lake-Water and Sediment 
4.3.2. Suspended Sediment Modeling 

4.4. Hindcasts of Cyanobacterium Blooms 
5. Water-Quality Models 

5.1. Overview of Water-Quality Models 
5.2. Formulation of Water-quality Model 
5.3. Water-Quality Simulation 

6. Future Studies 
 
 
Environmental and Social Impacts of Reserviors: Issues and Mitigation    212 
Jagath Manatunge, Saitama University, Japan 
M. Nakayama, Tokyo University of Agriculture and Technology, Japan 
Tilak Priyadarshana, Saitama University, Japan 
 
1. Introduction 
2. Impacts of Reservoirs 

2.1. Benefits of Reservoirs 
2.2. Environmental and Ecosystem Impacts 

2.2.1. Effects of the Barrier Caused by the Dam 
2.2.2. Alteration of the Natural Flow Patterns of Rivers 
2.2.3. Indirect Effects of Reservoirs 

2.3. Socioeconomic Impacts 
2.3.1. Pre-construction 
2.3.2. Involuntary Resettlement 
2.3.3. Construction 
2.3.4. Post-construction 
2.3.5. Health and Welfare 

2.4. Interrelations and Implications 
3. Responding to these Impacts 

3.1. Social Impacts 
3.1.1. Mitigation of Social Impacts 
3.1.2. Resolving the Problem of Equity 
3.1.3. Other Project-affected People 
3.1.4. Host Populations 
3.1.5. Gender Related Issues 

3.2. Environmental Impacts 
3.2.1. Biodiversity and Fish Migration 
3.2.2. Sedimentation 
3.2.3. Modifications to Hydrological Regime and Downstream Impacts 
3.2.4. Afforestation and Conservation Strategies 
3.2.5. Managing Water Quality in the Reservoir and Downstream 

3.3. Health Related Problems 
3.4. Big Dams or Small Dams? 
3.5. Assessing Impacts 

3.5.1. Strategic Environmental Assessment (SEA) 
3.5.2. Sectoral Environmental Assessment (Sectoral EA) 
3.5.3. Project-specific Assessments—Environmental Impact Assessment (EIA) and Social 

Impact Assessment (SIA) 
3.5.4. Regional Environmental Assessments 

4. Trends in Future Planning 
5. Future of Dams 

©Encyclopedia of Life Support Systems (EOLSS) v



OCEANS AND AQUATIC ECOSYSTEMS 
 

5.1. Future Demands of Society and the Role of Reservoirs 
5.1.1. Energy 
5.1.2. Water Supply 

5.2. Concluding Remarks 
 
 

Dynamics, Threats, Responses, and Recovery of Riverine-Riparian Flora    256 
Tilak Priyadarshana, University of Ruhuna, Matara, Sri Lanka  
Takashi Asaeda, Saitama University, Japan 
Jagath Manatunge, Saitama University, Japan  
Takeshi Fujino, Saitama University, Japan 
Nimal P. D. Gamage, Moratuwa University, Sri Lanka 
 
1. Introduction 
2. Riparian Forests 

2.1. Nutrient Cycling 
2.2. Distribution and Composition 
2.3. Habitats Based upon Riparian Forests 
2.4. Succession 

3. Aquatic Macrophytes 
3.1. Types of Macrophytes 
3.2. Adaptations 
3.3. Habitats Based upon Macrophytes 

4. Riverine Algae 
4.1. Phytoplankton 
4.2. Periphyton 

5. Natural and Human Induced Disturbances 
5.1. Nature of Disturbances 
5.2. Chemical Means of Disturbances 
5.3. Biological Means of Disturbances 
5.4. Physical Means of Disturbances 

6. Monitoring River Environments 
6.1. Monitoring Natural Trends 
6.2. Implementation Monitoring 
6.3. Effectiveness Monitoring 
6.4. Project Monitoring 

7. System Recovery 
8. Conclusions 

8.1. Sustainable Resource Use 
8.2. Catchment Management 
8.3. Role of Legislation 
8.4. Future Needs 

 
 
