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Abstract

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 attractiveness, resources, kindness, intelligence,
and health in a long-term mate across 45 countries (N = 14,487). We predicted that mate
preferences would vary according to relative power of choice on the mating market, with
increased power derived from having relatively few competitors 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 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.

Key words: mate preferences, sex ratio, sex differences, cross-cultural, mating market
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Sex Differences in Human Mate Preferences Vary Across Sex Ratios

The varied relationship between sex ratio and reproductive processes has been studied
across species and mating behaviours (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 bitterling, 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 competitive 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 empirical 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 spanning 45 countries around the world, and find evidence that mate preferences vary
systematically with the ratio of potential 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
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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—Ilies
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 likely 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 sociosexuality 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).
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The same market forces that shape sociosexuality should also have consequences for
mate preferences. Mate preferences, in general, have received extensive empirical attention. A
large body of 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 attractiveness, resources, and relative age (21,22). Importantly, these
preferences do predict real mate choices (2326 cf. 27). While these on-average patterns of mate
preferences have been consistently documented across time and cultures, 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 inversely 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
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adult sex ratio (all individuals considered 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); 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.

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 multi-level 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 correct 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 predicted
to have the opposite pattern and express less demanding mate preferences.

Method
Participants
Data were collected in 2016, from n = 14,487 (7,961 female, 54.95%) participants in 45

countries. All participant data were collected in person because online samples tend to be less
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representative of populations in developing countries (32). Each study site collected data from
both university populations and community 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 = 6,637), 47.14% (n = 3,129) came from
community samples. Age of participants ranged from 18-91 years old (Mdn =25, M =28.79, SD
=10.64). Of the total sample, most participants reported being in ongoing, committed
relationships (n = 9,236, 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 supplementary material).

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

The data from this cross-cultural data collection process have been used in other papers
published previously (22,33-35).

Measures

Mate Preferences and Participant Traits. Participants completed a 5-item
questionnaire on ideal mate preferences 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
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themselves on the same five traits: kindness, intelligence, health, physical attractiveness, and
good financial prospects. We also asked participants about their sex (male/female).

Sex Ratio. We used a variety of measures of sex ratio from publicly available 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, » =0.16;
adult sex ratio, » = 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
supplemental 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.

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 religion (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

10



273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

MATE PREFERENCES ACROSS SEX RATIOS 11

country’s gross national income (GNI) (52), infant survival 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 was closest to 2016, which was the year we collected preferences and
traits from participants (see supplementary material for more details and justification of the
control variables).

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
statistical 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 supplementary materials. We note the pattern of results of the models without controls in the
main text.

Data for this project was 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

11
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source of variation. All data analysis was done in R. The pre-registered analysis plan, analysis
script, and data can be found on the Open Science Framework:
https://osf.io/fpsm6/?view only=b251a765273140b08099b20c249d693c.

Relative Mate Preferences. Relative preferences are calculated from absolute trait
preferences but incorporate the trait distribution (mean and standard deviation) 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 demanding depending on the
availability of that trait in the local population. Therefore, relative mate preferences were
calculated using the following formula:

preference — Myyy sex trait

SDopp. sex trait

relative preference =

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 pre-registration, relative mate preferences were originally
referred to as standards. We changed the term later for clarity.

Results
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
supplementary materials. Removing control variables did not change the pattern of results (see

supplementary material).

12
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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

supplementary materials.

Table 1
The Interaction Between Sex and Sex Ratio Predicting Absolute and Relative Mate Preferences
Preference Sex Ratio Measure b (sex ratio X sex) SE p

Good Birth -0.088 (-0.099)  0.025 (0.043) 001%**F (.027%)

Financial Adult -0.040 (-0.092)  0.029 (0.043) 174 (.037%)

Prospects 15-49 -0.061 (-0.114)  0.026 (0.037) .025% (.004**7)
15-64 -0.048 (-0.103)  0.028 (0.040) .087 (.013%*)
City -0.044 (-0.084)  0.027 (0.037) .108 (.028*)

