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The Science of Ecology for a Sustainable World      1  
Antonio Bodini, Department of Environmental Sciences, University of Parma, Italy  
Stefan Klotz, Department of Community Ecology, Center for Environmental Research, Leipzig-Halle, 
Germany  
 
1. Introduction: Ecology as a Scientific Discipline 

1.1. A Historical Perspective 
1.2. Different Approaches to Ecological Investigation: The Nature of Ecological Thought 

2. Present Trends and Critical Issues: The Functional Approach of Ecology 
2.1. The Ecology of Individuals: The Relationship Between the Organism and Its Environment 
2.2. Complex Interactions: The Functional Ecology of Populations and Communities 
2.3. Networks and the Functional Complexity of Ecosystems 
2.4. From Local to Global, From Global to Local: Ecology Across Scales 

3. Future Perspectives 
4. Conclusions 
 
 
Concepts of Ecosystem, Level and Scale  34 
R. R. Christian, Biology Department, East Carolina University, USA  
 
1. Introduction 
2. Definitions of ecosystem and their history 
3. Hierarchy, scale and level of complexity 
4. Systems ecology 
5. Food webs, material cycles, and feedback loops 
6. Limitations 
7. Benefits and value 
 
 
Global Ecology  52 
R. J. Huggett, Reader in Geography, University of Manchester, Manchester, UK  
 
1. Introduction 

1.1. The Need for Global Ecology 
1.2. What is the Global Ecosystem? 

1.2.1. The Earth System 
1.2.2. Gaia 

1.3. The Tools of Global Ecology 
2. Mapping and Measuring the Global Ecosystem 

2.1. The State of the Earth System 
2.2. Flows in the Earth System 

2.2.1. Toxic Chemical Flows 
2.2.2. Sediment Flows 
2.2.3. Carbon Flows 

2.3. The Earth System in the Past 
3. Modeling the Global Ecosystem 

3.1. Tutorial Models 
3.2. Comprehensive Models 
3.3. Intermediate Complexity Models 

4. Miniaturizing the Biosphere 
4.1. Artificial Biospheres 
4.2. Semi-artificial Biosphere Experiments 
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5. Managing the Global Ecosystem 
 
 
Applied Ecology 77  
Stephen D. Murphy, Department of Environment and Resource Studies,University of Waterloo, Canada  
 
1. General Introduction: What is applied ecology? 
2. Ecosystem management and conservation 

2.1. Introduction 
2.2. Island Biogeography 
2.3. Connectivity and Structure. 
2.4. Metapopulations. 
2.5. Selective Breeding and Hybridization. 
2.6. Genetic Engineering. 
2.7. Cloning. 
2.8. Focusing on Processes Rather Than Parts: Community and Ecosystem Assembly. 
2.9. The Problems with Focusing On Species, Populations, Individuals, and Genes. 

3. Ecotoxicology and Pollution Management  
4. Pest Management  
5. Restoration Ecology  
6. Conclusion 
 
 
Restoration Ecology 101 
J. Cortina, Department of Ecology, University of Alicante, Spain  
V. R. Vallejo, Centre for Mediterranean Environmental Study, Valencia, Spain.  
  
1. Introduction 
2. Ecosystem degradation and restoration 

2.1. The origins of ecosystem degradation 
2.2. Thresholds in ecosystem degradation 

3. Objectives of restoration 
3.1. Time scales in restoration objectives 
3.2. Ecosystem dynamics and restoration 
3.3. A framework for ecosystem restoration 

4. Unwanted species and disturbance regime 
5. The introduction of species 

5.1. Species introduction to foster succession 
5.2. The provenance of introduced species 
5.3. Passive and active techniques of species introduction 
5.4. Seedling quality for plant species introduction 
5.5. Animal species introduction 

6. Environmental conditions and their manipulation 
7. Landscape restoration 
 
 
Ecology, Biological Conservation and Policy 125  
Tatjana Good and Jon Paul Rodríguez, Centro Internacional de Ecología Tropical, Instituto Venezolano 
de Investigaciones Científicas, and bioDISCOVERY, DIVERSITAS, Venezuela 
 
1. Conservation Biology as a Crisis-oriented, Interdisciplinary Science 
2. Ecological Theory and its Application to Conservation Biology 

2.1. Theory of Island Biogeography 
2.2. The Single Large or Several Small (SLOSS) Debate 
2.3. Minimum Population Size (MVP) and Population Viability Analysis (PVA) 
2.4. Metapopulation Dynamics 
2.5. The Importance of Connectivity 
2.6. Different Strategies for Protecting Biodiversity 
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2.7. The Concept of Complementarity 
2.8. Reserve Selection Algorithms 
2.9. Predator Reintroductions and Ecosystem Restoration 
2.10. Emerging Diseases and Conservation 

3. Conservation at the Cross Roads 
3.1. Policy in the Making – the Convention on Biological Diversity and its 2010 target 
3.2. Conservation and the Private sector – Developing New Tools 

