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In spite of recent interest in sexual selection in females, debate exists over whether traits that influence female–female compe-
tition are sexually selected. This review uses female–female aggressive behavior as a model behavioral trait for understanding the
evolutionary mechanisms promoting intrasexual competition, focusing especially on sexual selection. I employ a broad definition
of sexual selection, whereby traits that influence competition for mates are sexually selected, whereas those that directly in-
fluence fecundity or offspring survival are naturally selected. Drawing examples from across animal taxa, including humans, I
examine 4 predictions about female intrasexual competition based on the abundance of resources, the availability of males, and
the direct or indirect benefits those males provide. These patterns reveal a key sex difference in sexual selection: Although
females may compete for the number of mates, they appear to compete more so for access to high-quality mates that provide
direct and indirect (genetic) benefits. As is the case in males, intrasexual selection in females also includes competition for
essential resources required for access to mates. If mate quality affects the magnitude of mating success, then restricting sexual
selection to competition for quantity of mates may ignore important components of fitness in females and underestimate the role
of sexual selection in shaping female phenotype. In the future, understanding sex differences in sexual selection will require
further exploration of the extent of mutual intrasexual competition and the incorporation of quality of mating success into the
study of sexual selection in both sexes. Key words: aggression, female competition, intrasexual selection, mating success, sexual
selection. [Behav Ecol]

INTRODUCTION

In recent years, behavioral ecologists have shown increased
interest in sexual selection in females (Heinsohn et al. 2005;
Lebas 2006; Clutton-Brock 2007, 2009; Watson and Simmons
2010), focusing especially on the phenotypic variation in
and functional significance of female ornamentation (Amundsen
2000; Amundsen and Parn 2006; Kraaijeveld et al. 2007), vocali-
zation (Langmore 1998), and weaponry (Estes 1991; Stankowich
and Caro 2009). Although females appear to use these traits in
same-sex competition, a consensus is lacking as to whether this
competition constitutes sexual selection (Clutton-Brock 2007,
2009; Shuker 2010; Stockley and Bro-Jørgensen 2011).

In species with conventional sex roles, sexual selection is
thought to act more strongly in males than in females due to
the interplay between sexual selection, variance in mating
success, and asymmetries in parental investment (Bateman
1948; Trivers 1972; Emlen and Oring 1977; Kokko and Jennions
2003; Wade and Shuster 2005, but see Drea 2005, Tang-Martinez
and Ryder 2005). As a consequence, the frequency and intensity
of exaggerated traits and behaviors tend to be greater in males
than in females. When females exhibit versions of these traits,
their evolutionary significance has proven to be enigmatic. Are
these traits nonfunctional by-products of a genetic correlation
with males (Lande 1980)? Are they primarily shaped by fecun-
dity or survival selection (i.e., natural selection that excludes
competition for mates)? Or do females use these exaggerated
traits and behaviors to compete for mates in a context similar
to sexually selected male–male competition? This third, more
controversial possibility is the focus of this review.

More specifically, I explore the evolutionary mechanisms
driving female–female competition, using intrasexual aggres-
sion as a model behavioral trait for drawing broad conclu-
sions about sexual selection and competitive interactions
among females. Though intrasexual competition frequently
occurs without escalating to aggressive behavior (e.g., via
threat displays, signals of aggressive intent, or other more
subtle competitive interactions), direct or overt expressions
of female–female aggression represent the culmination of
competitive interactions (e.g., fighting, chasing, or attack-
ing). These aggressive encounters therefore reveal the resour-
ces or individuals over which females compete and the
benefited accrued by successful competitors. Moreover, fe-
male–female aggression has been widely studied in a range
of natural and experimental conditions across the animal
kingdom, but these data have not yet been synthesized to
uncover the evolutionary mechanisms promoting competi-
tion among females. This review emphasizes female–female
aggressive interactions in the context of mating competition,
including examples that clearly fall within the purview of
sexual selection as well as others that comprise the crux of
the debate over sexual selection in females. I make predic-
tions about patterns of female–female competition to discern
how and why females compete. Based on the relative support
for these predictions, I address how intrasexual competition
may differ between the sexes, in function, outcome, and
mechanism of selection, and I suggest clear directions for
future research on the nature of intrasexual competition
and sexual selection in both sexes.

What is sexual selection?

Many definitions of sexual selection exist, yet the specifics of
the definition are critical to interpreting patterns of female–
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female competition. I advocate Shuker’s recent ‘‘consensus
definition’’ (2010), simply stated as ‘‘competition for mates,’’
because this definition occupies a middle ground between
broad (Huxley 1938; Selander 1972; Carranza 2009) and nar-
row (Wade and Arnold 1980; Andersson 1994). Under this
view, if a trait influences competition for mates, then this trait
is sexually selected. Therefore, sexual selection encompasses
a rather broad array of processes, such as competition for the
number or quality of mates as well as competition for resources
that directly influence the probability of mating. Shuker’s
definition is therefore especially useful for addressing similar-
ities and differences in intrasexual selection in the 2 sexes,
while allowing for sex differences in the nature of this compe-
tition. I will address 2 points about this definition that
are particularly relevant to sexual selection in females and
leave the details of the current and historical debates over
sexual selection to a handful of thoughtful reviews (Endler
1986; Andersson 1994; Kavanagh 2006; Roughgarden et al.
2006; Clutton-Brock 2009, 2010; Roughgarden and Akcxay
2010; Shuker 2010).

The first point concerns the contrast between competition
for mates and competition for resources. One focus of the cur-
rent debate is whether or not sexual selection includes intrasex-
ual competition for breeding opportunities instead of simply
competition for mates (Clutton-Brock 2007, 2009, 2010;
Roughgarden and Akcxay 2010). Shuker’s definition includes
competition for resources that influence the quantity or qual-
ity of mates obtained (Lebas 2006; Stockley and Bro-Jørgensen
2011), but it excludes resource competition that only affects
survival or fecundity, as this latter category does not differen-
tiate sexual selection from fecundity or mortality selection
(Wade and Arnold 1980; Endler 1986; Andersson 1994). Thus,
sexual selection is maintained as a unique subset of natural
selection, defined not only by the identity of competing parties
(e.g., individuals of the same sex and species) but also by
the component of fitness that is affected by competition, as
described by Darwin (1859, 1871).

A second key point regarding the definition of sexual selec-
tion is whether it is sufficiently broad to include themyriad ways
in which individuals compete for mates (Andersson and Iwasa
1996), without inherent sex biases. Theory suggests that fe-
males should not to compete for the quantity of mates because
increasing mate number does not affect female reproductive
success (Bateman 1948). If we then restrict sexual selection to
competition for the ‘‘number’’ of mates or the ability to gain
access to mates (Andersson 1994; Arnold 1994), we effectively
bias its applicability to males, potentially missing clear concep-
tual parallels that may exist in females. By including all com-
petition for mates within sexual selection, we thus bring in an
array of evolutionary processes that are fundamentally similar
to male–male competition for the number of mates, including
cryptic female choice and sperm competition (Birkhead and
Møller 1998; Andersson and Simmons 2006; Eberhard 2009;
Jones and Ratterman 2009). Competition for mates may also
involve competition over mate quality (or, competitive mate
choice; Halliday 1983), an often ignored aspect of mating suc-
cess that may be particularly relevant to females (Petrie 1983;
Altmann 1997). In addition, sexual selection may include com-
petition over entities that affect the probability of getting
a mate or becoming a mate. For example, male satin bower-
birds (Ptilonorhynchus violaceus) compete with each other for
bower adornments because more decorated bowers attract
more mates (Borgia 1985a, 1985b). Same-sex competition for
these bower adornments, like competition for territories, lek-
king positions, or nesting sites to attract mates, is typically
considered sexual selection in males, even though males here
compete to be qualified ‘‘as a mate,’’ prior to any actual com-
petition ‘‘to mate’’ (Ahnesjo et al. 2001; see Andersson 1994,
Chapter 6).

WHY SHOULD FEMALES COMPETE?

Nonadaptive hypotheses

We might expect high levels of competition and aggression
among females as a by-product of a genetic correlation with
males: The sexes share the vast majority of their genome, and
so, a behavior that is favored in one sex may exist in the other
sex via correlational selection (Wallace 1891; Lande 1980). In
spite of the historical argument that exaggerated female traits
exist as nonadaptive by-products of selection on males, empir-
ical tests demonstrate a range of intersexual genetic correla-
tions (for an example with ornamentation, see Kraaijeveld
et al. 2007). For same-sex aggression in females, high repeat-
ability (e.g., Rosvall 2008; Sinn et al. 2008; While et al. 2010)
and parent–offspring correlations (e.g., Maestripieri 2003)
suggest a potential for high genetic variance and thus high
heritability (Falconer 1989). More concrete support for corre-
lational selection comes from a study in which female aggres-
siveness increased in lines of Drosophila melanogaster that were
selected for high levels of male aggression (Edwards et al.
2006). High-throughput genomic analyses are beginning to
identify genes that predict competitive ability (e.g., Renn
et al. 2008; Zhou and Rao 2008), including some genes that
differ between the sexes (Lee and Hall 2000). Collectively,
these studies suggest that aggression in males and females
may be mediated by some common mechanism, but they
leave open the possibility that different genes or different
mechanisms may be relevant in the 2 sexes.

