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Abstract An individual’s fitness depends not only on their phenotype but also on the
phenotypes of their competitors and contemporaries. Sexual attractiveness may be
strongly influenced by an individual’s familiarity to potential mates or the rarity of
the individual’s phenotype. Such effects can cause negative frequency-dependent
selection, maintaining striking polymorphisms in ornamentation. Here we test whether
preferences for women’s hair color, which is highly polymorphic between European
populations, reflects patterns of positive or negative frequency-dependence. We
assigned each participant to one of four experimental treatments in which we manip-
ulated the frequency of hair colors in a set of 18 images presented consecutively. The
four treatments were: blond hair rare, brown hair rare, red hair rare and an even
distribution of the three hair colors. Following immediately on from this experimental
phase, participants rated the same set of 9 faces, 3 with each hair color. Results showed
that the experimental manipulation of hair color frequency did not significantly influ-
ence hair-color attractiveness. However, there were sex differences in ratings: men rated
blond hair as most sexually attractive and women rated both blond and brown hair
equally as attractive as red hair. Self-reported natural hair color had weak but significant
effects on hair color preferences, but these effects disappeared when we restricted
analyses to participants of European descent only. Our findings do not support the
hypothesis that men’s preferences for women’s hair color are negative frequency-
dependent, favoring rare hair colors.
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Introduction

The maintenance of variation in attractive traits within a population has been long
debated among evolutionary ecologists as the ‘paradox of the lek’ (Kirkpatrick and
Ryan 1991; Andersson 1994; Hine, Chenoweth, and Blows 2004). If attractive orna-
ments signal underlying genetic quality, it would be reasonable to assume that prefer-
ences would converge on a single ‘best’ phenotype. However, this would ultimately
deplete genetic variation in both quality and ornament, reducing any genetic benefits of
mate choice. And yet sexually selected traits typically show some of the highest levels
of additive genetic variance (Bakker and Pomiankowski 1995; Rowe and Houle 1996).

Although preferences for some traits may be absolute, an individual’s attractiveness
can depend on both their own phenotype and on the distribution of phenotypes of their
competitors and contemporaries (Hughes et al. 1999; Kokko, Jennions, and Houde
2007). In guppies (Poecilia reticulata) polymorphic colouration is found almost exclu-
sively in males (Houde 1997). Males bearing rare colour patterns have greater surviv-
ability in the wild (Olendorf et al. 2006) and greater mating success in the lab (Farr
1977; Hughes et al. 1999) and the wild (Hughes et al. 2013). Female guppies prefer
males bearing novel (Hughes et al. 1999) or rare ornamental colour patterns (Zajitschek
and Brooks 2008), and avoid mating with familiar-looking males or previous mates
(Rosenqvist and Houde 1997; Kelley et al. 1999). Each of these processes can generate
negative frequency-dependent sexual selection, and the presence of such comprehen-
sive negative frequency dependent selection, which prevents the loss of rare colour
pattern alleles, may explain the maintenance of the striking genetic polymorphism in
male colour patterns.

In humans, polymorphisms within the melanocortin 1 receptor (MC1R) gene are
responsible for variation in the production of eumelenin (brown and black pigments)
and pheomelenin (red and yellow pigments), resulting in marked differences between
populations in skin and hair colour (Liu, Wen, and Kayser 2013). Skin is darkest at
tropical equatorial latitudes where ultra-violet (UV) rays are strongest, becoming lighter
at more temperate Northern latitudes (Jablonski and Chaplin 2010). As humans settled
in temperate European climates 35,000 years ago, the protective advantage of more
melanic skin against UV diminished with selection favouring lighter skin pigmentation
(Jablonski and Chaplin 2010; Liu et al. 2013). Selective sweeps for the KITLG gene
shared by Europeans and Asians began 30,000 years ago, and selective sweeps for
alleles within three genes (TYRPI, SLC4A45, and SLC45A42) specific to lighter skin in
Europeans occurred between 11,000 and 19,000 years ago (Beleza et al. 2013) and
6,500—4,000 years ago (Wilde et al. 2014). UV is also synthesised into Vitamin D (VD)
via the skin, which is key for a variety of biological processes, including foetal bone
development (Robins 1991). Lighter skin in more temperate climates may have
evolved to maximise VD synthesis within environments with lower UV, especially in
women to facilitate augmented UV synthesis into VD during pregnancy (Jablonski and
Chaplin 2000). Sexual dimorphism in skin complexion may have been further elabo-
rated upon by sexual selection as lighter skin became associated with female repro-
ductive success (Aoki 2002). Interestingly, while there is some ethnographic support
for light skin being associated with feminine beauty (Van den Berghe and Frost 1986),
skin reflectance is not more sexually dimorphic in populations with lower UV (Mad-
rigal and Kelly 2007). Men’s preferences for light skin in women are high in China
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(Dixson et al. 2007a; Swami et al. 2008), moderate in the U.S.A, New Zealand, and
Papua (Dixson et al. 2010; Sorokowski, Sorokowska, and Kras 2013) and equivocal in
Cameroon (Dixson et al. 2007b). Thus, light skin in women may have evolved
primarily via natural selection and been subsequently elaborated upon, in some cul-
tures, via sexual selection.