Physical Birth -0.095 (-0.082)  0.025 (0.040) <.001***% (.049%)

Attractiveness Adult -0.084 (-0.118)  0.027 (0.038) .004%*F (.003**F)
15-49 -0.115 (-0.131) ~ 0.023 (0.033) <.001***F (<.001***)
15-64 -0.108 (-0.122)  0.024 (0.035)  <.001***f (LOO1**7)
City -0.083 (-0.123)  0.026 (0.033)  .002**F (<.001***%)

Intelligence Birth -0.076 (-0.025)  0.023 (0.043) .002** (.568)
Adult -0.014 (-0.011)  0.026 (0.042) .604 (.789)
15-49 -0.031 (-0.033)  0.025 (0.038) 212 (.383)
15-64 -0.018 (-0.011)  0.025 (0.039) 486 (.784)
City -0.004 (-0.006)  0.026 (0.039) .885 (.870)

Kindness Birth -0.011 (-0.002)  0.024 (0.038) .668 (.965)
Adult -0.013 (-0.021)  0.025 (0.037) .598 (.578)
15-49 -0.004 (-0.032)  0.024 (0.033) .856 (.330)
15-64 -0.016 (-0.036)  0.024 (0.034) 497 (.295)
City -0.021 (-0.037)  0.023 (0.034) .362 (.288)

Health Birth -0.085 (-0.081)  0.023 (0.039) <.001***f (.044*)

13



332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

MATE PREFERENCES ACROSS SEX RATIOS 14

Adult -0.023 (-0.048)  0.027 (0.039) 401 (.226)
15-49 -0.038 (-0.069)  0.025 (0.034) 134 (.051)
15-64 -0.034 (-0.074)  0.025 (0.036) 183 (.045%)
City -0.021 (-0.056)  0.024 (0.036) 391 (.123)

Note: * =p <.05; ** =p <.01; *** =p <.001. Results for relative mate preferences shown in
parentheses. T = remained significant after Holm-Bonferroni correction.

Physical Attractiveness. In general, as men became more numerous, women, relative to
men, tended to increase their preference for physical attractiveness, whereas men, relative to
women, decreased their 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
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 ps greater than .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.

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 preferences decreased (see
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, SE = 0.04, p = .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, SE = 0.03, p <.001. Contrary to prediction, women’s intelligence
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preferences decreased as well, b =-0.07, SE =0.03, p = .039, however to a lesser degree than did

men’s.
Absolute Pref. for Attractiveness Absolute Pref. for Attractiveness Absolute Pref. for Attractiveness
Sex Ratio Ages 15-49 Sex Ratio Ages 15-64 City Sex Ratio
6 -
4 -
2- 24 2
Relative Pref. for Attractiveness Relative Pref. for Attractiveness Relative Pref. for Attractiveness
Sex Ratio Ages 15-49 Sex Ratio Ages 15-64 City Sex Ratio
© 2- 24
o
o
= 0- 0- Sex
Q
9 Female
o -2- -2 - Male
2
©
= 4+ 4 - -4 -
Relative Pref. for Resources Relative Pref. for Resources Relative Pref. for Resources
Sex Ratio Ages 15-49 Sex Ratio Ages 15-64 City Sex Ratio
2 .
0 l
-5
-4- -4 - -4-
80 90 100 110 120 80 90 100 110 120 8 90 100 110 120

Sex Ratio

Figure 1. Participant mate preferences across sex ratios. Data are jittered to reduce overplotting.
Regression lines, separated by sex, shown with shaded areas indicating 95% confidence
intervals. The specific preference (absolute preference for physical attractiveness; relative

preference for physical attractiveness; relative preference for good financial prospects) and

15



362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

MATE PREFERENCES ACROSS SEX RATIOS 16

specific sex ratio (sex ratio ages 15-49; sex ratio ages 15-64; city sex ratio) can be identified in
each plot label. Sex ratio is the number of males per 100 females.
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 preferences as
the dependent variable are shown in parentheses. The interaction between sex and sex ratio
predicted relative preference for good financial prospects and relative preference 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 supplementary material).