While we are just beginning to understand the genetics of
aggression, more is known about the hormonal mechanisms
mediating aggressive behavior, especially in vertebrates. Much
research has focused on the relationship between aggression
and testosterone (T), although the list of hormones and neu-
ropeptides that mediate aggression continues to grow (Stribley
and Carter 1999; Adkins-Regan 2005; Nelson and Trainor
2007; Soma et al. 2008; Kabelik et al. 2010). Notably, evidence
is mixed as to whether T influences aggression in females in
the same way that it does in males (Desjardins et al. 2006;
Zysling et al. 2006; Gill et al. 2007; Sandell 2007, but see
Elekonich and Wingfield 2000; De Ridder et al. 2002; Jawor
et al. 2006; While et al. 2010). Furthermore, sex and seasonal
differences in neuroendocrine mechanisms of aggression
question the assumption that behavioral mechanisms are fixed
within a species (Soma 2006; Canoine et al. 2007; Voigt
and Goymann 2007; Sperry et al. 2010), thus challenging
the notion that female aggressive behavior exists simply as
a nonadaptive by-product of male aggression.

Female competition and natural selection

A review of the naturally selected functions of female–female
competition is vital to placing this behavior’s possible sexually
selected functions into context; however, because female–
female competition for nonmating resources is widely ac-
cepted, I will only briefly summarize competition that directly
influences fecundity, survival, or offspring survival.

Several lines of evidence suggest that females compete for
food access. For example, when food is rare or difficult to ob-
tain, female–female aggression increases in frequency (Ueda
and Kidokoro 2002; Baird and Sloan 2003). Because maternal
investment is linked with high energetic demands, same-sex
competition for food may be especially common when females
heavily invest in parental care. Not surprisingly, much of the
support for this hypothesis comes from mammalian species,
with female aggression peaking during pregnancy and lacta-
tion (Boness et al. 1982; McDonough 1994; Wolff and Peterson
1998; Rodel et al. 2008, but see Derix et al. 1993), although
this temporal pattern is also consistent with protecting off-
spring from infanticide. Female–female competition and
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associated aggression also tend to be more frequent at higher
densities (Cassini 2000; Klatt et al. 2004; Robinson and Kruuk
2007) and larger group sizes (Snowdon and Pickhard 1999).
Aggressive interactions that determine long-term rank relation-
ships may likewise affect competition for food. For example,
higher ranking female chimpanzees (Pan troglodytes), gain ac-
cess to higher quality foraging areas (Murray et al. 2006, 2007 ;
Kahlenberg et al. 2008), and ultimately, they produce more
surviving offspring and daughters that mature more quickly
(Pusey et al. 1997).

Although some evidence points to food as a source of
female–female competition, other work advocates an offspring
protection hypothesis (Maestripieri 1992; Wolff and Peterson
1998). Females often defend eggs or offspring, especially those
with a protracted dependent phase during which they are at
risk of injury or death from infanticidal rivals (Hrdy 1979;
Ebensperger 1998). For example, female northern elephant
seals (Mirounga angustirostris) that initiate more frequent ag-
gressive interactions are more effective at preventing other
females from biting their offspring, and these offspring are
more likely to survive to weaning (Christenson and Leboeuf
1978). Similarly, nonmammalian females respond aggressively
in defense of eggs from infanticidal females, as may be the case
in some frogs (Summers 1989), reptiles (Sinn et al. 2008), and
birds (Gowaty 1981; Chek and Robertson 1991; Alworth and
Scheiber 1999; Veiga 2004). Finally, females may compete to
maximize their own survival, with more aggressive or dominant
females obtain safer, more central positions in groups and re-
ducing their own risk of predation (Ron et al. 1996; Ost et al.
2007).

Female–female competition for mates

Within the broad context of competition for mates, I review the
evidence for several possible functions of female–female com-
petition, emphasizing taxonomic patterns and differences be-
tween the sexes whenever possible. I make several predictions
about the nature of intrasexual competition in females based
on the availability of mates or mating resources and the poten-
tial direct and indirect benefits to be obtained via competition
for mates. I describe select examples in support of or opposi-
tion to each prediction.

To determine whether sexual selection shapes the patterns
described under each prediction, the issue at hand is which
component of fitness is affected by this competition: If the se-
lection differential (or, covariance between competitive ability
and reproductive success) is directly affected by variance in fe-
cundity or survival, then, intrasexual competition is shaped by
natural selection. If the selection differential is influenced by
competition for mates (as described in the INTRODUCTION
above), then sexual selection applies. Thus, for each predic-
tion, I distinguish between natural and sexual selection when-
ever possible, although this task may be difficult in some cases,
especially when natural and sexual selection work in the same
direction (Darwin 1871; Clutton-Brock 2004; Carranza 2009).
Each prediction therefore serves as a starting point for explor-
ing patterns of female competition, with the aims of clarifying
recent debates and highlighting key next steps in the study of
intrasexual selection.

Competition for access to mates
Prediction 1: as the operational sex ratio becomes more female

biased, females should compete for access to males. If the operational
sex ratio (OSR) determines which sex will compete for access to
the other sex (Emlen and Oring 1977; Kvarnemo and Ahnesjo
1996), we should expect frequent female–female competition
in populations where males are limiting, such as sex-role re-
versed systems where the OSR is female biased (Eens and
Pinxten, 2000). In the sex-role reversed tidewater goby

(Eucyclogobius newberryi), for example, females compete for ac-
cess to territorial males and their associated burrows (Swenson
1997). Strong same-sex competition in role-reversed species
has long been seen as supporting classical sexual selection
theory (Darwin 1871; Trivers 1972), but whether systems with
conventional sex roles show similar patterns is less clear.

In populations with dynamic OSRs, we should expect in-
creased female–female competition as the OSR becomes more
female biased. Both experimental and observational evidence
supports this prediction, with more frequent competitive inter-
actions among females when there are fewer available males or
more ready-to-mate females (e.g., Kvarnemo et al. 1995;
Forsgren et al. 2004). In one fish species, the sand goby (Po-
matoschistus minutus), OSR, not density, predicts the frequency
of female–female competitive interactions, just as it does with
males (Kvarnemo et al. 1995). The observation that higher
densities do not increase female competition also suggests that
female sand gobies do not compete primarily for density-
dependent resources, such as food. Instead, they appear to
compete for access to males themselves or for male-held nest
sites. Similar patterns of female aggression are also found in
species where males do not care for offspring (Weckerly et al.
2001; Hohmann and Fruth 2003; Bebie and McElligott 2006;
Razzoli and Valsecchi 2006). Pairs of captive female house
mice (Mus musculus), for example, are more aggressive toward
each other when presented with one male than when
presented with 3 males (Rusu and Krackow 2004), again sug-
gesting that females vie for access to males themselves.
Humans are also thought to show increased levels of female–
female competition in populations with a scarcity of available
males (typically associated with political or war-time demo-
graphic shifts, Schuster 1983; Campbell 1995), although more
rigorous cross-cultural tests are warranted.

In the sand goby case described above, female competition
changed as the OSR became more female biased, but all
females were able to find a mate regardless of OSR (Kvarnemo
et al. 1995). When the OSR was male biased, however, some
males were excluded from breeding altogether. This sexual
disparity in the impact of OSR on mating success draws into
focus a key question: If the outcome of female–female compe-
tition does not predict the number of mates, why should fe-
males compete? In other words, if males are not limiting, why
do females bother to compete at all? One solution to this
question is that females do not compete for the number of
mates, but instead, they compete for the direct and indirect
benefits those males provide.

Competition for high quality mates
Prediction 2: females should compete for access to males that provide

direct benefits. In many systems, females receive a variety of direct
benefits from their mates (e.g., nutrients, space, parental care,
etc.). Patterns of competition and aggression suggest that
females may compete for these direct benefits or the high-
quality males that are best able to provide these benefits. For
example, female–female aggressive interactions are common
in many insect species where males provide nutrient rich sper-
matophores to their mates (e.g., Gwynne and Bailey 1999;
Lewis et al. 2004). If the outcome of these competitive inter-
actions predicts the quality of mates females obtain, then this
competition may be the target of sexual selection as well as
natural selection for increased fecundity.