Environmental and ecological factors may explain variation in skin pigmentation as
humans migrated out of Africa into Europe. However, hair pigmentation does not vary
latitudinally in anything like the manner of skin pigmentation (Wilde et al. 2014).
Instead scalp hair color is polymorphic across Africa (Jablonski and Chaplin 2014) and
especially in Europe (Frost 2006), where multiple variants in alleles within the MCI1R
gene contribute to diversity in blond, brown, and red hair (Liu, Wen, and Kayser 2013).
Although the timing of genetic variation in the MC1R gene and its relation to hair color
polymorphisms remains to be determined (Frost 2014), had hair colour diversity in
Europe been the result of relaxed selection, wherein the constraints of high UV drove
selection on more eumelenin pigmentation, estimates of ancestral hair colour reaching
present-day levels of diversity are between 850,000 and 1 million years (Frost 2006;
Harding et al. 2000; Templeton 2002). Frost (2006) suggested that since humans settled
in Europe only 35,000 ago the high variability in blond, brown, and red hair between
European populations reflects rapid mutations occurring as small founder populations
separated from parent populations and dispersed across Europe. Frost (2006) hypoth-
esized that at this time male mortality was potentially higher due to male-male
competition and longer hunting distances, which resulted in a greater number of
females in the mating pool. This may have provided the conditions wherein mutations
affecting the high variability in blond, brown, and red hair between European popula-
tions potentially spread, geographically, from where they first arose, via negative
frequency-dependent sexual selection for rare hair colors (Frost 2006; 2014).

Globally the rates of naturally occurring blond hair are approximately 2 % compared
with over 90 % dark hair (Gray 2008). The scant information for red hair suggests rates
as low as 1 % (Heckert and Best 1997) or 10 % in some populations in Europe (Gray
2008). Unlike skin color, hair color likely has less influence on health and survival so
that frequency dependent preferences for hair color may operate at proximate rather
than ultimate levels. Indeed, Schweder (1994) reported that when women alter their
hair color, they are more likely to change from one that is common to one that is rarer.
Although such cosmetic alterations cannot alter the genetic basis of preferences, if
women dye their hair to a color in order to be distinctive, that could confer a ‘rare-
color’ advantage to rare hair tones, potentially resulting in negative frequency-
dependent preferences for hair color in men (Frost 2006).

Blond hair appears more frequently in popular U.S media sources such as the
Ladies’ Home Journal, Vogue and Playboy than is typical for the base rate of blond
hair in that population and most frequently in Playboy than the other magazines
analysed, suggesting that blondness is associated with beauty and sexual attractiveness
(Rich and Cash 1993). Compared to women with dark hair, blond haired women are
approached more often by men in nightclubs and receive higher tips as waitresses
(Guéguen 2012a, 2012b; Lynn 2009; Swami and Barrett 2011). While it is unknown
whether the alleles associated with hair color diversification are sex-linked (Frost
2006), women’s hair is lighter in early adulthood and becomes progressively darker
as women age (Hinsz, et al. 2001). In addition to being a cue of youth, blond hair may
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be sexually attractive to men because it becomes easier to gauge infectious diseases and
intestinal infections such as anemia, cyanosis, and jaundice among blond haired women
who tend to have lighter skin than among women with brown hair with more melanic
complexions that may mask conditions that present cutaneously (Ramachandran 1997).

Men’s preferences for women’s hair color in experimental studies are, however,
mixed. In some studies blond hair was rated most attractive (Sorokowski 2006), while
in others blond hair was rated as younger and healthier, but not more attractive than
brown hair (Matz and Hinsz 2000; Sorokowski 2008). Elsewhere, blonds were judged
as less attractive and more sexually promiscuous than women with brown hair (Swami,
Furnham, and Joshi 2008). And other studies have reported that brown hair was more
attractive than blond hair (Swami and Barrett 2011; Verweij, Burri, and Zietsch 2012),
including a cross-cultural study where brown hair was more attractive than blond hair
in six out of eight cultures (Swami et al. 2008). These equivocal findings might simply
reflect culturally variable tastes with different samples expressing geographically or
spatially different mean preferences. However, given the cross-cultural variation in hair
color, variable preferences might also reflect a frequency-dependent dimension to
men’s preferences (Frost 2006). Such frequency-dependence could be operating within
experiments, within societies sampled in those studies, or both.

