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Ecological role
8. Declining lichens
8.1. Pollution
8.2. Loss of habitat
9. Future investigations
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Systematic Botany 1
Ashley Nicholas, School of Life & Environmental Science, University of Durban~Westville, Durban,
South Africa

1. Introduction
2. Aims and Philosophy of Plant Systematics
2.1. The Role of Plant Classifications in Life Support Systems
2.2. Philosophical Basis of Plant Classification
3. History and Development of Plant Systematics
3.1. The First Empirical Plant Classificatory Systems
3.2. The Herbals
3.3. The First Plant Taxonomists
3.4. Natural Plant Classifications
3.5. Phylogenetic Classifications
3.6. Modern Phylogenetic Plant Classifications
3.7. Plant Molecular Systematics
4. Plant Diversity
4.1. Is There a Plant Kingdom?
4.2. Evolution of Photosynthesis
4.3. Endosymbiotic Origin of Plastids
4.4. The Plant Kingdom
4.5. The First Land Plants
4.6. Plants with Vascular Tissue
4.7. The First Terrestrial Ecosystems
4.8. The Lycopod-line
4.9. The Sphenofern-line
4.10. The First Forests
4.11. The Evolution of Seeds
4.12. The First Seed Plants
4.13. The Pine-line
4.14. Ancient Mesozoic Floras
4.15. The Anthophyte Clade
4.16. Evolution of the Flower and Flowering Plants
4.16.1. Why Did Angiosperms Evolve?
4.16.2. What Did the First Angiosperms Look Like?
4.16.3. When Did the Angiosperms Evolve?
4.16.4. Where Did the Angiosperms Evolve?
4.16.5. From What Gymnosperm Ancestor Did the Angiosperms Evolve?
4.17. Flowering Plants
5. Conclusion

Algae 49
Francisco F. Pedroche, Departamento de Hidrobiologia, Universidad Auténoma Metropolitana —
Iztapalapa,Mexico and University Herbaria, University of California, Berkeley, USA

Introduction
Cyanobacteria
Glaucophyta
Rhodophyta
Chlorophyta
Heterokontophyta
Dinophyta
Haptophyta
Cryptophyta
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10. Euglenophyta
11. Final Remarks

Bryophyte Systematics
Claudio Delgadillo-Moya, Universidad Nacional Auténoma de México, Mexico

1. Introduction
2.  Morphology
2.1. Anthocerotae (Hornworts)
2.2. Hepaticae (Liverworts)
2.3. Musci (Mosses)
Distinguishing Features Among Groups
4. Sources of Systematic Data
4.1. Ontogeny
4.2. Cytology
4.3. Chemistry
4.4. Paleobotany
5. Phylogenetic Relationships
Classification
7. Future Research
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Systematic Zoology: Invertebrates
Ronald Adam Jenner, Zoological Museum, University of Amsterdam, The Netherlands.

Frederick Robert Schram, Zoological Museum, University of Amsterdam, The Netherlands.

1. Introduction to the systematic zoology of the Metazoa (Animalia)
2. Animal phylogeny: data sources and interpretation
2.1. Morphology
2.2. Molecules
2.3. Fossils
3. Systematic zoology of the Metazoa
3.1. Porifera, Placozoa, Cnidaria, Ctenophora
3.2. Platyhelminthes, Nemertea
3.3. Mollusca, Sipunculida, Entoprocta, Cycliophora
3.4. Annelida, Pogonophora, Myzostomida, Echiura
3.5. Onychophora, Tardigrada, Arthropoda
3.6. Rotifera, Acanthocephala, Gnathostomulida, Micrognathozoa
3.7. Priapulida, Kinorhyncha, Loricifera
3.8. Nematoda, Nematomorpha, Gastrotricha, Chaetognatha
3.9. Ectoprocta, Phoronida, Brachiopoda
3.10. Urochordata, Cephalochordata
3.11. Enteropneusta, Pterobranchia, Echinodermata
3.12. Some extant "problematica"
4. Alternative hypotheses of metazoan relationships
4.1. Morphology
4.2. Molecules
5. Reconciliation and pathways to future progress

