
Behaviour 151 (2014) 2059–2081 brill.com/beh

Female mate preference varies with age and
environmental conditions

Kurtis R. Munro a, Nancy J. Flood a, Ann E. McKellar b and

Matthew W. Reudink a,∗

a Department of Biological Sciences, Thompson Rivers University,
Kamloops, BC, Canada V2C 0C8

b Environment Canada, 115 Perimeter Road, Saskatoon, SK, Canada S7N 0X4
*Corresponding author’s e-mail address: mreudink@tru.ca

Accepted 13 July 2014; published online 24 September 2014

Abstract
Sexual selection and mate choice are dynamic processes that can be influenced by a variety of
environmental and social factors, which have been well studied in a range of taxa. However, in
humans, the environmental factors that influence regional variation in preference for mate attributes
remain poorly understood. In addition, underlying variation based on individual age may strongly
influence mate preferences. In this study, we examined written descriptions of preferred mates from
the online dating profiles of 1111 women from 26 cities across Canada. We grouped the words
describing preferred mates into four categories: resource holding potential, physical attractiveness,
activities and interests, and emotional appeal. We then asked whether variation in environmental
(sex ratio, population size and population density), economic (population income) and individual
factors (age) predicted variation in the relative importance of these four categories of female mate
preference. Sex ratio was the best predictor of preference for the physical attractiveness and the
activities and interests of potential mates, with women in male-biased cities placing more emphasis
on physical attractiveness and less emphasis on activities and interests. Age was the best predictor
of preference for resource holding potential, with younger individuals placing more emphasis
on this trait. No factors were strong predictors of variation in preference for emotional appeal,
perhaps because this trait was highly valued in all populations. This work supports a growing body
of literature demonstrating that mate choice and mate preferences are often dynamic and can be
influenced by individual and environmental variation.
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1. Introduction

Sexual selection and mate preferences have been studied extensively across
many taxonomic groups (Emlen & Oring, 1977; Johnstone, 1995; Jennions
& Petrie, 1997; Petrie & Kempenaers, 1998). A majority of studies have
focused on preferred mate characteristics in more or less constant environ-
ments with less attention paid to the influence of the environment in which
mate choice is occurring. However, sexual signals and associated preferences
are often dynamic and can change substantially with differing environmen-
tal or ecological conditions (Jennions & Petrie, 1997; Slabbekoorn & Smith,
2002; Wood et al., 2006; Gray et al., 2008; Robinson et al., 2008; Punzalan et
al., 2010). For example, variation in environmental factors, such as the pres-
ence or absence of predators (Endler, 1980, 1983; Godin & Briggs, 1996;
Houde, 1997), climate (Botero & Rubenstein, 2012), social influence (Rebar
& Rodriguez, 2013), parasite pressure (Gangestad & Buss, 1993; Lee & Zi-
etsch, 2011) and changes to the physical environment (Grether et al., 2005;
Candolin et al., 2007; Little et al., 2007; Gray et al., 2008; DeBruine et al.,
2010) may all significantly influence female mate preferences across a vari-
ety of taxa. Consequently, the optimal expression of sexually-selected traits
and associated preferences can be highly context-dependent (Endler, 1983;
Robinson et al., 2008).