One way to test whether preferences are frequency-dependent is via manipulative
experiments. Brief exposure to visual stimuli can illicit domain-specific responses that
are relevant in mate selection. For example, exposure to photographs of physically
attractive same-sex targets lowered women’s self-perceived attractiveness whereas
men’s self-perceived attractiveness was lower following exposure to stimuli of men
of higher social dominance (Gutierres, Kenrick, and Partch 1999). However, face
preferences may also reflect more domain-general effects of learning so that familiarity
with facial stimuli drives convergence in preferences. Thus, Principe and Langlois
(2012) assigned participants to rate 15 human faces, 15 faces of chimpanzees or 15
faces that were morphed to be 60 % human and 40 % chimpanzee. Individuals
familiarised to human-chimp morphs gave higher ratings to human-chimp morphed
faces than participants exposed to other conditions. Attractiveness ratings for sex
typical facial shapes are also higher following exposure to similar looking faces than
prior to exposure (Little, DeBruine, and Jones 2005). However, following experimental
manipulations to be more or less familiar with a given set of faces men rated novel
female faces as more attractive (Little, Debruine, and Jones 2014). Interestingly, both
men and women exposed to 24 faces depicting either clean-shaven faces, fully bearded
faces or a mixture of bearded, stubbled or clean-shaven faces, rated full beards and
clean-shaven faces as more attractive when they were rare than when they common
(Janif, Brooks, and Dixson 2014). These studies demonstrate that brief exposure to
facial stimuli can induce directional shifts in face preferences that, in some cases, may
reflect frequency-dependence effects on preferences.

Where women'’s hair colour is concerned effects of frequency-dependence on men’s
preferences for hair colors are inconclusive. In one study, Thelen (1983) manipulated
the ratio of blond to brown haired women to test the effect of rarity on hair color
preferences using three experimental treatments wherein participants rated a brown hair
model alone, alongside 5 blond models, and alongside 11 blond models. The same
procedure was also undertaken for a blond target model presented alongside brown
haired models. Results showed that brown hair was progressively more attractive as
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brown hair became rarer but the same pattern was not observed for blond hair (Thelen
1983). Hinsz et al. (2013) measured preferences for hair color against the frequency of
hair color using written questionnaires conducted in two samples from Northern and
Southern prairies in North Dakota, U.S.A. They found positive selection for brown hair
when brown hair was common in the population. Thus, whether men’s preferences for
female hair colour reflect positive or negative frequency-dependence requires further
exploration.

To this end, using experimental procedures employed in more recent studies of face
preferences (Janif et al. 2014; Little et al. 2014; Principe and Langlois 2012) we tested
whether preferences shift away from a central tendency to prefer common hair colors
towards rarer hair colors following experimentally familiarising participants to specific
hair colors. We predicted that men’s preferences for women’s hair color would reflect
negative frequency-dependent patterns, especially for blond and red hair, given their
typically low rates cross-culturally (Gray 2008; Heckert and Best 1997). We placed
participants into experimental treatments wherein the frequency of women’s hair color
varied and compared exposure to different treatments with responses to a standard set
of stimuli that varied in brown, blond, and red hair. Our primary aim was to test
whether the attractiveness of women’s hair color reflects patterns of negative frequen-
cy-dependence, so that hair colors become more attractive when rare than when
common. However, men’s preferences for women’s hair colour are also dependent on
homogamy, the degree to which a potential mate bears self-resembling characteristics,
and their partners hair color (Bovet et al. 2012; Hinsz et al. 2013). Thus, we tested
whether women’s self-rated hair-color and men’s partners natural hair color were
associated with frequency-dependent preferences for hair color.

Materials and Methods
Stimuli

Twelve female models were freely available from www.dailymakeover.com to which
over 2,000 hairstyles and 32 colours could be applied. From the available hairstyles we
selected only those with straight hair that did not obscure the face (e.g. fringes dropping
over the face), resulting in 72 hairstyles. Six hairstyles were selected from the total pool
of 72 and randomly assigned to each of the twelve model faces. We then generated a
realistic set of blond, brown, and red hair colours by first eliminating from the 32
available hair colours all the unnatural colours (e.g. bright blue, purple, neon colours
and bleached blonds). Our final sample included 2 blond, 2 brown and 2 red hair
colours, one assigned to each of the six hairstyles resulting in 12 images for each hair
colour category.

Procedure
This study was completed on-line at www.socialsci.com. Participants were recruited
through social media outlets (e.g. Facebook), volunteered to rate women’s faces for

attractiveness, and were randomly assigned by the software running the experiment to
one of the four treatments (rare blond, rare brown, rare red, and an even treatment).
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However, due to an error in the programming the ‘brown rare’ treatment had to be run
separately via an additional web-link, which explains the discrepancies in the sample
sizes between treatments. The web link was advertised via the same outlets and
therefore there were no systematic differences in the source of sampling for this
treatment compared to other treatments. Participants viewed two consecutive sets of
stimuli. The first familiarized them with a set of 18 faces corresponding to the treatment
to which they were assigned. The second presented a standardized set of 9 faces to
gauge the attractiveness of women’s hair color; these ratings are the data we analyze.
From the subject’s point of view there was no obvious transition between the stimulus
sets — they simply rated 27 consecutive images for attractiveness.

From the 12 available models 9 models in each of three hair color conditions (blond,
brown, and red) were used to populate the four experimental treatments. The ‘rare
blond’ treatment included all nine brown hair and all nine red heads; the ‘rare brown’
treatment presented all nine blonds and all nine red heads; the ‘rare red’ treatment
included all nine blond and all nine brown haired stimulus and the ‘even treatment’
included six models of each hair colour, drawn at random. Images were presented in
random order, and participants rated each face for sexual attractiveness using a Likert
scale where —4 = Very unattractive - +4 very attractive.

