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Definition

The operational sex ratio (OSR) is the proportion
of fecund females to sexually active males in a
population at a given time.

Preface

Note that this entry discusses neither the primary
sex ratio (sex ratio at conception) nor the second-
ary sex ratio (sex ratio at birth). For more infor-
mation on factors that influence the primary and
secondary sex ratios — factors such as temperature,
level of inbreeding, and intensity of parasite infec-
tion — see another entry in this encyclopedia enti-
tled Sex Ratio (Szala and Shackelford 2019).

Introduction

Evolutionary approaches to biology have asked
how sex ratio affects animal cognition and behav-
ior (Fisher 1930). Sexual selection — a “special
case” of natural selection — promotes traits that
increase an individual’s ability to attract and retain
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mates. Intrasexual competition — when members
of one sex compete intrasexually to achieve sex-
ual access to mates — is an important explanatory
factor in the cognition and behavior of sexually
reproducing species (Darwin 1871).

Sex differences in parental investment
co-occur with sex differences in potential repro-
ductive rates (Trivers 1972). A reliable indicator
of reproductive rate is the minimum investment
that each sex must contribute to produce offspring
(i.e., obligate parental investment). Specifically,
the sex whose minimum investment in parenting
is larger will have the lower potential reproductive
rate. In most sexually reproducing species,
females’ higher obligate parental investment is
grounds for their sexual choosiness and selectiv-
ity, prompting males to compete intrasexually for
access to mates (Trivers 1972). Both sexual selec-
tion theory and parental investment theory gener-
ate predictions concerning the effects of biased
sex ratios on animals’ cognition and behavior.

Biased sex ratios are expected to intensify
intrasexual competition among members of the
abundant sex that perceive cues to mate scarcity
(i.e., when potential mates are scarce relative to
the number of same-sex rivals). The more abun-
dant sex experiences greater competition for
mates. The members of the scarcer sex benefit
from improved mating opportunities (Fisher
1930), along with the luxury of increased
choosiness in their selection of a mate (Emlen
and Oring 1977). For members of the abundant
sex, mating prospects are more restricted because
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of the greater number of same-sex rivals (Emlen
and Oring 1977). A male-biased environment, for
example, limits men’s mate choices and can inten-
sify some aspects of male-male competition
(Pedersen 1991).

Working Definitions

The adult sex ratio (also known as the tertiary sex
ratio) is the ratio of adult males to adult females in
apopulation. The OSR is the proportion of fecund
females who are available to mate to sexually
active males (Emlen and Oring 1977; Kvarnemo
and Ahnesjo 1996). Different studies define OSR
in different ways. OSR is typically measured
either as the ratio of males to females (Emlen
and Oring 1977) or the ratio of males to (males +
females) (Kvarnemo and Ahnesjo 1996). Using
the former approach, an OSR of 1 is even, an OSR
greater than 1 is male-biased, and an OSR below
1 is female-biased. Using the latter approach, an
OSR of 0.5 is even, one higher than 0.5 is male-
biased, and one lower than 0.5 is female-biased.

A third approach to measuring the OSR is
“sex-neutral” and can be thought of as a ratio of
competitors to potential mates or competitors to
(potential mates + competitors); it is called the
competitor-to-resource ratio (CRR). If the com-
petitors to (potential mates + competitors) formula
is used, then the CRR will equal 0 when the
environment contains only opposite-sex others,
the CRR will equal 1 when the environment con-
tains only same-sex others, and the CRR will
equal 0.5 when it is even. The CRR is a useful
way to measure the OSR because it allows
researchers to compare studies about male and
female behaviors (Grant et al. 2000); CRR is
equal to the OSR for males, and for females, the
CRR equals (1 - OSR). This approach shares the
benefits of log-transforming the ratio of competi-
tors to potential mates (Weir et al. 2011) without
the need for transformations.

In humans, the OSR is sometimes measured as
the ratio of “marriage-age” men to “marriage-age”
women in the local mating pool. Marriage age is
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typically considered to be between 15 and
49 years (Guttentag and Secord 1983).

Is the OSR Usually Stable or Fluctuating?

