
lable at ScienceDirect

Animal Behaviour 77 (2009) 3–11
Contents lists avai
Animal Behaviour

journal homepage: www.elsevier .com/locate/yanbe
Reviews

Sexual selection in females

Tim Clutton-Brock*

Department of Zoology, University of Cambridge
a r t i c l e i n f o

Article history:
Received 28 April 2008
Initial acceptance 25 May 2008
Final acceptance 27 August 2008
Published online 31 October 2008
MS. number: 08-00267

Keywords:
gender differences
intrasexual competition
mate choice
sex roles
sexual selection
* Correspondence: T. Clutton-Brock, Department of
bridge, Downing Street, Cambridge CB2 3EJ, U.K.

E-mail address: thcb@cam.ac.uk

0003-3472/$38.00 � 2008 The Association for the Stu
doi:10.1016/j.anbehav.2008.08.026
Darwin developed the theory of sexual selection to account for the evolution of weaponry, ornamen-
tation and other secondary sexual characters that are commonly more developed in males and which
appeared unlikely to contribute to survival. He argued that these traits had evolved either through
intrasexual competition between males to monopolize access to females or through consistent female
preferences for mating with superior partners. Since 1871, a substantial body of research has confirmed
his explanation of the evolution of secondary sexual characters in males, although sex differences in
reproductive behaviour are more diverse and the evolutionary mechanisms responsible for them are
more complex than was initially recognized. However, secondary sexual characters are also widespread
in females but, as yet, their evolution and distribution have received relatively little attention from
evolutionary biologists. Here, I suggest that the mechanisms responsible for the evolution of secondary
sexual characters in females are similar to those operating in males and include intrasexual competition
between females for breeding opportunities, male mating preferences and female competition to attract
mates. Unlike males, females often compete more intensely for resources necessary for successful
reproduction than for access to mating partners and the development of secondary sexual characters in
females may be limited by costs to fecundity rather than to survival.
� 2008 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
In many animals, males develop elaborate weapons or orna-
ments and become increasingly aggressive as they reach sexual
maturity. Over 90 years before the publication of the The Descent of
Man (Darwin 1871/1958), these ‘secondary’ marks or characters of
sex were a focus of the attention of the anatomist John Hunter
(1780, 1837) who distinguished them from the sex organs, which he
identified as the ‘primary’ characters of males and females. Hunter
realized that the development of secondary sexual characters was
related to ecological differences between species.

The males of almost every class of animals are probably disposed to
fight, being, as I have observed, stronger than the females; and in
many of these are parts destined solely for that purpose, as the
spurs of the cock, and the horns of the bull. One of the most
general marks [of sex] is the superior strength of make in the male;
and another circumstance, perhaps equally so, is this strength
being directed to one part more than another, which part is that
most immediately employed in fighting. This difference in external
form is more particularly remarkable in the animals whose females
are of a peaceable nature, as are the greatest number of those
which feed on vegetables, and the marks to discriminate the sexes
are in them very numerous.
(Hunter 1837, page 45)
Zoology, University of Cam-
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In the The Descent of Man Darwin (1871/1958) adopted Hunter’s
distinction between primary and secondary sexual differences with
an important difference. Instead of using secondary to refer to
sexually dimorphic traits that develop some time after hatching or
birth, Darwin drew a functional distinction: his primary sexual
characters were those connected with the act of reproduction itself,
while his secondary sexual characters were used in intrasexual
competition to breed. He termed the evolutionary process gener-
ating them ‘sexual selection’, describing it as selection that
‘depends on the advantage which certain individuals have over
others of the same sex and species solely in respect of reproduction’
(Darwin 1871/1958, page 209). He emphasized the central impor-
tance of intrasexual competition in the evolution of secondary
sexual characters and described how sexual selection can take two
distinct forms (Darwin 1871/1958, page 614): ‘sexual selection
depends on the success of certain individuals over others of the
same sex, in relation to the propagation of the species . . The
sexual struggle is of two kinds; in the one it is between individuals
of the same sex, generally the males, in order to drive away or kill
their rivals, the females remaining passive; whilst in the other, the
struggle is likewise between individuals of the same sex, in order to
excite or charm those of the opposite sex, generally the females,
which no longer remain passive, but select the more agreeable
partners’.

