e

- o —

i,

LR S . A ———

Contents i

Foreword
Tim Cluetton-Brock
Preface
List of Contributors
1 What is parental care? %
Per T. Smiseth, Mathias Kolliker, and Nick |. Royle
1.1 Introduction
1.2 Forms of parental care
121 Provisioning of gametes "
122 Oviposition-site selection .4
123 Nest building and burrowing
1.24 Egg attendance
1.2.5 Egg brooding
1.26 Viviparity
1.2.7 Offspring attendance
128  Offspring brooding
1.29 Food isioni
1.2.10 Care after nutritional independence
1.2.11 Care of mature offspring
1.3 Definition of terms
14 Assigning fitness to parents and offspring
1.4.1 Assigning offspring survival to offspring and parental fitness
1.4.2 Assigning costs and benefits of care to offspring and parents
1.5 Origin and evolution of parental care
1.6 Conclusion

Section | Origin and Evolution of Parental Care

2 Theoretical foundations of parental care
Hope Klug, Suzanne H. Alonzo, and Michael B. Bonsall

2.1 Introduction
2.1.1 Defining parental care
2.1.2 The role of modelling in parental care theory
2.1.3 General theoretical questions
2.2 When should care be provided?
2.2.1 Costs and benefits of parental care
222 Life-history, ecology, and the origin of care

=S ok 0 W W R R e




iv  CONTENTS

2.3 Which sex should provide care? 26
2.4 How much care should be provided? 29
2.4.1 Offspring reproductive value 29
2.4.2 How much care the other parent provides 30
24.3 Parental residual reproductive value 3|

2.5 Why do we see a specific form of care behaviour in a given population
or species? 33
2.5.1 What type of care to provide? 33

2.5.2 Explaining complex patterns of care in a given system: three

examples 33
2.6 Future directions and challenges 34
2.6.1 Linking theory and data 34
2.6.2 Origin versus maintenance of care 35
2.6.3 Ecological and evolutionary feedback 36
3 Benefits and costs of parental care 40

Carlos Alonso-Alvarez and Alberto Velando

3.1 Introduction
3.2 Trade-offs and the nature of the parental resources
3.2.1 Limiting resources i
3.2.2 Non-linear relationships between respurce allocation and fitness
3.2.3 Limitations of the resource allocation trade-off perspective
3.2.4 Cost-free resources and resources not involved in care
3.3 Benefits of parental care: mechanistic basis
3.3.1 Short-term benefits of parental care
3.3.2 Long-term benefits of parental care
3.3.3 Parental care and offspring phenotypic adjustment
3.4 The costs of parental care
34.1 Non-physiological costs
342 Physiological costs
3.5 Costs and benefits in the balance
3.5.1 Molecular signals promoting parental effort
3.5.2 Pathways inhibiting parental effort
3.6 Final remarks

LDNABESEGEREELEBNEES

4 Patterns of parental care in vertebrates
Sigal Balshine

4.1 Introduction

4.2 Forms of care
4.2.1 Preparation of the physical rearing environment
4.2.2 Defence of offspring
4.2.3 Provisioning

4.3 Transitions in care
4.3.1 Parental care in fishes
4.3.2 Parental care in amphibians
4.3.3 Parental care in reptiles
4,3.4 Parental care in birds
4.3.5 PParental care in mammals

A

HO2JREERLBDD




CONTENTS

4.4 Parental care in humans
4.4.1 Exceptionally long parental care duration
4.4.2 Male care and support
4.4.3 Support from constellations of kin
444 Humans as a study system for parental care
4.5 Concluding remarks

5 Patterns of parental care in invertebrates
Stephen T. Trumbo

5.1 Introduction

5.2 Forms of care
5.2.1 Trophic eggs
5.2.2 Attending eggs and offspring
5.2.3 Protection and facilitating feeding of mobile young
5.2.4 Brooding behaviour and viviparity
5.2.5 Nest building and burrowing
5.2.6 Food provisioning

