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A wide range of literature connects sex ratio and mating
behaviours in non-human animals. However, research
examining sex ratio and human mating is limited in
scope. Prior work has examined the relationship between
sex ratio and desire for short-term, uncommitted mating
as well as outcomes such as marriage and divorce rates.
Less empirical attention has been directed towards the
relationship between sex ratio and mate preferences,
despite the importance of mate preferences in the human
mating literature. To address this gap, we examined sex
ratio’s relationship to the variation in preferences for attrac-
tiveness, resources, kindness, intelligence and health in a
long-term mate across 45 countries (n = 14 487). We pre-
dicted that mate preferences would vary according to
relative power of choice on the mating market, with
increased power derived from having relatively few com-
petitors and numerous potential mates. We found that
each sex tended to report more demanding preferences
for attractiveness and resources where the opposite sex
was abundant, compared to where the opposite sex was
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scarce. This pattern dovetails with those found for mating
strategies in humans and mate preferences across species,
highlighting the importance of sex ratio for understanding
variation in human mate preferences.
publishing.org/journal/rspb
Proc.R.Soc.B

288:20211115
1. Introduction
The relationship between sex ratio and reproductive
processes has been studied across species and mating beha-
viours [1,2]. For example, shorebird mating systems tend to
vary across sex ratios: females tend to have multiple mates
in species with typically male-biased sex ratios, whereas
males tend to have multiple mates in species with female-
biased sex ratios [3]. Additionally, fluctuations in sex ratio
within a single species can also be associated with variance
in mating behaviours. For instance, the male European bitter-
ling, a freshwater fish, changes mating tactics from defending
territory to direct competition as the number of same sex
rivals increases [4]; female honey locust beetles increase com-
petitive mating effort as females become more abundant than
males [5]; and female guppies display stronger preferences
for orange-coloured males as males outnumber females [6].

Yet, despite the breadth of research on sex ratio and
mating in non-human animals, research on sex ratio and
human mating is surprisingly narrow. Within this literature,
most work has examined sex ratio’s relationship to ‘mating
strategy’ [7]—one’s investment in long-term, committed
mating, as opposed to short-term, uncommitted mating—
and its consequences (e.g. for marriage rates [8]). Despite
mate preferences being among the most important topics in
the human mating literature [9], comparatively little empiri-
cal attention has been given to the relationship between sex
ratio and mate preferences. Here, to address this gap in the
literature, we examined the relationship between sex ratio
and mate preferences in a large cross-cultural sample span-
ning 45 countries around the world, and find evidence that
mate preferences vary systematically with the ratio of poten-
tial mates to potential competitors.

Human males and females face a key challenge of finding
and attracting long-term mates that are both desirable and
available. An imbalanced sex ratio, where the number of
males and the number females in a population are unequal,
exacerbates this challenge by affecting the supply and
demand of mating opportunities [10] (cf. [11]). The more
abundant sex has a reduced probability of gaining access to
potential partners, whereas the scarcer sex has access to a
wider array of potential partners. The consequences of sex
ratio imbalance are made worse by the fact that human
mating systems tend to be marked by relative monogamy
and mutual mate choice [12,13]. Therefore, power on the
mating market—power to express and fulfil one’s desires—
lies with the sex in demand: the scarcer sex. Throughout
human evolutionary history, individuals endowed with a
mating psychology sensitive to these power differentials,
able to upregulate the expression of sex-typical desires
when one’s sex is scarce and downregulate these desires
when one’s sex is numerous, would probably have had a
competitive advantage over individuals with desires that
remained static in the face of shifting contexts.

The effects of this sex differential in market power in
humans have primarily been studied in the context of
mating strategy attitudes and behaviours. Men, owing to
their smaller obligatory investment in offspring, can potentially
derive greater direct fitness benefits from acquiring multiple
mates than can women [14]. Consequently, across cultures,
men on average report greater willingness to engage in
sex without commitment—a higher ‘sociosexuality’—than
women [15,16].

However, this average sex difference is qualified by the
finding that nation-level indices of sociosexuality are higher
in countries where men are scarce, and therefore have more
market power [15]. This replicates outside of industrialized
cultures: for instance, one study found that men’s sociosexu-
ality varied across communities within the indigenous
Makushi as a function of the sex ratio of those communities
[17]. Behaviourally, marriage rates increase and divorce
rates decrease when women are scarce [18–20].

The same market forces that shape sociosexuality should
also have consequences for mate preferences. Mate prefer-
ences, in general, have received extensive empirical
attention. A large body of the literature has documented
universal trends in long-term mate preferences, including
the importance of kindness, intelligence and health, and
universal sex differences in preference for physical attrac-
tiveness, resources and relative age [21,22]. Importantly,
these preferences do predict real mate choices [23–26]
(cf. [27]). While these average patterns of mate preferences
have been consistently documented across time and cul-
tures, the effect sizes of sex differences in mate preferences
do vary across cultures. Sex ratio may be a source of the
cross-cultural variation in mate preferences, just as it is for
mating strategy.

The limited existing literature examining sex ratio and
human mate preferences is marked by inconsistencies. One
large cross-cultural study found that both men and women
placed greater importance on good financial prospects,
refinement and neatness, and other qualities in countries
where men were more numerous than women [28]. This is
unexpected from a market economic perspective, where the
change in men’s and women’s preferences should be inver-
sely related due to differing relative power on the mating
market. Yet this cross-cultural study, while impressive in
sample size, had important methodological limitations,
including analysing exclusively aggregate country-level
correlations and incorporating a measure of preferences that
allowed only limited variation [29]. Another study found
that in Canadian cities where women were relatively scarce,
they placed more emphasis on the physical attractiveness of
potential mates in newspaper ads [30]; however, this study
did not examine men’s preferences. Lastly, measurement of
sex ratio is not consistent across prior studies examining the
consequences of sex ratio in humans, limiting generalizations
across findings. For instance, studies vary in how they define
sex ratio, and whether operational sex ratio (only individuals
able to reproduce) or adult sex ratio (all individuals con-
sidered adults, including elderly) is the key variable.
Therefore, studies vary in the age range for which sex ratio
is estimated, with ranges including ages 15–49 [28], ages
18–45 [17], ages 20–50 [20], ages 16–39 [31] and ages 15–64
[29]. Addressing these limitations will be important for
understanding how human mate preferences relate to the
scarcity or abundance of potential mates in their environment
and whether this relationship is consistent with prior
psychological, anthropological and biological literature.
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In the present investigation, we examined the relationship
between mate preferences and sex ratio in a large, 45-country
sample. First, we asked both men and women about their
preferences for five traits in an ideal long-term mate and
examined how these preferences varied across countries as
a function of sex ratio. We analysed the data using multilevel
models to account for the nested nature of the data and to
take advantage of the large sample size, rather than relying
on aggregate correlations. Furthermore, in an attempt to cor-
rect for issues in prior work, we incorporated city-level sex
ratio and multiple measures of sex ratio at the country-
level. Additionally, we measured preferences both in an
absolute form (the trait value indicated as ideal in a potential
mate) and as a relative preference (ideal trait value relative to
the trait distribution available in each country) to allow for
clearer comparisons across samples.