Access to defended space (i.e., territories) is one of the pri-
mary direct benefits females may obtain from their mates be-
cause territories provide many potential fitness benefits
(Orians 1969; Jones 1981; Andersson 1994). The question of
whether females compete for access to territories can be diffi-
cult to answer empirically because females often acquire a mate
at the same time as a territory. The primary difference between
these 2 scenarios is whether the female directly assesses
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territory quality or mate quality. For convenience, I will instead
consider evidence for this particular direct benefit in the
context of mating resources over which females compete
(Prediction 4), with full understanding that competition for
high-quality territories may well represent competition for
male direct benefits as well.

Competition for male parental care
Parental care is among the best studied direct benefit that
a female might obtain from her mate, and it thus provides
an excellent case study with which to examine possible
female–female competition for this aspect of mate quality. In
polygynous and monogamous species in which males provide
parental care, females may compete over a monogamous pair-
bond, using overt aggressive behaviors to ward off additional
females, thus ensuring exclusive social access to a particular
male (reviewed in Wittenberger and Tilson 1980; Slagsvold
and Lifjeld 1994). If secondary females receive less paternal
care than primary or monogamously mated females
(Breiehagen and Slagsvold 1988; Kokita and Nakazono 2001)
and this reduction in care leads to decreased nesting success
(Clutton-Brock 1991; Kokita and Nakazono 2001, but see
Dunn and Hannon 1991), selection should act on females to
repel rival females that may diminish the direct benefits
received from males.

Several lines of evidence support the prediction that females
compete over access to male parental care (i.e., female–female
competition for one aspect of mate quality). Because females
that are more aggressive are more likely to be monogamously
mated (Sandell 1998) and primary females are often more
aggressive than secondary females (Yasukawa and Searcy 1982;
Hobson and Sealy 1989; Williams 2004, but see Breiehagen and
Slagsvold 1988), chasing, fighting, and other forms of aggres-
sion may deter secondary females from settling (see also Ratti
et al. 1994; Kilpimaa et al. 1995). Likewise, the experimental
addition of a nearby nest-box for a secondary female increases
the prevalence of female–female aggression in the facultatively
polygynous starling (Sturnus vulgaris) (Sandell and Smith 1997).
If females compete for high-quality males that provide parental
care, female–female aggression should also be more intense
when vying for a male whose phenotype suggests that he will
be a high-quality male that will provide more care than other
males. In the sharknose goby (Elacatinus evelynae), more aggres-
sive females are more likely to mate with a larger male, and
larger males typically provide more parental care (Whiteman
and Cote 2003). Thus, females do appear to compete for exclu-
sive access to a high-quality male that will provide direct
benefits.

A natural continuation of this logic, of course, is that in the
absence of paternal care, female competition should be rare or
should occur for different reasons (e.g., food or indirect ben-
efits). Indeed, temporal patterns of female aggression in birds
and fish (i.e., species in which males often provide care) differ
markedly from mammals (i.e., species with little to no male
care). In nearly, all species of birds studied to date, female
aggression peaks prior to egg laying but decreases during off-
spring rearing (Gowaty 1981; Breiehagen and Slagsvold 1988;
Slagsvold 1993; Cristol and Johnsen 1994; Sandell and Smith
1997; Elekonich 2000; Garcia and Arroyo 2002; Gill et al. 2007,
but see Brunton et al. 2008). In most mammal species, females
are most aggressive during the offspring-rearing period
(Boness et al. 1982; Derix et al. 1993; McDonough 1994;
Kapusta and Marchlewska-Koj 1998; Wolff and Peterson 1998;
Rodel et al. 2008, but see Derix et al. 1993). These interspecific
temporal patterns of female competition suggest that sexual
selection via female competition for mate quality may be more
common in species with male direct benefits (i.e., in biparental
birds and fish) than in species where males do not care for
offspring. Determining the generality of this suggestion will

ultimately require phylogenetically controlled tests within taxa
that vary in the extent of male care. In one such comparison of
burying beetles, females of the biparental species Nicrophorus
quadripunctatus frequently compete for access to carcasses on
which they rear their young, whereas female–female competi-
tion is nearly nonexistent in Ptomascopus morio, a species
without parental care (Suzuki et al. 2005).

Prediction 3: females should compete for males that will provide
indirect (genetic) benefits. Independent of female–female compe-
tition for access to males or the direct benefits they provide,
females may also compete over another aspect of mate quality:
indirect (genetic) benefits, such as genes that confer a viability
advantage to offspring (‘‘good genes’’ or ‘‘compatible genes’’)
or genes linked with female preferences (‘‘sexy sons’’) (Fisher
1930; Weatherhead and Robertson 1979; Pomiankowski et al.
1991; Mays and Hill 2004). If sperm is limited (Dewsbury 1982;
Wedell et al. 2002) and males attempt to conserve their sperm
for new or preferred females (e.g., Pizzari et al. 2003) and if
females receive some indirect genetic benefit from mating with
the best male (Kirkpatrick and Ryan 1991), then females with
a competitive edge could potentially benefit by acquiring more
sperm from that male. Evidence suggests that preferred males
are more likely to be sperm limited (Jones 2001), especially
later in the mating season (Preston et al. 2001). Therefore,
a female that is more adept at monopolizing preferred males
may maximize the probability of fertilization by the best male if
she can mate with him earlier than other females.

If females compete for genes from the best males, we should
expect female–female competition on leks, where genes
are essentially the only contribution from the male (e.g.,
Papadopoulos et al. 2009). In fact, several examples from lek-
king species indicate that female aggressive encounters are
more intense or frequent when vying for the best male on
the lek (Petrie et al. 1992; Karvonen et al. 2000; Saether
et al. 2001; Bro-Jørgensen 2002). For example, female–female
fights among topi antelope (Damaliscus lunatus) are more com-
mon at the center of the lek, where the most preferred male is
located. These interactions may have very real consequences
for mating success because females disrupt other females dur-
ing copulation, with subordinates being disrupted more often
than dominant females (Bro-Jørgensen 2002). Females in non-
lekking species may also compete for access to good genes
(e.g., Hasselquist et al. 1996), although it can be difficult to
test this prediction empirically in systems where male direct
benefits abound. A recent study on the White’s skink (Egernia
whitii) suggests one of the few examples of female–female com-
petition for indirect benefits in a nonlekking system: More
aggressive females have more extra-pair young in their litter
(While et al. 2009). Although not yet tested directly, these
results support the prediction that more aggressive females
are better able to access the high-quality males that are most
desirable for extrapair matings.

Competition over mating opportunities
Much as females may compete for access to mates themselves
when mates are limited (Prediction 1), females may also com-
pete for mating opportunities or mating resources (i.e., resour-
ces that qualify a female as a mate). As detailed above,
these competitive interactions lie at the heart of one current
debate regarding the scope of sexual selection in females. It is
therefore especially important to identify the component of
fitness affected by female–female competition for mating op-
portunities or mating resources. The fact that competition
occurs between females in relation to reproduction is not
sufficient to demonstrate competition for mates (i.e., sexual
selection).

Prediction 4: female–female competition should increase when
mating opportunities or resources are limited. Nesting sites can be
a limiting resource for females of many species, independent
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of the OSR. However, it can be difficult to determine whether
females compete for access to a mate or to a critical mating
resource (e.g., territory or nesting site), since the 2 often co-
incide temporally. In spite of this difficulty, several studies sug-
gest that female aggression provides a competitive advantage
when breeding or mating opportunities are rare. For example,
in the common goby (Po. microps), female–female aggression
was common only at sites with a shortage of nests (Borg et al.
2002), suggesting that intrasexual female competition may
help secure access to a nest site and its associated male. Sim-
ilarly, females are known compete with one another in close
proximity to oviposition or nesting sites. In the parasitoid
Pachycrepoideus vindemmiae, winners of aggressive interactions
have at least temporarily exclusive access to an oviposition site,
with losers being evicted (Goubault et al. 2007). If more ag-
gressive females are more proficient at delaying or preventing
superparasitism (i.e., multiple females ovipositing in the same
host fruit), they may even improve larval growth or survival
(Shelly 1999). Females burying beetles compete for access
to a vertebrate carcass on which they rear their larvae. In
N. vespilloides, when multiple females share a carcass, reproduc-
tive skew can be high: Dominant females maintain nearly
exclusive access to the food supply, and they ultimately
produce more eggs than the subordinate females (Eggert
et al. 2008). Looking closer at the components of fitness in
these last 2 examples, competitive interactions appear to
directly influence food availability for offspring without affect-
ing any component of competition for mates. Accordingly,
some aspects of female–female competition for breeding re-
sources do not fall within the purview of sexual selection via
competition for mates.