5.3 Origins and transitions of parental care
5.3.1 Factors promoting care
5.3.2 Male versus female care r
5.3.3 Biparental care P
5.3.4 The loss of parental care

5.4 Microbiology of care

6 Sex differences in parental care
Hanna Kokko and Michael D. Jennions
6.1 Introduction
6.2 Why does an individual’s sex predict its behaviour?
6.3 The first sex difference in parental care: anisogamy
6.4 What happened next? Sex roles in post-zygotic parental care
6.5 Uncertain parentage reduces male care
6.5.1 Why exactly does paternity matter?
6.5.2 Behavioural and evolutionary time scales are not
equivalent
6.5.3 Traits that protect paternity can co-evolve with care
6.6 Don't bother caring till the going gets tough: the OSR
6.7 Orwell was right, not all animals are equal: sexual selection and
the adult sex ratio
6.8 Conclusions

Section Il Conflict and Cooperation in Parental Care

7 Parent-offspring conflict
Rebecog M. Kilner and Camilla A. Hinde
7.1 Introduction
7.2 The theory of parent—offspring conflict
7.3 BEvidence of parent-offspring conflict: battlegrounds for antagonistic
interests

v

2
73
73
74
74
75

81

Bl
82
a2
B2

43
83
54
84
85

85
87
89
o2
93

101

1m
102
103
105
106
107

107
108
108

m
112

119

119
119

120




COMNTENTS

7.3.1 Behavioural disputes are not evidence of evolutionary conflict
7.3.2 Parent-offspring conflict in natural vertebrate populations
733 IGF-1l and other examples of genomic imprinting
7.3.4 Sex ratio wars in the social insects

7.4 Co-evolution of traits in offspring and their parents
7:4.1 The co-evolution of supply and demand
7.4.2 Plasticity

7.5 What is the outcome of co-evolution between offspring and parents?
7.5.1 Unstable outcomes
7.52 Stable outcomes

7.6 Future directions

Sibling competition and cooperation over parental care
Alexandre Roulin and Amélie N. Dreiss
8.1 Introduction
8.2 Forms of sibling cnmpetiﬁan'énd cooperation
8.2.1 Sub-lethal sibling competition
822 Lethal sibling competition
8.2.3 Sib-sib cooperation
8.2.4 Sibling negotiation r
8.3 Conditions promoting sibling competitiong
8.3.1 Food amount
83.2 Weapons
8.3.3 Age difference between siblings
8.3.4 Parental manipulation of sibling competition
8.3.5 Parental strategies to reduce sibling competition
8.4 Conditions promoting sibling cooperation
8.5 Perspectives

Sexual conflict
C. M. Lessells
9.1 Introduction
9.2 How is sexual conflict over parental care resolved?
9.2.1 Evolution of manipulation
9.2.2 Coevolution of parental care in the two sexes without manipulation
9.3 How long to care? Offspring desertion
9.3.1 Experimental studies: sex differences in the benefits of care and
desertion
9.3.2 Experimental evidence for a trade-off between the benefits of
parental care and desertion
9.4 How much to care?
9.4.1 Negotiation
9.4.2 Experimental changes in partner effort: mate removal and
manipulation
943 Brood division
944 Complementarity and task specialization
9.5 Interaction with other evolutionary conflicts within the family
9.6 Conclusions and prospects

120
121
121
122
122
123
124
125
126
127
129

133

133
135
136
135
139
139
140
141
141
141
142
143
144
145

150

150
151
151
152
153

158

159
160
1al

162
1685
166
1a6
167




CONTENTS

10 Sex allocation

11

Jan Komdeur

10,1 Introduction -—
112 Sex ratio adjustment in birds and mammals
10.3 Difficulties applying the theory
10.4 Sex ratio bias at the population level
10.5 Tests of population sex ratio models
10.6 Facultative sex ratio variation
10.6.1 Food availability
10.6.2 Maternal condition or quality
10.6.3 Attractiveness or quality of males
10.6.4 Social environment
10.6.5 Sibling competition
10.6.6 Sexual conflict
10.7 Concluding remarks and future directions