To quantify preferences for women’s hair color we measured participant’s response
to a standard set of 9 faces, following directly on from the experimental treatment. The
standardized set comprised the remaining 3 models of each hair colour, each of whom
were of European descent (Fig. 1). Each model was presented with brown, red and
blond hair, resulting in 9 stimuli, presented in a randomised sequence and rated using
the same Likert scale as above.

After completing the ratings, participants provided information regarding their
relationship status, sexual orientation, their own and their partners’ natural hair color.
This study was approved by the Human Ethics Committee at the University of New
South Wales (HREC #1878).

Effects of Sex, Treatment, and Participant Self-Reported Hair Color on Attractiveness
Judgments of Women’s Hair Color

Participants

A total of 2,152 (mean age = SD=26.44+8.23 years) participants of which 1,494
female (25.95+7.76 years) and 658 males (27.57£9.10 years) completed this study.

Brown Blond
Fig. 1 Examples of the stimuli used in the current study. Images show the same woman with red, brown, and,
blond hair

@ Springer



60 Adaptive Human Behavior and Physiology (2015) 1:54-71

Only heterosexual or bisexual participants (Kinsey scale 0-3; Kinsey, Pomeroy, and
Martin 1948) responses were included of which only 82 (3.8 %) were bi-sexual. Thus,
homosexual participants (Kinsey scale 4-6) were excluded from the analyses. Our
sample comprised people of both European descent (n=1,430; 66.4 %) and non-
European descent (n=722; 33.6 %). Ethnicities among participants of non-European
descent were as follows: 44.4 % Asian, 3.4 % North African/Middle Eastern Jewish or
Arabic; 2.5 % other North African/Middle Eastern; 0.7 % West/Central/Southern
African; 7.5 % Native Australasian and Pacific islanders, 4.6 % Native North Amer-
ican, 14.7 % Central/South American, 2.5 % Caribbean islanders and 19.7 % stated no
ethnic group. Our stimuli were of European faces and hair color preferences vary cross-
culturally (Swami et al. 2008), thus we included ethnicity (European or non-European)
categories in our analyses. Sample sizes and ages (=1SD) for each treatment split by sex
and ethnicity are shown in Table 1.

Statistical Analyses

Attractiveness ratings for facial stimuli showed good internal reliability among the total
sample (x=0.855) as well as within men (x=0.855) and women (x=0.851) analysed
separately. Thus, average attractiveness ratings within each hair color category were
dependent variables in a repeated-measures ANOVA where hair colour (brown, blond,
and red) was the within-subjects fixed-factor and treatment (rare blond, rare brown, rare
red, and even), own hair colour (blond, brown, red), sex (male, female) and ethnicity
(European, non-European) were between-subjects factors.

Results

There was a significant main effect of hair colour (Table 2), such that blond and brown
hair were more attractive than red hair (allt,;5,>22.09, all p<0.001), but differences
between brown and blond hair were non-significant (¢,5;=0.86, p=0.388). There was
a significant hair colorxsex interaction (Table 2). Men gave higher ratings for blond
hair than brown and red hair (all ts5,>4.57, all p<0.001) and higher ratings to brown
hair than red heads (ts57=6.77, p<0.001). Women gave higher ratings to brown hair
than blond and red hair (all t;493>4.18, all p<0.001), blond hair was more attractive

Table 1 Sample sizes and mean ages (£1SD) for the analyses of the total sample including men and women
or both European and non-European descent

Male Female
Treatment European Non-European European Non-European
Even 55 (30.87+11.21) 47 (24.96+5.40) 126 (27.29+7.55) 62 (24.97+6.47)
Rare blond 57 (29.68+10.90) 49 (25.73+£4.51) 154 (27.04+8.27) 77 (25.36+7.54)
Rare brown 223 (28.93+10.83) 104 (24.68+6.96) 638 (26.46+8.24) 238 (24.45+7.08)
Rare red 62 (27.81+6.68) 61 (25.8245.95) 115 (25.65+7.03) 84 (23.94+6.12)
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than red hair (t;493=20.11, p<0.001) and gave higher ratings than men for brown,
blond, and red hair (all t,;50>3.92, all p<0.001) (Fig. 2).

There was also a significant hair color X sex x ethnicity interaction (Table 2).
Comparisons within participants of European ethnicity revealed that men rated brown
and blond hair as more attractive than red hair (all t394>6.91, all p<0.001), but

Table 2 Repeated-measures ANOVA on the effects of hair color, treatment, self-reported hair colour, and sex
on attractiveness ratings. Data in bold are those retained in the final model

Within-subjects effects

Hair color*

Hair color x treatment*

Hair color x sex*

Hair color x self-reported hair color*

Hair color x ethnicity*

Hair color x treatment X sex*

Hair color x treatment x self-reported hair color*

Hair color x treatment x ethnicity*

Hair color x sex x self-reported hair*

Hair color x sex x ethnicity*

Hair color x self-reported hair x ethnicity*

Hair color x treatment x sex X self-reported hair color*

Hair color x treatment x sex X ethnicity*

Hair color % treatment X self-reported hair color x ethnicity*
Hair color x sex x self-reported hair color x ethnicity*