Subsequent developments of Darwin’s theory explained why
intrasexual competition and secondary sexual characters are often
more highly developed in males. Building on empirical studies of
d by Elsevier Ltd. All rights reserved.
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Drosophila by Bateman (1948); Trivers (1972) argued that it is the
relative expenditure by males and females on gametes plus
parental care (‘parental investment’) that determines the relative
intensity of competition for breeding partners in the two sexes. Sex
differences in parental investment affect the time necessary to
complete a successful breeding attempt, which limits the potential
rate at which males and females can process partners of the
opposite sex (potential reproductive rate; Clutton-Brock & Parker
1992; Ahnesjo et al. 2001) and leads to biases in the operational sex
ratio (OSR: the ratio of males and females ready to breed at
a particular time; Emlen & Oring 1977; Simmons 1995).

While secondary sexual characters are usually more highly
developed in males than females, females show some development
of secondary sexual characters (including weaponry, brightly col-
oured plumage or pelage and elaborate ornaments) in a substantial
number of animals (Andersson 1994; Kraaijeveld et al. 2007). In
some species, they possess secondary sexual characters that are
absent in males and, in a few, they show greater development of
traits that are present in both sexes (Clutton-Brock 2007). The
presence of secondary sexual characters in females raises impor-
tant questions about the evolutionary mechanisms responsible for
them and for their distribution (Isaac 2005; Clutton-Brock 2007;
Kraaijeveld et al. 2007). Although Darwin (1871/1958) was aware of
the presence of secondary sexual characters in females, he was
primarily concerned with explaining the evolution of secondary
sexual characters in males, noting in passing (page 614), that: ‘in
almost every great class, a few anomalous cases occur, where there
has been an almost complete transposition of the characters proper
to the two sexes; the females assuming characters which properly
belong to the males’. Almost all subsequent reviews have main-
tained the same bias (Huxley 1938, 1942; Ghiselin 1974; Andersson
1994). In this paper, I attempt to redress the balance by reviewing
our existing knowledge of the development and distribution of
secondary sexual characters in females. I first examine the
processes leading to the evolution of secondary sexual characters in
females, then describe their distribution across species with con-
trasting breeding systems, and finally I compare the operation of
sexual selection in the two sexes.

REPRODUCTIVE COMPETITION BETWEEN FEMALES

Both of the forms of sexual selection described by Darwin (see
above) occur in females as well as males. In a substantial number of
animals, females compete between themselves for access to
breeding territories or other resources necessary for conception or
rearing offspring (Floody 1983; Heinsohn & Legge 2003; Emlen &
Wrege 2004; Andersson 2004, 2005). In group-living species where
several mature females breed each year, females commonly
compete for social rank, which is often related to their ability to
produce or rear offspring (insects: Reeve 1991; birds: Vehrencamp
1977; Bertram 1992; primates: Fedigan 1983; Silk 1997; ungulates:
Clutton-Brock et al. 1982; carnivores: Holekamp & Smale 2000;
Clutton-Brock et al. 2001; Hofer & East 2003; Hodge et al. 2008). In
some cooperative breeders, one dominant female in each group
usually prevents most (and, in some cases, all) other females from
breeding by a combination of physiological suppression (marmo-
sets: French 1997; mole-rats: Faulkes & Abbott 1997; meerkats:
Clutton-Brock et al. 2001) and infanticide (meerkats: Clutton-Brock
et al. 1998; Young & Clutton-Brock 2006; wild dogs: Creel & Creel
2001) and eviction of potential competitors from their group (wild
dogs: Malcolm & Marten 1982; Creel & Creel 2001; meerkats:
Clutton-Brock et al. 1998, 2006). In most of these ‘singular’ coop-
erative breeders, dominant females can maintain their status for
several years while, in some species where they do not forage for
themselves and the extrinsic risks of mortality are low, they live
substantially longer than helpers or workers (Clark & Faulkes 1997;
Carey 2001; O’Connor et al. 2002; Sherman & Jarvis 2002; Damman
& Burda 2005). As a result, individual differences in breeding
success and the degree of reproductive skew among females can be
unusually large and can exceed the variance in breeding success
among males (Hauber & Lacey 2005; Clutton-Brock et al. 2006;
Clutton-Brock 2007). Since only a small proportion of females can
breed as dominants, competition for social status can be intense
and contests between females can be lethal.

