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Mechanisms of mate choice: male traits, female responses and the evolution of sexual isolation. Mechanisms of mate choice have been studied in great detail in D. melanogaster. Traits of male D. melanogaster influencing female mate choice include courtship song (1), courtship vigour (2), visual courtship display behaviours, cuticular hydrocarbons (CHCs) (3), mechanical stimuli during mating, and components of the ejaculate (sperm, accessory gland proteins (4)). The pathways (male signals and corresponding female choice mechanisms) illustrated in Fig 1 have been shown to occur in D. melanogaster or other species and include both active choice in the form of behavioural acceptance or rejection to copulate as well as a number of mechanisms referred to as “cryptic” female choice. (One mechanism of mate choice not represented in the figure is the male’s ability to alter the female’s CHC profile (3), which may for example alter the degree to which female CHCs stimulate male courtship). The extent to which the illustrated pathways of mate choice (Fig 1) also function in the context of sexual isolation depends on the degree of population divergence in male traits and/or in female choice mechanisms. Since variation in many of the relevant male traits is likely to be larger between than within populations we expect a combination of pathways to contribute to sexual isolation. Female behavioural acceptance/rejection to copulate is a well-studied major contributor to sexual isolation. A number of “cryptic” female mate choice mechanisms have also been proven important in the context of sexual isolation, including conspecific sperm precedence (5); reduced fertility of females in heterospecific crosses due to selective sperm storage (5, 6); and male failure to stimulate ovulation (6, 7) or egg production (8). A number of intraspecific studies have revealed differential female investment in offspring quality/quantity based on male attractiveness (9), while a reduction in nestling provisioning by female parents (not represented in Fig 1, but also a mechanism of mate choice via differential investment in offspring) has been shown in Gouldian finch females mated with males of the partially genetically incompatible alternative colour morph (10).
Drosophila melanogaster male accessory gland proteins and mate choice. In D. melanogaster there is definitive evidence that the male sex peptide Acp70A, passed to females in the ejaculate during copulation, reduces female post-mating receptivity and causes oviposition (refractory behaviour). Studies of SPR (also known as CG16752), the female receptor for Acp70A, reveal that Acp70A passes from the female reproductive tract to the central nervous system via the haemolymph, and causes female refractory behaviour by modulating activity of fru neurons in the brain (11). This particular pathway of sexual selection appears therefore to be a candidate for causing sexual isolation between diverging populations. However the structure and function of Acp70A is highly conserved across insects (11) allowing little scope for direct quantitative variation in its effects, although other male or female factors may cause quantitative variation in the effectiveness of Acp70A. Furthermore, expression of SPR did not differ significantly between treatments in our experiment.
Spermathecae as the site of sperm storage and manipulation. While the spermathecae are the primary tissues used for long-term sperm storage in D. melanogaster, about twice as much sperm can be stored in a separate tissue, the seminal receptacle (Fig 1) (12). Furthermore, there is also potential for sperm manipulation in the vagina (Fig 1). Therefore, despite finding no evidence in this gene expression study to suggest mate choice in Z strain female D. melanogaster involves differential sperm use, there is plenty of scope for this still to occur in other tissues.
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