If sexual selection is to shape female–female competition
over mating opportunities, one key question is whether partic-
ular females are able to competitively exclude others from
mating altogether, as is often the case in males (Brown
1969). Direct experimental support for this prediction comes
from work on tree swallows (Tachycineta bicolor), a secondary
cavity–nesting bird with limited nesting sites (Holroyd 1975).
Female aggressiveness predicts the likelihood of obtaining
a nesting cavity after an experimental reduction in cavity avail-
ability (Rosvall 2008). In this species, females that do not
obtain a nesting cavity do not have alternative routes to mating
or reproductive success because intraspecific brood parasitism
is virtually nonexistent (Robertson et al. 1992; Whittingham
and Dunn 2001). Thus, the outcome of female–female
competition predicts mating success and significant reproduc-
tive skew among females (i.e., zero vs. some mates), much like
sexual selection via male–male competition for territories
allows certain males to be qualified as mates.

A more extreme version of competitive exclusion is the phys-
iological or behavioral suppression of subordinate females in
group living or communally breeding animals (Wasser and
Barash 1983; Reeve and Sherman 1991; Solomon and French
1997; Clutton-Brock et al. 2006; Fitzpatrick et al. 2008;
Saltzman et al. 2009). In communal breeders in particular,
skew among females is typically higher than skew among
males, with one dominant female breeding and several subor-
dinates assisting in parental care. Overt aggression among fe-
males is thought to play a role in reproductive suppression by
preventing ovulation or increasing stress in subordinates
(McLeod et al. 1996; Saltzman et al. 1997; Young et al. 2006,
but see Sapolsky 2005). Even without complete reproductive
suppression, this active competition may successfully delay
reproduction in rivals by interrupting mating, delaying ovula-
tion, or increasing stress (Wasser and Starling 1988; Hohmann
and Fruth 2003). While these examples of intense female–fe-
male competition clearly predict important reproductive vari-
ance, females do not apparently compete for mates in any
direct way. Competitive interactions that establish dominance

(and thus, the likelihood of mating at all) may be a form of
indirect mate competition, by which more aggressive females
are allowed to mate. However, similar to female–female com-
petition for territories, this example may be difficult to parse
into natural and sexual selection, with 2 mechanisms targeting
the same outcome.

CONCLUSION

Female–female competitive interactions lead to a number of
possible fitness benefits for the winning female, suggesting
that traits conferring a competitive edge among females are
unlikely to exist merely as nonadaptive by-products of selection
on males. Furthermore, patterns of overt aggression among
females map onto the availability of resources and mates,
and the direct or indirect benefits provided by those mates.
These patterns reveal specific currencies of differential mating
success and the evolutionary mechanisms shaping competitive
interactions among females. At one end of the spectrum of
relative parental investment, with extensive female-only care,
sexual selection appears to play a lesser role, with fecundity
and mortality selection shaping female competition to protect
offspring or acquire the food necessary for prolonged mater-
nal care. In the absence of male direct benefits, females appear
to compete for access to genetic benefits from high-quality
males. When males provide parental care, females also may
compete for exclusive social access to those high-quality males.
In either case, if all females cannot mate with the best male
and if males vary in the direct or indirect benefits they provide,
then sexual selection should favor females who are more adept
at gaining access to these high-quality mates. In short, both
natural and sexual selection favor female–female competition
in a number of contexts. Whether the selective advantage of
overt aggression outweighs potential costs is an empirical ques-
tion for future research, one that is a key step in addressing
whether the overall selection differential for female–female
competition is positive.

Aspects of female–female competition appear very similar to
their male counterparts, with some notable differences. The
availability of mates influences female–female competitive in-
teractions in species with standard and reversed sex roles
(Darwin 1871; Trivers 1972; Eens and Pinxten 2000). When
males are limited, the frequency and intensity of female–
female competitive interactions increases (Prediction 1). In
addition to this competition over access to mates, there are
additional ways in which female competition affects mating
success without influencing the number of mates, per se. Overt
aggressive behaviors also increase when females compete for
high-quality mates that provide either direct benefits (Predic-
tion 2) or indirect benefits (Prediction 3). While the number
of males may not be limiting to females outside of role-re-
versed species, the number of high-quality mates may be lim-
iting (Petrie 1983; Altmann 1997), and competition for these
males constitutes a form of mating competition. Accordingly,
sexual selection may favor females that outcompete other fe-
males for male parental care, indirect genetic benefits, and
nesting sites held by preferred males.

As a consequence, it is clear that if we restrict sexual selection
to competition for the quantity of mates without including com-
petition for high-quality mates, we ignore a potentially impor-
tant component of mating success, particularly in females. If
mating success is strictly limited to mate number, then 2 indi-
viduals with one mate each have equal mating success. If, how-
ever, one of these mates is high quality and the other low
quality, should we not also consider the former individual to
have higher mating success than the latter? And, if competitive
interactions between these 2 individuals determined this out-
come, should we not also consider this process part of sexual
selection? The answer to these questions essentially boils down
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to differences in the quality and quantity of mates. In light of
empirical evidence that mate quality impacts fitness in many
systems (Andersson 1994), it may be overly simplistic to ignore
mate quality in measuring mating success and sexual selection.

The gray area of sexual selection centers around female–
female competition for territories or other mating resources
that qualify an individual as a mate (Prediction 4) because
many of these examples affect female survival and fecundity
as well as mating success. Competition among females for nest-
ing sites required for both mating and reproduction, for
example, provides a nearly identical parallel to sexual selection
via male–male competition for females and territories, al-
though some instead consider this process social selection in
both sexes (West-Eberhard 1983). Females that are more ag-
gressive may obtain access to resources that allow them to mate
(or mate more, or mate with better mates), thus couching this
process in the overarching theme of sexual selection (i.e., com-
petition over mates). Females also may compete over resources
that directly affect fertility, fecundity, or offspring survival with-
out affecting competition for mate quantity or quality, and
thus, this sort of intrasexual competition does not fit within
sexual selection.

Selection should favor competition among females if vari-
ance in female competitive ability maps onto even slight vari-
ance in any component of fitness, whether sexually or
naturally selected. For females, variance in mating success
may be less dependent on mate number than on mate quality,
which in turn may affect quality or even lifetime quantity of
offspring. While quality is a more subtle measure of mating
success than quantity, the critical condition for selection to
favor female–female competition is a positive selection differ-
ential, even if the magnitude of the payoff in females is smaller
than in males. It would be a mistake to confuse this potentially
smaller fitness payoff of intrasexual competition in females
with a lack of sexual selection in females.

PRIORITIES FOR FUTURE RESEARCH

Behavioral ecologists should continue to address the many
questions about the nature of intrasexual competition in
females and its role in the framework of sexual selection. Based
on the above discussion, I suggest 4 specific avenues for
research:
1. Do females compete for breeding resources and mate

quality more so than males? A central tenet of mating
systems and sexual selection theory is that the sexes dif-
fer fundamentally in their route to reproductive success,
with male reproductive skew based on competition for
mates, and female reproductive skew based on access to
resources that affect fecundity (Bateman 1948; Trivers
1972; Wade and Shuster 2005). With growing interest
in sexual selection in females and the entities over which
females compete, and fewer biases against the study of
sexual selection in females (Berglund et al. 1993; Gowaty
1997), we may finally be poised to rigorously test these
sex differences. These tests must include large-scale
empirical studies of whether females compete more
for resources than do males (Clutton-Brock 2010;
Roughgarden and Akcxay 2010). They also must extend
the predictions laid out here to include other ways in
which both sexes might compete for high-quality mates
or mating resources, looking at competitive interactions
that are more subtle than overt aggression (e.g., rituals,
signaling, etc.). As was common with the burst of re-
search on sexual selection in males beginning about
30 years ago, comparative studies are needed to explore
patterns of female–female competition while controlling
for differences in mating system, parental investment,
and phylogenetics.

2. How easily can both sexes compete? In the last decade or
so, both theoretical and empirical works have explored
conditions under which mutual mate choice is likely
(Bergstrom and Real 2000; Kokko and Johnstone 2002;
Kraaijeveld et al. 2007; Clutton-Brock 2009), with less focus
on the conditions under which mutual mating competi-
tion occurs. In future work on sexual selection, it will be
essential to identify the extent of simultaneous intrasexual
competition in both sexes as well as the spatiotemporal
dynamism of competition in one sex versus the other.