Females also commonly compete for access to mates. Female
competition for mates is widespread in polyandrous birds where
OSRs are biased towards females (Emlen & Oring 1977; Oring et al.
1991a, b) as well as in some insects where males produce unusually
large sperm (Lorch 2002; Bjork & Pitnick 2006) and some mammals
where the sperm supplies are depleted by frequent mating
(Dewsbury 1982, 2005). Female competition for mating access also
occurs in species where OSRs are male biased but individual
differences in their ability to invest in offspring or in the number of
eggs or offspring they can care for are large. For example, in the
monogamous seahorse, Hippocampus subelongatus, where males
brood eggs and adult sex ratios are often biased towards females,
female competition is common and body size appears to exert
a stronger influence on breeding success in females than in males
(Kvarnemo et al. 2007). In addition, female competition for mates is
common where females gain direct or indirect benefits from
mating with multiple partners in the course of a single breeding
cycle (Tregenza & Wedell 1998; Fisher et al. 2006). Finally, female
competition for mating access is likely to occur when individual
differences in the direct or indirect benefits that males can offer as
mating partners are large and the most preferred male(s) cannot
service all receptive partners (Gowaty 2004; Bro-Jørgensen 2007).

In many species, sex roles are flexible and the relative frequency
of intrasexual competition in the two sexes varies between stages
of the reproductive cycle (Gowaty 2004; Gowaty & Hubbell 2005).
For example, in two-spotted gobies, Gobisculus flavescens, the
relative intensity of intrasexual competition for mating partners in
the two sexes varies throughout the breeding cycle as the relative
numbers of receptive females and males change (Amundsen &
Forsgren 2001; Forsgren et al. 2004). Similarly, in some ungulates
where OSRs are generally male biased and males compete intensely
for access to females, females that are close to oestrus and need to
mate rapidly compete for access to breeding males (Bebie &
McElligott 2006; Bro-Jørgensen 2007). In bush crickets, Tettigo-
niidae, where males bring nuptial gifts to receptive females,
manipulation of food availability to males changes the OSR and
affects the relative frequency of competition for mates in males and
females (Simmons & Gwynne 1993; Simmons 1995; Kvarnemo &
Simmons 1999).

The phenotypic characters that affect the ability of females to
acquire breeding opportunities, high status or mates are often
similar to those that affect the acquisition of mating opportunities
by males in polygynous species. They include the individual’s age,
weight and hormonal status, as well as the rank of her mother
(insects: Reeve 1991; Reeve & Ratnieks 1993; primates: Walters &
Seyfarth 1986; Silk 1987; carnivores: Holekamp et al. 1996; Engh
et al. 2000; Holekamp & Smale 2000; Clutton-Brock et al. 2006).
The identity of alliances and coalition partners may also be
important in species where related females support each other in
competition with members of other matrilines for rank or access to
resources (Hrdy 1981; Walters & Seyfarth 1986; Chapais 1992). For
example, in some cercopithecine primates, as well as in some
carnivores, females from the same matriline support each other in
competitive interactions with members of other matrilines and the
social rank of individuals, as well as their reproductive success,
depends on the rank of their matriline (Chapais 1992; Holekamp
et al. 1996). The relative rank of matrilines increases with their size
and, in some species, females from dominant matrilines focus their
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aggression on female recruits to subordinate matrilines (Dittus
1977, 1979; Silk et al. 1981; Clutton-Brock 1991).

MALE MATING PREFERENCES

In many animals, males also show preferences for mating with
particular individuals or categories of females which often generate
competition between females to attract mates (Herbert 1968;
Amundsen 2000a; Kraaijeveld et al. 2007). Male mating prefer-
ences have now been documented in insects (Dewsbury 1982;
Kvarnemo & Simmons 1999; Bonduriansky 2001), fish (Sargent
et al. 1986; Berglund & Rosenqvist 2001, 2003; Kvarnemo et al.
2007), lizards (LeBas & Marshall 2000; Orrell & Jenssen 2002), birds
(Amundsen 2000b; Jones et al. 2001; Schamel et al. 2004; Torres &
Velando 2005; Kraaijeveld et al. 2007) and mammals (Herbert
1968; Berger 1989; Keddy-Hector 1992; Müller & Thalmann 2000;
Domb & Pagel 2001; Craig et al. 2002; Preston et al. 2005; Parga
2006). Like female competition for males, the relative choosiness of
males varies with the availability of partners and can differ
between local populations (Simmons & Gwynne 1993) and
between stages of the breeding cycle (Amundsen & Forsgren 2001).

