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Introduction
Human populations exhibit a variety of eye color 

phenotypes, with Europeans exhibiting more diversity than 
others, especially for blue and green colors [1-3]. The ancestral 
eye color state in Europeans was brown, with the blue and 
green colors recently derived within the past 6-10,000 years 
[1,13]. Although not as simple as a multi-allelic one locus trait, 
the number of genetic factors controlling the blue-brown 
eye color variants appear to be few in number [2,3,14,15] 
with green eyes arising as an intermediate phenotypic state. 
Studies report that blue eye color is associated with either 
no difference in visual acuity [16] or reduced quality of vision 
[17] which suggests that the increase in frequency of blue 
eyes likely arose from sexual selection, which has long been 
accepted as a powerful evolutionary force [18-20].

Previous studies of sexual selection in humans have 
identified a number of factors that influence ratings of 
attractiveness and mate choice [21-24]. Surprisingly, very 
few studies have examined eye color preference in humans. 
Although subjects report a preference for blue eyes over 
brown when asked [4,5], when preferences were actually 
tested by having subjects rate the attractiveness of eyes 
or faces with digitally manipulated eye colors there was 
no overall difference in attractiveness ratings given to 
individuals, faces or eyes exhibiting different eye colors 
[5,11,25,26] or brown eyes were actually preferred over blue 

[12]. However, due to the relatively low number of studies, 
the existence of an overall preference for certain eye colors 
remains unknown. Sexual selection based on eye color 
could also arise from imprinting effects favoring individuals 
with the same color eyes as the opposite sex parent [6-8]. 
Conversely, selection for behavioral factors that minimize 
inbreeding by creating preferences against the eye color of 
siblings, which are necessarily correlated with that of their 
parents, via the "Westermarck effect" has been proposed 
[9,10]. Furthermore, because kin recognition systems may be 
self-referential rather than family-referential [27], selection 
for or against eye colors similar to oneself may arise as an 
extension of the aforementioned imprinting processes. 
Additionally, blue-eyed males may prefer blue-eyed females 
due to paternity assurance benefits [11,12] or because a 
general preference for self-similarity may exist [12,28,29]. 
Selection processes favoring certain colors and positive 
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an assessment of faces presented to the subject and a 
biographical questionnaire in which subjects recorded their 
sex, ethnicity, age, eye color and parents' eye colors. Data 
from subjects who made errors in the assignment of rankings, 
recognized any faces or were older than 30 were removed 
from the analysis which resulted in data from 366 subjects 
remaining for analysis. A sufficient number of representatives 
from White, Asian and Hispanic ethnicities were present for 
analyses of data within each of these ethnic subgroups (no 
other single ethnic category had sufficient representation to 
conduct separate tests).

Study design
Each subject was seated at a computer and they were 

directed to a password-secured website where, after entering 
their sex, they were presented with 5 sets of 6 digitally altered 
images. The images were the faces of Caucasian individuals 
of the opposite sex and the subjects were asked to rank the 
attractiveness of the six faces within each set on a scale from 
most attractive to least attractive (1-6 with no duplicated 
values allowed). Subjects were given written directions and 
an assessment form (Supplementary Materials files S1 and 
S2) on which to record their rankings which included a code 
number to ensure their anonymity, but allowed these forms 
to be matched to confidential biographical questionnaires 
they completed later.

Each of the 5 sets of faces displayed the same individuals, 
but the images were digitally altered such that the eye colors 
were set to blue, brown or green using PhotoshopTM (an 
example of a set is shown in Figure 1). All subjects of each sex 
were exposed to the same 30 faces and the general shapes 
and/or attractiveness of the faces were subjectively chosen 
to be similar within each set of six. The 5 sets were presented 
in random order and within each set all faces displayed one 
of two selected eye colors randomly chosen such that each 
of the 3 pairwise color combinations was used once and the 
remaining two sets used a randomly determined pair of colors. 
The 5 sets displayed each of the five eye color frequencies 
available with six faces (1:5, 2:4, 3:3, 4:2, and 5:1) randomly. 
After ranking the faces in order of attractiveness, subjects 
completed the biographical questionnaire (Supplementary 
Materials file S3).

Statistical analysis
A full set of the statistical results and the C++ program 

used to perform the simulations described below is available 
in the online Supplementary Materials file S4.

Differences in mean attractiveness rankings for faces 
exhibiting different eye colors (see Figure 2) were examined 
using the One-Way ANOVA module in MiniTab 16 with eye 
color as the categorical predictor variable.

Evidence of patterns consistent with imprinting or 
paternity assurance in White subjects was examined using 
the General Linear Model module in MiniTab16. Separate 
unbalanced Two-Way ANOVA analyses of attractiveness 
ranking using study subject eye color, same sex parent eye 
color and opposite sex parent eye color in combination with 

assortative mating and will lead to reduced genetic variation 
and fixation of favored phenotypes instead of polymorphism 
however and do not provide a mechanism for the increase of 
the genetic factors responsible for blue and green eye colors 
in Europe and subsequent maintenance.