3. Do the same rules govern male and female contests?
Because males and females may compete over different
entities and receive different benefits from winning
a competitive interaction, they may be expected to fol-
low different rules of engagement as well. Consistent
with this view, resource-holding power (e.g., age, size,
or territory tenure) does not always predict the outcome
of female–female interactions (Koivula et al. 1993; Dale
and Slagsvold 1995; Draud et al. 2004; Stuart-Smith et al.
2007), as it often does in males (Parker 1974). Instead,
resource value (e.g., territory quality) may be more im-
portant in predicting the victor (Shelly 1999; Kokita
2002; Draud et al. 2004). Along similar lines, the dear
enemy hypothesis predicts a more aggressive response to
strangers than neighbors and has been largely sup-
ported in males (Temeles 1994). In female New Zealand
bellbirds (Anthornis melanura), however, the opposite ap-
pears to be true, perhaps because of sex differences in
the relative threat posed by neighbors versus strangers
(Brunton et al. 2008). In humans as well, there is some
indication that male–male competition and female–
female competition follow different rules, with the
former being characterized by overt violence and aggres-
sion and the latter by more subtle expressions of aggres-
sion, such as gossiping and ostracizing (Campbell 1999;
Geary 2002). Although it is premature to draw any de-
finitive conclusions, these studies leave open the possi-
bility that sex differences in intrasexual competition
extend beyond the function of aggression and into the
nature of contest rules.

4. How does mate quality affect theoretical models of sex-
ual selection? With mating success typically focused on
the number of mates, measures of mate quality are gen-
erally not incorporated into quantitative genetic models
of sexual selection (Wade and Arnold 1980; Kokko et al.
2006; Klug et al. 2010, but see Johnstone et al. 1996;
Jones and Ratterman 2009). Although there are difficul-
ties with assigning quality to fitness measures (Moore
et al. 1997; Wolf and Wade 2001), if female–female com-
petition for mates targets quality more so than quantity,
it will be important for future models to explore how
this difference in the nature of intrasexual competition
affects the strength of selection (Gowaty 1997).

FUNDING

National Institutes of Health T32 postdoctoral fellowship
‘‘Common Themes in Reproductive Diversity’’ (T32HD049336).

Many thanks to K. A. Cain and E. P. Derryberry for extensive comments
and discussion, to R. Brooks and 2 anonymous reviewers for construc-
tive criticism, and to S. Nowicki for encouraging me to write this review.

REFERENCES

Adkins-Regan E. 2005. Hormones and animal social behavior.
Princeton (NJ): Princeton University Press.

6 Behavioral Ecology

 at Indiana U
niversity Libraries T

echnical S
ervices/S

erials A
cquisitions on S

eptem
ber 9, 2011

beheco.oxfordjournals.org
D

ow
nloaded from

 

http://beheco.oxfordjournals.org/


Ahnesjo I, Kvarnemo C, Merilaita S. 2001. Using potential reproduc-
tive rates to predict mating competition among individuals quali-
fied to mate. Behav Ecol. 12:397–401.

Altmann J. 1997. Mate choice and intrasexual reproductive competi-
tion: contributions to reproduction that go beyond acquiring more
mates. In: Gowaty PA, editor. Feminism and evolutionary biology.
New York: Chapman and Hall. p. 320–333.

Alworth T, Scheiber IBR. 1999. An incident of female-female aggres-
sion in the house wren. Wilson Bull. 111:130–132.

Amundsen T. 2000. Why are female birds ornamented? Trends Ecol
Evol. 15:149–155.

Amundsen T, Parn H. 2006. Female coloration: review of
functional and nonfunctional hypotheses. In: Hill GE, McGraw
KJ, editors. Bird coloration. Cambridge (MA): Harvard University
Press. p. 280–345.

Andersson M, Iwasa Y. 1996. Sexual selection. Trends Ecol Evol. 11:
A53–A58.

Andersson M, Simmons LW. 2006. Sexual selection and mate choice.
Trends Ecol Evol. 21:296–302.

Andersson MB. 1994. Sexual selection. Princeton (NJ): Princeton Uni-
versity Press.

Arnold SJ. 1994. Is there a unifying concept of sexual selection that
applies to both plants and animals. Am Nat. 144:S1–S12.

Baird TA, Sloan CL. 2003. Interpopulation variation in the social
organization of female collared lizards, Crotaphytus collaris. Ethol-
ogy. 109:879–894.

Bateman AJ. 1948. Intrasexual selection in Drosophila. Heredity. 2:
349–368.

Bebie N, McElligott AG. 2006. Female aggression in red deer: does it
indicate competition for mates? Mamm Biol. 71:347–355.

Berglund A, Magnhagen C, Bisazza A, Konig B, Huntingford F. 1993.
Female female competition over reproduction. Behav Ecol.
4:184–187.

Bergstrom CT, Real LA. 2000. Towards a theory of mutual mate
choice: lessons from two-sided matching. Evol Ecol Res. 2:
493–508.

Birkhead TR, Møller AP. 1998. Sperm competition and sexual selec-
tion. San Diego (CA): Academic Press.

Boness DJ, Anderson SS, Cox CR. 1982. Functions of female aggres-
sion during the pupping and mating season of grey seals, Halichoe-
rus grypus (fabricius). Can J Zool. 60:2270–2278.

Borg AA, Forsgren E, Magnhagen C. 2002. Plastic sex-roles in the
common goby—the effect of nest availability. Oikos. 98:105–115.

Borgia G. 1985a. Bower destruction and sexual competition in the
satin bowerbird (Ptilonorhynchus violaceus). Behav Ecol Sociobiol.
18:91–100.

Borgia G. 1985b. Bower quality, number of decorations and mating
success of male satin bowerbirds (Ptilonorhynchus violaceus)—an
experimental-analysis. Anim Behav. 33:266–271.

Breiehagen T, Slagsvold T. 1988. Male polyterritoriality and female
female aggression in pied flycatchers Ficedula hypoleuca. Anim
Behav. 36:604–606.

Bro-Jørgensen J. 2002. Overt female mate competition and preference
for central males in a lekking antelope. Proc Natl Acad Sci U S A.
99:9290–9293.

Brown JL. 1969. Territorial behavior and population regulation in
birds. Wilson Bull. 81:293–329.

Brunton DH, Evans B, Cope T, Ji W. 2008. A test of the dear enemy
hypothesis in female New Zealand bellbirds (Anthornis melanura):
female neighbors as threats. Behav Ecol. 19:791–798.

Campbell A. 1995. A few good men—evolutionary psychology and
female adolescent aggression. Ethol Sociobiol. 16:99–123.

Campbell A. 1999. Staying alive: evolution, culture, and women’s in-
trasexual aggression. Behav Brain Sci. 22:203–252.

Canoine V, Fusani L, Schlinger B, Hau M. 2007. Low sex steroids, high
steroid receptors: increasing the sensitivity of the nonreproductive
brain. Dev Neurobiol. 67:57–67.

Carranza J. 2009. Defining sexual selection as sex-dependent selec-
tion. Anim Behav. 77:749–751.

Cassini MH. 2000. A model on female breeding dispersion and the
reproductive systems of pinnipeds. Behav Processes. 51:93–99.

Chek AA, Robertson RJ. 1991. Infanticide in female tree swallows—a
role for sexual selection. Condor. 93:454–457.

Christenson TE, Leboeuf BJ. 1978. Aggression in female northern
elephant seal, Mirounga angustirostris. Behaviour. 64:158–172.

Clutton-Brock T. 1991. The evolution of parental care. Princeton (NJ):
Princeton University Press.

Clutton-Brock T. 2004. What is sexual selection? In: Kappeler PM, van
Schaik CP, editors. Sexual selection in primates: new and compara-
tive perspectives. Cambridge: Cambridge University Press. p. 24–36.

Clutton-Brock T. 2007. Sexual selection in males and females. Science.
318:1882–1885.

Clutton-Brock T. 2009. Sexual selection in females. Anim Behav.
77:3–11.

Clutton-Brock T. 2010. We do not need a Sexual Selection 2.0-nor
a theory of genial selection. Anim Behav. 79:E7–E10.

Clutton-Brock TH, Hodge SJ, Spong G, Russell AF, Jordan NR, Bennett
NC, Sharpe LL, Manser MB. 2006. Intrasexual competition and sex-
ual selection in cooperative mammals. Nature. 444:1065–1068.

Cristol DA, Johnsen TS. 1994. Spring arrival, aggression and testoster-
one in female red-winged blackbirds (Agelaius phoeniceus). Auk.
111:210–214.

Dale S, Slagsvold T. 1995. Female contests for nest sites and mates in
the pied flycatcher Ficedula hypoleuca. Ethology. 99:209–222.

Darwin C. 1859. On the origin of species. Cambridge (MA): Harvard
University Press.

Darwin C. 1871. The descent of man, and selection in relation to sex.
London: Murray.

De Ridder E, Pinxten R, Mees V, Eens M. 2002. Short- and long-term
effects of male-like concentrations of testosterone on female Euro-
pean starlings (Sturnus vulgaris). Auk. 119:487–497.