Porifera, Cnidaria, and Ctenophora
Giorgio Bavestrello, Istituto di Scienze del Mare University of Ancona, Italy
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Michele Sara, Dipartimeto per lo studio del Territorio e delle sue Risorse, University of Genoa, Italy

1. Introduction
2. Porifera
2.1. General Remarks
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2.2. Importance
2.3. Form and Function
2.3.1. Size and Shape
2.3.2. Color, Consistency, and Surface
2.3.3. Water Current System
2.3.4. Cell Types
2.3.5. Skeleton
2.4. Life Cycle
2.4.1. Sexual Reproduction
2.4.2. Embryonic Development and Larvae
2.4.3. Asexual Reproduction

2.4.4. Regeneration, Individuality, and Life Span

2.5. Ecology
2.6. Evolution and Paleontology
2.7. Phylogeny and Systematics
3. Cnidaria
3.1. General Remarks
3.2. Importance
3.3. Form and Function
3.3.1. Body Structure
3.3.2. Size
3.3.3. Color
3.3.4. Cell Types
3.4. Life Cycle
3.4.1. Sexual Reproduction and Development
3.4.2. Asexual Reproduction
3.4.3. Coloniality and Polymorphism
3.4.4. Metagenetic Cycles
3.5. Ecology
3.6. Phylogeny and Systematics
4. Ctenophora

Platyhelminthes, Nemertea, and "*Aschelminthes™

Andreas Schmidt-Rhaesa, University of Bielefeld, Germany

Introduction
General Morphology
Platyhelminthes, the Flatworms
Nemertea (Nemertini), the Ribbon Worms
“Aschelminthes”
5.1. Gnathifera
5.1.1. Gnathostomulida
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5.1.2. Micrognathozoa (Limnognathia maerski)

5.1.3. Rotifera
5.1.4. Acanthocephala
5.1.5. Cycliophora (Symbion pandora)
5.2. Nemathelminthes
5.2.1. Gastrotricha
5.2.2. Nematoda, the Roundworms
5.2.3. Nematomorpha, the Horsehair Worms
5.2.4. Priapulida
5.2.5. Kinorhyncha
5.2.6. Loricifera

Annelida
Greg W. Rouse, University of Sydney, Australia
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Introduction
2. Basic Annelid Organization
2.1. Coelom
2.2. Metamerism
2.3. Chaetae
3. Annelid Anatomy
3.1. Body wall
3.2. Parapodia
3.3. Nervous System
3.4. Sense Organs
3.5. Circulation and Respiratory Structures
3.6. Segmental Organs
4. Annelid Diversity
4.1. Polychaeta
4.2. Clitellata
4.3. Unusual or Controversial Groups Placed in Annelida
4.3.1. Echiura
4.3.2. Myzostomida
4.3.3. Siboglinidae (Pogonophora and Vestimentifera)
5. Annelid Behavior and Physiology
5.1. Locomotion
5.2. Feeding
5.3. Osmoregulation
5.4. Symbiosis
6. Reproduction and Development
6.1. Asexual Reproduction in Polychaeta
6.2. Sexual Reproduction in Polychaeta
6.3. Sexual Reproduction in Clitellata
7. Annelid Phylogeny
7.1. Fossil Annelida

Arthropods Other than Insects

203

Frederick Robert Schram, Institute of Biodiversity and Ecosystem Dynamics, University of Amsterdam,

Netherland

Sven Lange, Institute of Biodiversity and Ecosystem Dynamics, University of Amsterdam, Netherland