Paternity, maternity, and parental care
Suzanne H. Alonzo and Hope Klug
11.1 An overview of parentage and parental effort
11.1.1 The effect of relatedness ga parental effort
11.1.2 Variation in maternity and péternity
11.1.3 Parentage is important, but it is not fitness
11.1.4 Interactions within and between the sexes drive parentage and
parental effort
11.2 Theoretical predictions: does higher parentage always favour greater
parental effort?
11.2.1 Paternity is expected to affect parental effort
11.2.2 The biological importance of model self-consistency
11.2.3 A specific self-consistent model relating parentage and care
11.2.4 Interactions between the sexes affect parentage and parental
care
11.2.5 Information about expected parentage affects predictions
11.3 Empirical patterns: what determines the relationship between
parentage and parental effort?
11.3.1 Faternity affects parental care in the bluegill sunfish
11.3.2 Paternal care is more likely with high sperm competition in the
ocellated wrasse
11.3.3 Paternity does not affect paternal effort in western bluebirds
11.34 Interactions between the sexes affect parentage and parental
care in the dunnock .
11.3.5 Alloparental care in Canada geese can increase offspring
survival
11.3.6 Alloparental care in eiders might increase survival of a caring
mother’s chicks
11.3.7 Lessons from comparative studies
11.4 Parentage and parental care: what are we missing?
11.4.1 A priori predictions should replace post hoe explanations

171

171
172
172
174
175
176
176
177
178
179
181
182
183

189

189
189
189
190

190
19
1M
192
192

193
194

195
195

197
197

198
198
194

199
200




viii COMNTENTS

11.4.2 The importance of kin recognition and cues of extra-pair

paternity 200
11.4.3 Co-evolutionary and social feedbacks between the sexes 2m
11.4.4 Rigorous experiments will be needed to test how multiple traits
interact 20
11.45 Connecting relatedness, sexual selection, social interactions,
and parental care: cooperative breeding as a case study 20
11.4.6 Do we need to change the question? 202
11.5 Conclusions 203
12 Cooperative breeding systems 206
Michael A. Cant
12.1 Introduction 206
12.2 Routes to cooperative breeding 208
12.3 Selection for helping behaviour 209
12.3.1 Demography and indiscriminate altruism 210
12.3.2 Discriminate altruism: kin directed care 213
12.3.3 Direct fitness benefits 214
12.4 Negotiation over help 215
12.5 Reproductive conflict - 217
12.6 Conclusion and future research o 20
13 Brood parasitism 226
Claire N. Spottisivoode, Rebecea M. Kilner, and Nicholas B, Davies
13.1 Introduction 226
13.2 Who are the brood parasites, how virulent are they? 227
13.3 The egg-laying stage 227
13.4 The incubation stage 229
13.5 The chick-rearing stage 23
13.5.1 How parasitic parents can improve the nestling environment 23
13.5.2 Costs of chick-killing to parasites 232
13.5.3 Virulent chicks: how to solicit a foster-parent 232
13.5.4 Benign chicks: how to compete with foster-siblings 233
13.5.5 How can hosts defend themselves at the chick stage? 235
13.5.6 How are chick adaptations evolutionarily maintained? 236
13.6 Why are host parents often so gullible? 236
13.7 Conclusions and speculations 239
Section Ill Evolutionary Genetics of Parental Care
14 Parental effects in development and evolution i 247
Tobias Uller
14.1 Introduction 247
14.2 Parental effects and the origins of variation 249
14.2.1 Patterns of phenotypic variation 252
14.3 PParental effects and adaptive evolution 252