Derix R, Vanhooff J, Devries H, Wensing J. 1993. Male and female
mating competition in wolves—female suppression vs male inter-
vention. Behaviour. 127:141–174.

Desjardins JK, Hazelden MR, Van der Kraak GJ, Balshine S. 2006. Male
and female cooperatively breeding fish provide support for the
‘‘Challenge Hypothesis’’. Behav Ecol. 17:149–154.

Dewsbury DA. 1982. Ejaculate cost and male choice. Am Nat. 119:
601–610.

Draud M, Macias-Ordonez R, Verga J, Itzkowitz M. 2004. Female and
male Texas cichlids (Herichthys cyanoguttatum) do not fight by the
same rules. Behav Ecol. 15:102–108.

Drea CM. 2005. Bateman revisited: the reproductive tactics of female
primates. Integr Comp Biol. 45:915–923.

Dunn PO, Hannon SJ. 1991. Intraspecific competition and the main-
tenance of monogamy in tree swallows. Behav Ecol. 2:258–266.

Ebensperger LA. 1998. Strategies and counterstrategies to infanticide
in mammals. Biol Rev. 73:321–346.

Eberhard WG. 2009. Postcopulatory sexual selection: Darwin’s omis-
sion and its consequences. Proc Natl Acad Sci U S A. 106:
10025–10032.

Edwards AC, Rollmann SM, Morgan TJ, Mackay TFC. 2006. Quantita-
tive genomics of aggressive behavior in Drosophila melanogaster.
PLoS Genet. 2:1386–1395.

Eens M, Pinxten R. 2000. Sex-role reversal in vertebrates: behavioural
and endocrinological accounts. Behav Processes. 51:135–147.

Eggert AK, Otte T, Muller JK. 2008. Starving the competition: a prox-
imate cause of reproductive skew in burying beetles (Nicrophorus
vespilloides). Proc R Soc B Biol Sci. 275:2521–2528.

Elekonich MM. 2000. Female song sparrow, Melospiza melodia, re-
sponse to simulated conspecific and heterospecific intrusion across
three seasons. Anim Behav. 59:551–557.

Elekonich MM, Wingfield JC. 2000. Seasonality and hormonal control
of territorial aggression in female song sparrows (Passeriformes:
Emberizidae: Melospiza melodia). Ethology. 106:493–510.

Emlen ST, Oring LW. 1977. Ecology, sexual selection and the evolu-
tion of mating systems. Science. 197:215–223.

Endler JA. 1986. Natural selection in the wild. Princeton (NJ): Prince-
ton University Press.

Estes RD. 1991. The significance of horns and other male secondary
sexual characters in female bovids. Appl Anim Behav Sci. 29:
403–451.

Falconer DS. 1989. Introduction to quantitative genetics. 3rd ed. Es-
sex (UK): Longman Scientific & Technical.

Fisher RA. 1930. The genetical theory of natural selection. Oxford
(UK): Oxford University Press.

Fitzpatrick JL, Desjardins JK, Milligan N, Stiver KA, Montgomerie R,
Balshine S. 2008. Female-mediated causes and consequences
of status change in a social fish. Proc R Soc B Biol Sci. 275:
929–936.

Forum: Invited Review 7

 at Indiana U
niversity Libraries T

echnical S
ervices/S

erials A
cquisitions on S

eptem
ber 9, 2011

beheco.oxfordjournals.org
D

ow
nloaded from

 

http://beheco.oxfordjournals.org/


Forsgren E, Amundsen T, Borg AA, Bjelvenmark J. 2004. Unusually
dynamic sex roles in a fish. Nature. 429:551–554.

Garcia JT, Arroyo BE. 2002. Intra- and interspecific agonistic behav-
iour in sympatric harriers during the breeding season. Anim Behav.
64:77–84.

Geary DC. 2002. Sexual selection and human life history. In: Kail R,
editor. Advances in child development and behavior. San Diego
(CA): Academic Press. p. 41–101.

Gill SA, Alfson ED, Hau M. 2007. Context matters: female aggression
and testosterone in a year-round territorial neotropical songbird
(Thryothorus leucotis). Proc R Soc B Biol Sci. 274:2187–2194.

Goubault M, Cortesero AM, Poinsot D, Wajnberg E, Boivin G. 2007.
Does host value influence female aggressiveness, contest outcome
and fitness gain in parasitoids? Ethology. 113:334–343.

Gowaty PA. 1981. Aggression of breeding eastern bluebirds (Sialia
sialis) toward their mates and models of intraspecific and interspe-
cific intruders. Anim Behav. 29:1013–1027.

Gowaty PA. 1997. Sexual dialectics, sexual selection, and variation in
reproductive behavior. In: Gowaty PA, editor. Feminism and evolu-
tionary biology. New York: Chapman and Hall. p. 351–384.

Gwynne DT, Bailey WJ. 1999. Female-female competition in katydids:
sexual selection for increased sensitivity to a male signal? Evolution.
53:546–551.

Halliday T. 1983. Study of mate choice. In: Bateson P, editor. Mate
choice. Cambridge: Cambridge University Press. p. 3–32.

Hasselquist D, Bensch S, vonSchantz T. 1996. Correlation between
male song repertoire, extra-pair paternity and offspring survival in
the great reed warbler. Nature. 381:229–232.

Heinsohn R, Legge S, Endler JA. 2005. Extreme reversed sexual
dichromatism in a bird without sex role reversal. Science. 309:
617–619.

Hobson KA, Sealy SG. 1989. Female-female aggression in polygynously
nesting yellow warblers. Wilson Bull. 101:84–86.

Hohmann G, Fruth B. 2003. Intra- and inter-sexual aggression by
bonobos in the context of mating. Behaviour. 140:1389–1413.

Holroyd GL. 1975. Nest site availability as a factor limiting population
size of swallows. Can Field Nat. 89:60–64.

Hrdy SB. 1979. Infanticide among animals—review, classification, and
examination of the implications for the reproductive strategies of
females. Ethol Sociobiol. 1:13–40.

Huxley JS. 1938. Darwin’s theory of sexual selection and the
data subsumed by it, in the light of recent research. Am Nat.
72:416–433.

Jawor JM, Young R, Ketterson ED. 2006. Females competing to repro-
duce: dominance matters but testosterone may not. Horm Behav.
49:362–368.

Johnstone RA, Reynolds JD, Deutsch JC. 1996. Mutual mate choice
and sex differences in choosiness. Evolution. 50:1382–1391.

Jones AG, Ratterman NL. 2009. Mate choice and sexual selection:
what have we learned since Darwin? Proc Natl Acad Sci U S A.
106:10001–10008.

Jones GP. 1981. Spawning-site choice by female pseudolabrus-celidotus
(Pisces, Labridae) and its influence on the mating system. Behav Ecol
Sociobiol. 8:129–142.

Jones TM. 2001. A potential cost of monandry in the lekking sandfly
Lutzomyia longipalpis. J Insect Behav. 14:385–399.

Kabelik D, Kelly AM, Goodson JL. 2010. Dopaminergic regulation of
mate competition aggression and aromatase-Fos colocalization in
vasotocin neurons. Neuropharmacology. 58:117–125.

Kahlenberg SM, Thompson ME, Wrangham RW. 2008. Female com-
petition over core areas in Pan troglodytes schweinfurthii, Kibale
National Park, Uganda. Int J Primatol. 29:931–947.

Kapusta J, Marchlewska-Koj A. 1998. Interfemale aggression in
adult bank voles (Clethrionomys glareolus). Aggress Behav. 24:
53–61.

Karvonen E, Rintamaki PT, Alatalo RV. 2000. Female-female aggres-
sion and female mate choice on black grouse leks. Anim Behav.
59:981–987.

Kavanagh E. 2006. Debating sexual selection and mating strategies.
Science. 312:689–697.

Kilpimaa J, Alatalo RV, Ratti O, Siikamaki P. 1995. Do pied flycatcher
females guard their monogamous status. Anim Behav. 50:
573–578.

Kirkpatrick M, Ryan MJ. 1991. The evolution of mating preferences
and the paradox of the lek. Nature. 350:33–38.

Klatt PH, Nuechterlein GL, Buitron D. 2004. Frequency and distribu-
tion of behaviour of red-necked grebes breeding colonially and in
classic territories. Behaviour. 141:263–277.

Klug H, Heuschele J, Jennions MD, Kokko H. 2010. The mismeasure-
ment of sexual selection. J Evol Biol. 23:447–462.

Koivula K, Lahti K, Orell M, Rytkonen S. 1993. Prior residency as a key
determinant of social-dominance in the willow tit (parus-montanus).
Behav Ecol Sociobiol. 33:283–287.

Kokita T. 2002. The role of female behavior in maintaining monog-
amy of a coral-reef filefish. Ethology. 108:157–168.