Male preferences vary. In some species, males prefer familiar
partners (Huck & Banks 1979) while, in others, they prefer novel
partners (Orrell & Jenssen 2002). Sometimes, males prefer older,
larger or more dominant partners (Szykman et al. 2001; Werner &
Lotem 2003; Wong & Jennions 2003; Herdman et al. 2004; Preston
et al. 2005; Muller et al. 2006; Kvarnemo et al. 2007) while, in
others, they prefer younger partners (Buss 1989; Jones 1996; Orrell
& Jenssen 2002; Sugiyama 2005). In several species, males also
show consistent preferences for partners that have not mated
recently: for example, male Drosophila melanogaster are less likely
to court inseminated than uninseminated females while male rats,
Rattus norvegicus, prefer unmated oestrous females to ones that
have already mated several times (Zucker & Wade 1968). In species
where females are ornamented or brightly coloured, males
commonly show a preference for brighter or more highly orna-
mented females (Berglund et al. 1997; LeBas & Marshall 2000;
Amundsen & Forsgren 2001; Domb & Pagel 2001; Berglund &
Rosenqvist 2003; Torres & Velando 2005; Griggio et al. 2005). In
addition, like females, males sometimes copy each other’s choice of
partners, reinforcing the effects of individual choice (Widemo
2006).

Male mating preferences may often serve to increase their
reproductive success, as the characteristics of females that they
prefer are often correlated with individual differences in fecundity
or with the proximity of females to conception (McLennan 1995;
Berglund et al. 1997; Jones et al. 2001; Szykman et al. 2001; Ruscio
& Adkins-Regan 2003; see below). Few studies have yet investi-
gated the additional possibility that male mate choice may also
affect the quality of offspring, but a recent study of house mice, Mus
domesticus, suggests that this may be the case: when males were
experimentally mated with females they did not prefer, they
produced offspring with lower viability and poorer performance
than those allowed to mate with preferred females (Drickamer
et al. 2003; Gowaty et al. 2003). Interspecific contrasts in male
preferences may often be related to variation in the effects of
particular female characteristics on paternity certainty, fecundity or
rearing success. For example, in chimpanzees, Pan troglodytes,
where males do not invest in their offspring and older females have
higher breeding success than younger ones, males prefer older
partners, whereas in humans, where males commonly provide
resources for their offspring and paternity uncertainty has high
costs, males commonly prefer younger partners (Symons 1979;
Buss 1989; Jones 1996; Sugiyama 2005; Muller et al. 2006).

Where females compete for the attention of males, selection
may favour the evolution of signals that indicate their fecundity
and attract the attention of males. For example, in Barbary
macaques, Macaca sylvanus, the mating calls of fertile and infertile
females differ and calls given by fertile females are more likely both
to stimulate ejaculation by their partners and to attract the atten-
tion of other males (Pfefferle et al. 2007). In humans, the voices of
women become more attractive when they are fertile (Pipitone &
Gallup 2008) and studies of female lap dancers show that they earn
significantly more in tips from clients during their fertile periods
than at other stages of the cycle (Miller et al. 2007). Selection to
attract males has probably played an important role in the evolu-
tion of exaggerated female ornaments, such as the scales of empi-
did flies, as several recent studies have shown that their size,
structure or colouring are associated either with temporal variation
in fecundity or with individual differences (see next section).

BREEDING SYSTEMS AND SECONDARY SEXUAL
CHARACTERS IN FEMALES

The association between breeding systems and the develop-
ment of secondary sexual characters in males (Clutton-Brock et al.
1977; Plavcan 2004) suggests that their development in females,
too, should vary between polygynous, monogamous and poly-
androus species. Secondary sexual traits associated with direct
intrasexual competition should be most highly developed in
females of polyandrous species where OSRs are usually female
biased (Trivers 1972; Emlen & Oring 1977) or where competition
between females for breeding opportunities is unusually strong, as
in many singular cooperative breeders (Clutton-Brock et al. 2006;
Clutton-Brock 2007) and least developed in polygynous species
where OSRs are biased towards males and females do not defend
resources or territories. Among monogamous species, traits asso-
ciated with competition for breeding opportunities should be most
highly developed in females in species where females play an
important role in the defence of resources or territories (West-
Eberhard 1983), while female ornamentation might be expected to
show the greatest development where OSRs vary throughout the
reproductive cycle, where females can gain important benefits from
mating with multiple partners, or where both sexes can gain
substantial benefits from mate choice and males as well as females
select partners on the basis of phenotypic characters. Although
there has yet to be a systematic quantitative analysis of the distri-
bution of secondary sexual characters in females, their distribution
appears to be consistent with these predictions, although incon-
sistencies and surprises are common.