Hair color x treatment x sex x self-reported hair color x ethnicity™*

Between-subjects effects

Treatment

Sex

Self-reported hair color

Ethnicity

Treatment % sex

Treatment x self-reported hair color
Treatment x ethnicity

Sex x self-reported hair color

Sex x ethnicity

Self-reported hair color x ethnicity
Treatment X sex x self-reported hair color
Treatment x sex x ethnicity

Treatment x self-reported hair color X ethnicity
Sex x self-reported hair color x ethnicity

Treatment X sex x self-reported hair color x ethnicity

F
32.84
0.62
31.70
0.27
0.79
1.52
1.25
1.30
0.64
3.88
139
0.59
0.28
2.00
1.23
1.35

F
0.89
41.37
0.03
5.05
0.78
0.38
1.60
2.28
0.12
1.15
1.32
1.15
0.72
0.88
0.18

daf

2.0, 4175.1
5.9, 4175.1
2.0, 4175.1
3.9, 4175.1
2.0, 4175.1
5.9, 4170.5
11.8, 4175.1
5.9,4175.1
3.9, 4166.9
2.0, 4175.1
3.9, 4175.1
11.8, 4151.6
5.9, 41453
11.8, 4175.1
3.9, 4163.0
5.9, 41394

df

3,2126
1, 2126
2,2126
1, 2126
3,2123
6, 2126
3,2126
2,2121
1, 2126
2,2126
6, 2113
3,2110
6, 2126
2,2119
3,2107

P
<0.001
0.712
<0.001
0.894
0.452
0.168
0.241
0.256
0.634
0.021
0.235
0.846
0.946
0.021
0.341
0.233

P
0.447
<0.001
0.971
0.025
0.507
0.893
0.186
0.102
0.730
0.317
0.247
0.329
0.633
0.415
0.907

Tp
0.015
0.001
0.015

<0.001
<0.001
0.002
0.004
0.002
0.001
0.002
0.001
0.002
<0.001
0.006
0.001
0.002

ny

0.001
0.019
<0.001
0.002
0.001
0.001
0.002
0.002
<0.001
0.001
0.004
0.002
0.002
0.001
<0.001

* Greenhouse - Geisser adjusted df (rounded to one decimal place)
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Fig. 2 Mean attractiveness ratings (£95 % CI) for women’s hair color (red, brown, and blond hair) split by
sex of respondents (male or female). Data from the Likert scales were re-scaled for the Figure to reflect
positive values by adding 4. *** = P<.001

preferences for blond and brown hair did not differ significantly (t396=1.19, p=0.236).
Within women of European descent preferences were higher for brown hair than blond
and red hair (all t;(3,>4.08, all p<0.001), blond hair was also more attractive than red
hair (t193,=15.80, p<0.001). Within participants of European ethnicity women gave
higher ratings than men for all three hair colours (all t;4,5>3.02, all p<0.01). Compar-
isons within participants of non-European ethnicity revealed that men rated blond hair
as more attractive than brown and red hair (all t,59>5.70, all p<0.001), and brown hair
more attractive than red hair (t,50=2.12, p=0.035). Within women of non-European
descent brown and blond hair were rated as more attractive than red hair (all t460>
12.42, all p<0.001), but preferences for blond and brown hair did not differ signifi-
cantly (t460=1.43, p=0.154). Among participants of non-European descent women
gave higher ratings than men for blond, brown, and red hair (all t;5(p>2.34, all
p<0.05). Comparisons between ethnicities revealed that men of European descent
grave higher ratings than men of non-European descent for brown hair (tgs6=3.13,
p=0.002), but not blond or red hair (all t555<0.59, all p>0.557). Preferences between
women of European and non-European ethnicity did not differ significantly for any hair
colors (all tj49,<1.44, all p>0.149).

There was also significant hair color x treatment x own hair color x ethnicity
interaction (Table 2). This reflects that a variable distribution between treatments
among participants of non-European descent with self-reported red hair compared with
participants of European descent with self-reported red hair (see Figures S1-S3 in the
supplementary materials). However, given red hair among non-Europeans is unusual,
as reflected in the low sample size (n=14), we re-ran the analysis with this group
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removed and found this four-way interaction was no longer significant (Fg041582=
1.57, p=0.154, np2=0.002). We thus limit our interpretation of this four-way interaction
as we can attach little weight to this finding.

Given the significant effect of ethnicity on hair color preferences (Table 2), we re-ran
the analyses to include only participants of European descent. Results showed a
significant main effect of hair colour (Table 3), so that brown hair was more attractive
than blond and red hair (all t;4,9>2.84, all p<0.01) and blond hair was more attractive
than red hair (t;4p90=18.34, p<0.001). There was also a significant hair color x sex
interaction (Table 3). Within men, preferences were higher for blond and brown hair
over red hair (all t396>6.91, all p<0.001), but preferences between blond and brown
hair did not differ significantly (t;06=1.19, p=0.236). Within women, preferences were
higher for brown over blond and red hair (all t;¢3,>4.08, all p<0.001), and blond hair
was significantly more attractive than red hair (t;(3,=15.80, p<0.001). Comparisons
between the sexes revealed women gave higher ratings than men for brown, blond, and
red hair (all t14,3>3.02, all p<0.01).