Kokita T, Nakazono A. 2001. Sexual conflict over mating system: the
case of a pair-territorial filefish without parental care. Anim Behav.
62:147–155.

Kokko H, Jennions M. 2003. It takes two to tango. Trends Ecol Evol.
18:103–104.

Kokko H, Jennions MD, Brooks R. 2006. Unifying and testing models
of sexual selection. Annu Rev Ecol Evol Syst. 37:43–66.

Kokko H, Johnstone RA. 2002. Why is mutual mate choice not the
norm? Operational sex ratios, sex roles and the evolution of sexu-
ally dimorphic and monomorphic signalling. Philos Trans R Soc
Lond Ser B Biol Sci. 357:319–330.

Kraaijeveld K, Kraaijeveld-Smit FJL, Komdeur J. 2007. The evolution
of mutual ornamentation. Anim Behav. 74:657–677.

Kvarnemo C, Ahnesjo I. 1996. The dynamics of operational sex ratios
and competition for mates. Trends Ecol Evol. 11:404–408.

Kvarnemo C, Forsgren E, Magnhagen C. 1995. Effects of sex ratio on
intra- and inter-sexual behaviour in sand gobies. Anim Behav. 50:
1455–1461.

Lande R. 1980. Sexual dimorphism, sexual selection, and adaptation
in polygenic characters. Evolution. 34:292–305.

Langmore NE. 1998. Functions of duet and solo songs of female birds.
Trends Ecol Evol. 13:136–140.

Lebas NR. 2006. Female finery is not for males. Trends Ecol Evol.
21:170–173.

Lee G, Hall JC. 2000. A newly uncovered phenotype associated with
the fruitless gene of Drosophila melanogaster: aggression-like head
interactions between mutant males. Behav Genet. 30:263–275.

Lewis SM, Cratsley CK, Rooney JA. 2004. Nuptial gifts and sexual
selection in Photinus fireflies. Integr Comp Biol. 44:234–237.

Maestripieri D. 1992. Functional aspects of maternal aggression in
mammals. Can J Zool. 70:1069–1077.

Maestripieri D. 2003. Similarities in affiliation and aggression between
cross-fostered rhesus macaque females and their biological moth-
ers. Dev Psychobiol. 43:321–327.

Mays HL, Hill GE. 2004. Choosing mates: good genes versus genes
that are a good fit. Trends Ecol Evol. 19:554–559.

McDonough CM. 1994. Determinants of aggression in 9-banded ar-
madillos. J Mammal. 75:189–198.

McLeod PJ, Moger WH, Ryon J, Gadbois S, Fentress JC. 1996. The
relation between urinary cortisol levels and social behaviour in cap-
tive timber wolves. Can J Zool. 74:209–216.

Moore AJ, Brodie ED, Wolf JB. 1997. Interacting phenotypes and the
evolutionary process. 1. Direct and indirect genetic effects of social
interactions. Evolution. 51:1352–1362.

Murray CM, Eberly LE, Pusey AE. 2006. Foraging strategies as a func-
tion of season and rank among wild female chimpanzees (Pan trog-
lodytes). Behav Ecol. 17:1020–1028.

Murray CM, Mane SV, Pusey AE. 2007. Dominance rank influences
female space use in wild chimpanzees, Pan troglodytes: towards an
ideal despotic distribution. Anim Behav. 74:1795–1804.

Nelson RJ, Trainor BC. 2007. Neural mechanisms of aggression. Nat
Rev Neurosci. 8:536–546.

Orians GH. 1969. On the evolution of mating systems in birds and
mammals. Am Nat. 103:589–603.

Ost M, Jaatinen K, Steele B. 2007. Aggressive females seize central
positions and show increased vigilance in brood-rearing coalitions
of eiders. Anim Behav. 73:239–247.

Papadopoulos NT, Carey JR, Liedo P, Muller HG, Senturk D. 2009.
Virgin females compete for mates in the male lekking species Ce-
ratitis capitata. Physiol Entomol. 34:238–245.

Parker GA. 1974. Assessment strategy and evolution of fighting behav-
ior. J Theor Biol. 47:223–243.

Petrie M. 1983. Mate choice in role-reversed species. In: Bateson P,
editor. Mate choice. Cambridge: Cambridge University Press. p.
167–180.

8 Behavioral Ecology

 at Indiana U
niversity Libraries T

echnical S
ervices/S

erials A
cquisitions on S

eptem
ber 9, 2011

beheco.oxfordjournals.org
D

ow
nloaded from

 

http://beheco.oxfordjournals.org/


Petrie M, Hall M, Halliday T, Budgey H, Pierpoint C. 1992. Multiple
mating in a lekking bird—why do peahens mate with more than
one male and with the same male more than once. Behav Ecol
Sociobiol. 31:349–358.

Pizzari T, Cornwallis CK, Lovlie H, Jakobsson S, Birkhead TR. 2003.
Sophisticated sperm allocation in male fowl. Nature. 426:70–74.

Pomiankowski A, Iwasa Y, Nee S. 1991. The evolution of costly mate
preferences 1. Fisher and biased mutation. Evolution. 45:
1422–1430.

Preston BT, Stevenson IR, Pemberton JM, Wilson K. 2001. Dominant
rams lose out by sperm depletion—a waning success in siring coun-
ters a ram’s high score in competition for ewes. Nature.
409:681–682.

Pusey A, Williams J, Goodall J. 1997. The influence of dominance rank
on the reproductive success of female chimpanzees. Science.
277:828–831.

Ratti O, Alatalo RV, Kilpimaa J, Siikamaki P. 1994. Female-female
aggression and male polyterritoriality in the pied flycatcher. Anim
Behav. 47:1479–1481.

Razzoli M, Valsecchi P. 2006. Different social bonds produce differen-
tial effects on behaviour and physiology in Mongolian gerbils. Ethol
Ecol Evol. 18:289–306.

Reeve HK, Sherman PW. 1991. Intrasexual aggression and nepotism
by the breeding female naked mole-rat. In: Sherman PW, Jarvis
JUM, Alexander JL, editors. The biology of the naked mole-rat.
Princeton (NJ): Princeton University Press. p. 337–357.

Renn SCP, Aubin-Horth N, Hofmann HA. 2008. Fish and chips: func-
tional genomics of social plasticity in an African cichlid fish. J Exp
Biol. 211:3041–3056.

Robertson RJ, Stutchbury BJ, Cohen RR. 1992. Tree swallow (Tachyci-
neta bicolor). In: Poole A, Gill F, Stettenheim P, editors. The Birds
of North America, No 11. Philadelphia (PA): Academy of Natural
Sciences, Washington (DC): American Ornithologists’ Union. p.
1–6.

Robinson MR, Kruuk LEB. 2007. Function of weaponry in females: the
use of horns in intrasexual competition for resources in female Soay
sheep. Biol Lett. 3:651–654.

Rodel HG, Starkloff A, Bautista A, Friedrich AC, von Holst D. 2008.
Infanticide and maternal offspring defence in european rabbits un-
der natural breeding conditions. Ethology. 114:22–31.

Ron T, Henzi SP, Motro U. 1996. Do female chacma baboons compete
for a safe spatial position in a southern woodland habitat? Behav-
iour. 133:475–490.

Rosvall KA. 2008. Sexual selection on aggressiveness in females: evi-
dence from an experimental test with tree swallows. Anim Behav.
75:1603–1610.

Roughgarden J, Akcxay E. 2010. Do we need a Sexual Selection 2.0?
Anim Behav. 79:E1–E4.

Roughgarden J, Oishi M, Akcxay E. 2006. Reproductive social behavior:
cooperative games to replace sexual selection. Science. 311:965–969.

Rusu AS, Krackow S. 2004. Kin-preferential cooperation, dominance-
dependent reproductive skew, and competition for mates in commu-
nally nesting female house mice. Behav Ecol Sociobiol. 56:298–305.

Saether SA, Fiske P, Kalas JA. 2001. Male mate choice, sexual conflict
and strategic allocation of copulations in a lekking bird. Proc R Soc
Lond Ser B Biol Sci. 268:2097–2102.

Saltzman W, Digby LJ, Abbott DH. 2009. Reproductive skew in female
common marmosets: what can proximate mechanisms tell us about
ultimate causes? Proc R Soc B Biol Sci. 276:389–399.

Saltzman W, SchultzDarken NJ, Abbott DH. 1997. Familial influences
on ovulatory function in common marmosets (Callithrix jacchus).
Am J Primatol. 41:159–177.

Sandell MI. 1998. Female aggression and the maintenance of
monogamy: female behaviour predicts male mating status
in European starlings. Proc R Soc Lond Ser B Biol Sci. 265:
1307–1311.