Index           285 
 
 
About EOLSS          291 

 
VOLUME II 

 
Biodiversity of Coastal-Realm Waters        1 
G. Carleton Ray, University of Virginia, Charlottesville, USA 
M.G. McCormick-Ray, University of Virginia, Charlottesville, USA 
 
1. Introduction 
2. The Coastal Realm 

©Encyclopedia of Life Support Systems (EOLSS) vi



OCEANS AND AQUATIC ECOSYSTEMS 
 

2.1. Coastal Realm Formation 
2.2. Large-Scale Physical Components 

2.2.1. Coastal Ocean 
2.2.2. Shelf Benthos 
2.2.3. Watersheds 

2.3. Protruding Coasts: Deltas and Headlands 
2.3.1. Deltas 
2.3.2. Headlands 

2.4. Embayed Coasts 
2.4.1. Estuaries 
2.4.2. Lagoons, Bays, Gulfs, and Sounds 

2.5. Wave-Dominated Open Coasts 
2.6. Islands 
2.7. Ice-Influenced Seas and Coasts 
2.8. Land- and Seascapes 

3. Coastal Realm Life 
3.1. The Aquatic Medium 
3.2. How Life Adapts 
3.3. Natural History Diversity 

3.3.1. K- and r-selection 
3.3.2. Reproductive Strategies 
3.3.3. Dispersal 
3.3.4. Populations and Metapopulations 
3.3.5. Symbiosis 
3.3.6. Biogenesis 
3.3.7. Epibiotic Structures 

3.4. Biodiversity Patterns 
3.4.1. Coastal Biogeographic Provinces 
3.4.2. Gradients in Species Diversity 

4. Conclusion 
 
 
The Vegetated Littoral: Mangroves and Salt Marshes      22 
J.E. Ong, Centre for Marine and Coastal Studies, Universiti Sains Malaysia, Penang, Malaysia  
Wooi Khoon Gong, Centre for Marine and Coastal Studies, Universiti Sains Malaysia, Penang, Malaysia 
 
1. Introduction 
2. Ecosystem Structure 

2.1. Geophysico-chemical Factors 
2.1.1. Geomorphic 
2.1.2. Soil (Edaphic) 
2.1.3. Climate 

2.2. Biotic Factors 
2.2.1. Vascular Plants 
2.2.2. Animals 

3. Ecosystem Function 
3.1. Producers 

3.1.1. Primary Production by Vascular Plants 
3.1.2. Primary Production of Algae 
3.1.3. Consumers (Herbivores and Carnivores) 

3.2. Decomposition 
3.2.1. Processes of Decomposition 
3.2.2. The Detrital Food Chain 
3.2.3. Export 

4. Usefulness of Mangroves/Salt Marshes 
4.1. Maintenance of Channel Depth 
4.2. Sediment Accretion and Coastal Protection 
4.3. Fish from Mangrove Waterways 

©Encyclopedia of Life Support Systems (EOLSS) vii



OCEANS AND AQUATIC ECOSYSTEMS 
 

4.4. Natural Cockle (Anadara granosa) and Oyster Beds 
4.5. Bird Sanctuary/Migratory Stops 
4.6. Mangroves/Salt Marshes and Adjacent Coastal Fisheries 
4.7. Sequestration of Atmospheric Carbon Dioxide 
4.8. Ecotourism 
4.9. Floating Cage Aquaculture 
4.10. Mangrove Timber and Other Mangrove Forest Products 
4.11. Monetary Value of Mangroves 

5. Sustained Use Management 
 
 
Coastal Erosion and Defenses against Erosion       48 
Timothy W. Kana, Coastal Science and Engineering LLC, Columbia, South Carolina, USA 
 
1. Introduction 
2. Sea Levels and Frames of Reference 
3. Coastal Processes and Erosion 

3.1. Tides and Surges 
3.2. Waves and Wave-Generated Currents 
3.3. Littoral Zone 

3.3.1. Outer Surf Zone 
3.3.2. Inner Surf Zone 
3.3.3. Beach Face 
3.3.4. Berm 
3.3.5. Foredunes and Washovers 

3.4. Profiles of Equilibrium 
3.5. Longshore Distribution of Sediment 
3.6. Equilibrium Planforms 
3.7. Shoreline Salients 