Polyandrous Species

In many birds with polyandrous mating systems, females typi-
cally compete more frequently or intensely for breeding opportu-
nities than males and are sometimes the larger sex (Jenni 1974;
Erckmann 1981, 1983; Berglund et al. 1986; Oring et al. 1991a;
Owens & Thompson 1994; Andersson 1995; Ahnesjo et al. 2001;
Berglund & Rosenqvist 2003). Females are also commonly brighter,
more strikingly marked or highly ornamented than males in poly-
androus birds, although this is not the case in all species (Jenni
1974; Trivers 1985; Andersson 1994; Eens & Pinxten 2000; Ahnesjo
et al. 2001; Houde 2001). Why females are more highly orna-
mented than males in some polyandrous animals but not in others
is not well understood (Trail 1990): one possibility is that females
are more likely to be brightly coloured where males may invest and
breed with multiple partners, making multiple choices of mate
during their breeding lives (Kraaijeveld 2003). In other cases,
variation in female coloration may be related to sex differences in
the roles of the two sexes in territory defence and in the sites at
which they display. In eclectus parrots, Eclectus roratus, for
example, females are bright red and blue while males are bright
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green. Incubating females are tended and provisioned by multiple
males and sex differences in colouring appear to be related to the
contrasting roles of the two sexes: females do not need to be cryptic
and display below the canopy where their bright colouring
contrasts with the dark limbs and trunks of the trees they nest in,
whereas males forage in the canopy and their coloration reflects
a compromise between the need for camouflage from predators
while foraging and the need for conspicuous displays (Heinsohn
et al. 2005).

Several studies have investigated whether females show
elevated testosterone levels in polyandrous species but there is
little evidence that they do so (Fivizzani & Oring 1986; Eens &
Pinxten 2000; Goymann & Wingfield 2004; Voigt & Goymann
2007). However, in dunnocks, Prunella modularis, females in
breeding groups that include a single male and more than one
female have higher testosterone levels than those in monogamous
pairs (Langmore et al. 2002). One possible reason for the absence of
elevated testosterone levels in females in polyandrous species is
that females may show enhanced sensitivity to testosterone rather
than elevated testosterone levels. For example in African black
coucals, Centropus grillii, females have a higher mRNA expression of
androgen receptors than males (Voigt & Goymann 2007) and in
some fish where reproductive competition between females is
intense, the brain gene expression of dominant females resembles
that of males (Aubin-Horth et al. 2007).

Monogamous Species

Females also show pronounced secondary sexual characters in
many socially monogamous species. Where secondary sexual
characters are similar but less highly developed in females than
males the traditional explanation is that the presence of secondary
sexual characters in females is a consequence of genetic correla-
tions (Lande 1980; Trail 1990; Amundsen 2000a, b, c). However,
while selection experiments show that selection on secondary
sexual characters in males can lead to correlated responses in
females (Harrison 1953; Wilkinson 1993; Price & Birch 1996;
Chenoweth & Blows 2003, 2005), their effects are usually weak and
comparative studies indicate that sex-linked modification of the
expression of ornaments is more common than sex-linked inheri-
tance of ornament genes (Wiens 2001; Emlen et al. 2005), sug-
gesting that explanations of this kind are unlikely to account for the
maintenance of secondary sexual characters in females. In addition,
comparative studies show that evolutionary changes in female
ornamentation and transitions between dimorphism and mono-
morphism are common (Amundsen 2000b; Kraaijeveld et al. 2007).

An alternative explanation is that in monogamous species
where both sexes are brightly coloured or carry other ornaments,
mutual mate choice may often play an important role in the
development of secondary sexual characters in both sexes, rein-
forcing genetic correlations between them (Amundsen 2000a;
Kraaijeveld et al. 2007). Mutual mate choice has now been
demonstrated in a wide variety of species, including fruit flies,
rotifers, termites, amphipods, fish, amphibians and birds (Kraaije-
veld et al. 2007). Female plumage may commonly provide males
with an indication of a female’s fecundity or capacity for parental
investment (Møller 1993; Blount et al. 2002). For example, in
northern cardinals, Cardinalis cardinalis, brighter females feed
nestlings more than duller ones (Linville et al. 1998) while female
zebra finches, Taeniopygia guttata, that have been experimentally
fed show enhanced fecundity and are preferred as mating partners
over unfed females, although they are indistinguishable to the
human eye (Monaghan et al. 1996).