One environmental factor that has received considerable attention with
respect to its effects on mate choice and population dynamics is population
density. Across taxonomic groups, variation in population density has been
shown to influence patterns of sexual selection, mate choice, and promiscuity
(Kokko & Rankin, 2006; Dreiss et al., 2010). Because large and/or dense
populations are often limited in terms of resources, but plentiful in terms
of potential mates, competition for both mates and resources can be intense,
increasing the strength of sexual selection for high-quality (e.g., competitive)
mates that have high resource holding potential (Qvarnstrom & Forsgren,
1998; Jirotkul, 1999a). Another factor that might be expected to produce
similar consequences is population sex ratio. Specifically, individuals of the
choosier sex might show greater preference for certain traits under conditions
in which the less choosy sex is more numerous (Berglund, 1994; Jirotkul,
1999b; Stone et al., 2007; Dreiss et al., 2010). In addition, overall resource
availability in a population can affect mate choice, since when resources are
limited, mate searching tends to be more costly (e.g., Vitousek, 2009).
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Individuals might focus on a variety of attributes when selecting a mate.
One trait that has received considerable attention is the ability to win fights
and control access to important resources (e.g., food, territories, mates),
also known as resource holding potential (Eckert & Weatherhead, 1987;
Koskimäki et al., 2004; Kelly, 2008). In humans, resource holding potential
may be represented by financial stability, or the ability to acquire financial
stability. Although women typically express a strong preference for this trait
in long-term partners (Cameron et al., 1977; Pawlowski & Koziel, 2002;
Valliant, 2006), the strength of this preference varies, and underlying envi-
ronmental or economic conditions may influence this variation (McGraw,
2002; Hill & Reeve, 2004; Moore et al., 2006; Moore & Cassidy, 2007; De-
Bruine et al., 2010; Anderson & Klofstad, 2012). Other traits of potential
partners that have been examined in studies of human mate choice include
physical attributes, emotional characteristics, and personal interests (Singh,
1995a, b; McGraw, 2002; Puts et al., 2012; Mautz et al., 2013). To date, most
studies on human mate preference have focused on how preferences differ
between the sexes (e.g., Bereczkei et al., 1997), among cultures (e.g., Sear &
Marlowe, 2009), and between situations in which a short term versus long-
term mate is being sought (e.g., Gangestad & Simpson, 2000). However,
there has been increasing interest in examining the importance of environ-
mental factors in influencing human mate preference (e.g., McGraw, 2002;
Little et al., 2007; Dreiss et al., 2010; Lee & Zietsch, 2011; Anderson &
Klofstad, 2012).

In the United States, McGraw (2002) found that female mate preference
in humans varied geographically with local environmental factors such as
population density and resource demands (cost of living). By examining
‘lonely hearts’ advertisements (LHAs) in newspapers from 23 cities across
the United States, McGraw (2002) found that in more densely populated
cities and cities with higher costs of living, in which there was presumably
more competition for resources, women expressed a stronger preference for
mates with high resource holding potential and placed less emphasis on
either emotional attachment or on similarity of personal interests.

A limitation of McGraw’s (2002) study, however, was the lack of infor-
mation provided about the individuals who placed the LHAs. For example,
a potentially important factor that was not available from the LHAs he ex-
amined was the age of the individual placing the advertisement. Although
age may sometimes have limited or no effect on mate preference (Buunk
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et al., 2002; Schwarz & Hassebrauck, 2012), age-related variation in mate
preference was reported by Morgan et al. (2010) and Gil-Burmann et al.
(2002) found that females under the age of 40 expressed a stronger prefer-
ence for physically attractive mates, while females older than this expressed
a stronger preference for males with high socioeconomic status. Thus, age
may also contribute to variation in the type of mates preferred.

In recent years, with the advent of online dating sites, LHAs have sig-
nificantly decreased in popularity (Madden & Lenhart, 2006; Valkenburg
& Peter, 2007). The majority of people using online dating sites as a way
to meet potential partners are 30–50 years of age, and participation does
not appear to be related to income or education level (Valkenburg & Peter,
2007). Online personal advertisements provide a wealth of potential data on
both stated mate preferences and methods used for mate attraction. In ad-
dition, because online advertisements can originate from a broad diversity
of geographic locations, which may encompass significant variation in eco-
nomic and ecological conditions, online advertisements allow us to examine
the underlying social, ecological, and environmental factors that may influ-
ence variation in both mate attraction and mate preference. Several recent
studies have used online advertisements from the United States to examine
correlates of mate attraction and mate preference (e.g., Morgan et al., 2010;
Klofstad et al., 2011). Most pertinent to this study, Anderson & Klofstad
(2012) investigated the relationship between mate preference and a broad
range of economic and environmental conditions at the level of zip code and
observed a relationship between cost of living and a preference for mates
with high resource holding potential (i.e., mates with high incomes). How-
ever, this pattern disappeared once the income of the individual placing the
advertisement was included, leading the authors to suggest that assortative
mating based on income, rather than environmental variation, best explained
variation in preference for income. Thus, it is apparent that online profiles
can offer a wealth of information about factors influencing variation in mate
preferences and mate attraction.