Alessandro Minelli, Department of Biology, University of Padova, Italy

1. Introduction
2. Myriapoda
2.1. Chilopoda
2.2. Diplopoda
2.3. Symphyla
2.4. Pauropoda
2.5. General aspects of myriapod biology
3. Crustacea
3.1. Remipedia
3.2. Cephalocarida
3.3. Branchiopoda
3.4. Maxillopoda
3.5. Malacostraca
3.5.1. Phyllocarida
3.5.2. Hoplocarida
3.5.3. Eumalacostraca
3.6. General aspects of crustacean biology
4. Cheliceriformes [= Cheliceromorpha]
4.1. Pycnogonida
4.2. Chelicerata

©Encyclopedia of Life Support Systems (EOLSS)

Xvii



BIOLOGICAL SCIENCE FUNDAMENTALS AND SYSTEMATICS

4.2.1. Merostomata
4.2.2. Scorpiones
4.2.3. Pseudoscorpiones
4.2.4. Solifugae
4.2.5. Opiliones
4.2.6. Palpigradi
4.2.7. Amblypygi
4.2.8. Uropygi
4.2.9. Schizomida
4.2.10. Araneae
4.2.11. Ricinulei
4.2.12. Acari

4.3. General aspects of cheliceriform biology

Insects and Other Hexapodous Arthropods 232
Denis J. Brothers, School of Botany and Zoology, University of Natal, South Africa

Introduction

What are Insects?

Why are Insects so Successful?

Insect Life Cycles

Ecological Importance of Insects

Insect Diversity

6.1. Superclass: Hexapoda - Hexapods, Insects sensu lato (i.e., in the broad sense)
6.1.1. Class: Entognatha - Entognathans (may be a paraphyletic group)
6.1.2. Class: Insecta sensu stricto (= Ectognatha) - True Insects
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Mollusca 271
Winston F. Ponder, Centre for Evolutionary Research, Australian Museum, Sydney, NSW 2010, Australia.

Introduction
Relationships and Higher Classification
General Morphology of the Mollusca
Gastropoda
4.1. Major Groups, Diversity and Adaptive Radiation
5. Bivalvia (=Pelecypoda)
5.1. Major Groups, Diversity and Adaptive Radiation
6. Cephalopoda
6.1. Major Groups, Diversity and Adaptive Radiation
7. Other Classes - Living and Extinct
7.1. Polyplacophora
7.2. "Aplacophora" (Caudofoveata and Solenogastres)
7.3. Monoplacophora (Helcionelloidea and Tergomya)
7.4. Scaphopoda
7.5. Extinct Groups that have been Suggested as Additional Classes
8. Current Knowledge
9. Geographic Diversity
10. Ecological Diversity
11. Conservation
11.1. Marine
11.2. Freshwater
11.3. Terrestrial
12. Economic Importance
12.1. Bivalvia
12.2. Cephalopoda
12.3. Gastropoda
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Index 303

About EOLSS 311
VOLUME IV

Echinodermata 1

Rich Mooi, California Academy of Sciences, San Francisco, California, USA

1. Introduction
2. General Morphology of the Echinodermata
2.1. Recognizing an Echinoderm
2.2. Organization of the Echinoderm Body
2.2.1. Morphological Pattern
2.2.2. Embryological Pattern
3. Classification and Relationships of the Echinodermata
4. Edrioasteroid-like Echinoderms
4.1. Morphology of Edrioasteroid-like Echinoderms
4.2. Paleoecology of Edrioasteroid-like Echinoderms
5. Blastozoans
5.1. Morphology of Blastozoans
5.2. Paleoecology of Blastozoans
6. Crinoidea
6.1. Morphology of Crinoids
6.2. Reproduction and Development of Crinoids
6.3. Ecology and Behavior of Crinoids
6.4. Economic Importance of Crinoids
7. Asteroidea
7.1. Morphology of Asteroids
7.2. Reproduction and Development of Asteroids
7.3. Ecology and Behavior of Asteroids
7.4. Economic Importance of Asteroids
8. Ophiuroidea
8.1. Morphology of Ophiuroids
8.2. Reproduction and Development of Ophiuroids
8.3. Ecology and Behavior of Ophiuroids
8.4. Economic Importance of Ophiuroids
9. Holothuroidea
9.1. Morphology of Holothuroids
9.2. Reproduction and Development of Holothuroids
9.3. Ecology and Behavior of Holothuroids
9.4. Economic Importance of Holothuroids
10. Echinoidea
10.1. Morphology of Echinoids
10.2. Reproduction and Development of Echinoids
10.3. Ecology and Behavior of Echinoids
10.4. Economic Importance of Echinoids
11. Ongoing and Future Research
Other Invertebrate Taxa 21