A wide variety of ecological factors may also affect the evolution
of ornamentation or other secondary sexual characters in females
in monogamous species. Where both sexes have similar ornaments,
females as well as males are commonly involved in aggressive
displays aimed at rivals, suggesting that intrasexual competition is
involved (West-Eberhard 1983; LeBas 2006). Mutual mate choice
would also be expected to generate larger benefits where both
sexes defend resources or contribute to parental care (Burley 1983;
Kvarnemo et al. 2007). Showy signals in females may also offer
larger benefits where males make repeated choices between
multiple alternative partners and, as expected, the degree of
ornamentation in both sexes increases with interspecific differ-
ences in annual divorce rates (Kraaijeveld 2003). Female plumage
may also be affected by the risk of predation: for example, in some
groups of birds, there is a negative correlation between the
brightness of females (but not the brightness of males) and the
frequency of nest predation (Martin & Badyaev 1996).

Cooperative Breeders

In many cooperative or eusocial vertebrates, one female in each
group dominates reproduction, breeding principally with a single
male (Clutton-Brock et al. 2001, 2006; Griffin et al. 2003; Cockburn
2004). Although many cooperative breeders are monogamous,
their breeding systems differ from those of normal monogamous
species in that only a small proportion of mature females breed and,
in some cases, variance in breeding success is larger in females than
males (Hauber & Lacey 2005; Clutton-Brock et al. 2006). In these
species, overt competition for breeding opportunities can be more
frequent and more intense in females than in males and traits
enhancing competitive ability, such as body size, can exert
a stronger effect on fitness in females than males (Reeve & Sherman
1991; Clutton-Brock et al. 2006). In several cooperative breeders,
breeding females are often the largest individuals in their group
and are socially dominant to all group members, playing an
important role in controlling group activities and in preventing
subordinate females from breeding (Reeve & Sherman 1991;
Faulkes & Abbott 1997; Clutton-Brock et al. 1998, 2001; Creel &
Creel 2001). In meerkats and naked mole-rats, females that acquire
the breeding position also show increased levels of circulating
testosterone (Faulkes & Abbott 1997; Clutton-Brock et al. 2006) as
well as a period of secondary growth that is reduced or absent in
males (O’Riain & Braude 2001; Russell et al. 2004; Clutton-Brock
et al. 2006). Where females compete intensely for breeding status,
breeders are likely to possess superior phenotypes, and the
potential benefits of mate choice to males are likely to be reduced,
which may explain why breeding females rarely compete to attract
males and bright coloration or elaborate ornaments are normally
absent.

Polygynous and Promiscuous Species

As expected, secondary sexual characters in females are usually
absent or little developed in polygynous species that breed in
harem groups. For example, in vertebrate groups where polygyny is
highly developed (as in many gamebirds and ungulates), females
are commonly smaller and have less-developed weaponry than
males (Clutton-Brock et al. 1977, 1980; Harvey et al. 1978; Alexander
et al. 1979; Plavcan 2004). In some cases where females possess
obvious weapons these may be used primarily in defence against
predators or in competition for resources rather than in repro-
ductive competition: for example, antelope and deer species where
females carry horns commonly live in open country where they are
easily accessible to predators and form large mixed-sex herds
where competition for resources between, as well as within, sexes
is common (Clutton-Brock 1982; Packer 1983). In other cases,
female weaponry is used in intrasexual competition. For example,
in Soay sheep, Ovis aries, where some females are horned and some
are not, females with horns are more likely to initiate and win
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aggressive interactions with other individuals during the lambing
period than females without (Robinson & Kruuk 2007), while in
some antelopes, receptive females use their horns when competing
for access to males (Bro-Jørgensen 2007).

Although OSRs are usually male biased in polygynous species
and reproductive competition is often more frequent or intense
among males, intrasexual competition between females can also be
intense, especially where they defend resources (Racey & Skinner
1979; Hawkins et al. 2002) or their social rank affects their breeding
success (Silk et al. 1981; Fedigan 1983; Gilchrist 2001). In some
polygynous species where female rank and breeding success are
closely correlated, testosterone levels are higher in dominant than
subordinate females during particular stages of the breeding cycle:
for example, in spotted hyaenas, Crocuta crocuta, the rank of
females is closely related to the survival of their offspring and adult
females show elevated testosterone levels in the later stages of
pregnancy (Racey & Skinner 1979; Frank 1997; Holekamp & Smale
2000; East & Hofer 2001; Drea 2007). Heightened androgen levels
may increase the ability of females to compete or to defend their
young and may have evolved in these species for this reason. In
breeds of domestic cattle where females have been selected for
their fighting ability, they show higher levels of circulating testos-
terone and are usually dominant to females of breeds where
females have not been selected to compete (Plusquellec & Boussou
2001). In addition, heightened androgen levels in females may
affect the development of offspring (Staub & de Beer 1997). For
example, in spotted hyaenas, cubs born to dominant mothers with
high concentrations of androgens in late pregnancy show higher
rates of aggression as juveniles than those born to females with
lower androgen levels (Dloniak et al. 2006).