A recent investigation of owl monkeys —a socially
monogamous primate species — suggests that it
may be erroneous to assume an equal OSR in
monogamous species, as researchers have done
in the past (Fernandez-Duque and Huck 2013).
Rather, sexual selection models should assume
unequal yet fluctuating OSRs, even in highly
pair-bonded species, given the unmated “floaters”
that may disrupt mating dynamics by affecting
group composition. Many other factors have also
been found to destabilize OSR. For example, Del
Giudice (2012) identified multiple factors that
cause fluctuations in either OSR or adult sex
ratio. These factors include the following pro-
cesses. First, stochastic fluctuations in the adult
sex ratio increase as the population size shrinks.
These fluctuations are especially strong when
populations have less than a few hundred individ-
uals. Second, sex-specific mortality and geo-
graphic distribution destabilize the adult sex
ratio via delayed feedback mechanisms. Third, if
the mating age is different for each sex, OSR tends
to fluctuate when populations shrink or expand.
Fourth, OSR is destabilized when younger and
older individuals compete over mates.

Factors that Influence the Operational
Sex Ratio

Many other factors may affect OSR, and these
factors vary across species. They include the
type of mating system, the stability of pair-
bonds, and sex differences in potential reproduc-
tive rate (Clutton-Brock and Parker 1992; Del
Giudice 2012). Factors that influence the potential
rate of reproduction can indirectly affect the OSR.
These factors may include contextual consider-
ations such as food availability or nesting sites.
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The Cognitive and Behavioral
Consequences of Changes in OSR

The ways in which OSR affects cognition and
behavior vary across species. In some species,
changes in OSR may even prompt sex role rever-
sals (e.g., Fritzsche et al. 2016). A recent meta-
analysis suggests that mate scarcity is related to
increases in displays of mate-guarding, aggres-
sion, and courtship behavior (Weir et al. 2011).
Another meta-analysis revealed that courtship
competition and courtship propensity, but not
courtship frequency, increased when fewer mates
are available (de Jong et al. 2012).

Sex ratio theory predicts that intrasexual com-
petition increases with mate scarcity (Emlen and
Oring 1977; Kvarnemo and Ahnesjé 1996). For
example, aggressive female-female competition
occurs at most OSRs, but in several fish species,
females become the more competitive sex in
highly female-biased OSRs (Forsgren et al.
2004). The influence of mate scarcity on
intrasexual competition has been documented in
naturalistic and experimental observations of
many species including fishes (e.g., Forsgren
et al. 2004), amphibians (e.g., Lee and Park
2009), birds (e.g., Colwell and Oring 1988),
rodents (e.g., Bonatto et al. 2015), hyenas (e.g.,
Curren et al. 2015), and nonhuman primates (e.g.,
Mitani et al. 1996).

OSR Studies in Humans

Compared to other mammals, human males invest
exceptional effort in caring for offspring (Geary
2000; Buunk and Fisher 2009). Rates of female
competition are higher in species that engage in
pair-bonding and biparental care like our own,
because monogamy and paternal investment
beget mate choosiness among males (Fernandez-
Duque and Huck 2013). Consequently, women
must also compete intrasexually to secure and
retain high-value mates (Clutton-Brock 2007).
Male-biased sex ratios are associated with
lower average marital age among women; the
authors explain that when women are scarce,

they have more bargaining power and are able to
find commitment at an earlier age (Kruger et al.
2010). Some seminal evolutionary predictions
concerning the effects of biased sex ratios in
humans came from Pedersen (1991): in male-
biased sex ratios, men increase the number of
offspring that they produce as well as increase
resource provisioning, parenting activities, and
violence toward both men and women. Indeed,
studies suggest that preliterate societies find it
more permissible for a husband to severely punish
his adulterous wife when the society has a male-
biased sex ratio (Guttentag and Secord 1983).

In humans as well as other animals, sex ratios
influence a wide range of social behaviors.
A review of evidence linking surplus men to
more violence sheds light on the theoretical and
empirical challenges that remain (Schacht et al.
2014). The authors caution that expecting a rela-
tionship between competition over mates and vio-
lence is likely based on untested assumptions and
might be masking interesting patterns.

