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It is well known that females of some insects mate with more than one male before the 
ova are fertilized. Th e post-copulatory behavior of the sperm has been studied for decades, 
but until now there has not been a method to defi nitively determine the “ownership” of sperm 
within the female genital tract. In a very clever study, Mollie Manier, John Belote, Kirstin 
Berben, David Novikov, Will Stuart, and Scott Pitnick off er an answer to this dilemma [1].

Th e solution was to genetically engineer two groups of Drosophila melanogaster (fruit fl ies) 
males. Each group would express a protein labeled with either green fl uorescent protein (GFP) 
or red fl uorescent protein (RFP) in sperm heads that can be easily observed and unambigu-
ously diff erentiated within the reproductive tracts of females (see Figure 1). Multiple tests of 
male fi tness relevant to sperm and/or ejaculate function were assayed, with transgenic males 
compared to each other and to a wild-type 
strain. Although there were some diff erences, 
all three strains fell within the known typical 
range of values. Moreover, subsequent experi-
ments were unbiased because adequate controls 
were consistently performed, such as varying 
the mating order of GFP and RFP males.

Manier et al. quantifi ed 1) spatiotemporal 
patterns of sperm storage and use by the female 
aft er re-mating, 2) the extent and timing of 
sperm ejection by females, and 3) the infl uence 
of re-mating on resident sperm motility. Th ey 
also revealed two diff erent mechanisms by 
which resident sperm are displaced from the 
sperm-storage organs aft er re-mating and which 
contribute to last-male sperm precedence. First, 
there was an early release of some resident 
sperm from storage organs, a process that does 
not involve second-male sperm. Th is release of 
resident sperm was presumptively mediated 
by the female and triggered by male accessory 
gland proteins and/or mechanical stimulation 
of copulation. Second, resident sperm appear to 
have been physically displaced over time from 
sperm-storage organs by incoming second-
male sperm. 

Th ey also addressed the question of why males ejaculate many more sperm than can be 
stored in the female genital tract. Th is is important because the sperm of these fruit fl ies are many 
times longer (1800 µm) than any distance they travel within the female and that storage appears 
to be a rapid and effi  cient process. Th eir evidence suggests that excess sperm, and perhaps their 
mobility, are adaptations to sperm competition, specifi cally to physical displacement of resident 
sperm. Th eir results also suggest that ejaculate size is evolving via sexual selection mediated by 
sperm competition. It was also established that females can eject sperm.

Finally, experiments suggested that sperm motility did not change upon re-mating and 
that sperm were used in direct proportion to their prevalence. Th is suggests that the sperm 
of either male is equally competitive in regards to fertilization, which correlates directly with 
their prevalence. 

Th e observations of Manier et al. corroborate some previously conjectured mechanisms 
related to fertilization success. Th ese include sperm displacement and sperm ejection by 
females. Most importantly, a complex and dynamic array of processes underlying fertilization 
success can now be dissected in targeted, detailed genetic analyses to reveal specifi c behavioral, 
physiological, and biochemical mechanisms relevant to post-copulatory sexual selection. Th is 
is certainly an important contribution to the fi eld [2].
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Figure 1: Rival sperm with green or red heads 
(protamine-tagged GFP or RFP) within the 
sperm-storage organs (i.e., paired sperma-
thecae and seminal receptacle) of a female D. 
melanogaster.
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