There was also a significant hair color x treatment x own hair color interaction
(Table 3). Comparisons between participants according to self-reported hair color
revealed that within the rare brown treatment, participants with red hair gave signifi-
cantly higher ratings to stimuli with red hair than participants with brown (ts¢s=3.34,
»<0.001) or blond hair (t346=3.37, p<0.001) gave (Fig. 3). No other comparisons
between participants according to self-rated hair color within this treatment were

Table 3 Repeated-measures ANOVA on the effects of hair color, treatment, self-rated hair color, and sex on
attractiveness ratings among participants of European descent. Data in bold are those retained in the final
model

Within-subjects effects

F df P n,’
Color* 21.73 2.0, 2754.5 <0.001 0.015
Color x treatment* 0.69 5.9, 2754.5 0.655 0.001
Color x sex* 7.69 2.0, 2754.5 <0.001 0.005
Color x self-rated hair color® 2.02 3.9, 2754.5 0.091 0.003
Color x treatment x sex* 1.05 5.9, 2754.5 0.388 0.002
Color x treatment x self-rated hair color* 1.95 11.7, 2754.5 0.026 0.008
Color x sex x self-rated hair color* 1.07 3.9, 2754.5 0.369 0.002
Color x treatment x sex x self-rated hair color* 0.64 11.7,2744.2 0.808 0.003

Between-subjects effects

F df P n,’
Treatment 0.25 3, 1412 0.864 0.001
Sex 15.57 1, 1412 <0.001 0.011
Self-rated hair color 0.75 2, 1412 0.475 0.001
Treatment x sex 0.10 3, 1412 0.963 <0.001
Treatment x self-rated hair color 1.05 6, 1412 0.394 0.004
Sex x self-rated hair color 2.82 2, 1412 0.060 0.004
Treatment x sex x self-rated hair color 091 6, 1406 0.488 0.004

* Greenhouse - Geisser adjusted df (rounded to one decimal place)
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statistically significant (all t<1.80, all p>0.072). In the even treatment, participants with
blond hair gave higher ratings than participants with brown hair for stimuli with blond
and red hair (all t;,3<1.98, all p<0.05), but no other paired comparisons within this
treatment were significant (all t<1.83, all p>0.070). In the rare blond treatment,
participants with red hair gave higher ratings than participants with blond hair for
stimuli depicting blond hair (Levene’s test [F'=4.95, p=0.029]; t1 74,=2.22, p=0.037),
but no other paired comparisons within this treatment were significant (all t<1.78, all
»>0.098). No paired comparisons in the red rare treatment reached statistical signifi-
cance (all t<1.74, all p>0.087).

Effects of Treatment and Partners Hair Colour on Men’s Preferences for Women’s Hair
Colour

We tested whether men’s preferences for women’s hair color were influenced by their
partners hair color and whether such preferences influenced preferences between the
different treatments of hair color frequency. From the total sample, 363 men (mean age +
SD=29.87+9.43 years) were in relationships and reported the natural hair color of their
partners. Of this sample, 229 (31.52+10.44 years) were men of European descent and
134 were of non-European descent (27.04+6.50 years). Given the small sample of non-
European descent, we restricted our analyses to men of European descent. The sample
sizes in each treatment split by the hair color of men’s partners are shown in Table 4.

Attractiveness ratings for facial stimuli showed good internal reliability among
participants (x=0.869). Thus, average attractiveness ratings within each category of
hair color was entered as the dependent variable in a repeated-measures ANOVA where
hair colour (brown, blond, and red) was the within-subjects fixed-factor and partners
hair colour (blond, brown, red) and treatment (rare blond, rare brown, rare red, and
even) were between-subjects factors. There was a significant main effect of hair colour
(Table 5), so that blond and brown hair was more attractive than red hair (all ty55>5.03,
all p<0.001), but preferences for brown and blond hair did not differ significantly from
one another (t,,g=1.01, p=0.314). The ANOVA revealed no main effects or interac-
tions involving hair color, treatment or partners hair colour (Table 5).

