Contents

1 Introduction

1.1 The problems 1
1.2 What are social insects? 4
1.3 Male-haploidy is characteristic of Hymenoptera 11
1.4 Sex in Hymenoptera is commonly determined by heterozygosity 13
1.5 Male-haploidy allows maternal control of sex ratio 19
16 Male-haploids may show much genetic variation for the sex ratio 21
1.7 Male-haploidy implies greater male mortality 23
1.8 Importance of sex-linked translocations in termites 24
19 Social insects have many potential levels of selection . 25
1.10 Summary * 27

2  Inclusive fitness and sex allocation

21 The Shaw-Mohler equation for sex allocation 29
22 Genetic values of the offspring 33
23 Genetic relatedness 36
24 Sex-specific reproductive values 19
25 Fitness functions can be non-linear 41
26 Importance of collateral relatives 43
27 Interaction of sex and caste determination 45
28 Effect of population structure 46
29 Summary k3|

3  The evolution of eusociality in insects

3.1 A framework based on inclusive fitness 53
3.2 Male-haploid models 56
33 Why are there no male workers in Hymenoptera? 63
34 Diploid models 65
3.5 The effects of multiple mating 66
36 Essential differences between male-haploid and diploid

populations 67
3.7 Increased efficiency favours the evolution of worker behaviour 73

38 Summary 77




» Contents

Evolution of colony characteristics

The single family is the simplest colony type
Worker reproduction

Multiple mating

Many species have polygynous colonies

The organization of colonies and populations
Summary

Intra-colony conflicts over sex-allocation

The optimal sex ratio in monogynous colonies
Evolution of sex ratio conflict

Conflict over sexual production and colony maintenance
Sex allocation in species with colony fission
Mechanisms for biasing the final sex ratio
Who wins?

Summary

Colony-level variation of sex ratios

Variation uncorrelated with colony characteristics
Sex ratios affected by resource availability
Variation due to differences in colony types -
Connections to worker—queen conflict '

Small ant colonies produce more males

Inter-colony communication could destabilize the sex ratio game
The time factor

Workers do affect colony decisions

Summary

86
101
108
135
145

147
157
169
178
196
199
219

BEBEER

235

241

248
287
293




