CONTENTS

Preface / ix
Acknowledgments / wiii
Authors / xv
1+ BASICS /01
1.1 Introduction £ 1
1.2 Life on Earth / 1
1.3 Perspectives /' 1
1.4 Frameworks / 2
l.4.1  Organization
and Structure /2
1.4.2  Emergent Properties / 3
1.5 Meta-Issues / 3
1.6  Additional Considerations / 4
1.6.1 More about the
Fossil Record / 4
1.6.2  Scaling for Size / 4
1.6,3  Statistics / 5
1.6,4  Multivariate Processes / §
1.6.5  Fhysical Chemistry
and Thermodynamics / 5
1.7  Frontiers / &

Beferences £ &

2 = ANIMAL BIODIVERSITY: ORIGINS AND
EVOLUTION f09

21
2.2

Introduction £
Understanding Animal
Biodiversity / 10

22,1 Classification,
Taxcnomy, and
Systematics / 10

prm—

2.3

1.4

L5

2.2.2  Databases / 11
2.2.3  Cladistics / 12
2.2.4 The Tree of Life / 14

Where Animals Live
and Have Lived / 15

2.3.1  Ecological Miches / 15
2.3.7 Habitats,
Environments,

and Ecosystems / 18

The Record of Animal Evoluton /19

1.4.1  The Geological
Timescale / 19
1421 Plate Tectonics and
Biogeography / 19
143  Paleontology,
Ichnology, and
Taphonomy / 21
144 Major Features

of the Record / 22
Organic Evolution / 22

2.5.1 Evolution Defined / 23
2.5.2  Evolutionary Process / 23
2.5.3  Speciation / 24

21.54  Phylogeny / 24

2.5.5  Adapration / 25

References / 25

3« SWIMMING /28

EN |

Introduction / 29
31,1 Evolutionary Origins
of Swimming / 1%



32

33

3.4

3.5

ia
iz

3.8

3.9

3.10

vi

3.1.2 FPhylogeny,
Biodiversity, and
Environments / 30
Anatomy, Functional
Morphalogy,
Biomechanics,
Kinematics, and
Physiology / 31
3.1.3.1  Anatomy / 32
3.1.3.2 Functional
Maorphology,
Biomechanics, and
Kinematics / 32
3.1.3.3 Physiology / 34
3.1.4 Swimming Modes / 34
Quantifying Fluid Motion:
The Lagrangian Perspective / 35
3.2.1 Lagrangian Coheremt
Structures / 38
Cuantifying Fluid Motion:
The Eulerian Perspective / 40
3.3.1  Bernoulli's Equation / 42
Quantifying Flow Unsteadiness / 44
Scaling in Animal Swimming / 45

351 Viscosity / 47

3.5.2 Buoyancy / 47

3.5.3 Surface Tension / 48
354 Thermal Convection / 48

Scaling Unsteady Flows / 49
Practical Examples of
Biological Scaling / 50
3.7.1 Ontogenetic Scaling / 51
3.7.1  Phylogenetic Scaling / 54
Vorticity and Aquatic
Locomotion / 56
A Model of Vorticity Creation
during Aquatic Locomotion / 59
Boundary Layer Separation
from Aquatic Animals / &1
3.10.1 Surface Shape and
Maotion Indicators
of Flow Separation / 61
Surface Vorticity
Indicators of
Flow Separation / 62
Kinematics and Dynamics of
Aquatic Animal Vortex Wakes / 63
3.11.1 Rules Governing

Wake Vortex Motion / 65
Estimating Swimming Forces
Based on the Animal Wake / 66
3.12.1 Steady Flow / 66

3.10.2

313

3.20
3.21

3.12.2 Unsteady Flow in

an Infinite Volume / 67
Unsteady Flow in

a Finite Volume / &7
The Vortex Force and

Wake Vortex Added-Mass / 69
3.13.1 Added-Mass / 70

A Model for Locomotive

Forces Based on Wake Vortex
lmpulse and Added-Mass / 71
Jellyfish Phylogenetic

Scaling Revisited / 73
‘Wake-Based Models of Animal
Swimming without Vorticity / 75
Energetic Efficiency

of Swimming / 76

Classic Swimming

Models: Undulatory
Locomotion / 80

Classic Swimming

Maodels: Locomaotion at

Low Reynolds Numbers / 83
Flagellar Propulsion / 84
Classic Swimming Models:
Group Dynamics in

Aquatic Locomotion / 86

3.21.1 Vortex Interactions / 86
3.21.2 Animal Interactions / 88

3123

References / 90

& = NATURAL FLIGHT 93

4.1
4.2

4.3

CONTENTS

Introduction / 93
History of Animal
Flight Besearch / 94

4.2.1  Early Observations

and Ideas / 94
4.2.7  Ancient Matural

History / 95
413 Emerging Concepts / 96
4.2.4 The Discovery

of Aerodynamic

Principles / 99
4.1.5 Understanding Flight / 100
426 An Explosion of

Sciemific Research / 102
How Mature Creates Lifi,
Thrust {(and Drag) / 102
4.3.1 A General
Aerodynamic
Model for an
Animal in Steady
Powered Flight / 103