Overall, both men and women were predicted to have
greater absolute and relative preferences where they were
the scarcer sex. Members of the more numerous sex were pre-
dicted to have the opposite pattern and express less
demanding mate preferences.
1115
2. Method
(a) Participants
Data were collected in 2016, from n = 14 487 (7961 female,
54.95%) participants in 45 countries. All participant data were
collected in person because online samples tend to be less repre-
sentative of populations in developing countries [32]. Each study
site collected data from both university populations and commu-
nity samples. However, due to a lack of records from about half
of the sites, there is incomplete information about the percentage
of each type of sample. From the sites that did keep records (n =
6637), 47.14% (n = 3129) came from community samples. Age of
participants ranged from 18 to 91 years old (Mdn = 25, M = 28.79,
s.d. = 10.64). Of the total sample, most participants reported
being in ongoing, committed relationships (n = 9236, 63.75%).
Overall, participants tended to be from large cities, to be well-
educated, and have average economic situations (detailed city
and participant demographic information is in the electronic sup-
plementary material).

Surveys were translated if necessary and distributed to par-
ticipants through a collaborative cross-cultural data collection
project. For more details and a complete list of countries and
sample sizes, see the electronic supplementary material.

The data from this cross-cultural data collection process have
been used in other papers published previously [22,33–35].
(b) Measures
(i) Mate preferences and participant traits
Participants completed a 5-item questionnaire on ideal mate pre-
ferences for a long-term romantic partner. Participants rated their
ideal romantic partner on five traits: kindness, intelligence,
health, physical attractiveness and good financial prospects. All
items were rated on bipolar adjective scales ranging from 1
(very unintelligent; very unkind; very unhealthy; very physically
unattractive; very poor financial prospects) to 7 (very intelligent;
very kind; very healthy, very physically attractive; very good
financial prospects). Using the same scales as for preferences,
participants additionally rated themselves on the same five
traits: kindness, intelligence, health, physical attractiveness and
good financial prospects. We also asked participants about
their sex (male/female).
(ii) Sex ratio
We used a variety of measures of sex ratio from publicly avail-
able databases. As there is no literature standard measure of
sex ratio in humans, we wanted to examine the relationship
between mate preferences and a variety of measures of sex
ratio. We used country-level sex ratio at birth [36], adult sex
ratio (ages 18+) [37], sex ratio for ages 15–49 [37], sex ratio for
ages 15–64 [37] and city-level overall sex ratio [38–42]. For city-
level sex ratio, we cross-checked local sources of information
about sex ratio when possible. We also confirmed that city-
level sex ratio was correlated with country-level sex ratio
measures (sex ratio at birth, r = 0.16; adult sex ratio, r = 0.79; sex
ratio ages 15–49, r = 0.33; sex ratio ages 15–64, r = 0.57). To
explore whether participant’s mate preferences were influenced
by the sex ratio of their own age group, we also examined the
relationship between mate preferences and sex ratio of narrower
age categories: sex ratio ages 15–24, sex ratio ages 25–49 and sex
ratio 50+ [37] (see electronic supplementary material). For every
sex ratio measure, we attempted to collect the publicly available
data that were closest to 2016, which was the year we collected
preferences and traits from participants.

(iii) Control variables
Each analysis was conducted twice; first without controls, and
then with all control variables simultaneously. Control variables
include latitude [43], world region (defined in [44]), country reli-
gion [45], GDP per capita [46], gender equality (a composite
measure of gender equality from a principal component analysis
of three measures of gender equality: the Global Gender Gap
Index [47], the Gender Inequality Index (GII) [48] and the
Gender Development Index [49]), income inequality (the Gini
Index [50]) and socioeconomic development (socioeconomic
development is defined [51] as the summed standardized
scores for country’s gross national income (GNI) [52], infant sur-
vival rate [53], life expectancy [54] and the percentage of
population that is urban [55]). For all controls, we attempted to
collect the publicly available data that were closest to 2016,
which was the year we collected preferences and traits from par-
ticipants (see electronic supplementary material for more details
and justification of the control variables).

(c) Analyses
We conducted all primary analyses using multilevel models. The
general format of these models predicted preference variables as
the outcome variable using the interaction of sex and sex ratio
variables; participants were nested within countries or cities, as
appropriate. The models included random effects for both
slopes and intercepts. Multilevel models provide advantages
over traditional approaches for analysing these kinds of cross-
cultural data. For cross-cultural comparisons, these models take
advantage of the nested nature of the data, yielding more statisti-
cal power relative to the traditional approach of calculating
correlations based on aggregated nation-level data [29].

Additionally, for all analyses, we report the results from a
model with all of the controls included simultaneously in the
main text, and the results from a base model with no controls
in the electronic supplementary material. We note the pattern
of results of the models without controls in the main text.

Data for this project were collected in 2016, and the analysis
plan was pre-registered in 2019, prior to the data analysis for this
project. The idea for the current project came from observing the
overall pattern of variation in sex differences in mate preferences
across countries in a prior study using the same mate preference
data [22]. To mitigate our own biases, we pre-registered our
analysis plan for the current project before examining sex ratio
as a possible source of variation. All data analysis was done in
R. The pre-registered analysis plan, analysis script and data
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can be found on the Open Science Framework: https://osf.io/
fpsm6.

(i) Relative mate preferences
Relative preferences are calculated from absolute trait preferences
but incorporate the trait distribution (mean and standard devi-
ation) of each sex in each country, like a z-score. The reason for
including relative preferences is to account for the fact that the
same absolute preferred trait value may be more or less demand-
ing depending on the availability of that trait in the local
population. Therefore, relative mate preferences were calculated
using the following formula:

relative preference ¼ preference�Mopp: sex trait

s:d:opp: sex trait
:

Each participant has a relative preference value for each trait,
which indicates how high or low their ideal preference is for each
trait, relative to the average trait level found in the opposite sex in
their country. In the preregistration, relative mate preferences
were originally referred to as standards. We changed the term
later for clarity.
211115
3. Results
(a) Absolute mate preferences and sex ratio
Table 1 shows the results of multilevel models predicting
absolute ideal mate preferences from sex and sex ratio, with
control variables. The interaction between sex and sex ratio
predicted absolute preference for physical attractiveness for
every measure of sex ratio. Additionally, the interaction
between sex and sex ratio at birth predicted most absolute
mate preferences, with the exception of kindness. Effect
sizes for all significant models are in the electronic sup-
plementary materials. Removing control variables did not
change the pattern of results (see electronic supplementary
material).