Andreas Schmidt-Rhaesa, University of Bielefeld, Germany

1.
2.
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2.2. Orthonectida
Xenoturbellida (Xenoturbella bocki)
Kamptozoa (Entoprocta)
Sipunculida
Tardigrada, the Water-bears
Onychophora, the Velvet Worms
Chaetognatha, the Arrow Worms
Tentaculata, or Lophophorata
9.1. Phoronida
9.2. Bryozoa (Ectoprocta)
9.3. Brachiopoda
10. Hemichordata

10.1. Pterobranchia

10.2. Enteropneusta
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Tunicata and Cephalochordata
Loriano Ballarin, University of Padova, Italy
Paolo Burighel, University of Padova, Italy

1. Introduction to Protochordata: General Characteristics
2. Tunicata
2.1. Ascidiacea
2.1.1. Tunic
2.1.2. Morphology and Physiology
2.1.3. Reproduction and Development
2.1.4. Larval Morphology and Metamorphosis
2.1.5. Ecology and Economic Relevance
2.1.6. Systematics
2.2. Thaliacea
2.2.1. Pyrosomes
2.2.2. Salps
2.2.3. Doliolids
2.3. Appendicularia
2.3.1. Morphology and Behavior
2.3.2. Relevance in Marine Ecosystems
3. Cephalochordata
3.1. Morphology and Physiology
3.2. Reproduction and Development

Pisces
Ofer Gon, South African Institute of Aquatic Biodiversity, Grahamstown, South Africa

1. Introduction
2. The Biology of Fishes
2.1. Respiration
2.2. Osmoregulation
2.3. Buoyancy
2.4. Prey Detection and Predator Avoidance
2.5. Reproduction
3. The Emergence of Fishes
3.1. Agnatha (Jawless Fishes)
3.2. Gnathostomata (Jawed Fishes)
3.2.1. Placodermi (Armored Fishes)
3.2.2. Acanthodii (Spiny-Finned Fishes)
3.2.3. Chondrichthyes (Cartilaginous Fishes)
3.2.4. Sarcopterygii (Lobe-Finned Fishes)
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3.2.5. Actinopterygii (Ray-Finned Fishes)
3.2.5.1. Basal (Pre-Teleostean) Actinopterygians
3.2.5.2. The Teleostei

Amphibia 100
Alan Channing, University of the Western Cape, Cape Town, South Africa

1. Introduction
2. Classification of Amphibia
3. Gymnophiona
3.1. Morphology
3.2. Life Cycle
3.3. Distribution
3.4. Feeding and Predators
3.5. Little-known Caecilians
4. Caudata
4.1. Morphology
4.2. Life Cycle
4.3. Distribution
4.4, Adult Variation
4.5. Feeding
4.6. Larval Variation
5. Anura
5.1. Morphology
5.2. Life Cycle
5.2.1. Variations in Life-history Strategies
5.3. Distribution
5.4. Adult Variation
5.5. Tadpole Variation
5.6. Food
5.7. Vocalization
5.7.1. Sound Production
5.7.2. Hearing
Metamorphosis
Ecological Role
8. Declining Amphibians
8.1. Implicated Factors
8.1.1. Ultraviolet Radiation
8.1.2. Loss of Habitat
8.1.3. Introduced Predators
8.1.4. Pollutants
8.1.5. Fungus
8.1.6. Long-term Drought
8.1.7. Human Consumption
9. Skin Secretions
10. Future Investigations

~No

Reptiles 120
Harold G. Cogger, Australian Museum, Sydney and Faculty of Science and Mathematics, University of
Newcastle, Ourimbah, NSW, Australia

1. Introduction
2. Diversity and Systematics
2.1. A Brief Overview of the Families of Extant Reptiles
3. The Role of Reptiles in Ecosystems
4. Humans and Reptiles
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5.