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 ps greater than .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.

Physical Attractiveness. In general, as with absolute preference, as men became more
numerous, men decreased their relative preference for physical 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 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
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slopes were not significantly different from zero (all ps greater than .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.

Additional Analyses. Though not in the preregistration, in order to address concerns
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 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
supplementary material).

We included a covariation summary table in the supplementary material that includes the
dependent variables and continuous control variables. Due to concerns about preferences not
being independent (correlations between preferences range from =0.22 to » = 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
supplementary material).

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 reproductive behaviour, such as mate competition and parental care across species

(59). Despite these important advances, empirical work connecting human mate preferences to
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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 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 preferences 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 prevalence and gender equality, have recently failed to

replicate as predictors of cross-cultural variation in human mate preferences (22,44,62,63).

18



430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

MATE PREFERENCES ACROSS SEX RATIOS 19

Third, that sex ratio more clearly predicts variation in relative preferences than in
absolute preferences has implications 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 particular
environment. For instance, a strong preference for kindness (7 on a 7-point scale) may
correspond to an extremely demanding preference in an environment where the average kindness
is 4 on the same scale, or a somewhat 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
in this context by virtue of providing a more direct measure of how demanding a given
preference value is given participants’ local contexts.

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 invariant. 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% CI1[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 preferences may be less likely to

shift downward, even when market power is low (21,64). Future research could examine the
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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 variable 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 preferences 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 possibility is that the effects of sex ratio reflect evoked culture, and

mating psychology reacts facultatively to local sex ratio to calibrate mate preferences.
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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
particular 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. However, a limitation of this broad approach is that it remains unclear
what precisely is the best way to operationalize 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 actually 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 participants. More precise sex ratio measurements may produce different results

than those found here.
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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, to 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.

22



509

510
511

512
513

514
515

516
517

518
519

520
521

522
523

524
525

526
527

528
529

530
531

532
533
534

535
536

537
538

539
540
541

MATE PREFERENCES ACROSS SEX RATIOS 23

10.

11.

12.

13.

14.

15.

References

Kvarnemo C, Ahnesjo 1. The dynamics of operational sex ratios and competition for mates.
Trends Ecol Evol. 1996 Oct;11(10):404-8.

Weir LK, Grant JWA, Hutchings JA. The influence of operational sex ratio on the intensity
of competition for mates. Am Nat. 2011 Feb;177(2):167-76.

Liker A, Freckleton RP, Székely T. The evolution of sex roles in birds is related to adult sex
ratio. Nat Commun. 2013 Mar 12;4(1):1-6.

Mills SC, Reynolds JD. Operational sex ratio and alternative reproductive behaviours in the
European bitterling, Rhodeus sericeus. Behav Ecol Sociobiol. 2003 Jul;54(2):98—104.

Fritzsche K, Booksmythe I, Arnqvist G. Sex Ratio Bias Leads to the Evolution of Sex Role
Reversal in Honey Locust Beetles. Curr Biol CB. 2016 26;26(18):2522-6.

Jirotkul M. Operational sex ratio influences female preference and male-male competition in
guppies. Anim Behav. 1999 Aug 1;58(2):287-94.

Buss DM, Schmitt DP. Sexual Strategies Theory: An evolutionary perspective on human
mating. Psychol Rev. 1993;100(2):204-32.

South SJ, Lloyd KM. Marriage Opportunities and Family Formation: Further Implications of
Imbalanced Sex Ratios. J Marriage Fam. 1992;54(2):440-51.

Buss DM, Schmitt DP. Mate Preferences and Their Behavioral Manifestations. Annu Rev
Psychol. 2019;70(1):77-110.

Becker GS. A Treatise on the Family. 1981 Jan 1 [cited 2020 Feb 14]; Available from:
https://www.nber.org/books/beck81-1

Emlen ST, Oring LW. Ecology, sexual selection, and the evolution of mating systems.
Science. 1977 Jul 15;197(4300):215-23.

