
An Introduction to
Behavioural Ecology

J.R. Krebs FRS
Royal Society Research Professor
at the Edward Grey Institute of Field Ornithology
Department of Zoology
University of Oxford
and Fellow of Pembroke College

N.B. Davies
Reader in Zoology
at the University of Cambridge
and Fellow of Pembroke College

Drawings by Jan Parr

THIRD EDITION

Blackwell
Publishing



Contents

Acknowledgements, xii

Introduction, 1

Natural Selection, Ecology and Behaviour, 4
Questions about behaviour, 4

Reproductive behaviour in lions, 5
Natural selection, 8
Genes and behaviour, 10

(a) Use of genetic mutants, 10
(b) Artificial selection experiments, 11
(c) Studying populations with genetic differences, 11

Selfish individuals or group advantage?, 14
Theoretical objections, 15
Empirical studies, 16

Behaviour, ecology and evolution, 21
Summary, 22
Further reading, 22
Topics for discussion, 23

Testing Hypotheses in Behavioural Ecology, 24
The comparative approach, 25

Social organization in weaver birds, 25
Social organization in African ungulates, 28

Adaptation or story-telling?, 29
Alternative hypotheses, 29
Cause and effect, 29
Confounding variables, 30
Alternative adaptive peaks or non-adaptive differences, 30

Primate social organization, 31
Home range size, 35
Sexual dimorphism in body weight, 37
Sexual dimorphism in tooth size, 38
Testis size and breeding system, 40

The comparative approach reviewed, 41
Experimental studies of adaptation, 42

Optimality models, 44
Gathering food, 44

Crows and whelks, 44
Summary, 45
Further reading, 47
Topics for discussion, 47

Economic Decisions and the Individual, 48
The economics of carrying a load, 48

Starlings, 48
Bees, 53



vi/CONTENTS

The economics of prey choice, 59
Sampling and information, 62
The risk of starvation, 63
Variability in searching or handling time, 64
Environmental variability, body reserves and food-storing, 65

Feeding and danger: a trade-off, 66
Nutrient constraints: herbivores and plants, 70
Optimality models and behaviour: an overview, 73
Summary, 74
Further reading, 76
Topics for discussion, 76

Predators versus Prey: Evolutionary Arms Races, 77
Predators versus cryptic prey, 79

Testing functional hypotheses about adaptation, 79
Does even crude crypsis confer an advantage?, 84

The advantage and evolution of warning coloration, 86
Evolution of warning coloration, 88

The trade-off between conspicuousness and crypsis, 90
Predator-prey arms races, 92
Brood parasites and their hosts, 93

Cuckoos versus hosts, 93
Evolutionary equilibrium or continuing arms race?, 96

(a) Continuing arms race, 96
(b) Evolutionary equilibrium, 98

Conclusion, 99

Summary, 100
Further reading, 100
Topics for discussion, 101

Competing for Resources, 102
Competition by exploitation: the ideal free distribution, 102
Competition by resource defence: the despotic distribution, 105
The ideal free distribution with unequal competitors, 106
The economics of resource defence, 110

(a| Economic defendability, 110
(b| Optimal territory size, 113
(c) Graphical models of optimal territory size: a caveat, 114

Shared resource defence, 114

Interspecific territoriality, 117
Summary, 118
Further reading, 118
Topics for discussion, 119

Living in Groups, 120
Living in groups and avoiding predation, 120

Increased vigilance, 120
Dilution and cover, 123
Group defence, 126
Costs of being in a group, 126

Living in groups and getting food, 126



CONTENTS/vii

Finding good sites, 126
Catching difficult prey, 130
Harvesting renewing food, 130
Costs associated with feeding, 131

Weighing up costs and benefits — optimal group size, 133

Comparative studies, 134
Coloniality in cliff swallows: a case study, 135
Time budgets, 138
Are groups of optimal size stable?, 143
Individual differences in a group, 144

Evolution of group living: schooling in guppics, 144
Summary, 146
Further reading, 146 '
Topics for discussion, 146

Fighting and Assessment, 147
The war of attrition, or 'the waiting game', 147

(a) The problem, 147
(b) The theory, 148
(c) Testing the theory, 150

The evolution of conventional fighting, 150
Hawks and Doves, 151
Hawk, Dove and Bourgeois, 154
Simple models and reality, 155

Examples of animal contests, 156
(a| Serious fights, 156
(b| Respect for ownership, 157
(c| The influence of resource value, 159
(d| Contests of strength, 160

Sequential assessment, 164
Contests with differences in both resource value and fighting

ability, 164

Theory: the asymmetric war of attrition, 165
Data: contests between male spiders, 167

(a) Measuring resource value, V, 167
(b) Measuring the costs of a fight, K, 168
(c) Results of staged encounters, 168

Badges of status, 171

Summary, 173
Further reading, 173
Topics for discussion, 174

Sexual Conflict and Sexual Selection, 175
Males and females, 175

Females as a scarce resource, 176
The sex ratio, 177

(a) Local mate competition, 180
(b] Local resource competition or enhancement, 181
(c| Maternal condition, 181

(d) Population sex ratio, 182
Sexual selection, 183



vi i i /CONTENTS

Ardent males, 183
Reluctant females, 186

(a) Non-genetic benefits: good resources and parental ability, 187
(b) Genetic benefits, 188

Elaborate ornaments: Fisher's hypothesis and the handicap
hypothesis, 190

(a) Examples of female preference for elaborate male displays, 190
(b) Fisher's hypothesis, 192
(c) The handicap hypothesis, 194
(d| Evidence for the Fisher and handicap hypotheses, 196

Male investment, 197
Sexual conflict, 202

(a) Mating decisions, 202
(b) Parental investment, 204
jc) Infanticide, 204
(d) Multiple matings, 204