The Global Conservation Status of Reptiles

5.1. Threatening Processes

Birds

Walter J. Bock, Department of Biological Sciences, Columbia University, USA

1.
2.
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Introduction
Basic attributes
2.1. Body
2.2. Feathers
2.3. Power production
2.4. Song
2.5. Life span
Structure and physiology
3.1. Outer shape
3.2. Integument
3.2.1. Feathers
3.2.2. Scales and claws
3.2.3. Bill covering
3.3. Wings
3.4. Legs
3.5. Tail
3.6. Feeding apparatus
3.6.1. Bill
3.6.2. Mouth and Tongue
3.7. Digestive system
3.8. Urinary system
3.9. Respiratory system
3.10. Circulatory system
3.11. Reproductive system
3.12. Sensory system
3.12.1. Hearing
3.12.2. Sight
3.12.3. Smell
3.13.Brain
3.14. Temperature regulation
Yearly cycle
4.1. Establishing territories
4.2. Courtship
4.3. Mating systems
4.4. Nests
4.5. Eggs
4.6. Incubation
4.7. Hatching
4.8. Care of the young
4.9. Molt
4.10. Fall migration
4.11. Direction finding
4.12. Navigation
4.13. Winter
4.14. Spring
4.15. Flocking behavior
Behavior
Distribution
Evolution and Classification
7.1. Origin and fossils
7.2. Classification
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7.2.1. Class Aves
7.2.1.1. Subclass Sauriurae (all extinct)
7.2.1.2. Subclass Ornithurae
7.2.1.2.1. Superorder Neornithae

Mammals 199
Gary Neil Bronner, Department of Zoology, University of Cape Town, South Africa.

1. Introduction
2. Mammal characteristics
2.1. Hair
2.2. Epidermal glands
2.3. Lactation and parental care
2.4. Cardiovascular and respiratory specializations
2.5. Feeding specializations
2.6. Improved auditory acuity
2.7. Anenlarged brain
3. Mammal evolution
3.1. Ancestors
3.2. Evolutionary trends during therapsid-mammal transition
3.3. The origin of mammals
3.4. Early mammals
4. Systematics
4.1. Traditional classification
4.2. Molecules remodel the eutherian phylogenetic tree
4.3. Modern mammal classification
5. Diversity and conservation priorities
5.1. Diversity
5.2. Global threats and conservation priorities
6. Future research

Primate Evolution 226
Judith Masters, Natal Museum, Pietermaritzburg, South Africa

1. Introduction
2. Archaic Primates
3. Early Euprimates—*“Primates of Modern Aspect”
3.1. Adapiforms and Omomyiforms
3.2. Early Simians
4. Later Simian Radiations
4.1. Early Monkeys
4.2. The Epoch of the Apes
5. The Origins of Modern Primate Groups
5.1. Nonhuman Primates
5.2. The Human Lineage
5.2.1. Early Hominins
5.2.2. The Genus “Homo”

Fundamentals of Biological Science: An Evolutionary Approach 253
Rem V. Petrov, Academician, RAN, Presidium of Russian Academy of Sciences, Moscow, Russia

Emilia I. Vorobyeva, Correspondent-Member, RAS, Institute of Ecology and Evolution, Russian Academy
of Sciences, Moscow, Russia

1. Introduction
2. Evolutionary Theory and Evolutionary Synthesis
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3. Structural Levels of Biosphere Organization

4. The Origin and Development of Life on Earth
4.1. The Origin of Life: History of the Problem
4.2. Stages and Factors of the Development of Life
4.3. Heterochrony as an Evolutionary Phenomenon
4.4. The Problem of Species and Speciation

5. Conclusion
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