In some species where dominant females show elevated
testosterone levels during gestation, their genitalia show signs of
masculinization (Licht et al. 1992, 1998; Drea et al. 1998; Glickman
et al. 1998): spotted hyaenas are the best-known example, but
genitalia of adult females show evidence of masculinization in
a number of other species where females compete intensely,
including several lemurs (Ostner et al. 2003; Drea 2007; Drea &
Weil, in press). Masculinization of female genitalia may be
a nonadaptive by-product of elevated testosterone levels or of
increased sensitivity to androgens (Racey & Skinner 1979; Frank
1997). Alternatively, it may allow females to deflect aggression
directed at them by dominant females or to reduce sexual harass-
ment by males (Hawkins et al. 2002; Hofer & East 2003). For
example, the striking pseudopenis and pseudoscrotum of female
spotted hyaenas closely mimic male genitalia and may allow
subordinate females to mimic males, and to reduce the amount of
aggression they receive from dominant females (see above,
Reproductive competition between females). In some mammals
where adult females are frequently aggressive to younger subor-
dinates, younger females show transient masculinization which
diminishes or disappears in adults: for example, in fossas Crypto-
procta ferox, juvenile females develop an enlarged spinescent
clitoris supported by an os clitoridis and a pigmented secretion on
the fur underparts which, in adults, is confined to adult males
(Hawkins et al. 2002). This disappears in mature females and may
help to reduce aggression from territorial females (Hawkins et al.
2002). This explanation is strengthened by evidence that, in some
colobine monkeys where adolescent males are the target of intense
aggression from resident males, the genitalia of male adolescents
appear to show transient feminization (Kuhn 1972). In other cases,
female mimicry of males serves to reduce harassment by courting
males. For example, in some damselflies and a number of butter-
flies, females occur in two colour phases, one of which closely
resembles males and andromorphic females are not harassed as
frequently by courting males as normal females (Robertson 1985;
Van Gossum et al. 1999, 2001).
In a number of polygynous or promiscuous animals, females
possess striking ornaments that may have evolved as a result of
male mating preferences. Well-studied examples include the
abdominal sacs and enlarged pinnate leg scales of females in some
empidid dance flies (Cumming 1994; LeBas et al. 2003) and the
perineal swellings of females in social primates and some birds
(Chiba & Nakamura 2002, 2003; Zinner et al. 2004; Ekstrom et al.
2007). In most (if not all) polygynous species where females are
ornamented, they have access to multiple males and can gain direct
benefits from courtship or mating with multiple partners. For
example, in empidid dance flies where females are ornamented,
males provide females with nuptial gifts, the size of a female’s
ornaments reflects her fecundity and males favour highly orna-
mented partners (Cumming 1994; LeBas et al. 2003). Similarly,
most primates where females show pronounced sexual swellings
live in multimale groups where females have access to multiple
partners (Clutton-Brock & Harvey 1976; Zinner et al. 2004). In many
of these species, females gain support and protection for them-
selves and their offspring from males they consort with (de Waal
1982; Smuts 1985; Weingrill 2000; Palombit et al. 2001), and
females compete for the attention of males. The size and colouring
of female sexual swellings varies throughout the menstrual cycle of
females, providing an approximate indicator of changes in fecun-
dity (Plavcan 2004; Zinner et al. 2004). In addition, studies of
baboons, Papio cynocephalus anubis, suggest that individual differ-
ences in the size of swellings may be correlated with individual
variation in the fecundity of females and their capacity to rear
offspring (Domb & Pagel 2001). It seems likely that the fat-padded
breasts, thighs and buttocks of human females may have evolved
for similar reasons (Mealey 2000), for, in humans, as in other
primates, female secondary sexual characters are commonly used
in displays that serve to attract males (Miller et al. 2007).