14.31 Parental effects can increase functionality of novel variation 253




15

17

[T

14.3.2 Parental effects can increase recurrence of novel variation
14.3.3 Parental effects and genetic accommodation

14.4 Evolution of trans-generational plasticity
14.4.1 Adaptive evolution of trans-generational plasticity
14.4.2 Trans-generational plasticity under parent-offspring conflict
14.4.3 Mechanisms of trans-generational plasticity

14.5 Exploring the evolutionary dynamics of parental effects

The quantitative genetic theory of parental effects
Jarrad Hadfield

15.1 Introduction

15.2 The K-L model

15.3 An example and its relation to behavioural ecology

15.4 The Willham maodel

15.5 Hamilton's rule

15.6 The evolution of G

15.7 General indirect genetic effect models and parental effect models
15.8 Discussion

Parent—offspring co-adaptation -
Mathias Kolliker, Nick |. Royle, and Per T. Smiseth
16.1 Introduction
16.2 Offspring performance traits that convert parental care into offspring
fitness
16.3 Trait-based Hamilton's rule and parent-offspring covariances
164 Evolution of the parent-offspring covariance
16.5 Co-adaptation models
16.5.1 Levels of analysis
16.5.2 Sources of correlational selection in families
16.5.3 Co-adaptation models
16.5.4 Co-adaptation and epigenetic inheritance
16.5.5 Other implications of parent-offspring co-adaptation
16.6 Experimental evidence for parent—offspring co-adaptation
16.6.1 Genotype x family environment interactions, social epistasis,
and co-adaptation
16.7 Co-adaptation and conflict resolution
16.7.1 Genetic covariance and parent—offspring conflict
16,8 Conclusions and future directions

Genetics and epigenetics of parental care
Frances A. Champagne and James P. Curley

17.1 Introduction

17.2 Genetics of care-giving in honeybees (Apis mellifera)
17.2.1 Genetic factors regulating hygienic behaviour
17.2.2 Transition from nursing to foraging

17.3 Laboratory studies of the genetics of parental care in rodents
17.3.1 Strain and species differences in parental care

FEE

287

288
289
292
292
293

294
297
299
2594

304




COMTENTS

17.3.2 Selective breeding
17.3.3 Quantitative trait loci (QTL) analysis
17.3.4 Gene knockout (KO) studies
17.3.5 Sex chromosomes
17.4 Gene polymorphisms in primates and humans
17.4.1 Serotomin transporter (5-HTT)
17.4.2 Mu-opioid receptor (OPRM1)
17.4.3 Dopamine 4 receptor (DRID4)
17.4.4 Oxytocin receptor (OXTR)
175 Epigenetic influences on parental care and offspring development:
genomic imprinting
17.6 Epigenetic influences on parental care and offspring development:
nature via nurture
17.6.1 Maternal nutrition effects on DNA methylation
17.6.2 Post-natal influence of maternal care
17.6.3 Transgenerational impact of maternal care
17.7 Conclusions

Section IV Conclusions

18 The evolution of parental care: summary/tonclusions, and implications
Nick |. Royle, Per T. Smiseth, and Mathias KolliKer

18.1 Introduction
18.2 What is parental care?
183 Origin and evolution of parental care
18.3.1 Costs and benefits
18.3.2 Evolutionary origins
18.3.3 The role of the social environment
18.4 Conflicts and cooperation in parental care
18.4.1 Why are conflicts expected?
18.4.2 Who should provide care?
18.4.3 Sexual conflict over care
18.4.4 Sibling competition, cooperation, and parental favouritism
18.4.5 Parent—offspring conflict
18.5 Co-evolution and correlated responses
18.6 Mechanisms and constraints in parental care
18.6.1 Physiological mechanisms
18.6.2 Genetic mechanisms
18.7 Evolutionary implications of parental care
18.7.1 Life-history evolution
18.7.2 Social evolution
18.7.3 Sexual selection
18.7.4 Evolution of personality
18.8 Future directions
18.9 Conclusions

Index

310
31
32
313
313
33
314
314
314

315

36
37
n7
318
319

327

327
328
328
328
329

330
330

347