Here, we aim to use information available from online dating advertise-
ments to examine whether environmental (sex ratio, population size and
population density), economic (population income) and individual (age) fac-
tors predict the mate preferences of females across Canada. We categorized
stated preferences into four classes — physical attractiveness, resource hold-
ing potential, emotional appeal, and personal activities/interests — in order
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Figure 1. Map of Canada showing the locations of the 26 cities included in the study. Point
sizes are scaled to the population size of each city.

to test whether the relative emphasis placed on each class was dependent
on the above factors. Like the United States, Canada is well-suited to such
a study due to an extremely broad geographic distribution of cities, which
encompass high variation in economic and environmental conditions (Fig-
ure 1).

2. Materials and methods

2.1. Economic and environmental data

The 2011 Canadian census provided data on population size, population den-
sity and male/female sex ratio (Government of Canada, 2012) for all cities
from which we obtained online personal advertisements (see below). Be-
cause median total income for each city was not available from the 2011 cen-
sus at the time this study was conducted, comparable information (for both
sexes combined) from the 2006 census was used (Government of Canada,
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2007). Economic and environmental data for all cities are given in Ta-
ble A1 in the online version of this journal, which can be accessed via http://
booksandjournals.brillonline.com/content/journals/1568539x. Data were ob-
tained for city centers, rather for than census metropolitan areas, which can
include outlying communities with different economic and environmental
conditions.

2.2. Mate preference data collection

Mate preference data were collected from freely available online personal
advertisements posted on an online dating site, the name of which we keep
confidential to protect privacy. Although there are some limitations to the
use of online personal advertisements, including possible issues with self-
representation (Gibbs et al., 2006; Toma & Hancock, 2010), online dating
sites are incredibly popular across socioeconomic groups and appear to offer
a fair representation of a large segment of the dating community, with on-
line dating participation being unrelated to either income or education level
(Valkenburg & Peter, 2007). The online advertisements that we used included
a free-form section in which individuals described the preferred characteris-
tics of potential mates, similar to what was included in the LHAs used by
McGraw (2002). In both McGraw’s (2002) study and ours, the preferences
of each female were quantified by examining the descriptive words she used
to express what characteristics she would like in a potential partner. Any self-
descriptive words were excluded unless followed by a statement indicating
they were looking for the same characteristics in a mate (e.g., “I am an avid
hiker and looking for someone who shares that passion”). We examined the
same four sets of male attributes used by McGraw (2002) to classify female
preferences: (1) physical attractiveness (e.g., muscular, tall, good-looking);
(2) resource holding potential (e.g., college-educated, professional, wealthy);
(3) emotional appeal (e.g., kind, affectionate, honest); and (4) personal activ-
ities/interests (e.g., hiking, reading, movies). This approach follows previous
work done by Deaux & Hanna (1984), Wiederman (1993) and Greenlees &
McGrew (1994), and is a highly repeatable method (McGraw, 2002). All de-
scriptive words were categorized by a single observer (K.R.M.). For each
female, the words from all categories were summed to find the total number
of descriptive words used in her advertisement; following this, the number of
words that fell into each of the four categories was divided by the total num-
ber of descriptive words she used in order to determine the proportion of

http://booksandjournals.brillonline.com/content/journals/1568539x
http://booksandjournals.brillonline.com/content/journals/1568539x
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the overall description represented by each of these four categories of male
attributes; these categories thus represented four states of a variable (pro-
portion of descriptive words) indicating the relative mate preference of each
female who placed an online advertisement.

Economic and mate preference data were collected for 26 cities across
Canada, chosen based on the availability of economic and geographic data
and to ensure a broad range of population sizes (from 14 751 to 2 615 060
individuals) and geographic locations (Figure 1). Advertisements were col-
lected during 2012 and 2013. Fifty personal advertisements written by self-
identified heterosexual females were examined for each city, with the excep-
tion of Summerside, PEI and Yellowknife, NWT, for which there were only
42 and 33 such advertisements available, respectively (n = 1275 profiles
across all cities). In cases where there were over 50 personal advertisements
available, the first 50 were used; there was no apparent order to the profiles
on the website. However, in some cases, individuals did not specify preferred
characteristics, reducing our sample of stated mate preferences to 1111 ad-
vertisements. We then recorded the stated ages of all individuals from their
online profiles.