White DR, Betzig L, Mulder MB, Chick G, Hartung J, Irons W, et al. Rethinking Polygyny:
Co-Wives, Codes, and Cultural Systems [and Comments and Reply]. Curr Anthropol. 1988
Aug 1;29(4):529-72.

Henrich J, Boyd R, Richerson PJ. The puzzle of monogamous marriage. Philos Trans R Soc
B Biol Sci. 2012 Mar 5;367(1589):657-69.

Trivers R. Parental Investment and Sexual Selection. In: Campbell B, editor. Sexual
Selection and the Descent of Man. Chicago: Aldine-Atherton; 1972. p. 136-79.

Schmitt DP. Sociosexuality from Argentina to Zimbabwe: a 48-nation study of sex, culture,

and strategies of human mating. Behav Brain Sci. 2005 Apr;28(2):247-75; discussion 275-
311.

23



542
543

544
545

546
547

548
549

550
551
552

553
554

555
556
557

558
559
560

561
562
563

564
565
566

567
568
569

570
571

572
573

574
575
576

MATE PREFERENCES ACROSS SEX RATIOS 24

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Lippa RA. Sex differences in sex drive, sociosexuality, and height across 53 nations: testing
evolutionary and social structural theories. Arch Sex Behav. 2009 Oct;38(5):631-51.

Schacht R, Borgerhoff Mulder M. Sex ratio effects on reproductive strategies in humans. R
Soc Open Sci. 2015 Jan;2(1):140402.

Guttentag M, Secord PF. Too Many Women?: The Sex Ratio Question. SAGE Publications;
1983. 280 p.

South SJ, Trent K. Sex Ratios and Women’s Roles: A Cross-National Analysis. Am J Sociol.
1988;93(5):1096-115.

Schacht R, Smith KR. Causes and consequences of adult sex ratio imbalance in a historical
U.S. population. Philos Trans R Soc B Biol Sci [Internet]. 2017 Sep 19 [cited 2020 Feb
141;372(1729). Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5540856/

Buss D. Sex Differences in Human Mate Preferences: Evolutionary Hypotheses Tested in 37
Cultures. Behav Brain Sci. 1989 Mar 1;12:1-14.

Walter KV, Conroy-Beam D, Buss DM, Asao K, Sorokowska A, Sorokowski P, et al. Sex
Differences in Mate Preferences Across 45 Countries: A Large-Scale Replication. Psychol
Sci. 2020 Apr 1;31(4):408-23.

Li NP, Yong JC, Tov W, Sng O, Fletcher GJO, Valentine KA, et al. Mate preferences do
predict attraction and choices in the early stages of mate selection. J Pers Soc Psychol.
2013;105(5):757-76.

Campbell L, Chin K, Stanton SCE. Initial Evidence that Individuals Form New Relationships
with Partners that More Closely Match their Ideal Preferences. Collabra Psychol. 2016 Jan
22;2(1):2.

Conroy-Beam D, Buss DM. Do mate preferences influence actual mating decisions?
Evidence from computer simulations and three studies of mated couples. J Pers Soc Psychol.
2016;111(1):53-66.

Gerlach TM, Arslan RC, Schultze T, Reinhard SK, Penke L. Predictive validity and
adjustment of ideal partner preferences across the transition into romantic relationships. J
Pers Soc Psychol. 2019 Feb;116(2):313-30.

Eastwick PW, Luchies LB, Finkel EJ, Hunt LL. The predictive validity of ideal partner
preferences: A review and meta-analysis. Psychol Bull. 2014;140(3):623—65.

Stone EA, Shackelford TK, Buss DM. Sex ratio and mate preferences: a cross-cultural
investigation. Eur J Soc Psychol. 2007 Mar;37(2):288-96.

Pollet TV, Stoevenbelt AH, Kuppens T. The potential pitfalls of studying adult sex ratios at

aggregate levels in humans. Philos Trans R Soc B Biol Sci. 2017 Sep
19;372(1729):20160317.

