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Sex allocation in hermaphroditic plants
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Abstract: The theory of sex allocation assumes that there is a trade-off between the sexes, i.e. increasing investment to one
gender will reduce the investment to another. The classical model of sex allocation for outcrossing species shows that male
fertility (m) and female fertility (f) are considered power functions of the proportion of resources put into male function () :m
= ks f =k (1 —r). Exponents (b and ¢) <1 generate a function with diminishing returns, meaning the ESS is
hermaphroditism, whereas exponents (6 and ¢)>>1 generate a function with accelerating returns and an ESS of dioecy. Sex
allocation theory has been used to explain not only the evolution of breeding systems such as dioecy., but also to model
allocation in partial selfers Most studies have focused on the four levels of flower, individual, population and species.

Because plants are sessile, unlike animals, they are dependent upon pollen vectors for fertilization of ovules. This has
contributed to the evolution of complicated reproductive modes and mating strategies. The different mating systems (such as
selfing, cloning and outcrossing) have great effects not only on the fitness of individuals and the genetic structure of
populations, but also on sex allocation within flowers. For example, the assumption that allocation to male function. including
the proportion of resources allocated to attractive structures, declines with increasing selfing rate has been proven by many
experiments.

The effect of selfing rates on sex allocation can also be applied to comparisons among populations (or genotypes) within
species, where the genotype with higher selfing rate allocates less to pollen production. Selfing can occur through various
modes, however, including autogamous, abiotic geitonogamy and biotic geitonogamy. Studies have shown the ESS strategy is

female-biased allocation for all three modes above. In poor environmental conditions (e. g. lower temperature), pollinator
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abundance may decrease and selfing may increase, leading to a similar female-biased ESS. However, at higher elevation, an
alternative strategy may be increased allocation to attractive structures (male). The adaptive consequences of allocation
responses to the environment need more study. especially in the context of mating system evolution.

Recently, studies of sex allocation have focused on variation among individuals within populations. If fitness gain through
male and female functions is differentially influenced by size or status., it is expected that organisms will adjust sex allocation
according to size. Several theories have been synthesized to determine the degree and direction of size-dependency of sex
allocation, including local mate or resource competition, the pollination environment, and resource costs associated with each
sex function. Recent studies have illustrated the correlation of sex allocation and size in insect-pollinated plants, i.e. female-
biased allocation of larger individuals. although wind-pollinated plants may allocate more to either function with increasing
size. In general. larger inflorescence will promote geitonogamy and pollen discounting, which affects the ESS sex allocation as
well.

Within individuals with complex inflorescences. floral sex allocation at different positions within the inflorescence may
change with the directionality of visits by pollinating animals. In addition, variation in the amount of resources available to
flowers at different positions within inflorescences may lead to variation among flowers in pollen and seed production.

In contrast to the development of theories, experimental study of sex allocation has lagged. With the development of
molecular markers, predictions of sex allocation theory, in particular the trade-off between the sexes can be more conveniently
tested. Further research is necessary; especially the investigation of the evolution of resource allocation and breeding systems
within a spatial context (including the effect of elevation on pollen limitation and sex allocation). This work would be
significant for our understanding of the evolution of life history traits in plants.

Key words :sex allocation; trade-off; breeding system
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