Contents

UNITI An Idea that Changed the World 1

CHAPTER 1
Evolutionary Biology
"Nothing in Biology Makes Sense except in
the Light of Evolution” 6 «
What Is Evolution? Is It Fact or Theory? 7

The Evolution of Evolutionary Biology 9
Before Darwin 9
Charles Darwin 10
Darwin's evolutionary theory 13
Evolutionary biology after Darwin 15

CHAPTER 2
The Tree of Life 27

The Tree of Life, from Darwin to Today 28

BOX 2A Classification, Taxonomic Practice, and
Nomenclature 32

Phylogenetic Trees 33
Inferring phylogenies: An introduction 35

Variations on the Phylogenetic Theme 38
Branches of a phylogenetic tree sometimes
rejoin 38

CHAPTER 3

The evolutionary synthesis 16
Evolutionary biology since the synthesis 16

BOX 1A Fundamental Principles of Biological
Evolution 18

How Evolution Is Studied 18

Philosophical Issues 20
Ethics, religion, and evolution 21

SUMMARY 22

Not only organisms have "phylogenies” 39

Phylogenetic Insights into Evolutionary
History 41
Inferring the history of character evolution 41
Estimating time of divergence 42
Patterns of evolution 43

BOX 2B Evidence for Evolution 44
SUMMARY 52

Natural Selection and Adaptation 55

Adaptive Evolution Observed 57

Natural Selection 59
The meaning of natural selection 59
Natural selection and chance 61

The effective environment depends on the
organism 61

Levels of Selection 62
Selfish genes and unselfish behaviors 63



Vil CONTENTS

Selection of organisms and groups 64 Natural Selection and the Evolution of
Species selection 65 Diversity 72

The Nature of Adaptations 66 What Not To Expect of Natural Selection 74
Selection of and selection for 67 SUMMARY 75

Recognizing adaptations 67
Imperfections and Constraints 71

UNIT Il  How Evolution Works 77

CHAPTER 4
Mutation and Variation 79
The Machinery of Inheritance 79 Rates and Effects of Mutations 91
The Inheritance of Variation 82 Mutation rates 91
Gene mixing by segregation 83 BOX4A Estimating Mutation Rates 92
Gene mixing by recombination 85 Effects of mutations 92
Gene mixing with asexual inheritance 88 Germ line mutations and somatic mutations 94
Mutation: The Ultimate Source of Is Mutation Random? 94

Variation 88
Point mutations 89
Structural mutations 89

Nongenetic Inheritance 96
SUMMARY 99

CHAPTER 5
The Genetical Theory of Natural Selection 103
Natural Selection and Evolution in Real When Selection Preserves Variation 119
Time 104 , Overdominance 120
Evolution by Selection and Inheritance 106 Other forms of balancing selection 122
Underdominance: When heterozygotes

Positive Selection:

- . suffer 125
The Spread of Beneficial Mutations 108

Positive frequency-dependent selection 126
BOX5A Evolution by Selection on a Single
Locus 109
The rate of adaptation 110
Chance and adaptation: The probability that a
beneficial mutation spreads 115

The Evolution of a Population's Mean
Fitness 126
The fundamental theorem of natural selection
and the adaptive landscape 127
Deleterious Mutations 130
A mutation-selection balance 130
The mutation load 130

SUMMARY 132

Evolutionary Side Effects 116

Hitchhiking: When one allele goes for a ride with
another 117



CHAPTER 6

Phenotypic Evolution

136

Fitness Functions Describe Selection
on Quantitative Traits 139

Measuring the Strength of Directional
Selection 143

Evolution by Directional Selection
When genes interact: Dominance and
epistasis 147
Adaptation from standing genetic variation
versus new mutations 147
Can adaptation rescue species from
extinction? 148

Genotypes and Phenotypes

144

Genetic Drift: Evolution at Random

CHAPTER 7
What Is Random Genetic Drift? 166
The Genealogy of Genes 170
How Strong Is Genetic Drift? 172

Populations that change in size 173

Drift and Genetic Variation within
Species 174
Estimating population size 176
Genetic Drift and Natural Selection 177
Crossing an adaptive valley by drift 180

The fate of beneficial mutations in large
populations 180

CHAPTER 8
Evolution in Space

Patterns in Space 192

Gene Flow 193
How is gene flow measured? 194

Genetic Divergence between
Populations 196

Gene Flow and Selection 198

191

CONTENTS

149

Correlated Traits 151
Constraints and trade-offs 152
The causes of genetic correlations 153