3.2.1. Conservation Banking 
3.2.2. Direct Payment for Conservation: Conservation Concessions 

4. Where to go from here? 
4.1. Biodiversity, Sustainability and Ecosystem Services 

4.1.1. Assessing Biodiversity and Monitoring its Changes 
4.1.2. Assessing the Impacts of Biodiversity Changes on Ecosystem Services. 
4.1.3. Developing the Conservation and Sustainable use of Biodiversity 

4.2. Conservation Biologists, the Media and Public Policy 
5. Conclusions/Outlook 
 
 
Biological Control and Ecosystem Services  158 
G. Gilioli, Università di Reggio Calabria, Italy 
J. Baumgärtner, ICIPE Nairobi, Kenya; and CASAS Kensington, California, USA 
V. Vacante, Università di Reggio Calabria, Italy 
 
1. Introduction 
2. Biological control of arthropod pests 

2.1. History of the biological control concept 
2.2. Classical biological control or introduction of natural enemies 

2.2.1. Classical biological control in silviculture: the Winter Moth 
2.2.2. Classical biological control in agriculture: the Cassava Mealybug 

2.3. Augmentation of natural enemies 
2.3.1. Inundative release of Phytoseiulus persimilis A.H. for Two-Spotted Spider Mite control 
2.3.2. Inundative releases of Encarsia formosa Gahan for Greenhouse Whitefly control 

2.4. Conservation of natural enemies (habitat management) 
2.4.1. Natural enemy conservation for Grape Leafhopper control 
2.4.2. Natural enemy conservation for tick vector control 

2.5. Biological control as single species pest management technique 
3. Biological control and ecosystem management 

3.1. Ecosystem management 
3.2. Environmental sustainability of Agroecosystems 
3.3. Conceptual and operational instruments for integrating biological control into ecosystem 

management 
3.3.1. Adequate knowledge 
3.3.2. Ecosystem management options 
3.3.3. Management considerations 
 

 
Ecology of Populations and Communities 181  
Vladimir N. Bolshakov and Feodor V. Kryazhimskii, Institute of Plant and Animal Ecology, 
Yekaterinburg, Russia 
 
1. Introduction 
2. Ecological Systems as a Subject of Ecology 
3. Hierarchy of Ecological Systems 
4. Population Systems as a Crossroad of Ecology and Evolution Theory 
5. Dynamics of Populations 
6. Population Structures 
7. Population Demography 
8. Interactions between Populations within a Community 
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9. Flows of Energy and Cycles of Matter 
 
 
Macroecology  208 
José Alexandre Felizola Diniz-Filho, Departamento de Biologia Geral, ICB, Universidade Federal de 
Goiás (UFG, Cx.P. 131, 74001-970 Goiânia, GO, Brasil 
Renata Alves da Mata, CNPq Pos-Doctoral Program, Instituto de Ciências Biológicas, Universidade 
Federal de Goiás (UFG), Brasil 
 
1. Introduction 
2. Patterns and Processes 
3. Geographical and Historical Structures 
4. Patterns in Species Richness 
5. Challenges in Tropical Macroecology 
6. Concluding remarks 
 
 
Biology, Ecology and Health 230 
Andrew A. Arata, Alexandria, Virginia, USA 
 
1. Introduction 
2. Evolutionary Adaptations 
3. Patterns of Migration 
4. Domestication of Livestock and Human Cohabitation 
5. Ecological Modifications and Biodiversity 
6. Final Considerations 
 
 
History and Scope of Biological Sciences 246 
Alberto M. Simonetta, Dipartimento di Biologia Animale e Genetica "L.Pardi", Universit di Firenze, 
Italy 
 
1. Ancient and Medieval Times up to the 16th Century 
2. Post-Renaissance Developments 
3. Paleontology and Evolution 
4. Morphology and Physiology 
5. Genetics 
6. Behavior 
7. Ecology and Applied Ecology 
 
 
History of Biology  262 
Alberto M. Simonetta, Dipartimento di Biologia Animale e Genetica, "L. Pardi," University of Firenze, 
Italy 
 
1. Introduction 
2. Antiquity 
3. The Medieval and Renaissance Periods 
4. The development of morphology 
5. Palaeontology 
6. Taxonomy and Evolution 
7. Hystology, Reproduction and embryology 
8. Physiology 
9. Genetics 
10. Ecology and Ethology 
11. Pathology 
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Biogeography 281  
Meadows, Michael E, University of Cape Town, South Africa 
 
1. Introduction: defining the indefinable 
2. History of biogeography 

2.1. Development of the spatial tradition 
2.2. Ecological biogeography 

3. The major approaches to biogeography 
3.1. The spatial tradition: phytogeography and zoogeography 
3.2. The spatial tradition: historical biogeography 
3.3. The spatial tradition: vicariance and dispersal 
3.4. The ecological tradition: ecosystems 
3.5. The ecological tradition: palaeoecology 
3.6. The ecological tradition: island biogeography 

4. Towards an applied biogeography 
4.1. Conservation biology 
4.2. Global change studies 
4.3. Ecosystem management 

 
 