Sandell MI. 2007. Exogenous testosterone increases female aggression
in the European starling (Sturnus vulgaris). Behav Ecol Sociobiol.
62:255–262.

Sandell MI, Smith HG. 1997. Female aggression in the European
starling during the breeding season. Anim Behav. 53:13–23.

Sapolsky RM. 2005. The influence of social hierarchy on primate
health. Science. 308:648–652.

Schuster I. 1983. Womens aggression—an african case-study. Aggress
Behav. 9:319–331.

Selander RK. 1972. Sexual selection and dimorphism in birds. In:
Campbell BG, editor. Sexual selection and the descent of man.
Chicago (IL): Aldine Press. p. 180–230.

Shelly TE. 1999. Defense of oviposition sites by female oriental fruit
flies (Diptera: Tephritidae). Fla Entomol. 82:339–346.

Shuker DM. 2010. Sexual selection: endless forms or tangled bank?
Anim Behav. 79:E11–E17.

Sinn DL, While GM, Wapstra E. 2008. Maternal care in a social lizard:
links between female aggression and offspring fitness. Anim Behav.
76:1249–1257.

Slagsvold T. 1993. Female-female aggression and monogamy in great
tits parus-major. Ornis Scand. 24:155–158.

Slagsvold T, Lifjeld JT. 1994. Polygyny in birds—the role of competi-
tion between females for male parental care. Am Nat. 143:
59–94.

Snowdon CT, Pickhard JJ. 1999. Family feuds: severe aggression
among cooperatively breeding cotton-top tamarins. Int J Primatol.
20:651–663.

Solomon NG, French JA. 1997. Cooperative breeding in mammals.
New York: Cambridge University Press.

Soma KK. 2006. Testosterone and aggression: Berthold, birds and
beyond. J Neuroendocrinol. 18:543–551.

Soma KK, Scotti MAL, Newman AEM, Charlier TD, Demas GE. 2008.
Novel mechanisms for neuroendocrine regulation of aggression.
Front Neuroendocrinol. 29:476–489.

Sperry TS, Wacker DW, Wingfield JC. 2010. The role of androgen
receptors in regulating territorial aggression in male song sparrows.
Horm Behav. 57:86–95.

Stankowich T, Caro TM. 2009. Evolution of weaponry in female bo-
vids. Proc R Soc B Biol Sci. 276:4329–4334.

Stockley P, Bro-Jørgensen J. 2011. Female competition and its evolu-
tionary consequences in mammals. Biol Rev Camb Philos Soc.
86:341–366.

Stribley JM, Carter CS. 1999. Developmental exposure to vasopressin
increases aggression in adult prairie voles. Proc Natl Acad Sci U S A.
96:12601–12604.

Stuart-Smith J, Swain R, Wapstra E. 2007. The role of body size in
competition and mate choice in an agamid with female-biased size
dimorphism. Behaviour. 144:1087–1102.

Summers K. 1989. Sexual selection and intra-female competition in
the green poiso-dart frog, Dendrobates-Auratus. Anim Behav. 37:
797–805.

Suzuki S, Nagano M, Trumbo ST. 2005. Intrasexual competition and
mating behavior in Ptomascopus morio (Coleoptera: Silphidae Ni-
crophorinae). J Insect Behav. 18:233–242.

Swenson RO. 1997. Sex-role reversal in the tidewater goby, Eucyclogo-
bius newberryi. Environ Biol Fishes. 50:27–40.

Tang-Martinez Z, Ryder TB. 2005. The problem with paradigms: Bate-
man’s worldview as a case study. Integr Comp Biol. 45:821–830.

Temeles EJ. 1994. The role of neighbors in territorial systems—when
are they dear enemies. Anim Behav. 47:339–350.

Trivers RL. 1972. Parental investment and sexual selection. In: Cam-
bell B, editor. Sexual selection and the descent of man, 1871–1971.
London: Heinemann. p. 136–179.

Ueda A, Kidokoro Y. 2002. Aggressive behaviours of female Drosophila
melanogaster are influenced by their social experience and food
resources. Physiol Entomol. 27:21–28.

Veiga JP. 2004. Replacement female house sparrows regularly commit
infanticide: gaining time or signaling status? Behav Ecol. 15:219–222.

Voigt C, Goymann W. 2007. Sex-role reversal is reflected in the brain
of African black coucals (Centropus grillii). Dev Neurobiol. 67:
1560–1573.

Wade MJ, Arnold SJ. 1980. The intensity of sexual selection in relation
to male sexual-behavior, female choice, and sperm precedence.
Anim Behav. 28:446–461.

Wade MJ, Shuster SM. 2005. Don’t throw Bateman out with the bath-
water! Integr Comp Biol. 45:945–951.

Wallace AR. 1891. Natural selection and tropical nature. London
(UK): Macmillan and Co.

Wasser SK, Barash DP. 1983. Reproductive suppression among female
mammals—implications for biomedicine and sexual selection the-
ory. Q Rev Biol. 58:513–538.

Wasser SK, Starling AK. 1988. Proximate and ultimate causes of re-
productive suppression among female yellow baboons at Mikumi
National Park, Tanzania. Am J Primatol. 16:97–121.

Forum: Invited Review 9

 at Indiana U
niversity Libraries T

echnical S
ervices/S

erials A
cquisitions on S

eptem
ber 9, 2011

beheco.oxfordjournals.org
D

ow
nloaded from

 

http://beheco.oxfordjournals.org/


Watson NL, Simmons LW. 2010. Mate choice in the dung beetle On-
thophagus sagittarius: are female horns ornaments? Behav Ecol.
21:424–430.

Weatherhead PJ, Robertson RJ. 1979. Offspring quality and the polyg-
yny threshold—sexy son hypothesis. Am Nat. 113:201–208.

Weckerly FW, Ricca MA, Meyer KP. 2001. Sexual segregation in Roo-
sevelt elk: cropping rates and aggression in mixed-sex groups.
J Mammal. 82:825–835.

Wedell N, Gage MJG, Parker GA. 2002. Sperm competition, male
prudence and sperm-limited females. Trends Ecol Evol. 17:313–320.

West-Eberhard MJ. 1983. Sexual selection, social competition, and
speciation. Q Rev Biol. 58:155–183.

While GM, Isaksson C, McEvoy J, Sinn DL, Komdeur J, Wapstra E,
Groothuis TGG. 2010. Repeatable intra-individual variation in
plasma testosterone concentration and its sex-specific link to ag-
gression in a social lizard. Horm Behav. 58:208–213.

While GM, Sinn DL, Wapstra E. 2009. Female aggression predicts
mode of paternity acquisition in a social lizard. Proc R Soc B Biol
Sci. 276:2021–2029.

Whiteman EA, Cote IM. 2003. Social monogamy in the cleaning goby
Elacatinus evelynae: ecological constraints or net benefit? Anim
Behav. 66:281–291.

Whittingham LA, Dunn PO. 2001. Female responses to intraspecific
brood parasitism in the tree swallow. Condor. 103:166–170.

Williams DA. 2004. Female control of reproductive skew in coopera-
tively breeding brown jays (Cyanocorax morio). Behav Ecol Sociobiol.
55:370–380.

Wittenberger JF, Tilson RL. 1980. The evolution of monogamy—
hypotheses and evidence. Annu Rev Ecol Syst. 11:197–232.

Wolf JB, Wade MJ. 2001. On the assignment of fitness to parents and
offspring: whose fitness is it and when does it matter? J Evol Biol.
14:347–356.

Wolff JO, Peterson JA. 1998. An offspring-defense hypothesis for ter-
ritoriality in female mammals. Ethol Ecol Evol. 10:227–239.

Yasukawa K, Searcy WA. 1982. Aggression in female red-winged black-
birds—a strategy to ensure male parental investment. Behav Ecol
Sociobiol. 11:13–17.

Young AJ, Carlson AA, Monfort SL, Russell AF, Bennett NC, Clutton-
Brock T. 2006. Stress and the suppression of subordinate reproduc-
tion in cooperatively breeding meerkats. Proc Natl Acad Sci U S A.
103:12005–12010.

Zhou C, Rao Y. 2008. A subset of octopaminergic neurons are
important for Drosophila aggression. Nat Neurosci. 11:
1059–1067.

Zysling DA, Greives TJ, Breuner CW, Casto JM, Demas GE, Ketterson
ED. 2006. Behavioral and physiological responses to experimentally
elevated testosterone in female dark-eyed juncos (Junco hyemalis
carolinensis). Horm Behav. 50:200–207.

10 Behavioral Ecology

 at Indiana U
niversity Libraries T

echnical S
ervices/S

erials A
cquisitions on S

eptem
ber 9, 2011

beheco.oxfordjournals.org
D

ow
nloaded from

 

http://beheco.oxfordjournals.org/