2.3. Statistical analysis

We first wished to determine whether there were significant differences
in the number of descriptive words from each of the four categories of
male traits (physical attractiveness, resource holding potential, emotional
appeal, and personal activities/interests) used by women when describing
their mate preferences. We performed a multivariate analysis of covariance
(MANCOVA) using the total number of words used in each category in each
online advertisement as the response variable, and included city as an inde-
pendent categorical variable and individual age as a covariate.

Having found significant effects of age and city on the number of de-
scriptive words in each category (see Results), we then wished to determine
whether age and economic and environmental factors associated with each
city (median total income sex ratio, population size, and population density)
predicted variability in the emphasis that females placed on each of four
categories. We constructed four categories of mixed models, one for each
of the four categories of male traits. Specifically, we used the number of
words associated with the particular male trait (physical attractiveness, re-
source holding potential, emotional appeal, or activities/interests) over the
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total number of words in all four categories as a binomial response (i.e.,
where number of ‘successes’ was the number of words in that category). We
used the binomial family and logit link function, and full models included
individual age and population income, sex ratio, size and density as fixed
effects, as well as all two-way interactions, and city as a random effect. For
each category of model, we then examined all possible subsets of models
and ranked them using Akaike’s Information Criterion corrected for small
sample size (AICc), considering models within 4 AICc units to be competi-
tive (Burnham & Anderson, 2002). Due to the existence of high correlation
(r > 0.5) between population size and density, population size and sex ratio,
and income and sex ratio, those pairs of variables were never allowed in the
same model. Thus, we ranked a total of 39 models for each of the four trait
categories, including a null model with only the random effect. Though we
performed four separate binomial analyses for each of the categories of traits,
it should be noted that the four categories were not entirely independent as
they each represented proportions of the total number of descriptive words
used in each advertisement. However, we feel that our methods were appro-
priate in that (1) they allowed us to evaluate multiple predictor variables in a
mixed model framework while maintaining interpretability of results, which
would have been difficult in a multinomial framework and (2) they are con-
sistent with previous work that analyzed each category separately (McGraw,
2002).

We standardized all fixed effect variables by subtracting each value from
the mean and dividing by the standard deviation of that variable prior to
analysis. We used R version 3.0.1 (R Development Core Team, 2013) for
building and ranking models. We tested models for overdispersion and did
not detect any (all p > 0.5), and after excluding models that included both
population size and density, population size and sex ratio, or income and sex
ratio, there was no evidence of multiple correlation (all r < 0.5).

3. Results

Our analysis included 1111 advertisements from 26 cities across Canada
(mean ± SD: 42.7 ± 5.1 advertisements per city) which showed a range
of median incomes (range $21 459–44 567; mean ± SD $26 486 ± 4711),
male/female sex ratios (range 0.86–1.03; mean ± SD 0.94 ± 0.04), pop-
ulation sizes (range 14 751–2 615 060; mean ± SD 407 727 ± 594 159),
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Figure 2. Mean proportion of descriptive words ± SE used to describe traits of preferred
partners from 1111 online advertisements in 26 Canadian cities.

and densities (range 56–5249 individuals/km2; mean ± SD 1347 ± 1465).
Women who posted advertisements ranged in age from 18 to 80 years
(mean ± SD 40.7 ± 11.8). On average, women used 5.61 ± 5.16 descriptive
words per advertisement. Out of the four categories of traits sought in male
partners, emotional appeal was mentioned most often, followed by activities
and interests, resource holding potential, and physical attractiveness (Fig-
ure 2). The number of descriptive words from each of the four categories of
male traits varied significantly in association with both age (F1,1084 = 10.1,
p < 0.01) and city (F25,1084 = 1.3, p = 0.015).

