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Abstract. Evolutionarily stable sex ratios are determined for social hymenoptera under local
mate competition (LMC) and when the brood size is finite. LMC is modelled by the parameter d.
Of the reproductive progeny from a single foundress nest, a fraction d disperses (outbreeding),
while (1-d) mate amongst themselves (sibmating). When the brood size is finite, d is taken to be
the probability of an offspring dispersing, and similarly, r, the proportion of male offspring, the
probability of a haploid egg being laid. Under the joint influence of these two stochastic
processes, there is a nonzero probability that some females remain unmated in the nest. As a
result, the optimal proportion of males (corresponding to the evolutionarily stable strategy,
ESS) is higher than that obtained when the brood size is infinite. When the queen controls the
sex ratio, the ESS becomes more female biased under increased inbreeding (lower d). However,
the ESS under worker control shows an unexpected pattern, including an increase in the
proportion of males with increased inbreeding. This effect is traced to the complex interaction
between inbreeding and local mate competition.
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1. Introduction

How best—in an evolutionary sense—should sexual organisms allocate their resources
between their male and female progeny? Sex ratio theory, which attempts to answer this
question, has been a very active area of evolutionary biology (Charnov 1982). Especially
interesting are the applications to social insects (Trivers and Hare 1976; Alexander and
Sherman 1977), where predictions made on this basis have proved invaluable in testing
the various competing theories for the evolution of social behaviour (Craig 1980; for a
review, see Gadagkar 1985). Beginning with the classic work of Hamilton (1967),
theoretical investigations have encompassed a variety of factors which govern the sex
ratio (defined as the proportion of males in the brood)—local mate competition (Taylor
and Bulmer 1980), worker control of sex ratio (Trivers and Hare 1976), workers laying
male eggs (Benford 1978), multilocus control (Pamilo 1982) and inbreeding (Herre
1985)—either separately, or jointly (Joshi and Gadagkar 1985).

Almost all these studies assume an infinite population and an infinite brood size, and
determine the evolutionarily stable sex ratio, i.e. the value of the genetically controlled
sex ratio, which, if prevalent in the population, would prohibit the spread of any other
sex ratio mutant.

Real life systems, to which these theories have to be applied have, of course, finite
populations and finite brood sizes, and it is desirable to investigate the extent to which
this would alter the optimal sex ratios. Moreover, even before one applies the sex ratio
theory to any specific system, several questions of theoretical interest arise: will the
evolutionarily stable strategy (ESS) always be obtained from any arbitrary starting
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