Discussion

Frost (2006) proposed that the rapid diversification and maintenance of polymorphisms
in hair color among Europeans might be attributable to negative frequency-dependent
sexual selection, wherein women bearing rare colors relative to their counterparts were
historically preferred as mates. In the present study we tested whether experimentally
manipulating the frequency of hair colors influenced the attractiveness of rare female
hair colors. Overall, we found no evidence of negative frequency-dependence in men or
women’s preferences for women’s hair color. There were subtle interactions between
self-reported hair color, ethnicity, and treatment that were associated with hair color
preferences. However, this interaction was driven by lower attractiveness ratings given
by participants of non-European ethnicity with red hair. Given that this group repre-
sented only a small proportion of the total sample we re-analyzed the data after
removing these participants, which revealed the interaction between ethnicity, self-
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Fig. 3 Mean attractiveness (+95 % CI) for blond, red, and brown hair split by participants self-
reported hair color (red, brown, and blond hair) and experimental treatment (even, rare blond, rare
brown, and rare red). Data from the Likert scales were re-scaled for the Figure to reflect positive
values by adding 4. * = P<.05; ** = P<.01; *** = P<.001

reported hair color, and treatment on hair color preferences to be no longer statistically
significant. When we restricted our analyses to participants of European descent, we
noted a significant interaction between self-reported hair color, treatment, and hair color
preferences. However, this interaction was driven by participants with red hair giving
higher attractiveness ratings to stimuli with red hair within the treatment in which
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Table 4 Sample sizes and mean ages (£1SD) for analyses of the sub-sample of European men split by the
hair color of their current partners and treatment

Partners hair color

Treatment Blond Brown Red

Even 5 (32.80+4.97) 29 (33.72+11.97) 2 (25.00+11.31)
Rare blond 7 (29.86+7.69) 26 (33.38+11.87) 3 (26.67+10.60)
Rare brown 31 (33.61+11.71) 77 (30.52+10.34) 10 (32.50+13.06)
Rare red 9 (31.56+8.79) 27 (29.15+6.97) 3 (27.33+4.16)

brown hair was rare (and blond and red hair more common). Thus, if anything, there
may be limited positive frequency-dependent preferences among participants with red
hair for common stimuli with red hair.

To our knowledge only two previous studies have tested whether men prefer rare
hair colors in women. Thelen (1983) found using photographic stimuli that the
attractiveness of brown hair increased as the frequency of blond hair increased and
brown hair decreased, providing support for negative-frequency dependent preferences
for brown hair. However, Hinsz et al. (2013) compared self-reported hair color and
stated preferences for hair color in an ideal partner and found no effects of rarity on
preferences for female hair color, instead brown hair was more attractive when brown
hair were more common. Methods between these studies varied considerably. Thelen
(1983) collected preference ratings for brown hair in photographic stimuli presented
alone, alongside 5 blond females, and alongside 11 blond females. In contrast, Hinsz
et al. (2013) compared stated hair color preferences collected via questionnaires against
the self-reported hair color from the sampled population. In our study we employed an
experimental design aimed at familiarizing participants with hair color by exposing
participants to different treatments in which the frequency of hair color were manipu-
lated relative to a response set of faces that was the same across all treatments. Thus, we

Table 5 Repeated-measures ANOVA on the effects of hair color, treatment, and partners hair color on
attractiveness ratings among European participants

Within-subjects effects

F df P n,’
Hair color* 4.76 1.9, 406.8 0.010 0.021
Hair color x treatment™® 0.30 5.6, 406.8 0.927 0.004
Hair color x Partners hair color* 0.79 3.7, 406.8 0.526 0.007
Hair color x treatment X partners hair color* 0.73 11.2, 406.8 0.710 0.020

Between-subjects effects

F df P m,°
Treatment 0.16 3,217 0.925 0.002
Partners hair color 0.18 2,217 0.835 0.002
Treatment x Partners hair color 0.63 6,217 0.706 0.017

* Greenhouse - Geisser adjusted df (rounded to one decimal place)
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presented participants with treatments in which blond, brown, and red hair each had a
treatment in which they were rare and a control treatment in which hair colors were
equally represented. Similar techniques have been employed and found to induce
positive effects of familiarization on faces preferences (Principe and Langlois 2012)
and effects of rarity on faces preferences (Janif, Brooks, and Dixson 2014). However,
we found no simple interaction with preferences for hair color and treatment. Thus,
taken together our findings add to the equivocal patterns across past studies seeking to
demonstrate whether men’s preferences for women'’s hair color are modulated by the
frequency of hair colors.

This is not to say that rarity has no influence on male face preferences. Our methods
for familiarizing participants using 18 images in which some hair colors were common
may simply not have been sufficient to generate the perception of rarity in other hair
colors. Further, some model faces (but not the combination of face and hair color) were
repeated within the familiarization phase of the experiment, which may have introduced
noise during the ongoing task of rating the faces. The study was also conducted on-line
and not under the controlled conditions of the lab where participants are free from
distractions, which may also have impacted on our detecting a pattern in preferences.
Interestingly, Little, DeBruine, and Jones (2014) reported that following experimentally
familiarizing participants to a set of faces, men preferred the faces of unfamiliar over
familiar females. In another study, the attractiveness of men’s facial hair was found to
vary with the frequency of certain facial hair quantities, so that beards became more
attractive when beards were rare and less attractive when they were common (Janif
et al. 2014). Thus, there is evidence that rarity and negative frequency-dependence
could underpin preferences for female faces (Little et al. 2014) and cutaneous traits like
beards in men (Janif et al. 2014), but using similar techniques we were unable to show
similar patterns for women’s hair color.