Female age and population income, sex ratio, size, and density all ap-
peared in the top models explaining variation in the proportion of words
used from each of the four categories (Table 1), as did interactions between
age and each other variable and between population size and density, density
and income, and density and sex ratio. The relative importance and signif-
icance of the variables differed among model categories (Table 2). Model-
averaged parameter estimates and associated confidence intervals indicated
that women from more male-biased populations placed more emphasis on
physical attractiveness (Table 2). Interestingly, this relationship appeared to
be associated with population density: an interaction between density and
sex ratio suggested that a combination of male-biased sex ratio and high
population density resulted in the greatest preference for physical traits (Fig-
ure 3b). In addition, an interaction between density and female age indicated
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Table 1.
Summary of the top six models explaining variation in preference for physical attractiveness, resource holding potential, emotional appeal, and
activities and interests among online dating profiles in Canadian cities.

Model category Top model AICc �AICc wi

Physical attractiveness Age + density + sex ratio + age × density + density × sex ratio 1085.8 0.00 0.44
Age + density + sex ratio + age × density + density × sex ratio + age × sex ratio 1087.3 1.47 0.21
Age + density + sex ratio + age × density 1087.7 1.88 0.17
Age + density + sex ratio + age × density + age × sex ratio 1089.3 3.56 0.07
Age + density + age × density 1091.5 5.74 0.03
Age + density + income + age × density 1093.5 7.74 0.01

Resource holding potential Age + density 1081.4 0.00 0.13
Age + density + age × density 1081.5 0.02 0.13
Age + density + sex ratio + age × density 1082.8 1.39 0.07
Age + density + sex ratio 1082.9 1.46 0.07
Age + density + income + age × density 1083.4 1.94 0.05
Age + density + income 1083.4 1.94 0.05
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Table 1.
(Continued.)

Model category Top model AICc �AICc wi

Emotional appeal Null 1026.9 0.00 0.09
Age 1027.0 0.06 0.09
Size 1027.0 0.11 0.08
Age + density + age × density 1027.7 0.71 0.06
Density 1027.7 0.74 0.06
Age + size 1027.7 0.78 0.06

Activities/interests Sex ratio 1399.6 0.00 0.16
Age + size + age × size 1400.1 0.50 0.12
Density + sex ratio 1400.6 0.97 0.10
Density + sex ratio + density × sex ratio 1400.8 1.15 0.09
Age + sex ratio 1401.0 1.40 0.08
Age + density + sex ratio 1402.1 2.48 0.05

Key words from online profiles of 1111 women from 26 cities were grouped into the above categories, and the models describe the proportion
of total key words used that were within that category.
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Table 2.
Model-averaged parameter estimates and 95% CI for variables included in the top-ranked models (<4 AICc units of best model) explaining
variation in preference for physical attractiveness, resource holding potential, emotional appeal, and activities and interests among online dating
profiles in Canadian cities.

Physical attractiveness Resource holding potential Emotional appeal Activities/interests

Age 0.06 (−0.031, 0.15) −0.1 (−0.158, −0.043)∗ 0.031 (−0.015, 0.078) 0.016 (−0.035, 0.067)
Size 0.037 (−0.014, 0.088) −0.027 (−0.07, 0.016) −0.046 (−0.096, 0.005)
Density 0.029 (−0.081, 0.149) 0.054 (−0.001, 0.109) −0.024 (−0.069, 0.021) −0.025 (−0.071, 0.021)
Income 0.013 (−0.055, 0.081) −0.005 (−0.054, 0.044) −0.003 (−0.05, 0.044)
Sex ratio 0.184 (0.066, 0.302)∗ 0.021 (−0.034, 0.076) −0.009 (−0.054, 0.037) −0.06 (−0.11, −0.011)∗
Age × size 0.034 (−0.031, 0.099) 0.0011 (−0.044, 0.066) −0.079 (−0.138, −0.02)∗
Age × density 0.152 (0.062, 0.241)∗ 0.038 (−0.015, 0.091) −0.035 (−0.08, 0.01) −0.026 (−0.073, 0.023)
Age × income −0.016 (−0.082, 0.049) 0.01 (−0.039, 0.06)
Age × sex ratio −0.029 (−0.111, 0.052) −0.028 (−0.083, 0.028) 0.018 (−0.027, 0.063) 0.022 (−0.026, 0.07)
Density × income 0.038 (−0.06, 0.136) −0.035 (−0.116, 0.046)
Density × sex ratio 0.166 (0.006, 0.325)∗ −0.011 (−0.085, 0.063) −0.045 (−0.111, 0.02)

∗ 95% CI did not overlap zero.