Current Views of Global Carrying Capacity      312 
Jisong Wu, Director General, Department of Water Resources, Ministry of Water Resources, People’s 
Republic of China 

 
1. Current Views of Global Carrying Capacity 
2. The Global Social, Economic, and Cultural Situation 

2.1. Economic Differences 
2.2. Cultural Differences 
2.3. A Comparison of Production and Consumption between Developed and Developing Countries 

3. Carrying Capacity of Natural Resources 
4. The Environment, Environmental Problems, and Environmental Protection 
5. Population, Resources, and Environment 
6. Sustainable Development and Global Carrying Capacity 
 
 
Problems, Restoration, and Conservation of Lakes and Rivers    355 
Takashi Asaeda, Saitama University, Japan 
Jagath Manatunge, Saitama University, Japan 
Bae Kyung Park, Saitama University, Japan 
Tilak Priyadarshana, Saitama University, Japan 
 
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 
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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 
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4.2.1. Instream Techniques 
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4.2.3. Water Management 
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5. Conservation and Policy Framework 
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6.1.2. Applied Limnology and Future Trends in Restoration Techniques 
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2. Definition 
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4. Basic principles for ecological standard establishment 
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4.2.2. Exposure time 
4.2.3. Toxicity parameters 
4.2.4. Standardized single-species tests 
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4.4. Field investigations 
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6. Conclusions and future developments 
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Roland Psenner, University of Innsbruck, Institute of Ecology, Technikerstr. Innsbruck, Austria 
Anton Wille, University of Innsbruck, Institute of Ecology, Technikerstr. Innsbruck, Austria 
Birgit Sattler, University of Innsbruck, Institute of Ecology, Technikerstr. Innsbruck, Austria 
John C. Priscu, Department of Land Resources and Environmental Sciences, Montana State University, 
Bozeman, Montana, USA 
Marisol Felip, University of Barcelona, Department of Ecology, Diagonal Barcelona, Spain 
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Bilthoven, The Netherlands 
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Ch. Mulder, Laboratory for Ecotoxicology, National Institute of Public Health and the Environment, 
Bilthoven, The Netherlands 
W.J.G.M. Peijnenburg, Laboratory for Ecotoxicology, National Institute of Public Health and the 
Environment, Bilthoven, The Netherlands 
L. Posthuma, Laboratory for Ecotoxicology, National Institute of Public Health and the Environment, 
Bilthoven, The Netherlands 
M. Rutgers, Laboratory for Ecotoxicology, National Institute of Public Health and the Environment, 
Bilthoven, The Netherlands 
A.J. Schouten, Laboratory for Ecotoxicology, National Institute of Public Health and the Environment, 
Bilthoven, The Netherlands 
A. Sterkenburg, Laboratory for Ecotoxicology, National Institute of Public Health and the Environment, 
Bilthoven, The Netherlands 
J. Struijs, Laboratory for Ecotoxicology, National Institute of Public Health and the Environment, 
Bilthoven, The Netherlands 
P. van Beelen, Laboratory for Ecotoxicology, National Institute of Public Health and the Environment, 
Bilthoven, The Netherlands 
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D. de Zwart, Laboratory for Ecotoxicology, National Institute of Public Health and the Environment, 
Bilthoven, The Netherlands 
 
1. Methodologies for Ecological Assessments 
2. Assessment of the Concentration and Fate of Toxicants in the Environment 

2.1. Simplebox 
2.2. The SimpleTreat Model 
2.3. Bioavailability of Chemicals 
2.4. Chemical Availability of Metals for Uptake by Soil Dwelling Organisms 
2.5. Environmental Bioavailability 
2.6. Toxicological Bioavailability 
2.7. Bioavailability and Biodegradation 

3. Assessment of Effects of Toxic Stress 
3.1. Species Sensitivity Distributions 
3.2. Derivation of Environmental Quality Criteria from SSDs 
3.3. Derivation of Potentially Affected Fraction of Species (PAF) from SSDs for the Evaluation of 

Ecotoxic Risk 
3.4. Ecotoxic Stress Caused by Exposure to a Cocktail of Toxicants 
3.5. The IQ-Tox Computer Program for Ecotoxic Risk Evaluation 
3.6. Measurement of the Effect of Toxic Stress in the Environment 
3.7. A Microbial Indicator to Assess Field Effects of Toxic Stress 
3.8. Assessment of Toxic Stress in Relation to Other Stresses: Multi-Stress Analysis 

4. Measurement of Multiple Stress Effects 
4.1. Biological Indicator for Soil Quality (BISQ) 
4.2. A Microbial Indicator for Ecological Quality 

5. Decision Support Systems 
5.1. The European Union System for the Evaluation of Substances (EUSES) 
5.2. DSS for Site Specific Risk Assessment of Toxic Contamination 
5.3. An Indicator Tool for Integral Analysis of Stresses 

6. Concluding Remarks 
 
 
 

©Encyclopedia of Life Support Systems (EOLSS) viii



ECOLOGY 
 

Forest Ecology           70 
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5.2. Clarifying the Ecological Implications of Money Volumes and Flows 
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6. Conclusion 
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