The number of models fitted may give cause for concern
about alpha inflation. However, the intention of our analyses
was to reveal any overall patterns between sex ratio generally
and each preference, rather than detect individual significant
effects. For this reason, multiple comparison corrections
may be overly conservative. Although not pre-registered,
to remove any such concerns we report both unadjusted
p-values and p-values adjusted for multiple comparisons
using Holm–Bonferroni corrections. For the purposes of
these corrections, we corrected the p-values associated with
the interactions and we considered the test families to be all
analyses using any one of the sex ratio measures (e.g. sex
and sex ratio at birth predicting good financial prospects,
physical attractiveness, intelligence, kindness and health). In
table 1, we report which models remained significant after
the correction. For adjusted p-values, see the electronic
supplementary material.

(i) Physical attractiveness
In general, as men became more numerous, women, relative
to men, tended to increase their preference for physical attrac-
tiveness, whereas men, relative to women, decreased their
preference for physical attractiveness (figure 1). The magni-
tude of these simple slopes varied depending on the
specific measure of sex ratio used; men had significantly
negative slopes for adult sex ratio and city sex ratio, whereas
women had significantly positive slopes for sex ratio ages
15–49 and sex ratio ages 15–64. All other simple slopes
were not significantly different from zero (all p-values greater
than 0.05); however, the relative differences still moved in the
predicted direction. Overall, regardless of the sex ratio
measure, the sex difference in absolute preference for physical
attractiveness narrowed as the number of men, relative to
women, increased.

(ii) Absolute mate preferences and sex ratio at birth
The interaction between sex ratio at birth and sex additionally
predicted absolute preference for physical attractiveness,
good financial prospects, intelligence and health. Generally,
as sex ratio at birth skewed toward female scarcity,
women’s preferences tended to increase while men’s prefer-
ences decreased (see electronic supplementary material for
figure). Specifically, simple slopes did not significantly
differ from zero for physical attractiveness and health;
however, the relative slopes were in the predicted direction.
Additionally, while women’s absolute preference for good
financial prospects increased, b = 0.09, s.e. = 0.04, p = 0.023,
men’s slope did not significantly differ from zero. Lastly,
men’s absolute preference for intelligence significantly
decreased as men became more numerous, b =−0.14,
s.e. = 0.03, p < 0.001. Contrary to prediction, women’s intelli-
gence preferences decreased as well, b =−0.07, s.e. = 0.03,
p = 0.039, however to a lesser degree than did men’s.

(b) Relative mate preferences and sex ratio
Table 1 shows the results of multilevel models predicting
relative ideal mate preferences from sex and sex ratio, with
control variables; results from models with relative prefer-
ences as the dependent variable are shown in parentheses.
The interaction between sex and sex ratio predicted relative
preference for good financial prospects and relative prefer-
ence for physical attractiveness for every measure of sex
ratio. Additionally, sex ratio at birth and sex ratio ages
15–64 predicted relative preference for health. However,
because this result is not consistent across different measures
of sex ratio, we do not focus on these analyses. Removing
control variables did not change the overall pattern of results
(see electronic supplementary material).

(i) Good financial prospects
In general, as men became more numerous, men, compared
to women, decreased their relative preferences for good
financial prospects, whereas women, compared to men,
tended to increase their relative preferences for good financial
prospects (figure 1). All simple slopes were not significantly
different from zero (all p-values greater than 0.05), however
the relative differences still moved in the predicted direction.
Overall, the sex difference in relative preference for good
financial prospects widened as sex ratio increased.

(ii) Physical attractiveness
In general, as with absolute preference, as men became more
numerous, men decreased their relative preference for phys-
ical attractiveness, whereas women tended to increase their
relative preference for physical attractiveness (figure 1). The
magnitude of these simple slopes varied depending on the
specific measure of sex ratio used; men had significantly

https://osf.io/fpsm6
https://osf.io/fpsm6
https://osf.io/fpsm6


Table 1. The interaction between sex and sex ratio predicting absolute and relative mate preferences.

preference sex ratio measure b (sex ratio×sex) s.e. p

good financial prospects birth −0.088 (−0.099) 0.025 (0.043) 0.001**a (0.027*)

adult −0.040 (−0.092) 0.029 (0.043) 0.174 (0.037*)

15–49 −0.061 (−0.114) 0.026 (0.037) 0.025* (0.004**a)

15–64 −0.048 (−0.103) 0.028 (0.040) 0.087 (0.013*)

city −0.044 (−0.084) 0.027 (0.037) 0.108 (0.028*)

physical attractiveness birth −0.095 (−0.082) 0.025 (0.040) <0.001***a (0.049*)

adult −0.084 (−0.118) 0.027 (0.038) 0.004**a (0.003**a)

15–49 −0.115 (−0.131) 0.023 (0.033) <0.001***a (<0.001***a)

15–64 −0.108 (−0.122) 0.024 (0.035) <0.001***a (0.001**a)

city −0.083 (−0.123) 0.026 (0.033) 0.002**a (<0.001***a)

intelligence birth −0.076 (−0.025) 0.023 (0.043) 0.002**a (0.568)

adult −0.014 (−0.011) 0.026 (0.042) 0.604 (0.789)

15–49 −0.031 (−0.033) 0.025 (0.038) 0.212 (0.383)

15–64 −0.018 (−0.011) 0.025 (0.039) 0.486 (0.784)

city −0.004 (−0.006) 0.026 (0.039) 0.885 (0.870)

kindness birth −0.011 (−0.002) 0.024 (0.038) 0.668 (0.965)

adult −0.013 (−0.021) 0.025 (0.037) 0.598 (0.578)

15–49 −0.004 (−0.032) 0.024 (0.033) 0.856 (0.330)

15–64 −0.016 (−0.036) 0.024 (0.034) 0.497 (0.295)

city −0.021 (−0.037) 0.023 (0.034) 0.362 (0.288)

health birth −0.085 (−0.081) 0.023 (0.039) <0.001***a (0.044*)

adult −0.023 (−0.048) 0.027 (0.039) 0.401 (0.226)

15–49 −0.038 (−0.069) 0.025 (0.034) 0.134 (0.051)

15–64 −0.034 (−0.074) 0.025 (0.036) 0.183 (0.045*)

city −0.021 (−0.056) 0.024 (0.036) 0.391 (0.123)

*p < 0.05; **p < 0.01; ***p < 0.001. Results for relative mate preferences shown in parentheses.
aRemained significant after Holm–Bonferroni correction.
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negative slopes for adult sex ratio and city sex ratio, whereas
women had significantly positive slopes for sex ratio ages
15–49 and sex ratio ages 15–64. All other simple slopes
were not significantly different from zero (all p-values greater
than 0.05), however the relative differences still moved in the
predicted direction. Overall, regardless of the sex ratio
measure, the sex difference in relative preference for physical
attractiveness narrowed as the number of men, relative to
women, increased.
(iii) Additional analyses
Though not in the preregistration, in order to address con-
cerns about non-independence between countries and cities,
we further examined the effect of including controls for
both country and city-level proximity [56] and language
[57]. Additionally, we examined the effect of nesting countries
by language. Including these controls or changes in model
structure did not change the pattern of results (see the
electronic supplementary material).