It is possible that rather than effects of experimentally familiarizing participants to a
distribution of hair colors in a population, frequency-dependent preferences for hair
color are better understood within context of the proportion of hair color from which
the sample population was derived. Hinsz et al. (2013) measured preferences for hair
color against the frequency of hair color in two samples from Northern and Southern
prairies in North Dakota, U.S.A and found positive selection for brown hair when
brown hair was common in the population. Unfortunately we are unable to determine
the frequency of hair color in the local population to the same resolution as in Hinsz
et al. (2013), given the large geographic range of our Internet sample of participants.
However, we were able to test whether absolute preferences for hair color are mediated
by relative factors such as participants’ own hair color and their partners hair color
(Bovet et al. 2012; Hinsz et al. 2013), which could, in turn, influence frequency-
dependent preferences for hair color. Homogamy, the degree to which a mate bares self-
resembling characteristics, has been shown to predict preferences for hair color and
preferences within couples (Bovet et al. 2012). We found that self-reported hair color
interacted with treatment and ethnicity to determine hair color preferences. However,
this relationship was driven by participants of non-European with red hair giving lower
ratings for some hair colors in treatments in which red hair was rare. While this could
be an artifact of cross-cultural variability in hair color preferences (Swami et al. 2008),
many of the non-European participants who completed this study were of Asian
descent. In these populations participants naturally occurring rates of red hair may be
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low, which could have influenced ratings. Interestingly, when the sample was restricted
to participants of European descent, preferences for red hair were higher among
participants with red hair within treatments wherein brown hair was rare and red hair
was more common. Future cross-cultural studies quantifying in more detail the
frequency-dependent preferences, particularly among Scandinavian and other
European countries where hair color is polymorphic, for hair color would be valuable
as an extension of our findings.

Similarly to Hinsz et al. (2013), we found sex differences in attractiveness ratings of
women’s hair color. Women preferred blond and brown hair equally, and rated them
more attractive, on average, than red heads. In contrast, men rated blond hair as
significantly more attractive than brown hair, and rated red hair least attractive. There
are several ways to interpret these findings. One theory suggests men’s preferences for
lighter hair reflects selection for cues of youth, health, and even fertility in hair quality
(Hinsz et al. 2001; Fink et al. 2013). Blond hair has been argued to amplify skin
complexion as a signal of underlying disease resistance, making it easier for men to
detect diseases than among women with darker hair and more melanic skin complex-
ions (Ramachandran 1997). Indeed, some studies have found blond hair to be rated as
most attractive (Sorokowski 2006), healthier, and more youthful than brown hair
(Sorokowski 2008). However, numerous studies have found that brown hair is rated
more favorably than blond hair (Swami, Furnham and Joshi 2008; Swami et al. 2008;
Swami and Barrett 2011; Sorokowski 2008). Empirically demonstrating that men’s
preferences are influenced by current health in blond haired than darker haired women
would certainly be valuable to determine.

As in studies testing for frequency-dependence in attractiveness ratings for women’s
hair color, the equivocal nature of findings from previous studies and those of the
present study may be due, in part, to the differing methodologies employed to manip-
ulate hair color to test men’s preferences. For example, methods range from written
surveys (Hinsz et al. 2013; Verweij, Burri, and Zietsch 2012), line drawings (Swami,
Furnham and Joshi 2008; Swami et al. 2008), computer manipulations of hair color
(Sorokowski 2008), wigs (Guéguen 2012a,b), and one confederate rated with artifi-
cially dyed red, brown or blond hair (Swami and Barrett 2011). While the use of
computer-generated stimuli allows for the role of traits to be studied in isolation from
surrounding traits, this method may be problematic. Eyebrow color, eye color, and skin
complexion all vary with hair color. Thus, naturally occurring red hair is typically
associated with lighter skin, freckles, and possibly lighter eyebrows, whereas skin
complexion is typically more melanic among people with darker hair. As such,
manipulating hair color alone as we did in our stimuli may have created a mismatch
between other facial traits and hair color. Finally, we measured hair color preferences
against partners hair color by asking individuals to state their partners natural hair color,
which did not account for the possibility that participant’s partners were dying their
hair. Thus, while Bovet et al. (2012) found concordance in preferences for hair color
between natural and computer-generated stimuli, our results may still have been
influenced by using digitally manipulated images to measure preferences and future
studies replicating our findings using natural stimuli would certainly be valuable.

Preferences for various aspects of facial morphology are positively associated with
women’s actual partners. For example, preferences for more masculine faces are higher
among women with more facially masculine partners (Debruine et al. 2006), and
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preferences for beards are higher among women with more bearded partners (Dixson,
Tam, and Awasthy 2013). Men’s preferences for women’s hair color may also reflect
actual preferences (Bovet et al. 2012) or be associated with preferences for rare hair
colors as men prefer unfamiliar over familiar female faces (Little et al. 2014). However,
we found no effect of partners hair color on men’s preferences for hair colors. Further,
men’s partners hair color did not result in significant effects of frequency dependence
on preferences for hair color. For the present, our study provides no support for
negative frequency-dependence acting on preferences for women’s hair color. Given
that hair color is a highly polymorphic character subject to cultural variation, further
cross-cultural extensions of this study would be valuable.
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