'————m



4.4

4.5

433  Specific Lift-Generating
Mechanisms / 105
4.3.2.1 Lift:The

Wagner

Effect / 105

Lift: Total Flow

Patrern /& 106

Leading

Edge Vortex

Lift / 106

Wing-Wake

Interaction / 107

Clap, Fling,

Peel, and

Reverse Peel

Mechanisms / 108

The Kramer

Effect / 109

Added-Mass

Inertia / 111

Biodiversity of Flight / 111

4.4.1  Passive Displacement
by the Wind / 112

4.4.2  Parachuting, Gliding,
Tumbling, Rotation,
and Gyration of
Flant Seeds / 112

443  Animal Flight
Diversity: Gliding / 113

444  Animal Flight Diversiry:
Powered Flight / 114
4441 Insects/ 114
4.4.4.2 Vertchrates / 115

Functicnal Morphology

of Flying Animals / 116

4.5.1  Birds: Quadrupeds

431212

43.1.3

4.3.1.4

4.3.2.5

4.3.2.6

4.3.2.7

with Feathered
Front Legs / 116
4.5.1.1  Feathers / 117
4.51.2 Internal
Anatomy / 118
4.51.3 Wings.-" 1149
4.51.4 Wing
Actioms /120
4.5.1.5 Tail/ 111
4.5.1.6  Other Flight-
Related Parts
of the Body /122
4.5.1.7  Adaptations
to Extreme
Flight
Conditions / 122

CONTENTS

4.6

4.7

4.5.2  Flight with Skin
Flaps: Bats / 125
4.5.3  Flight with Skin
Flaps: Prerosaurs / 127
454 Winged Insects / 128
The Metabolic Cost of Flight / 132
46,1 Insects / 133
4.6.2 Birds / 134
4.6.3 Bas/ 134
464 Comparing Flight Costs / 136
Evolution of Powered
Animal Flight / 138
4.7.1  Evolution by
Natural Selection / 138
4.7.2  The Obscure
Distant Past of Early
Insects in Flight /£ 13%
4.7.3  The Origins of Flight
on Leather Wings / 140
4.7.4 The Beginning
of Bird Flight / 140
47.4.1  Archaeopteryx
lithographica / 140
Conflicting
Views
and the
Archaeopteryx
Case /143
Archaeopteryx
Ecology / 143
4.7.5 Radiarion of Ancient
Mesozoic and Modern
Paleccene Birds / 145

4.7.4.1

4.7.4.3

Beferences / 145

5.1

5§ « TERRESTRIAL LOCOMOTION (151

Introduction £ 151
5.1.1 Invasions of the Land / 151
5.1.2  The Phylogeny
of Invasions / 151
5.1.3  Environmental
Factors and Timing / 152
5.1.4  Anatomy, Functional
Marphology,
Riomechanics,
and Physiology / 152
5.1.5  Solutions for
Terrestrial
Locomaotion / 153
5.1.5.1  Locomaotion
without
Limbs / 153

wii



52

5.3

5.4

5.5

wiii

5.1.5.2 Legged
Locomotion / 155
Basics of Locomotion

on Level Ground /156

5.1.6

555

The Elegance of
Using Collisions
to Examine Gaits / 201

5.6 Stability of Locomotion / 104

Principles of Legged 5.6.1  Sratic Stability / 205
Locomotion / 157 5.6.2  Dynamic Postural
52.1 The Spring-Mass Stability / 207
Model for Walking 5.6.3  Arractive Systems:
and Running / 158 Self-Stability / 211
5.2.2  Hopping on the Spot / 159 564  Stability of Insect
523 Running and Running- Locomotion / 214
Like Gaits: Two- 5.6.5  Muscle=Skeletal
Dimensional Model / 162 Stability £ 215
524 Walking: The Influence 5.6.6  Basins of Attraction / 221
of Double Support / 166 5.7  Jumping: Muscles
5.2.5  Sdff-Legged Walking / 168 and Catapults / 223
5.2.6  Dealing with a 5.7.1  Acceleration and
Heavy Trunk / 170 Take-Off Velocity / 223
52.7 Trunk as Beam 5.7.1  Catapulis: Delivering
Bending the Spine / 172 Energy Fast / 124
Swing Legs: Pendulums 5.7.3 Marching and
and Passive Walkers / 173 Amplifying Muscle
531 Walking: The Tendon Properties £ 225
Swinging Pendulum 5.7.4 Optimizing Complex
as a Pacemaker / 173 Muscle—Skeleral
5.3.2 The Advent of Systems / 127
Passive Walkers: 5.7.5 The Role of Biarticular
Combining Dynamics Muscles (A Tribute to
of Stance and Swing / 176 van Ingen Schenau) / 231
533  The Swing Leg 5.7.6  The Proximo-Distal
during Running: Sequence: A Note / 232
Approximations and 5.7.7 Jumping Far:
Vectorized Formmladeon /178 Redirecting Energy / 232
Segmented Legs during Stance / 181 5.7.8  Distal Masses and
54.1 The Bconomy of Waobbling Masses / 236
Segmentation / 18] 5.7.9  Segmemtal Oscilladons:
542 Leg Axis and A Spider’s Jump / 238
Line of Action / 185 5.7.10  Flying without Wings:
54.3 Orientation of the Controlling Attinade
Leg: Backward withour Fluid Forces / 240
and Forward / 187 5.8  Relevance o Robarics / 242
54.4 Flipping Geometries / 188 5.8.1  Artificial Creepers / 142
Energy: Mechanics and 58.2  Legged Vehicles / 244
Cost of Locomaotion / 192 Symbols / 148
5.5.1 Cost of Locomotion Operators / 248
and Mechanics / 192 Indices, Suffixes / 249
5.52 Internal and References / 250
External Work / 194 Books / 150
5.5.3  Muscle Work versus Reviews / 251
Energy Fluctuations / 196 Research Papers / 251
5.5.4 Muscles, Springs,
and Collsions 7 197 g £ 258
CONTENTS