If preferences and fitnesses are determined by frequency, 
with rarer phenotypes favored, then this negative frequency 
dependent sexual selection (negative FdSs) can act to both 
increase the frequency of initial mutations and maintain 
phenotypic variation in populations for prolonged periods of 
time [30-32]. Negative FdSs on eye color has therefore been 
proposed as the mechanism by which blue and green eye 
colors first became frequent and have since been maintained 
in Europe [1]. More precisely, the proposed hypothesis was 
one in which, during a prolonged period of female-skewed 
sex ratios during the period approximately 10,000 years ago, 
sexual selection by males for females with rare eye color 
variants led to the present color polymorphism [1]. This 
hypothesis has not been directly tested.

Methods Summary
The study was conducted during the period from summer 

2011 to spring 2012 using students at California State 
University Long Beach. Internal CSULB ethics clearance was 
obtained for this study. Subjects were presented with altered 
photographs of the faces of Caucasian members of the 
opposite sex and were asked to rank order the attractiveness 
of images displayed in sets of six (an example of a set is shown 
in Figure 1). The eye colors of the displayed images had been 
altered to randomly display as either blue, brown or green and 
the frequencies of the two eye colors displayed within each of 
the five sets displayed to each subject were manipulated (1:5, 
2:4, 3:3, 4:2, and 5:1). Different subjects therefore ranked the 
same face over a range of circumstances in which that face 
possessed each eye color as a common, intermediate or rare 
variant. Subjects then completed confidential questionnaires 
in which they provided their sex, ethnicity, age, eye color 
and parents' eye colors. Data for 366 subjects passed quality 
control procedures with sufficient representatives from 
White, Asian and Hispanic ethnicities for separate analyses 
of members of these ethnic subgroups (no other single ethnic 
category had sufficient representation to conduct separate 
tests). Statistical analyses were conducted using the One-
Way ANOVA and General Linear Model modules in Minitab 
16 and via simulation studies. Forms and surveys provided to 
subjects, summaries of all statistical results and the computer 
code used for the simulation analyses are available in the 
Supplementary Materials.

Methods

Study participants
This study was conducted using student participants, 

primarily undergraduates, at the California State University 
Long Beach (CSULB) during the period from summer 2011 to 
spring 2012. Internal CSULB ethics clearance was obtained 
for this study. On the day of participation, subjects were 
given informed consent by one of the study authors and 
then completed the study. The study had two portions: 
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Figure 1: Example set of faces used in study. The subjects ranked 5 sets of 6 faces, arranged on a computer screen in a 3 × 2 grid as 
shown, from most attractive to least attractive. All eyes in the images were digitally altered from their original colors; the figure shows 
a set with 5 blue-eyed faces and 1 green-eyed face. The same six faces were always shown together in the same positions; the two eye 
colors used, the frequencies of each eye color, and which faces had each color were varied across subjects performing the rankings 
as was the order of presentation of the 5 sets of faces.

         

Figure 2: Eye color and attractiveness ranking. The mean (± 95% CI) attractiveness ranking is plotted for each eye color for all faces judged 
by all subjects of the sex indicated and the three major ethnic subsets within the overall data. One-way ANOVA tests within each group 
indicate that no eye colors are associated with statistically significant differences in mean attractiveness relative to the others. Study 
subject sample sizes for each group are 241 females with 63, 73 and 72 White, Asian and Latino/Hispanic individuals respectively and 125 
males with 41, 37 and 21 for White, Asian and Latino/Hispanic individuals respectively.

colors than for rare ones and a linear regression analysis is 
inappropriate. We therefore performed a series of simulations 
in which simulated subjects provided rankings randomly and 
the proportion of trials from 10,000 performed in which the 
mean attractiveness rankings were more extreme than that 
observed for both the rare frequencies was recorded (i.e., this 
is the p value). The number of simulated subjects was set to 
match the number in each sample group and the two-tailed 
nature of the test allows detection of patterns consistent 
with both negative and positive FdSs. We consider data in 

photograph eye color were performed. The subjects used for 
each analysis necessarily differed from analysis to analysis 
due to the differential omissions of subjects reporting eye 
colors not falling into the three categories analyzed (e.g., 
hazel) for themselves or either parent.

The study design inherently creates a non-linear 
relationship between frequency and mean ranking because 
each rank is used once; the possible range of mean values 
are therefore more constrained for more common eye 
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Although some faces were consistently rated more attractive 
than others, none of the eye colors showed a significant 
difference from the others in mean attractiveness in the 
overall sample or within each of the ethnic subsets (Figure 
2). This result is consistent with previous reports showing no 
preference for blue eyes even by those that claim a preference 
for blue eye color [5], but is in contrast to previous studies 
showing a stated preference for blue [4,5] or measured 
preference for brown eyes [12].

