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with one another to fertilize a female’s egg. The first definition of sperm
competition—"the competition within a single female between the sperm
from two or more males for the fertilization of the ova™ (Parker, 1970, p. 527)—
implies that sperm competition is an interaction among males’ sperm, :::le\'oid of
male and female anatomy, physiology, psychology, and behavior. Nothing could
be further from the truth. An interactive competition among sperm is just one of
many aspects of sperm competition. Broadly defined, sperm competition is sex-
ual selection after the initiation of copulation, or postcopulatory sexual selection
(influences during copulation are still referred to as postcopulatory; see Eber-
hard, 1996; LaMunyon & Eisner, 1993). As with precopulatory sexual selection, the
postcopulatory form can occur intrasexually (male-male interactions) or intersex-
ually (male-female interactions). .
Whereas Darwin (1871) and others (see Andersson, 1994, for a review) have
identified precopulatory adaptations associated with intrasexual competition and
intersexual selection, sperm competition investigators aim to identify postmpulla—
tory adaptations. The study of sperm competition, therefore, ir'fh'f')h':EE examining
(1) how males compete to fertilize a female’s egg(s) once the initiation of copula-
tion has occurred and (2) how females nonrandomly bias paternity between two
or more males’ sperm (Eberhard, 1996).

f'dl 1HE TERM SPERM COMPETITION brings to mind an image of tiny sperm, battling

SPERM COMPETITION IN NONHUMAN SPECIES

Sperm competition has been documented or inferred to exist in many specjes,
ranging from molluscs (Baur, 1998) and insects (Simmons, 2001) to birds (Birk-
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head & Maller, 1992) and mammals (Gomendio, Harcourt, & Rolddn, 1998). In
species with internal fertilization, there is the potential for sperm competition to
occur whenever a female mates with multiple males in a sufficiently short period
of time so that live sperm from two or more males are present in her reproductive
tract. The outcome of such competition may depend on many factors, including
mating order effects; male accessory secretions; the shape, number, and size of
female sperm storage organs; and female manipulation of sperm. However, the
number of sperm transferred may be one of the most important factors. A partic-
ular male can increase the probability of siring a female’s offspring by inseminat-
ing more sperm, and a male that transfers very few sperm will generally
experience little success in sperm competition (Parker, 1970, 1990a).

Although sperm are normally thought of as inexpensive to produce, the meta-
bolic costs of ejaculate production are nontrivial. Across many species, these costs
are attributable to the sheer numbers of sperm ejaculated, in addition to costs as-
sociated with the production and maintenance of the requisite physiological ma-
chinery (Dewsbury, 1982; Nakatsuru & Kramer, 1982). It is not uncommon for
investment in sperm to depend on male body size in invertebrates (LaMunyon &
Ward, 1998; Pitnick & Markow, 1994), suggesting that sperm production is lim-
ited by available resources. Repeated ejaculation can even lead to sperm depletion
in some mammals (Ambriz et al., 2002). For males, therefore, there is a trade-off
between ejaculate production costs and the potential benefits of delivering large
numbers of sperm in any particular ejaculate.

Omne of the first hypotheses generated by sperm competition theory was that
males deliver more sperm when the risk of sperm competition is higher (Parker,
1982, 1990a). Across species, therefore, investment in sperm production is pre-
dicted to depend on the risk of sperm competition. Within species, males are
predicted to allocate their sperm in a prudent fashion and to inseminate more
sperm when the risk of sperm competition is higher. In accordance with hy-
potheses generated by sperm competition theory, investment in sperm produc-
tion is greater in species for which the risk of sperm competition is higher (e.g.,
Gage, 1994; Harcourt, Harvey, Larson, & Short, 1981; Meller, 1988). In nema-
todes, where sperm size correlates with sperm competitiveness, species with
greater risk of sperm competition produce larger, but more costly, sperm
(LaMunyon & Ward, 1998, 1999). Recent work, in addition, has demonstrated ex-
perimentally that exposure to mating environments with high levels of sperm
competition can produce significant increases in testis size after only 10 genera-
tions in yellow dung flies (Scathophaga stercoraria; Hosken & Ward, 2001). The re-
verse is also true: Experimental removal of sperm competition in fruit flies has
resulted in the evolution of lower investment in sperm production (Pitnick,
Miller, Reagan, & Holland, 2001).

In addition to the evidence that investment in sperm production depends on
the risk of sperm competition across species, evidence is accumulating that indi-
vidual males are capable of prudent sperm allocation (Parker, Ball, Stockley, &
Gage, 1997; Wedell, Gage, & Parker, 2002). Males in many species are capable of
adjusting the number of sperm they deliver from one insemination to the next in
response to cues of sperm competition risk. Males need to rely on cues predictive
of sperm competition risk because this risk often cannot be assessed directly.
Any auditory, chemosensory, tactile, or visual stimuli that reliably predict
whether a female’s reproductive tract (in the case of internal fertilizers) or the






