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ABSTRACT

Question: Is dioecy primitive to metazoans? When should hermaphrodism or dioecy be
selected?

Data description: Classification of animal phyla as hermaphroditic/dioecious, broadcast
spawning/localized fertilizing.

Analysis method: Ancestral trait reconstruction using the maximum parsimony method.
Hypothesis: Specialization to dioecy is selected when males are more effective than

hermaphrodites in concentrating sperm.
Mathematical method: Population genetic model to derive ESS conditions for hermaphrodism

and dioecy.
Assumptions: Trade-off between resources available for gamete production and sperm

concentrating capability.
Conclusions: Dioecy evolves from hermaphrodism when increasing sperm concentration is

adaptive, even though total resources available for sperm and egg production decrease.
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INTRODUCTION

Sexual reproduction often involves fusions between two kinds of gametes – small sperm
and big eggs. Each individual of an anisogamous species may produce both eggs and
sperm (hermaphrodite), only eggs (female) or only sperm (male). Almost all metazoan
species are either hermaphroditic or dioecious (all individuals are either male or female).
Hermaphrodism is widespread among animals, occurring in 70% of the phyla, and a third
of the non-insect species (Jarne and Auld, 2006).

Tomlinson (1966) and Ghiselin (1969) suggested that hermaphrodites may benefit from
being able to mate with all individuals encountered, and Heath (1977) proposed that
hermaphrodites may suffer from paying the fixed costs of both male and female functions.
More formal models examine the evolutionary stability of different sex allocation strategies
(Charnov, 1979; Charnov et al., 1976) and consider the effects of inbreeding and selfing (Charlesworth

and Charlesworth, 1978) and mobility and mate access (Puurtinen and Kaitala, 2002) on selection on
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