CONTRASTS IN THE OPERATION OF SEXUAL SELECTION
IN MALES AND FEMALES

While intrasexual competition for breeding opportunities and
mating preferences in the opposite sex appear to have played an
important role in the evolution of secondary sexual characters in
both sexes, there are fundamental contrasts between the opera-
tion of sexual selection in males and females. Because of their
greater energetic investment in gametes and parental care,
females more commonly compete with each other for access to
resources necessary for successful reproduction (including
breeding sites, parental care and social rank) than for access to
gametes produced by the opposite sex (LeBas 2006; Clutton-Brock
2007). As a result, the relative intensity of intrasexual competition
(and the development of traits that increase competitive success
in females) may be more strongly influenced by variation in
resource distribution and less by variation in the form of mating
systems than in males. The differences in fecundity between
females generated by intrasexual competition for resources may
commonly lead to large individual differences in fecundity
(Clutton-Brock et al. 1982, 1988; Owens & Thompson 1994) which
are likely to strengthen selection on males to identify and prefer
superior partners and, on females, for signals reflecting temporal
and individual differences in fecundity (Berger 1989; Reinbold
et al. 2002; Clutton-Brock 2007).

There may also be qualitative differences in the costs of
reproductive competition and secondary sexual characters for the
two sexes. While intense reproductive competition and the
evolution of increased body size in males is often associated with
higher juvenile mortality and reduced longevity in males
compared to females (Clutton-Brock et al. 1985), there is, as yet,
no evidence that sex differences in survival are reversed in
species where reproductive competition is more intense or
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secondary sexual characters are more highly developed in females
(Clutton-Brock 2007). One possibility is that the costs of expen-
diture by females on reproductive competition or ornamentation
depress fecundity or parental investment, constraining the
development of secondary sexual characters below the level at
which they have measurable costs to female survival (LeBas
2006). For example, elevated levels of testosterone may have
adverse effects on the fecundity of females or on the development
of their offspring which constrain the evolution of further
increases in female competitiveness (Drea et al. 2002; Knick-
meyer & Baron-Cohen 2006). A few studies provide indicators
that costs of this kind may occur: for example, in some pop-
ulations, dominant female baboons are more likely to miscarry
than subordinates and some high-ranking females have low
fertility (Packer et al. 1995).

Contrasts in the operation of sexual selection in the two sexes
raise the question of whether adaptations to intrasexual compe-
tition in females should be regarded as products of sexual
selection or natural selection. In The Descent of Man Darwin
sometimes described ‘sexual’ selection as selection operating
through intrasexual competition to reproduce (see above) and
sometimes as selection operating through competition for mates,
although the term is now most commonly restricted to selection
operating through intrasexual competition for mating opportu-
nities (Andersson 1994). Since females more commonly need to
compete for breeding opportunities than mating opportunities,
defining sexual selection in terms of competition for mates has
the effect of restricting its operation to males, creating unfortu-
nate dichotomies where functionally similar traits are attributed
to sexual selection if they occur in males but to natural selection
if they occur in females. One possible solution is to recognize an
additional category of selection operating through intrasexual
competition for resources other than mates, such as ‘social
selection’ (Crook 1972; West-Eberhard 1979, 1983, 1984, 1991;
Roughgarden et al. 2006), but distinguishing clearly between
‘social’ selection and ‘sexual’ selection is likely to generate more
problems than it solves (Clutton-Brock 2004; Kraaijeveld et al.
2007). The most satisfactory solution might be to abandon the
distinction between sexual and natural selection altogether and
emphasize, instead, the contrasting ways in which selection
operates in males and females (Clutton-Brock 2004). However,
the distinction between sexual and natural selection is so heavily
entrenched that this is unlikely to occur and the most feasible
alternative is probably to broaden the concept of sexual selection
to include all selection processes operating through intrasexual
competition for breeding opportunities in either sex (Clutton-
Brock 2007).

CONCLUSIONS

Four main conclusions should be drawn from this review. First,
secondary sexual characters are common in females as well as in
males and, as in males, are commonly associated either with
intrasexual competition for breeding opportunities or with
competition to attract mates. Second, the relative intensity of
mating competition and mate choice in the two sexes can often
vary and sex differences in behaviour are probably more flexible
than is commonly recognized. Third, while the distribution of
secondary sexual characters in both sexes is related to the form of
mating systems, the intensity of intrasexual competition in females
(and the distribution of traits associated with it) may be more
strongly influenced by the distribution of resources necessary to
breed and rear offspring than it is in males, so that associations
between the development of secondary sexual characters in
females and the form of mating systems may be weaker than in
males. Finally, many important questions about the operation of
sexual selection in females and the evolution of sex differences
have yet to be answered.
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