We included a covariation summary table in the elec-
tronic supplementary material that includes the dependent
variables and continuous control variables. Owing to con-
cerns about preferences not being independent (correlations
between preferences range from r = 0.22 to r = 0.39), we also
conducted a principal components analysis, and used the
principal components as dependent variables to test if the
results had a similar pattern when preferences were no
longer independent. Overall, the pattern of results remained
consistent with the main analyses results (see electronic
supplementary material).
4. Discussion
The consequences of sex ratio skew have long been of interest
to scientists of evolution and behaviour, and particularly of
interest to those who study mating [18,58]. Additionally,
more recent work has examined the complex role of mate
scarcity or abundance in patterns of sex differentiated repro-
ductive behaviour, such as mate competition and parental
care across species [59]. Despite these important advances,
empirical work connecting human mate preferences to sex
ratio remains scarce (for review, see [60]). Here, we attempted
to address this literature gap with a large, cross-cultural
investigation of human mate preferences. Overall, we found
that sex differences in mate preferences vary across sex
ratios. Where men are numerous, compared to where they
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are scarce, men tended to have lower absolute preferences for
physical attractiveness, whereas women tended to have
higher preferences. This inverse relationship also held for
relative preferences for both physical attractiveness and
good financial prospects. In sum, each sex tended to report
more demanding preferences for attractiveness and resources
where they had more power of choice on the mating market,
compared to where they had less mating market power.

These findings are important for several reasons. First, the
pattern whereby the scarcer sex sets more demanding prefer-
ences falls parsimoniously in line with patterns found for
mating strategies in humans [15,17], and for mating systems,
mate competition and mate preferences in non-humans
[3,5,6]. While this study is correlational in nature and
cannot speak to causality, the pattern of results is what
would be expected if preferences for attractiveness and
resources were calibrated to mate availability, and thus plastic
in response to mating market demand.

Second, as we show that men’s and women’s preferences
vary across sex ratios inversely, the magnitude of average
sex differences in preferences also varies. Much research
has examined the universality of sex differences in human
mate preferences [21,61]. Less research has examined the
variation in sex differences across cultures. The fact that sex
ratio has the power to predict cross-cultural variation in
mate preferences attains special importance as two
previously reported sources of variation, pathogen preva-
lence and gender equality, have recently failed to replicate
as predictors of cross-cultural variation in human mate
preferences [22,44,62,63].

Third, that sex ratio more clearly predicts variation
in relative preferences than in absolute preferences has impli-
cations for the measurement and analysis of mate preference
variables. While absolute preferences reflect the trait values
that people desire in potential mates, they do not as directly
indicate how demanding that preference is within a particu-
lar environment. For instance, a strong preference for
kindness (7 on a 7-point scale) may correspond to an extre-
mely demanding preference in an environment where the
average kindness is 4 on the same scale, or a somewhat
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demanding preference if the average kindness is 6 on the
same scale. Given that scarcity on the mating market is
hypothesized to afford power to express more stringent
demands, measuring preferences in absolute terms might
miss out on a critical dimension of variation relevant to sex
ratio. Relative preferences, which incorporate information
about the distribution of local trait values, may provide a
more relevant measure of preferences because they more
directly measure how demanding a given preference value
is in a participant’s local context.

Despite these important findings, the study does have
some limitations and leaves open some important questions.
First, the relationship between sex ratio and mate preferences
was not as robust for some mate preference dimensions:
kindness, health and intelligence. One possibility for why
the same pattern did not emerge for these preferences is
because they are so highly desired, and therefore more invar-
iant. Indeed, the mean preference for kindness across all
countries was, on a 7-point scale, M = 6.23, 95% CI [6.21,
6.26], Mdn = 6, for women, and M = 6.12, 95% CI [6.10,
6.15], Mdn = 6, for men. These universal near-ceiling effects
leave limited room for variation. Furthermore, kindness,
health and intelligence are also qualities considered very
important for both men and women, and therefore these pre-
ferences may be less likely to shift downward, even when
market power is low [21,64]. Future research could examine
the relationship between sex ratio and a wider range of
mate preferences—crucially, including those that exhibit
more variation—to determine the extent of the relationship
between mate preferences and sex ratio.

Second, our finding that mate preferences vary according
to current sex ratio at birth could be considered somewhat
surprising. Theoretically, sex ratio at birth, the number of
males born for every 100 females born, does not appear to
typify the conceptual variable of interest: the number of
mates available to members of each sex. However, sex ratio
at birth is moderately correlated with the other measures of
sex ratio (r = 0.35, adult sex ratio; r = 0.39, sex ratio 15–49;
r = 0.38, sex ratio 15–65; r = 0.16, city sex ratio), so it may be
capturing sex ratio variation similar to adult sex ratio
measures. Additionally, sex ratio at birth is an important vari-
able to consider because it may be the origin of some skewed
adult sex ratios, particularly in countries with an abundance
of men. In particular, sex ratio at birth may reflect aspects of
gender relations. Though skewed sex ratios can occur because
of migration, violence and unbalanced death rates, sex ratio
can also vary due to cultural practices such as sex selective
abortions based on preferences for sons [65]. Some prior
work has hypothesized that in places where women are
scarce, women may have less structural power overall, and
may be unable to fulfil their mate preferences even when
they hold mating market power [18]. Although we did not
find evidence consistent with this hypothesis—women’s pre-
ferences tended to increase (not decrease) as they became
scarcer—future work should continue to explore the source
of sex ratio at birth’s predictive power, including its potential
relationship to gender equality.

Relatedly, our data do not speak to how the relationship
between sex ratio and mate preferences emerges. One possi-
bility is that the effects of sex ratio reflect evoked culture,
and mating psychology reacts facultatively to local sex ratio
to calibrate mate preferences. Alternatively, this relationship
could reflect transmitted culture if, for example, people
with less strict preferences tend to experience greater
mating success when their own sex is abundant, and others
mimic their preferences via prestige-based learning [66].
These possibilities are each equally consistent with the data
we have here. Future research should explore further the par-
ticular ontogenetic mechanisms responsible for cross-cultural
variation in preferences.