24



577
578

579
580

581
582
583

584
585
586

587
588
589

590
591
592
593

594
595

596
597

598
599

600

601
602
603
604
605

606
607
608
609
610

MATE PREFERENCES ACROSS SEX RATIOS 25

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Munro KR, Flood NJ, McKellar AE, Reudink MW. Female mate preference varies with age
and environmental conditions. Behaviour. 2014;151(14):2059-81.

Uggla C, Mace R. Adult sex ratio and social status predict mating and parenting strategies in
Northern Ireland. Philos Trans R Soc B Biol Sci. 2017 Sep 19;372:20160318.

Batres C, Perrett DI. 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. 2014 Jul 9;9(7):e100966.

Conroy-Beam D, Buss DM, Asao K, Sorokowska A, Sorokowski P, Aavik T, et al.
Contrasting Computational Models of Mate Preference Integration Across 45 Countries. Sci
Rep. 2019 Nov 15;9(1):1-13.

Conroy-Beam D, Roney JR, Lukaszewski AW, Buss DM, Asao K, Sorokowska A, et al.
Assortative mating and the evolution of desirability covariation. Evol Hum Behav. 2019 Sep
1;40(5):479-91.

Kowal M, Sorokowski P, Sorokowska A, Dobrowolska M, Pisanski K, Oleszkiewicz A, et
al. Reasons for Facebook Usage: Data From 46 Countries. Front Psychol [Internet]. 2020
Apr 30 [cited 2020 Aug 11];11. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7204544/

The World Bank. Sex Ratio at Birth (male births per female births) [data file] [Internet].
2016. Available from: https://data.worldbank.org/indicator/SP.POP.BRTH.MF

United Nations. Sex Ratio by Broad Age Groups [Internet]. 2016. Available from:
https://population.un.org/wpp/Download/Standard/Population/

City Population. City Population [database] [Internet]. 2006. Available from:
https://www.citypopulation.de/

Knoema. Knoema [database] [Internet]. 2011. Available from: https://knoema.com/

Pakistan Bureau of Statistics. Population by sex, sex ratio, average household, size and
growth rate [Internet]. 1998. Available from:
http://www.pbs.gov.pk/sites/default/files/tables/POPULATION%20BY %20SEX%2C%20S
EX%20RATIO%2C%20AVERAGE%20HOUSEHOLD%2C%20SIZE%20AND%20GRO
WTH%20RATE.pdf

United States Census Bureau. ACS demographic and housing estimates [Internet]. 2018.
Available from:
https://data.census.gov/cedsci/table?q=Austin,%20Texas%20population&g=1600000US480
5000&hidePreview=false&table=DP05&tid=ACSDP1Y2018.DP05&layer=place&cid=DP0
5 0001E&vintage=2017&lastDisplayedRow=23&mode=

25



611
612
613

614
615
616

617
618

619
620
621

622
623
624

625
626

627
628

629
630

631
632

633
634

635
636

637
638

639
640

641
642

643
644

MATE PREFERENCES ACROSS SEX RATIOS 26

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

General Statistics Office of Vietnam. Sex ratio of population by province [Internet]. 2011.
Available from:
http://www.gso.gov.vn/default en.aspx?tabid=467&idmid=3&ItemID=12932

The World Factbook - Central Intelligence Agency (geographic coordinates) [Internet].
[cited 2020 Jun 2]. Available from: https://www.cia.gov/library/publications/the-world-
factbook/fields/277.html

Gangestad SW, Haselton MG, Buss DM. Evolutionary Foundations of Cultural Variation:
Evoked Culture and Mate Preferences. Psychol Inq. 2006;17(2):75-95.