Artificial Selection

Phenotypic Plasticity 155

The Genetic Architecture of
Quantitative Traits 156
Quantitative traitloci 156
The genetics of quantitative traits 158

SUMMARY 161

165

The Evolution of Differences among
Species 181
The neutral theory of molecular evolution

Searching the Genes for Signatures
of Adaptation 183

Synonymous versus nonsynonymous
differences 184

The MK test 186
Divergence among populations 186

SUMMARY 188

Tension zones 201

Gene Flow and Drift 202
Gene flow, local adaptation, and drift 203

204
The Evolution of Species' Ranges
SUMMARY 209

The Evolution of Dispersal
207

182



X CONTENTS

CHAPTER 9

Species and Speciation

What Are Species? 215
BOX9A Diagnosis of a New Species 219

Reproductive Isolation 220
Prezygotic barriers 222
Postzygotic barriers 223

How fast does reproductive isolation evolve? 225

The Causes of Speciation 227

213

BOX9A Speciation in the Lab 228

The Geography of Speciation 235
Allopatric speciation 235
Sympatric speciation 238
Parapatric speciation 241

The Genomics of Speciation 242
SUMMARY 243

UNIT 1l  Products of Evolution: What Natural Selection Has Wrought

CHAPTER 10
10 >K All About Sex 247

What Are Females and Males? 249

Sexual Selection 251
Why are males sexually selected? 253
Sexual selection by male-male competition 254
Sexual selection by female choice 257
Sexual selection in flowering plants 260

Sex Ratios 260

CHAPTER 11
How to Be Fit 275

Life History Traits as Components of
Fithess 276

Costs of reproduction 278
Fitness in age-structured populations 279
Senescence 280

Evolution of the Population Growth Rate
and Density 281
Diverse life histories 282

12>>

The Costs and Benefits of Interacting 296

f CHAPTER 12

Cooperation and Conflict

Social Interactions and Cooperation 296

Why Sex? 263

Advantages to sex in changing
environments 264

Selective interference favors sex and
recombination 265

Selfing and Outcrossing 269
SUMMARY 271

Number of offspring 286
Life histories and mating strategies 286

Specialists and Generalists 288
Advantages of specialization 289
Specialization without trade-offs 289
Experiments on niche evolution 291

SUMMARY 292

295

Cooperation among Unrelated

Individuals 297
Reciprocity 298

245



BOX 12A Evolutionarily Stable Strategies 299

Shared Genes and the Evolution of
Altruism 300

BOX 12B Calculating Relatedness 301

BOX 12C Altruistic Mating Displays in
Turkeys 303
Spite 304
Conflict and Cooperation in Close Quarters:
The Family 304
Conflict between mates 304

CHAPTER 13

CONTENTS Xl

Murder in the family 306
Parent-offspring conflict 308
Eusocial animals: The ultimate families 308

Levels of Selection 310
Selfish DNA 310
Selfish mitochondria 312
Group selection 313

Cooperation and Major Evolutionary
Transitions 315

SUMMARY 317

Interactions among Species 321

Coevolution and Interactions
among Species 322

The Evolution of Enemies and Victims 324
Aposematism and mimicry 328
Plants and herbivores 329

Parasite-host interactions and infectious
disease 331

CHAPTER 14

Mutualisms 334

The Evolution of Competitive
Interactions 337

Evolution and Community Structure 339

SUMMARY 342

The Evolution of Genes and Genomes 345

The Birth of a Gene 347
Gene families 351

The Death of a Gene 353
Evolution of Protein-Coding Genes 354

Evolution of coding regions by genetic drift 354

Evolution of coding regions by positive
selection 355

Evolution of Gene Expression 356
Gene Structure 358
Chromosome Evolution 359

CHAPTER 15

Fissions, fusions, and the evolution of chromosome
number 359

Inversions and the evolution of chromosome
structure 360

Evolution of Genome Size and Content 361
Genomes large and small 362

Genetic parasites and transposable
elements 362

Routes to the evolution of the smallest
and largest genomes 364

SUMMARY 366

Evolution and Development 369

Comparative Development and
Evolution 371

Gene Regulation 375

BOX 15A Some Methods in Developmental
Genetics 376
Hox genes and the genetic toolkit 378

Developmental-Genetic Bases of
Phenotypic Evolution 382



Xl CONTENTS

Evolution by c\s-regulatory mutations 382 Constraints on Adaptive Evolution 389
Evolution by trans-regulatory mutations 383 Phenotypic Plasticity and Canalization 391
Overview: T_he genet_lcs and development of Does phenotypic plasticity contribute to
phenotypic evolution 386 evolution? 394
Evolvability and Developmental SUMMARY 396