Furthermore, sex ratio measurement is made complicated
by the fact that previous research has varied in the way
sex ratio is defined. In particular, prior studies vary with
respect to the age ranges used to estimate sex ratio,
and whether operational sex ratio (only individuals able
to reproduce) or adult sex ratio (all individuals considered
adults, including elderly), is the key measure of sex ratio.
Some of the inconsistent results in the prior literature
may be due to researchers’ use of only a single measure of
sex ratio, which at times may fail to accurately capture
the conceptual variable of interest: the availability of
potential mates. Here we attempted to address this limitation
by operationalizing country-level sex ratio measures in
a variety of ways, and including city-level sex ratio and
sex ratio at birth. By taking a broad approach to measuring
sex ratio, we showed that results tended to remain
robust across measures, though there were exceptions. How-
ever, a limitation of this broad approach is that it remains
unclear what precisely is the best way to measure sex ratio
for human mating research—a question future research
must explore.

Part of the lack of clarity about how to operationalize sex
ratio comes from the lack of clarity about how humans actu-
ally track mate availability. Country-level measures, or even
city-level measures of sex ratio, may not accurately represent
the sex ratios experienced and tracked by individual partici-
pants. More precise sex ratio measurements may produce
different results than those found here.

Overall, the consequences of sex ratio have been well
studied across mating behaviour in the non-human literature,
from intrasexual competition, to preferences, to mating
system [3,5,6]. The consequences of sex ratio have also
been examined in the human literature in areas spanning
from violence to financial behaviour or mating strategy
[15,67,68]. However, the question of how sex ratio relates to
human mate preferences has received limited attention and
prior findings have lacked clarity. Here we provided evidence
that sex ratio is related to mate preferences across cultures,
such that where each sex is scarce, that sex tends to have
higher preference demands for attractiveness and resources.
These findings further elucidate the nature of human
mating psychology, in particular its universal structure and
systematic variation.
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R.S., I.S.-S., S. Schmehl, S. Sharad, D.R.S.S., F.S.: investigation,
writing-review and editing.

All authors gave final approval for publication and agreed to be
held accountable for the work performed therein.

Competing interests. We declare we have no competing interests.

Funding. This material is based on work supported by the National
Science Foundation under grant no. 1845586. The work of T.T.K.H.
was supported by grant no. 501.01-2016.02 from the Vietnam
National Foundation for Science and Technology Development
(NAFOSTED). A.O. was supported by the Ministry of Science and
Higher Education (grant no. 626/STYP/12/2017). A.S. and P.S.
were supported by National Science Center—Poland (grant no.
2014/13/B/HS6/02644). Marina Butovskaya and D.D. were sup-
ported by State assignment project No. 01201370995 of the Institute
of Ethnology and Anthropology, Moscow, Russia. P.G., A.L. and
N.M. were supported by the Hungarian Scientific Research Fun-
d—(OTKA; grant no. K125437). F.J. was supported by the National
Nature Science Foundation of China (grant no. 71971225). G.A. was
supported by UKRI/GCRF Gender, Justice, Security Grant (grant
no. AH/S004025/1).
288:20211
References
115
1. Kvarnemo C, Ahnesjo I. 1996 The dynamics of
operational sex ratios and competition for mates.
Trends Ecol. Evol. 11, 404–408. (doi:10.1016/0169-
5347(96)10056-2)

2. Weir LK, Grant JWA, Hutchings JA. 2011 The
influence of operational sex ratio on the intensity of
competition for mates. Am. Nat. 177, 167–176.
(doi:10.1086/657918)

3. Liker A, Freckleton RP, Székely T. 2013 The evolution
of sex roles in birds is related to adult sex ratio. Nat.
Commun. 4, 1–6. (doi:10.1038/ncomms2600)

4. Mills SC, Reynolds JD. 2003 Operational sex ratio and
alternative reproductive behaviours in the European
bitterling, Rhodeus sericeus. Behav. Ecol. Sociobiol. 54,
98–104. (doi:10.1007/s00265-003-0616-1)

5. Fritzsche K, Booksmythe I, Arnqvist G. 2016 Sex
ratio bias leads to the evolution of sex role reversal
in honey locust beetles. Curr. Biol. 26, 2522–2526.
(doi:10.1016/j.cub.2016.07.018)

6. Jirotkul M. 1999 Operational sex ratio influences
female preference and male–male competition in
guppies. Anim. Behav. 58, 287–294. (doi:10.1006/
anbe.1999.1149)

7. Buss DM, Schmitt DP. 1993 Sexual strategies theory:
an evolutionary perspective on human mating.
Psychol. Rev. 100, 204–232. (doi:10.1037/0033-
295X.100.2.204)

8. South SJ, Lloyd KM. 1992 Marriage opportunities
and family formation: further implications of
imbalanced sex ratios. J. Marriage Fam. 54,
440–451. (doi:10.2307/353075)

9. Buss DM, Schmitt DP. 2019 Mate preferences and their
behavioral manifestations. Annu. Rev. Psychol. 70,
77–110. (doi:10.1146/annurev-psych-010418-103408)

10. Becker GS. 1981 A treatise on the family.
See https://www.nber.org/books/beck81-1.

11. Emlen ST, Oring LW. 1977 Ecology, sexual
selection, and the evolution of mating
systems. Science 197, 215–223. (doi:10.1126/
science.327542)
12. White DR et al. 1988 Rethinking polygyny: co-
wives, codes, and cultural systems [and comments
and reply]. Curr. Anthropol. 29, 529–572. (doi:10.
1086/203674)

13. Henrich J, Boyd R, Richerson PJ. 2012 The puzzle of
monogamous marriage. Phil. Trans. R. Soc. B 367,
657–669. (doi:10.1098/rstb.2011.0290)

14. Trivers R. 1972 Parental investment and sexual
selection. In Sexual selection and the descent of man
(eds B Campbell), pp. 136–179. Chicago, IL: Aldine-
Atherton.

15. Schmitt DP. 2005 Sociosexuality from Argentina to
Zimbabwe: a 48-nation study of sex, culture, and
strategies of human mating. Behav. Brain Sci. 28,
247–275. discussion 275-311. (doi:10.1017/
S0140525X05000051)

16. Lippa RA. 2009 Sex differences in sex drive,
sociosexuality, and height across 53 nations: testing
evolutionary and social structural theories. Arch. Sex.
Behav. 38, 631–651. (doi:10.1007/s10508-007-9242-8)

17. Schacht R, Borgerhoff Mulder M. 2015 Sex ratio
effects on reproductive strategies in humans. R. Soc.
Open Sci. 2, 140402. (doi:10.1098/rsos.140402)

18. Guttentag M, Secord PF. 1983 Too many women?:
The sex ratio question. Beverley Hills, CA:
Sage Publications.

19. South SJ, Trent K. 1988 Sex ratios and women’s
roles: a cross-national analysis. Am. J. Sociol. 93,
1096–1115. (doi:10.1086/228865)