K.R. Munro et al. / Behaviour 151 (2014) 2059–2081 2071

Figure 3. Significant interaction effects from top models explaining variation in preference
for physical attractiveness and activities/interests (see Table 2). With increasing population
density, (a) older women showed greater preference for physical attractiveness relative to
younger women and (b) women from male-biased populations showed greater preference for
physical attractiveness relative to women from female-biased populations. With increasing
population size, (c) younger women showed lower preference for personal activities/interests
relative to older women. For visualization purposes, population density, size, and sex ratio
were ranked as high or male-biased if above the median and low or female-biased if below
the median, and age was divided by women over and under 40 years.
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that as population density increased, older women placed more emphasis on
physical traits relative to younger women (Figure 3a). Female age seemed
to be the most important factor associated with the emphasis placed on re-
source holding potential, with younger women placing greater emphasis on
this trait. No clear patterns emerged for models explaining the emphasis that
women placed on emotional appeal: confidence intervals on all parameter
estimates overlapped zero and the null model was considered competitive
(Table 1). Women from more female-biased populations placed more empha-
sis on activities and interests (Table 2). Also, an interaction between age and
population size indicated that as population size increased, younger women
placed less emphasis on activities and interests than did older women (Fig-
ure 3c).

4. Discussion

In this study, we asked if individual and population-level environmental vari-
ables were associated with variation in human female mate preference across
Canadian cities. We found that variation in population sex ratio and individ-
ual age, as well as interactions between several variables predicted female
mate preferences. These results add to a large and growing body of litera-
ture, spanning a range of taxa, demonstrating that mate preferences are not
static, but can be influenced by underlying environmental conditions (Endler,
1983; Robinson, 2008).

4.1. Resource holding potential

The top model describing female preference for resource holding poten-
tial included age and population density (Table 1), with younger women
and women in higher density cities placing a greater emphasis on resource
holding potential (although the confidence interval for the model-averaged
parameter estimate for population density overlapped zero; Table 2). We sug-
gest two possible explanations for the finding that age was negatively related
to preference for resource holding potential. First, for both men and women,
incomes tend to increase with age, generally resulting in older individuals
being more financial stable (Government of Canada, 2007). More financially
stable women may require fewer resources from their mates and thus place
less relative emphasis on resource holding potential in their online dating
profiles. A second hypothesis is that women’s self-perception of desirability
may change with age, resulting in a shift in what they feel they can expect
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from potential mates (Waynforth & Dunbar, 1995; Bereczkei et al., 1997).
For example, Bereczkei et al. (1997) found that females in better physical
condition (young, physically attractive and fertile) were able to expect more
resource holding potential in a mate.

Although the effect of density is not strong, the finding that this variable
is part of our top model is consistent with work on other taxa suggesting
that in dense populations, resources are likely to be limited even though the
number of potential mates is high; as a result, there is increased competi-
tion among males for mates and in females, an increase in preference for
males with high resource holding ability (e.g., Jirotkul, 1999a; Casalini et
al., 2010). In humans, McGraw (2002) found that population density and
cost of living were important predictors of female preference for resource
holding potential. Based on his results, McGraw (2002) suggested that in
densely populated American cities, in which there is a high demand for both
mates and resources, women seeking mates may place more priority on indi-
viduals with high resource holding potential (sensu Qvarnstrom & Forsgren,
1998).

Some recent work has suggested that relationships between environmental
variation and mate preference may be better explained by assortative mating
by income (Anderson & Klofstad, 2012), whereby females in some cities
place higher emphasis on resource holding potential in a mate because these
females have higher incomes themselves, rather than because of the nature
of the city. Anderson & Klofstad (2012) used a direct approach, examining
the stated preferred income of a potential mate (which was available in the
advertisements on the online dating site they used); however, in our study,
as in McGraw’s (2002) paper, we are interested in the relative emphasis that
individuals place on resource holding ability compared to other attributes
of potential mates. Though we were unable to assess its influence in this
study, assortative mating is likely also an important explanatory variable;
however, we suggest that our findings indicate that environmental variation
in population density may be a predictor of the relative importance females
place on resource holding ability in potential mates.