The significance of courtship, 205
Summary, 206

Further reading, 206
Topics for discussion, 207

Parental Care and Mating Systems, 208
Proximate constraints on parental care, 209

Birds, 209
Mammals, 210
Fish, 210

Hypothesis 1. Paternity certainty, 211
Hypothesis 2. Order of gamete release, 211
Hypothesis 3. Association, 212

Ancestral origin of uniparental care, 212
An ESS model of parental investment, 213
Mating systems with no male parental care, 214

(a) Grey-sided voles, Clethrionomys rufocanus, 215
(b) Blue-headed wrasse, Thalassoma bifasciatum, 216

Variation in mating systems, 216
A comparative survey of mammalian mating systems, 217

(a) Daily female movements predictable, 219
(b| Daily female movements not predictable, 219

Leks and choruses, 220
Mating systems with male parental care, 225

Monogamy, 225
Extra-pair matings and intra-specific brood parasitism, 226
Polygyny, 230

(a| No cost of polygyny to females, 231
(b) Cost of polygyny to females, 232

Sexual conflict and polygamy, 234
The pied flycatcher, Ficedula hypoleuca, 235
The dunnock, Prunella modulahs, 237

Female desertion and sex role reversal, 238
Ecology and dispersal, 239

Consequences of sex differences in dispersal, 241



CONTENTS/ix

Conclusion, 241
Summary, 242
Further reading, 243
Topics for discussion, 243

10 Alternative Breeding Strategies, 244
Hypotheses for the occurrence of alternative strategics within a

species, 244
Changing environment, 245
Making the best of a bad job, 246
Alternative strategies in evolutionary equilibrium, 249

(a| Salmon: hooknoses and jacks, 249
(b| Figwasps: fighters and. dispersers, 252
(c) Nesting strategies in female digger wasps: diggers and

enterers, 254
Problems of measuring costs and benefits of alternative strategies, 256
Sex change as an alternative strategy, 260

Changing from female to male, 260
Changing from male to female, 262
Sex change versus sneaking, 263

Summary, 263
Further reading, 264
Topics for discussion, 264

11 On Selfishness and Altruism, 265
Kin selection, 265

Examples of altruism between relatives, 269
(a) Co-operation and alarm calls in ground squirrels and prairie

dogs, 269

(b) Wife sharing in the Tasmanian native hen, 272
How do individuals recognize kin?, 275
Conclusions about kin selection, 277

Mutualism, 278
Manipulation, 279
Reciprocity, 280

The Prisoner's dilemma, 280
Predictions of the model, 283

Examples of reciprocity, 285
(a) Spawning in the black hamlet fish, 285
(b| Regurgitation of blood by vampire bats, 285
(c) Alliances in primates, 287

Summary, 289
Further reading, 290
Topics for discussion, 290

12 Co-operation and Helping in Birds, Mammals
and Fish, 291
Genetic predispositions and ecological constraints, 291
An example of helping in birds — the Florida scrub jay, 293

(a| Breeders benefit from the presence of helpers, 294
(b) Habitat saturation is an ecological constraint, 295



x/CONTENTS

(c) Males benefit by inheriting a breeding space, 296
The scrub jay pattern in other species, 299

Do helpers really help? Experimental evidence, 302
Experimental evidence for breeding constraints, 302

Helpers are not always relatives, 304
(a) The dwarf mongoose: unrelated helpers and

pseudopregnancies, 304
(b) Anemone fish, 305
(c| Pied kingfisher: primary and secondary helpers, 306

An alternative hypothesis for the evolution of helping, 308
Conflict in breeding groups, 310

(a) Groove-billed anis, 311
(b| Acorn woodpeckers, 312

Division of labour and specialized helpers, 314
Conclusions, 315
Summary, 316
Further reading, 316
Topics for discussion, 317

13 Altruism in the Social Insects, 318
The social insects, 318

The problem, 318
The definition of 'social insect', 318

The life cycle and natural history of a social insect, 320
How eusociality evolved: two pathways, 322

Hypothesis 1. Staying at home to help, 322
|a) Ecological constraints, 322
jb) Genetic predispositions, 324

Hypothesis 2. Sharing a nest, 325
(a) Ecological constraints, 326
(b) Genetic predispositions, 326

Haplodiploidy and altruism, 328
Conflict between workers and queen, 332
Conflict over the sex ratio, 332
Tests of worker-queen conflict, 334

Haplodiploidy and the origin of eusociality, 338
Parental manipulation or daughter advantage, 343
The importance of demography, 344
Comparison of vertebrates and insects, 344
Summary, 347
Further reading, 347
Topics for discussion, 348

14 The Design of Signals: Ecology and Evolution, 349
Ecological constraints and communication, 350

Communication in ants, 351
Bird and primate calls, 352

Reactors and the design of signals, 358
How signals originate, 358
How signals are modified during evolution: ritualization, 361
Hypotheses for the evolution of signal design, 363



CONTENTS/xi

ja) Reduction of ambiguity, 363
(b) Manipulation, 365
(c) Honesty, 367

Evidence from present-day signals, 367
An example of bluff or manipulative signalling: mantis shrimps, 367
Honest signalling: Thompson's gazelles, 368
Receiver psychology: Tungara frogs and swordfish, 368

Variability of signals and information, 369
Signalling, manipulation, and the animal mind, 371
Summary, 373
Further reading, 374
Topics for discussion, 374

15 Conclusion, 375
How plausible are our main premises?, 375

Selfish genes, 375
Group selection, 376
Optimality models and ESSs, 378

Causal and functional explanations, 382
A final comment, 384
Summary, 386
Further reading, 386

References, 387

Author index, 407

Subject index, 412

Colour plates face p. 212