20. Schacht R, Smith KR. 2017 Causes and
consequences of adult sex ratio imbalance in a
historical US population. Phil. Trans. R. Soc. B 372,
20160314. [cited 2020 February 14]. (doi:10.1098/
rstb.2016.0314)

21. Buss D. 1989 Sex differences in human mate
preferences: evolutionary hypotheses tested in 37
cultures. Behav. Brain Sci. 12, 1–14. (doi:10.1017/
S0140525X00023992)

22. Walter KV et al. 2020 Sex differences in mate
preferences across 45 countries: a large-scale
replication. Psychol. Sci. 31, 408–423. (doi:10.1177/
0956797620904154)

23. Li NP, Yong JC, Tov W, Sng O, Fletcher GJO,
Valentine KA, Jiang YF, Balliet D. 2013 Mate
preferences do predict attraction and choices in the
early stages of mate selection. J. Pers. Soc. Psychol.
105, 757–776. (doi:10.1037/a0033777)

24. Campbell L, Chin K, Stanton SCE. 2016 Initial
evidence that individuals form new relationships
with partners that more closely match their ideal
preferences. Collabra Psychol. 2, 2. (doi:10.1525/
collabra.24)

25. Conroy-Beam D, Buss DM. 2016 Do mate
preferences influence actual mating decisions?
Evidence from computer simulations and three
studies of mated couples. J. Pers. Soc. Psychol. 111,
53–66. (doi:10.1037/pspi0000054)

26. Gerlach TM, Arslan RC, Schultze T, Reinhard SK,
Penke L. 2019 Predictive validity and adjustment of
ideal partner preferences across the transition into
romantic relationships. J. Pers. Soc. Psychol. 116,
313–330. (doi:10.1037/pspp0000170)

27. Eastwick PW, Luchies LB, Finkel EJ, Hunt LL. 2014
The predictive validity of ideal partner preferences:
a review and meta-analysis. Psychol. Bull. 140,
623–665. (doi:10.1037/a0032432)

28. Stone EA, Shackelford TK, Buss DM. 2007 Sex ratio
and mate preferences: a cross-cultural investigation.
Eur. J. Soc. Psychol. 37, 288–296. (doi:10.1002/ejsp.
357)

29. Pollet TV, Stoevenbelt AH, Kuppens T. 2017 The
potential pitfalls of studying adult sex ratios at
aggregate levels in humans. Phil. Trans. R. Soc. B
372, 20160317. (doi:10.1098/rstb.2016.0317)

30. Munro KR, Flood NJ, McKellar AE, Reudink MW.
2014 Female mate preference varies with age and
environmental conditions. Behaviour 151,
2059–2081. (doi:10.1163/1568539X-00003231)

31. Uggla C, Mace R. 2017 Adult sex ratio and social
status predict mating and parenting strategies in

https://osf.io/fpsm6
https://osf.io/fpsm6
https://osf.io/fpsm6
http://dx.doi.org/10.1016/0169-5347(96)10056-2
http://dx.doi.org/10.1016/0169-5347(96)10056-2
http://dx.doi.org/10.1086/657918
http://dx.doi.org/10.1038/ncomms2600
http://dx.doi.org/10.1007/s00265-003-0616-1
http://dx.doi.org/10.1016/j.cub.2016.07.018
http://dx.doi.org/10.1006/anbe.1999.1149
http://dx.doi.org/10.1006/anbe.1999.1149
http://dx.doi.org/10.1037/0033-295X.100.2.204
http://dx.doi.org/10.1037/0033-295X.100.2.204
http://dx.doi.org/10.2307/353075
http://dx.doi.org/10.1146/annurev-psych-010418-103408
https://www.nber.org/books/beck81-1
https://www.nber.org/books/beck81-1
http://dx.doi.org/10.1126/science.327542
http://dx.doi.org/10.1126/science.327542
http://dx.doi.org/10.1086/203674
http://dx.doi.org/10.1086/203674
http://dx.doi.org/10.1098/rstb.2011.0290
http://dx.doi.org/10.1017/S0140525X05000051
http://dx.doi.org/10.1017/S0140525X05000051
http://dx.doi.org/10.1007/s10508-007-9242-8
http://dx.doi.org/10.1098/rsos.140402
http://dx.doi.org/10.1086/228865
http://dx.doi.org/10.1098/rstb.2016.0314
http://dx.doi.org/10.1098/rstb.2016.0314
http://dx.doi.org/10.1017/S0140525X00023992
http://dx.doi.org/10.1017/S0140525X00023992
http://dx.doi.org/10.1177/0956797620904154
http://dx.doi.org/10.1177/0956797620904154
http://dx.doi.org/10.1037/a0033777
http://dx.doi.org/10.1525/collabra.24
http://dx.doi.org/10.1525/collabra.24
http://dx.doi.org/10.1037/pspi0000054
http://dx.doi.org/10.1037/pspp0000170
http://dx.doi.org/10.1037/a0032432
http://dx.doi.org/10.1002/ejsp.357
http://dx.doi.org/10.1002/ejsp.357
http://dx.doi.org/10.1098/rstb.2016.0317
http://dx.doi.org/10.1163/1568539X-00003231


royalsocietypublishing.org/journal/rspb
Proc.R.Soc.B

288:20211115

10

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

22
 S

ep
te

m
be

r 
20

23
 

Northern Ireland. Phil. Trans. R. Soc. B 372,
20160318. (doi:10.1098/rstb.2016.0318)

32. Batres C, Perrett DI. 2014 The influence of the
digital divide on face preferences in El Salvador:
people without internet access prefer more
feminine men, more masculine women, and
women with higher adiposity. PLoS ONE 9,
e100966. (doi:10.1371/journal.pone.0100966)

33. Conroy-Beam D et al. 2019 Contrasting
computational models of mate preference
integration across 45 countries. Sci. Rep. 9, 1–13.
(doi:10.1038/s41598-019-52748-8)

34. Conroy-Beam D et al. 2019 Assortative mating and
the evolution of desirability covariation. Evol. Hum.
Behav. 40, 479–491. (doi:10.1016/j.evolhumbehav.
2019.06.003)

35. Kowal M et al. 2020 Reasons for facebook usage:
data from 46 countries. Front. Psychol. 11, 711.
(doi:10.3389/fpsyg.2020.00711)

36. The World Bank. 2016 Sex ratio at birth (male births
per female births). See https://data.worldbank.org/
indicator/SP.POP.BRTH.MF.

37. United Nations. 2016 Sex ratio by broad age groups.
See https://population.un.org/wpp/Download/
Standard/Population/.

38. City Population. 2006 City population [database].
See https://www.citypopulation.de/.

39. Knoema. 2011 Knoema [database]. See https://
knoema.com//

40. Pakistan Bureau of Statistics. 1998 Population by
sex, sex ratio, average household, size and growth
rate. See http://www.pbs.gov.pk/sites/default/files/
tables/POPULATION%20BY%20SEX%2C%20SEX%
20RATIO%2C%20AVERAGE%20HOUSEHOLD%2C%
20SIZE%20AND%20GROWTH%20RATE.pdf.