4.2. Emotional appeal, physical attractiveness, activities and interests

Similar to McGraw (2002), we found that women used words associated with
emotional appeal to describe the preferred characteristics of potential mates
more than they did words in any other category (Figure 2); this pattern of
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strong preference for emotional appeal appeared to be universal, not varying
across cities or with age or any environmental or economic variables. These
findings are also consistent with Buss (1989), who found that emotional
appeal was the most highly valued aspect of a potential mate across 37
cultures in 33 countries.

The amount of emphasis that females placed on the physical attractive-
ness of potential mates was positively related to male-to-female sex ratio
over the 26 cities. Our results suggest that as the relative proportion of males
increased, females placed more importance on physical attractiveness in a
potential mate. Population density was also present among the top mod-
els, though the confidence intervals for this parameter estimate overlapped
zero (Table 2). However, significant interaction effects suggested that older
women in male-biased populations placed the most emphasis on physical
traits when residing in high-density populations (Figure 3a, b). The impor-
tance of density is consistent with work on other taxa, which has demon-
strated that the intensity of sexual selection on ornamental traits increases
with increasing population density (Eshel, 1979; Jann et al., 2000; Kokko &
Rankin, 2006; Taff et al., 2013). Women living in densely-populated areas
may experience a higher number of interactions, and have a greater selection
of potential mates, and may, therefore, be more selective about physical ap-
pearance when choosing a mate. This situation would be compounded in
male-biased populations: with more males available, females would have
more potential mates to choose from and would be free to be more selec-
tive about the physical qualities of their mate. For example, female guppies
(Poecilia reticulata) show greater preference for male ornamentation under
male-biased sex ratios (Jirotkul, 1999b). However, the reason why prefer-
ence for physical traits increased with increasing population density more
strongly in older women than younger women remains unclear. Perhaps
younger women maintain a relatively consistent number of social interac-
tions regardless of population density (e.g., through social media), whereas
for older women the number of interactions, and thus the potential for be-
ing selective about physical appearance, is increased substantially at higher
densities.

The emphasis that females placed on the personal activities and interests
of potential mates was negatively related to male-to-female sex ratio; as the
relative number of males increased, females seemed to place less empha-
sis on this aspect of potential mates. This result suggests females are being
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less choosy about certain traits when the population sex ratio is male-biased,
perhaps because in these situations the emphasis shifts to other traits, such
as the physical characteristics discussed above. Interestingly, an interaction
between age and population size suggested that when they resided in larger
cities, younger women placed relatively less emphasis (compared to older
women) on the activities and interests of potential mates (Figure 3c). Per-
haps sharing personal activities or interests is of less importance to younger
women in larger cities where there is more choice in the activities avail-
able. In smaller cities, or in rural areas, in contrast, personal interests may
be much more important. For example, Rudzitis (1999) suggested that the
second most important reason, aside from employment, for moving to a ru-
ral area in the western United States was to partake in outdoor recreation.
Similar trends were also observed in New Zealand, where environmental
and lifestyle factors were major drivers of moves from urban to rural areas
(Government of New Zealand, 2007).

4.3. Limitations

Although the findings of this study are compelling, our results have several
limitations. First, there is the potential for self-misrepresentation (Pawlowski
& Dunbar, 1999; Gibbs et al., 2006; Toma & Hancock, 2010), as female ad-
vertisers may benefit from reporting a younger age than is true, due to male
preference for younger mates (Buss, 1989; Kenrick & Keefe, 1992). How-
ever, if this pattern is consistent across advertisers, it is unlikely to influence
our results. Second, there may be differences between the preferences stated
by advertisers and their true, ‘revealed’ (by the actual mate choice) prefer-
ences. For example, Hitsch et al. (2010) examined both stated preferences
in online advertisements and ‘revealed’ preferences by examining charac-
teristics of potential mates that were contacted by advertisers and found
significant differences with regards to race preferences in both men and
women. However, there is no reason to expect differences between stated and
revealed preferences to vary across samples. Finally, our conclusions regard-
ing the causal effects of environmental factors on mate preference are limited
due to the correlative nature of the study. For example, non-random migra-
tion of individuals into certain cities, rather direct environmental effects of
those cities, could help explain observed preferences. One possibility is that
highly attractive females may be more likely to live in high-density, male-
biased cities. As women are known to mate assortatively by attractiveness
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(Little et al., 2001), this could help explain why older women in high-density
cities express a greater preference for physical attractiveness.