The World Factbook - Central Intelligence Agency (religions) [Internet]. [cited 2018 Apr
16]. Available from: https://www.cia.gov/library/publications/the-world-
factbook/fields/401.htmI#CH

The World Factbook — Central Intelligence Agency (GDP per capita) [Internet]. [cited 2018
Apr 16]. Available from: https://www.cia.gov/library/publications/the-world-
factbook/rankorder/2004rank.html

Global Gender Gap Index 2016 [Internet]. World Economic Forum. 2016 [cited 2018 Apr
16]. Available from: http://reports.weforum.org/global-gender-gap-report-2016/rankings/

Gender Inequality Index [Internet]. United Nations Development Programme. 2015 [cited
2018 Apr 16]. Available from: http://hdr.undp.org/en/data

Gender Development Index [Internet]. United Nations Development Programme. 2015 [cited
2018 Apr 16]. Available from: http://hdr.undp.org/en/data

The World Bank. GINI Index [data file] [Internet]. 2019. Available from:
https://data.worldbank.org/indicator/SI.POV.GINI/

South SJ. Sex Ratios, Economic Power, and Women’s Roles: A Theoretical Extension and
Empirical Test. J Marriage Fam. 1988;50(1):19-31.

The World Bank. Gross National Income [data file] [Internet]. 2017. Available from:
https://data.worldbank.org/indicator/ny.gnp.mktp.cd

CIA World Factbook. Infant Mortality Rate [data file] [Internet]. 2017. Available from:
https://www.cia.gov/library/publications/the-world-factbook/rankorder/209 1rank.html

CIA World Factbook. Life Expectency at Birth [data file] [Internet]. 2017. Available from:
https://www.cia.gov/library/publications/the-world-factbook/rankorder/2102rank.html

The World Bank. Urban Population (% of total population) [data file] [Internet]. 2017.
Available from: https://data.worldbank.org/indicator/sp.urb.totl.in.zs

World Cities Database | Simplemaps.com [Internet]. [cited 2021 May 1]. Available from:
https://simplemaps.com/data/world-cities

26



645
646

647

648
649

650
651
652

653
654

655
656

657
658
659
660

661
662

663
664

665
666
667

668
669

670
671
672

673

MATE PREFERENCES ACROSS SEX RATIOS 27

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Countries - The World Factbook [Internet]. [cited 2021 May 1]. Available from:
https://www.cia.gov/the-world-factbook/countries/

Mayr E. The Sex Ratio in Wild Birds. Am Nat. 1939 Mar 1;73(745):156-79.

Jennions MD, Fromhage L. Not all sex ratios are equal: the Fisher condition, parental care
and sexual selection. Philos Trans R Soc B Biol Sci. 2017 Sep 19;372(1729):20160312.

Stone EA. Does Mate Scarcity Affect Marital Choice and Family Formation? The Evidence
for New and Classic Formulations of Sex Ratio Theory. Marriage Fam Rev. 2018 Oct
3;0(0):1-20.

Kenrick D, C. Keefe R. Age preferences in mates reflect sex differences in mating strategies.
Behav Brain Sci. 1992 Mar 1;15:75-133.

Eagly A, Wood W. The Origins of Sex Differences in Human Behavior: Evolved
Dispositions Versus Social Roles. Am Psychol. 1999 Jun 1;54:408-23.

Zhang L, Lee AJ, DeBruine LM, Jones BC. 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. 2019
Jun;17(2):1474704919852921.

Li NP, Bailey JM, Kenrick DT, Linsenmeier JAW. The necessities and luxuries of mate
preferences: testing the tradeoffs. J Pers Soc Psychol. 2002 Jun;82(6):947-55.

Dyson T. Causes and Consequences of Skewed Sex Ratios. Annu Rev Sociol.
2012;38(1):443-61.

Henrich J, Broesch J. On the nature of cultural transmission networks: evidence from Fijian
villages for adaptive learning biases. Philos Trans R Soc B Biol Sci. 2011 Apr
12;366(1567):1139-48.

Schacht R, Rauch KL, Borgerhoff Mulder M. Too many men: the violence problem? Trends
Ecol Evol. 2014 Apr;29(4):214-22.

Griskevicius V, Tybur JM, Ackerman JM, Delton AW, Robertson TE, White AE. The

Financial Consequences of Too Many Men: Sex Ratio Effects on Saving, Borrowing, and
Spending. J Pers Soc Psychol. 2012 Jan;102(1):69-80.

27