41. United States Census Bureau. 2018 ACS
demographic and housing estimates. See https://
data.census.gov/cedsci/table?q=Austin,%20Texas%
20population&g=1600000US4805000&hide
Preview=false&table=DP05&tid=ACSDP1Y2018.
DP05&layer=place&cid=DP05_0001E&vintage=
2017&lastDisplayedRow=23&mode=.

42. General Statistics Office of Vietnam. 2011 Sex ratio of
population by province. See http://www.gso.gov.vn/
default_en.aspx?tabid=467&idmid=3&ItemID=12932.
43. CIA World Factbook. 2020 Geographic coordinates:
https://www.cia.gov/the-world-factbook/field/
geographic-coordinates.

44. Gangestad SW, Haselton MG, Buss DM.
2006 Evolutionary foundations of cultural
variation: evoked culture and mate preferences.
Psychol. Inq. 17, 75–95. (doi:10.1207/
s15327965pli1702_1)

45. CIA World Factbook. 2018 Religions: https://www.
cia.gov/the-world-factbook/field/religions.

46. CIA World Factbook. 2018 GDP per capita: https://
www.cia.gov/the-world-factbook/field/real-gdp-per-
capita/country-comparison.

47. World Economic Forum. 2016 Global gender gap
index 2016. See http://reports.weforum.org/global-
gender-gapreport-2016/rankings/.

48. United Nations Development Programme. 2015
Gender inequality index. See http://hdr.undp.org/
en/content/gender-inequality-index-gii/.

49. United Nations Development Programme.
2015 Gender development index. See http://hdr.
undp.org/en/content/gender-development-
index-gdi/.

50. The World Bank. 2019 GINI index. See https://data.
worldbank.org/indicator/SI.POV.GINI/.

51. South SJ. 1988 Sex ratios, economic power, and
women’s roles: a theoretical extension and
empirical test. J. Marriage Fam. 50, 19–31.
(doi:2307/352424)

52. The World Bank. 2017 Gross national income.
See https://data.worldbank.org/indicator/ny.gnp.
mktp.cd.

53. CIA World Factbook. 2017 Infant mortality rate:
https://www.cia.gov/the-world-factbook/field/
infant-mortality-rate/country-comparison.

54. CIA World Factbook. 2017 Life expectancy at birth:
https://www.cia.gov/the-world-factbook/field/life-
expectancy-at-birth/country-comparison.

55. The World Bank. 2017 Urban population (% of total
population). See https://data.worldbank.org/
indicator/sp.urb.totl.in.zs.

56. SimpleMaps.com. 2021 World cities database. See
https://simplemaps.com/data/world-cities.

57. CIA World Factbook. 2021 Languages: https://www.
cia.gov/the-world-factbook/field/languages.
58. Mayr E. 1939 The sex ratio in wild birds. Am. Nat.
73, 156–179. (doi:10.1086/280824)

59. Jennions MD, Fromhage L. 2017 Not all sex ratios
are equal: the Fisher condition, parental care and
sexual selection. Phil. Trans. R. Soc. B 372,
20160312. (doi:10.1098/rstb.2016.0312)

60. Stone EA. 2018 Does mate scarcity affect marital
choice and family formation? The evidence for new
and classic formulations of sex ratio theory.
Marriage Fam. Rev. 55, 403–422. (doi:10.1080/
01494929.2018.1501789)

61. Kenrick DT, Keefe RC. 1992 Age preferences in
mates reflect sex differences in mating strategies.
Behav. Brain Sci. 15, 75–133. (doi:10.1017/
S0140525X00067595)

62. Eagly A, Wood W. 1999 The origins of sex
differences in human behavior: evolved dispositions
versus social roles. Am. Psychol. 54, 408–423.
(doi:10.1037/0003-066X.54.6.408)

63. Zhang L, Lee AJ, DeBruine LM, Jones BC. 2019 Are
sex differences in preferences for physical
attractiveness and good earning capacity in
potential mates smaller in countries with greater
gender equality? Evol. Psychol. Int. J. Evol.
Approaches Psychol. Behav. 17, 1474704919852921.

64. Li NP, Bailey JM, Kenrick DT, Linsenmeier JAW. 2002
The necessities and luxuries of mate preferences:
testing the tradeoffs. J. Pers. Soc. Psychol. 82,
947–955. (doi:10.1037/0022-3514.82.6.947)

65. Dyson T. 2012 Causes and consequences of skewed
sex ratios. Annu. Rev. Sociol. 38, 443–461. (doi:10.
1146/annurev-soc-071811-145429)

66. Henrich J, Broesch J. 2011 On the nature of
cultural transmission networks: evidence from Fijian
villages for adaptive learning biases. Phil.
Trans. R. Soc. B 366, 1139–1148. (doi:10.1098/rstb.
2010.0323)

67. Schacht R, Rauch KL, Borgerhoff Mulder M. 2014
Too many men: the violence problem? Trends Ecol.
Evol. 29, 214–222. (doi:10.1016/j.tree.2014.02.001)

68. Griskevicius V, Tybur JM, Ackerman JM, Delton AW,
Robertson TE, White AE. 2012 The financial
consequences of too many men: sex ratio effects on
saving, borrowing, and spending. J. Pers. Soc.
Psychol. 102, 69–80. (doi:10.1037/a0024761)