4. Quantifying Coastal Erosion 
5. Signatures of Coastal Erosion 

5.1. Erosion Caused by Artificial Structures 
5.2. Headlands, Rivers, and Deltas 
5.3. Other Erosion Signatures at Mesoscales 

5.3.1. One-Way Beach Cycle 
5.3.2. Shoal-Bypass Cycle 
5.3.3. Depletion of Offshore Shoals 
5.3.4. Beaches in Washover Mode 
5.3.5. Spit Rotation 

6. Coastal Erosion Defenses 
6.1. Hard Solutions 
6.2. Semi-Soft Solutions 
6.3. Soft Solutions 

6.3.1. Beach Scraping 
6.3.2. Transfer from Accretion Zones 
6.3.3. Inlet Relocation/Channel Realignment 
6.3.4. Composite and Jurisdictional Solutions 
6.3.5. Artificial Nourishment 

 
 
Resolving Resource Use Conflicts in Coastal Zones      80 
John R. Clark, Mote Marine Laboratory, Ramrod Key, Florida, USA 
 
1. Introduction 
2. Conflicting Uses 
3. Dimensions 
4. Natural Hazards 
5. Commons 

©Encyclopedia of Life Support Systems (EOLSS) viii



OCEANS AND AQUATIC ECOSYSTEMS 
 

6. Conflict Resolution 
7. Unified Coastal Management Framework 
8. Tools 
9. Some Essentials 
10. Engagement and Integration 
11. The Professional Challenge 
12. Coastal Zone Management Case History: Negombo Lagoon, Sri Lanka 
 
 
Marine Biodiversity: Research and Conservation       98 
Carlo Heip, Netherlands Institute of Ecology, Yerseke, The Netherlands 
 
1. Introduction: What is Biodiversity? 
2. The Human Impact on Biodiversity 
3. Marine Biodiversity 

3.1. Special Features of Marine Biodiversity 
3.2. How Many Marine Species? 
3.3. Marine Biodiversity: Still a Lot of Unknowns 
3.4. Goods and Services Provided by Marine Biodiversity 

3.4.1. Resistance and Resilience to Change 
3.4.2. Resistance to Invasions 

3.5. The Threats to Marine Biodiversity 
3.6. Why and How to Protect Marine Biodiversity 
3.7. Marine Biodiversity Research 

3.7.1. Scientific Knowledge on the Origin, Maintenance, Distribution, and Dynamics of 
Biodiversity 

3.7.2. Technology and Data Information Systems 
3.7.3. Application in Conservation and Restoration Ecology 
3.7.4. Application in Management of Living Resources 
3.7.5. Applications in Water Quality Studies 
3.7.6. Economic Valuation of Marine Biodiversity 
3.7.7. Coastal Zone Management 
3.7.8. Education, Training, and Awareness 

 
 
Fish Stocks and Fisheries in Relation to Climate Variability and Exploitation   107 
Hein Rune Skjoldal, Institute of Marine Research, Bergen, Norway 
 
1. Introduction 
2. State of Fisheries 
3. Why Fish Stocks Vary? 
4. The Relations between Recruitment and Spawning Stock 
5. The Spatial Context of Fish Stocks 
6. Long-term Changes: "Regime Shifts" and "Biomass-flips" 
7. The Barents Sea Ecosystem: Fish Stock Dynamics during the Twentieth Century 
8. The Overfishing Problem 
9. Scientific Advice for Fisheries Management 
 
 
Transfer of Non-Indigenous Aquatic Species Concern to Aquatic Resource Users   151 
Stephan Gollasch, University of Kiel, Germany 
Harald Rosenthal, University of Kiel, Germany 
 
1. Introduction 
2. Modes of Transfer of Aquatic Species 

2.1. Aquaculture at Risk from Transfers of Exotic Species 
2.2. Transfers via Sport Fishing and Fisheries 
2.3. Growing Importance of the Shipping Industry 