Pathways 386

UNIT IV Macroevolution and the History of Life 399

CHAPTER 16
Phylogeny: The Unity and Diversity of Life 401
Inferring Phylogenies 402 Discovering the history of genes and cultures 417
Why estimating phylogenies can be hard 404 Reconstructing ancestors 419
Methods for estimating phylogenies 409 Studying adaptations: The comparative
method 421

BOX 16A Estimating Trees with Likelihood 412 Classification 424

How Do We Use Phylogenies? 416
SUMMARY 427

Dating evolutionary events 416

CHAPTER 17
The History of Life 431
Some Geological Fundamentals 432 The colonization ofland 447
The fossil record 435 Paleozoic life on land 449

Before Life Began 435 The end-Permian mass extinction 450

The Emergence of Life 436 Mesozoic Life 452

The Cenozoic Era 459
The modern world takes shape 459

The (?gmbnan Explospn ar'ld the The adaptive radiation of mammals 460
Origins of Animal Diversity 440 .
Pleistocene events 463

Paleozoic Life 443 SUMMARY 466

Precambrian Life 438

~ CHAPTER 18
LI The Geography of Evolution 469

Biogeographic Evidence for Evolution 470 Dispersal 477

Major Patterns of Distribution 471 Phylogeography 480

Historical factors affecting geographic Geographic Range Limits: Ecology and
distributions 474 Evolution 481

Historical Explanations of Geographic Geographic Patterns of Diversity 484
Distributions 476 SUMMARY 487

Vicahance 476



CONTENTS Xl

CHAPTER 19
The Evolution of Biological Diversity 491
Estimating and Modeling Changes in Phylogenetic Studies of Diversity 502
Biological Diversity 49B The shapes of phylogenies 506
Studying diversity in the fossil record 494 Does Species Diversity Reach
Diversity through the Phanerozoic 495 Equilibrium? 507
Rotes of origination and extinction 496 SUMMARY 511

Mass extinctions 500

CHAPTER 20
Macroevolution: Evolution above the Species Level 515
The Origin of Major New Forms of Life 516 From Microevolution to Macroevolution 529
The origin of mammals 517 Rates ofevolution 529

Gradualism and punctuated equilibria 533
Speciation and phenotypic evolution 534

Gradualism and Saltation 520

The Evolution of Novelty 524

Incipient and novel features: Trends, Predictability, and Progress 536

Permissive conditions and natural Trends: Kinds and causes 536

selection 524 Are there major trends in the history of life? 538
Complex characteristics 526 Predictability and contingency in evolution 540
Homology and the emergence of novel The question of progress 542

characters 527 SUMMARY 543

UNIT V Evolution and Homo sopiens 545

CHAPTER 21
The Evolutionary Story of Homo sapiens 547
Where Did We Come From? 548 BOX 21A Domesticated Plants and Animals 561
Our closest living relatives 548 Natural Selection, Past and Present 562
How humans differ from other apes 549 Our genetic loads 563
Our ancestry: Hominins through time 551 Natural selection and evolution in real time 565
The Arrival of Homo sapiens 555 Evolutionary mismatches 565
The human history of hybridization 556 The Evolution of Culture 566

The diversity of human populations 557
SUMMARY 569

Brain and Language 558

Diet and Agriculture: A Revolution in Our
World 559



XV CONTENTS

CHAPTER 22

Evolution and Society

BOX 22A Refuting Antievolutionary
Arguments 574

Creationism and Science 577
Creationism 577
The nature of science 578

The Evidence for Evolution 579
The fossil record 579
Phylogenetic and comparative studies 580
Genes and genomes 580
Biogeography 580
Failures of the argument from design 581
Evolution, and its mechanisms, observed 583

The Uses and Implications of Evolutionary
Science 584 -

APPENDIX: A Statistics Primer A-I
GLOSSARY G-I

LITERATURE CITED LC-1
ILLUSTRATION CREDITS IC-1
INDEX 1-1

573

Evolution by natural selection: A broad and
flexible concept 584

Practical applications of evolutionary
science 584

Using organisms' adaptations 585
Agriculture and natural resources 585
Conservation 587

BOX22B The Current Extinction Crisis 587
Health and medicine 589

Evolution and Human Behavior 593
Variation in cognitive and behavioral traits 594
Human behavior: Evolution and culture 596
Understanding nature and humanity 598

SUMMARY 600