4.4. Conclusions

In this study, we asked whether variation in women’s mate preference was
associated with geographic variation in environmental and economic condi-
tions, as well as with the age of the individual placing the advertisement.
By examining online advertisements from 26 cities across Canada, which
spanned a large geographic range and encompassed a broad range of en-
vironmental and economic conditions, we found significant variation in the
attributes preferred in potential mates. We suggest that our results support the
hypothesis that female mate preferences are dynamic and may be influenced
by environmental factors, such as population density and sex ratio. In addi-
tion, though the effects of age may sometimes be weak (Buunk et al., 2002;
Schwarz & Hassebrauck, 2012), we found that in fact age was an important
predictor of preference for resource holding potential. Thus, we suggest that
it may be important in future studies of human mate preference to examine
age-specific patterns or to control for age when examining patterns of mate
preference.

Data available from online dating profiles present a wealth of information
useful for studies of human mate preference and mate attraction. Many other
personal attributes, aside from age (e.g., personal income; Anderson & Klof-
stad, 2012), may also help explain variation in human mate preference; for
instance, future studies could examine the influence of employment status,
marital status (i.e., single, divorced, widowed), and number of children on
mate preference. Because environmental variation and age were associated
with the relative preference for mate characteristics in this study, it may be
important for future studies investigating sexual selection and mate choice
in humans to not only ask which traits are being selected, but also to investi-
gate the environmental conditions in which selection is acting on those traits
(Cornwallis & Uller, 2009; Gordon, 2011).
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Appendix

Table A1.
Environmental predictors collected from 26 cities across Canada.

City Median Population Sex Density Average
income size ratio (individuals/km2) age

(Canadian (M/F) (years)
dollar)

Abbotsford-Mission, BC 22 990 133 497 0.97 356 39.52
Calgary, AB 30 542 1 096 833 1.00 1329 36.02
Charlottetown, PEI 22 230 34 587 0.86 805 40.96
Edmonton, AB 27 734 812 201 0.99 1187 34.48
Guelph, ON 30 078 121 688 0.94 1395 39.38
Halifax, NS 27 198 297 943 0.92 1106 40.72
Hamilton, ON 26 267 519 949 0.95 465 38.18
Kamloops, BC 26 075 85 678 0.96 286 41.82
Kelowna, BC 25 134 117 312 0.92 554 43.40
Montréal, QC 21 459 1 649 519 0.94 4518 36.76
Peterborough, ON 24 212 78 698 0.89 1234 43.88
Québec, QC 26 178 516 622 0.93 1138 40.64
Regina, SK 29 100 193 100 0.95 1328 41.86
Saint John, NB 22 510 70 063 0.89 222 42.18
Saskatoon, SK 25 868 222 189 0.96 1060 43.12
St. Catharines-Niagara, ON 25 114 131 400 0.91 1367 41.70
St. John’s, NL 22 852 106 172 0.91 238 38.10
Summerside, PEI 22 382 14 751 0.87 520 45.12
Thunder Bay, ON 27 395 108 359 0.94 330 42.96
Toronto, ON 24 544 2 615 060 0.92 4150 35.64
Vancouver, BC 23 682 603 502 0.96 5249 36.72
Victoria, BC 24 651 80 017 0.89 4109 44.78
Whitehorse, YT 34 337 23 276 0.98 56 41.02
Windsor, ON 25 443 210 891 0.94 1441 39.06
Winnipeg, MB 26 015 663 617 0.94 1430 38.02
Yellowknife, NWT 44 567 19 234 1.02 182 44.27

Information on population size, sex ratio and population density was collected from the
2011 Canada Census; median income was not available from the 2011 census at the time of
the study and was collected instead from the 2006 census. Average age was collected from
self-reported ages of online profiles for each city.