©Encyclopedia of Life Support Systems (EOLSS) ix



OCEANS AND AQUATIC ECOSYSTEMS 
 

2.3.1. Specific Issues Related to Ballast Water 
2.3.2. Specific Issues Related to Hull Fouling 

2.4. Aquarium Trade and Tourism 
3. Case Histories of Successful Introductions 

3.1. Flora 
3.1.1. Toxic Algal Blooms (harmful algal blooms (HAB)) 
3.1.2. Caulerpa taxifolia 
3.1.3. Undaria pinnatifida 
3.1.4. Sargassum muticum 

3.2. Fauna 
3.2.1. Dreissena polymorpha 
3.2.2. Eriocheir sinensis 
3.2.3. Crepidula fornicate 
3.2.4. Mnemiopsis leidyi 
3.2.5. Asterias amurensis 
3.2.6. Carcinus maenas 
3.2.7. Anguillicola crassa 
3.2.8. Marenzelleria sp. 
3.2.9. Ensis americanus (= E. directus) 

3.3. Human Disease Agents 
3.3.1. Pfiesteria piscicida 
3.3.2. Lung Disease 
3.3.3. Cholera 

4. Recent Activities to Reduce the Risk from Transfers and Introductions 
4.1. The EU Concerted Action on Testing Monitoring Systems for Ballast Water Control 
4.2. The IMO Activities and Guidelines on Ballast Water Control 
4.3. The ICES Code of Practice to Reduce Risks Derived from the Introduction and Transfer of 

Non-indigenous Species 
4.4. European Risk Assessment 
4.5. Baltic Marine Biologists 

5. Conclusions 
 
 
Cultivation of Marine Algae         171 
Jim Luong-Van, Northern Territory University, Darwin, Australia 
 
1. Introduction 
2. Cultivation of Microalgae 

2.1. Indoor Mass Culture 
2.2. Large Production Ponds 
2.3. Deep Channeled Systems 
2.4. Media–Species Relationships 
2.5. Limits to Growth 

3. Cultivation of Macroalgae (Seaweeds) 
3.1. Culturing Techniques 
3.2. Site Selection 
3.3. Future Work 

 
 
Oceanic Islands: Introduction         179 
Harold Heatwole, North Carolina State University, Raleigh, North Carolina, USA 
 
1. Introduction 
2. Classification of Islands 
 
 
History of Insular Ecology and Biogeography       182 
Harold Heatwole, North Carolina State University, Raleigh, North Carolina, USA 

©Encyclopedia of Life Support Systems (EOLSS) x



OCEANS AND AQUATIC ECOSYSTEMS 
 

1. Ancient and Medieval Concepts: the Birth of Insular Biogeography 
2. Darwin and Wallace: the Dawn of the Modern Era 
3. Genetics and Insular Biogeography 
4. MacArthur and Wilson: the Equilibrium Theory of Insular Biogeography 
5. Documenting and Testing the Equilibrium Theory 
6. Modifying the Equilibrium Theory 
7. Determinism versus Stochasticism in Insular Communities 
8. Insular Energetics and Trophic Structure Stability 
 
 
Patterns of Species Richness, Endemism, and Diversification in Oceanic Island Floras  201 
Porter P. Lowry II, Missouri Botanical Garden, St. Louis, Missouri, USA; and Muséum National 
d’Histoire Naturelle, Paris, France 
 
1. Introduction 
2. General Characteristics of Oceanic Island Floras 

2.1. Taxon Richness 
2.2. Endemism 
2.3. Floristic Disharmony 

3. Factors Influencing Oceanic Island Floras 
3.1. Size 
3.2. Geographic Isolation 
3.3. Relief and Climatic/Habitat Diversity 
3.4. Age 
3.5. Human Impacts 

4. Evolutionary Trends 
4.1. Adaptive Radiation 
4.2. Insular Woodiness 
4.3. Reduction or Loss of Dispersal Capacity 

 
 
Patterns of Geographical Distribution: Animals       221 
Allen Allison, Bishop Museum, Honolulu, Hawaii, USA 
 
1. Introduction 

1.1. Definition of Oceanic Islands 
1.2. Geographical Distribution of Oceanic Islands 

2. Island Faunas 
2.1. Eastern Pacific Ocean 

2.1.1. Revillagigedo Archipelago 
2.1.2. Clipperton 
2.1.3. Galapagos Islands 
2.1.4. Juan Fernandez Islands 

2.2. Central and Western Pacific 
2.3. Indian Ocean 

2.3.1. Seychelles 
2.3.2. Mascarene Islands 
2.3.3. Maldives, Laccadives and Chagos Archipelagos 
2.3.4. Christmas and Cocos (Keeling) Islands 