The subset of White study subjects was used to test the 
parental imprinting and Westermarck hypotheses in both 
females and males. No meaningful significant interactions 
were seen between the attractiveness of faces with certain 
eye colors and the eye color of the subject or either parent 
in any of the tests (see online supplementary materials). In 
a more focused analysis, the subset of blue and brown-eyed 
male study subjects was used to test the paternity assurance 
hypothesis for mate choice by examining their rankings for 
blue and brown eyed faces. No significant interaction between 
eye color and preference for eye color was seen in the subset 
of blue and brown eyed male White study subjects and the 
non-significant preference for faces with blue-eyes over faces 
with brown eyes was actually less pronounced in blue-eyed 
males than in brown-eyed males (see online Supplementary 
Materials).

Preference for eye color did appear to be significantly 
related to frequency however. The relationships between eye 
color frequency and attractiveness ranking are shown in Figure 
3. There is evidence for significant negative FdSs in which 

which the two rare frequencies showed a mixed pattern (i.e., 
one above 3.5 with the other below) to be indicative of no 
overall FdSs and testing with this technique was deemed non-
informative (i.e., p = NA). The analysis was performed on all 
individuals within each sex and separately for each of the 3 
subsets of the study subjects defined by their self-reported 
ethnicities (White, Asian/Asian American, Latino/Hispanic) 
and for a set consisting of all non-White females.

We therefore tested for eye color preferences, the 
presence of imprinting and paternity assurance effects 
and patterns of FdSs by asking study subjects to rank the 
attractiveness of faces in which the eye colors had been 
digitally manipulated to be blue, brown or green (see Figure 
1). Sets of six faces were presented to the subjects and all 
the faces in each set had one of two eye colors with the 
frequencies of the eye colors varied such that the same face 
would exhibit the rare, moderate, or common eye color 
randomly when presented to different subjects. The diverse 
ethnic and gender makeup of the subjects allowed separate 
analyses of subgroups of individuals self-reporting as White, 
Asian/Asian-American and Latino/Hispanic for both males 
and females. The eye colors of the subjects and their parents 
were recorded and for the White subset of our data we tested 
the imprinting and paternity assurance hypotheses described 
above.

Results
Several of the factors previously proposed to cause 

preferences for eye color were not apparent in our data. 

         

Figure 3: Eye color frequency and attractiveness ranking. The mean (± 95% CI) attractiveness ranking is plotted against the eye color 
frequency for all faces judged by all subjects of each sex as indicated and the three major ethnic subsets within the overall data. For 
each plot the p value indicates the result of a simulation analysis (see Methods section). The most significant relationship between the 
frequency of eye color and mean attractiveness ranking of faces with that eye color is the one by white female subjects consistent with 
negative FdSs in which faces with rarer eye colors are ranked more attractive (the less significant relationship for all females is driven 
by this pattern within white females). No other relationships are statistically significant. The relationships for Asian and Latino/Hispanic 
males did not show any indication of consistent negative or positive FdSs so p = NA is shown to indicate this. The simulation analysis of 
the set of all non-Caucasian females resulted in a non-significant trend (p = 0.3370) consistent with negative FdSs. Study subject sample 
sizes for each group are 241 females with 63, 73 and 72 White, Asian and Latino/Hispanic individuals respectively and 125 males with 
41, 37 and 21 for White, Asian and Latino/Hispanic individuals respectively. Each subject ranked 2, 4, 6, 8, and 10 faces for each of the 
frequencies 0.167, 0.333, 0.5, 0.667 and 0.833 respectively. Since the attractiveness values arise from relative ranks in sets of six, the 
relationship between frequency and mean ranking is non-linear even for very strong preferences (i.e., the mean rankings are constrained 
to lie within the ranges 1 to 6, 1.5 to 5.5, 2 to 5, 2.5 to 4.5 and 3 to 4 for the frequencies 0.167, 0.333, 0.5, 0.667 and 0.833 respectively), 
hence the need for the simulation analysis instead of a conventional regression analysis.
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Summary for Journal Readers
Humans exhibit a much higher variety of eye colors in 

European populations than elsewhere. Sexual selection for 
traits based on their frequency (e.g., rare phenotypes are 
favored) may explain this variation. We found that Caucasian 
female subjects rated male faces as more attractive when 
they exhibited relatively rare eye colors than when their eye 
color was common, but we did not see this pattern in females 
of other ethnicities or males. This pattern is consistent with 
female choice driven sexual selection as seen in many wild 
animals and may explain the higher eye color diversity seen 
in Europeans.

Summary for the General Public
Why do Europeans tend to have more eye colors than 

non-Europeans? One hypothesis is that historical selection for 
individuals with rare eye colors has maintained many diverse 
eye color genes by favoring each when they get rare. This 
study shows that young Caucasian females seem to prefer 
certain male faces more when they have relatively rare eye 
colors whereas females of other ethnicities and males don't 
show the same bias. A long history of preferences like these, 
rather than any preference for a single color, may explain 
why Europe currently has more eye color diversity than other 
regions.
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