Seemingly paradoxically, both female-biased
and male-biased sex ratios can increase violence
and crime. These discrepant findings may repre-
sent manifestations of different dynamics (Del
Giudice 2012). For example, male-biased sex
ratios increase male-male competition, but the
competition may manifest in circuitous ways
(e.g., by increasing competition for status or
access to economic resources; Barber 2009).
A longitudinal study of the effects of varying sex
ratios in three English-speaking nations found that
rates of violent crime were predicted by male-
biased sex ratios (Barber 2003). Some of the vio-
lence in male-biased sex ratio environments may,
however, be explained by the relative surplus of
men, not by the ratio itself (Messner and Sampson
1991). In female-biased sex ratios, the percentage
of men who marry at a younger age diminishes on
account of men’s increased short-term mating
opportunities and decreased incentive for commit-
ment (Kruger and Schlemmer 2009). Men’s
aggression and violent crime may simultaneously
increase to attain these casual mating opportuni-
ties (Barber 2011). Several studies support this
hypothesis, finding cross-sectional associations
between female-biased sex ratios and higher



proportions of violent crime (Barber 2009, 2011).
At least in modern-day societies, female-biased
sex ratios seem to increase male violence (Del
Giudice 2012). Further research is needed to
determine under which specific conditions
female- and male-biased sex ratios increase
aggression and toward whom.

Relatedly, cross-sectional research suggests
that sexual choosiness is correlated with sex
ratios, such that members of the scarcer sex
express greater selectivity regarding the qualities
they desire in a mate (e.g., Stone et al. 2007). The
relationship between mate scarcity and decreased
selectivity in the mating domain has also been the
subject of experimental investigation. Using doc-
tored sex ratio cues to alter perceptions of mate
availability, Watkins et al. (2012) found that
females expressed less choosiness when men
were perceived as scarce versus abundant. The
researchers also found evidence of another mating
rule: if the sex ratio is unfavorable (i.e., mate
scarcity), people pay more attention to cues that
index the mate value of potential sexual rivals.
This mating rule presumably increases the indi-
vidual’s vigilance to mating rivals under condi-
tions of intense competition.

Experimental studies have also found that sex
ratio could have wider implications, such as
changing how men make financial decisions
(Griskevicius et al. 2012). In particular, increasing
the perceived sex ratio to be more male-biased led
males, but not females, to: (1) favor immediate
over delayed monetary gains, (2) increase their
motivation to borrow money, and (3) decrease
their motivation to save money. This evidence
suggests that young single men might respond to
increased mate competition by expending addi-
tional effort to attract a romantic partner.

A recent theoretical paper examined the poten-
tial links between male mate-guarding behaviors,
mate scarcity, and the evolution of human monog-
amy (Schacht and Bell 2016). The authors argue
that the adaptive problem of mate scarcity may
represent one of the key selection pressures that
paved the way for human monogamy. If mate-
guarding behaviors were successful in solving
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the problem of mate scarcity, then we should
expect a range of such mate-guarding behaviors —
not just intrasexual aggression — to be upregulated
in response to cues to this adaptive problem.

Conclusion

The sex ratio is widely believed to be a key eco-
logical determinant of not only the availability of
potential mates but also the intensity of competi-
tion for those mates, thus affecting many types of
behaviors (see Weir et al. 2011). Sex ratio theory
predicts that animals will intensify the tactics they
use to secure a mate under conditions of mate
scarcity. Correlational research surveying trends
within populations has shown that OSR is related
to human mating and parenting patterns (Del
Giudice 2012). Many of these patterns can be
understood as resulting from the trade-off
between parental investment and mating effort.
Individuals of a given species are expected to
have flexible, context-sensitive adaptations that
enable them to respond to environmental and con-
textual fluctuations in an adaptive manner
(Al-Shawaf et al. 2019). Sex ratio is one key
contextual factor that reflects the degree of
intrasexual competition and plays an important
role in animal behavior and cognition. Given
that sex ratio is a widespread aspect of the social
lives of many sexually reproducing species,
hypotheses and theories involving sex ratio can
yield insights in many different species and
domains (Del Giudice 2012).
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