2.4. South Atlantic Ocean 
2.4.1. Ascension Island 
2.4.2. St. Helena 
2.4.3. Tristan de Cunha 

2.5. North Atlantic Ocean 
2.5.1. Canary Islands 
2.5.2. Azores 
2.5.3. Madeira 
2.5.4. Cape Verde Islands 

©Encyclopedia of Life Support Systems (EOLSS) xi



OCEANS AND AQUATIC ECOSYSTEMS 
 

2.6. Caribbean Islands 
3. Evolutionary Trends 

3.1. Gigantism and Dwarfism 
3.2. Loss of Dispersibility 
3.3. Adaptive Radiation 
3.4. Extinction 

4. Ecological Trends 
4.1. Species Richness 
4.2. Patterns of Endemism 
4.3. Patterns of Abundance 

 
 
Alien Species and their Control         244 
Fred Krause, Bishop Museum, Honolulu, USA 
 
1. Introduction of Alien Species 
2. Characteristics of Islands that Make Them Susceptible to Ecological Invasion 
3. The Nature of Alien Species Problems on Oceanic Islands 

3.1. Alteration of Rates of Resource Supply and Cycling 
3.2. Alteration of Disturbance Regimes 
3.3. Alteration of Trophic Structure 

3.3.1. Insertion of New Trophic Levels 
3.3.2. Replacement of Trophic Constituents 
3.3.3. Increase in Trophic Efficiency 
3.3.4. Synergistic Trophic Relationships Among Aliens 

3.4. Hybridization 
4. Solutions 

4.1. Prevention 
4.1.1. Quarantine 
4.1.2. Screening Systems 

4.2. Rapid-response/Eradication 
4.3. Control 

4.3.1. Removal of Artificial Disturbance Regimes 
4.3.2. Mechanical Control 
4.3.3. Chemical Control 
4.3.4. Biocontrol 
4.3.5. Habitat Restoration 

4.4. Human Behavior and Beliefs 
 
 
Dispersal of Plants and Animals to Oceanic Islands      269 
Jeremy Michael Baylis Smith, University of New England, Armidale, Australia 
 
1. Introduction: Dispersal across Marine Barriers 

1.1. The Scale of Dispersal across Marine Barriers 
2. Dispersal Mechanisms 

2.1. Active Dispersal 
2.2. Passive Dispersal 

2.2.1. Oceanic Drift 
2.2.2. Buoyant Terrestrial Organisms 
2.2.3. Rafting of Terrestrial Organisms 
2.2.4. Wind Dispersal 
2.2.5. Transport by Birds and Bats 

3. Case Studies 
3.1. Surtsey 
3.2. Krakatau and Jarak 
3.3. Macquarie Island 
3.4. Older Pacific Islands: Galapagos, Hawaii 

©Encyclopedia of Life Support Systems (EOLSS) xii



OCEANS AND AQUATIC ECOSYSTEMS 
 

4. Rates of Dispersal and Immigration 
4.1. Consequences of Human Breakdown of Dispersal Barriers 

 
 
Conservation of Island Plant Populations and Communities     284 
Steven Waldren, Trinity College Botanic Garden, Dublin, Ireland 
 
1. Introduction 

1.1. Islands and Plant Diversity 
1.2. The Hierarchy of Biological Diversity 
1.3. Why Conserve Island Plant Diversity? 

2. The Threats to Island Plants and their Communities 
2.1. Deterministic Threats to Plant Survival 
2.2. Stochastic Threats to Plant Survival 

3. Conservation in Practice 
3.1. The Human Factor in Conservation 
3.2. Practical Conservation Methods 

4. A Case Study: An Integrated Approach to Conservation of Pitcairn Island 
5. What Future for Conservation of Island Plants? 
 
 
Index           303 
 
 
About EOLSS          309 

©Encyclopedia of Life Support Systems (EOLSS) xiii