http://dx.doi.org/10.1098/rstb.2016.0318
http://dx.doi.org/10.1371/journal.pone.0100966
http://dx.doi.org/10.1038/s41598-019-52748-8
http://dx.doi.org/10.1016/j.evolhumbehav.2019.06.003
http://dx.doi.org/10.1016/j.evolhumbehav.2019.06.003
http://dx.doi.org/10.3389/fpsyg.2020.00711
https://data.worldbank.org/indicator/SP.POP.BRTH.MF
https://data.worldbank.org/indicator/SP.POP.BRTH.MF
https://data.worldbank.org/indicator/SP.POP.BRTH.MF
https://population.un.org/wpp/Download/Standard/Population/
https://population.un.org/wpp/Download/Standard/Population/
https://population.un.org/wpp/Download/Standard/Population/
https://www.citypopulation.de/
https://www.citypopulation.de/
https://knoema.com//
https://knoema.com//
https://knoema.com//
https://knoema.com//
http://www.pbs.gov.pk/sites/default/files/tables/POPULATION%20BY%20SEX%2C%20SEX%20RATIO%2C%20AVERAGE%20HOUSEHOLD%2C%20SIZE%20AND%20GROWTH%20RATE.pdf
http://www.pbs.gov.pk/sites/default/files/tables/POPULATION%20BY%20SEX%2C%20SEX%20RATIO%2C%20AVERAGE%20HOUSEHOLD%2C%20SIZE%20AND%20GROWTH%20RATE.pdf
http://www.pbs.gov.pk/sites/default/files/tables/POPULATION%20BY%20SEX%2C%20SEX%20RATIO%2C%20AVERAGE%20HOUSEHOLD%2C%20SIZE%20AND%20GROWTH%20RATE.pdf
http://www.pbs.gov.pk/sites/default/files/tables/POPULATION%20BY%20SEX%2C%20SEX%20RATIO%2C%20AVERAGE%20HOUSEHOLD%2C%20SIZE%20AND%20GROWTH%20RATE.pdf
http://www.pbs.gov.pk/sites/default/files/tables/POPULATION%20BY%20SEX%2C%20SEX%20RATIO%2C%20AVERAGE%20HOUSEHOLD%2C%20SIZE%20AND%20GROWTH%20RATE.pdf
https://data.census.gov/cedsci/table?q=Austin,%20Texas%20population&g=1600000US4805000&hidePreview=false&table=DP05&tid=ACSDP1Y2018.DP05&layer=place&cid=DP05_0001E&vintage=2017&lastDisplayedRow=23&mode=
https://data.census.gov/cedsci/table?q=Austin,%20Texas%20population&g=1600000US4805000&hidePreview=false&table=DP05&tid=ACSDP1Y2018.DP05&layer=place&cid=DP05_0001E&vintage=2017&lastDisplayedRow=23&mode=
https://data.census.gov/cedsci/table?q=Austin,%20Texas%20population&g=1600000US4805000&hidePreview=false&table=DP05&tid=ACSDP1Y2018.DP05&layer=place&cid=DP05_0001E&vintage=2017&lastDisplayedRow=23&mode=
https://data.census.gov/cedsci/table?q=Austin,%20Texas%20population&g=1600000US4805000&hidePreview=false&table=DP05&tid=ACSDP1Y2018.DP05&layer=place&cid=DP05_0001E&vintage=2017&lastDisplayedRow=23&mode=
https://data.census.gov/cedsci/table?q=Austin,%20Texas%20population&g=1600000US4805000&hidePreview=false&table=DP05&tid=ACSDP1Y2018.DP05&layer=place&cid=DP05_0001E&vintage=2017&lastDisplayedRow=23&mode=
https://data.census.gov/cedsci/table?q=Austin,%20Texas%20population&g=1600000US4805000&hidePreview=false&table=DP05&tid=ACSDP1Y2018.DP05&layer=place&cid=DP05_0001E&vintage=2017&lastDisplayedRow=23&mode=
https://data.census.gov/cedsci/table?q=Austin,%20Texas%20population&g=1600000US4805000&hidePreview=false&table=DP05&tid=ACSDP1Y2018.DP05&layer=place&cid=DP05_0001E&vintage=2017&lastDisplayedRow=23&mode=
http://www.gso.gov.vn/default_en.aspx?tabid=467&idmid=3&ItemID=12932
http://www.gso.gov.vn/default_en.aspx?tabid=467&idmid=3&ItemID=12932
http://www.gso.gov.vn/default_en.aspx?tabid=467&idmid=3&ItemID=12932
https://www.cia.gov/the-world-factbook/field/geographic-coordinates
https://www.cia.gov/the-world-factbook/field/geographic-coordinates
http://dx.doi.org/10.1207/s15327965pli1702_1
http://dx.doi.org/10.1207/s15327965pli1702_1
https://www.cia.gov/the-world-factbook/field/religions
https://www.cia.gov/the-world-factbook/field/religions
https://www.cia.gov/the-world-factbook/field/real-gdp-per-capita/country-comparison
https://www.cia.gov/the-world-factbook/field/real-gdp-per-capita/country-comparison
https://www.cia.gov/the-world-factbook/field/real-gdp-per-capita/country-comparison
http://reports.weforum.org/global-gender-gapreport-2016/rankings/
http://reports.weforum.org/global-gender-gapreport-2016/rankings/
http://hdr.undp.org/en/content/gender-inequality-index-gii/
http://hdr.undp.org/en/content/gender-inequality-index-gii/
http://hdr.undp.org/en/content/gender-development-index-gdi/
http://hdr.undp.org/en/content/gender-development-index-gdi/
http://hdr.undp.org/en/content/gender-development-index-gdi/
https://data.worldbank.org/indicator/SI.POV.GINI/
https://data.worldbank.org/indicator/SI.POV.GINI/
http://dx.doi.org/10.2307/352424
https://data.worldbank.org/indicator/ny.gnp.mktp.cd
https://data.worldbank.org/indicator/ny.gnp.mktp.cd
https://www.cia.gov/the-world-factbook/field/infant-mortality-rate/country-comparison
https://www.cia.gov/the-world-factbook/field/infant-mortality-rate/country-comparison
https://www.cia.gov/the-world-factbook/field/life-expectancy-at-birth/country-comparison
https://www.cia.gov/the-world-factbook/field/life-expectancy-at-birth/country-comparison
https://data.worldbank.org/indicator/sp.urb.totl.in.zs
https://data.worldbank.org/indicator/sp.urb.totl.in.zs
https://simplemaps.com/data/world-cities
https://www.cia.gov/the-world-factbook/field/languages
https://www.cia.gov/the-world-factbook/field/languages
http://dx.doi.org/10.1086/280824
http://dx.doi.org/10.1098/rstb.2016.0312
http://dx.doi.org/10.1080/01494929.2018.1501789
http://dx.doi.org/10.1080/01494929.2018.1501789
http://dx.doi.org/10.1017/S0140525X00067595
http://dx.doi.org/10.1017/S0140525X00067595
http://dx.doi.org/10.1037/0003-066X.54.6.408
http://dx.doi.org/10.1037/0022-3514.82.6.947
http://dx.doi.org/10.1146/annurev-soc-071811-145429
http://dx.doi.org/10.1146/annurev-soc-071811-145429
http://dx.doi.org/10.1098/rstb.2010.0323
http://dx.doi.org/10.1098/rstb.2010.0323
http://dx.doi.org/10.1016/j.tree.2014.02.001
http://dx.doi.org/10.1037/a0024761

	Sex differences in human mate preferences vary across sex ratios
	Introduction
	Method
	Participants
	Measures
	Mate preferences and participant traits
	Sex ratio
	Control variables

	Analyses
	Relative mate preferences


	Results
	Absolute mate preferences and sex ratio
	Physical attractiveness
	Absolute mate preferences and sex ratio at birth

	Relative mate preferences and sex ratio
	Good financial prospects
	Physical attractiveness
	Additional analyses


	Discussion
	Ethics
	Data accessibility
	Authors' contributions
	Competing interests
	Funding
	References


