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Abstract

The horizontal size of the exposed depigmented sclera in Caucasians has been previously suggested to be sexually dimorphic,
and the significance of this phenomenon remains unclear. Here we build on a previous study and extend it by (i) examining sex
differences in other measures of ocular morphology and (ii) exploring the link between eye morphology and biometric markers of
facial attractiveness. We used facial photographs of 100 Caucasians (50 men) from Eastern-Central Europe and digitally
measured four ocular features. Eye measurements were tested for sex differences and associations with morphometric data on
facial averageness and sexual shape dimorphism. We found that sclera surface is more horizontally exposed in men, even though
the total surface area is similar in both sexes. We also found that eye fissures are rounder (less rectangular) in women than in men
and that irises are brighter in women. We did not find any relationship between the examined eye features and two aspects of
facial attractiveness: facial averageness and sexual dimorphism in facial shape. Despite being sexually dimorphic, eye features
may be loosely linked with the development of facial sexual ornamentation. The role of sexual selection in the evolution of the
observed phenomena is disputable.

Significance statement

It is often argued that because of their physical appearance, human eyes are crucial to interpersonal and social interactions. In
many aspects, however, the significance of the human eye architecture is unclear. In this study, we examine sex differences in eye
morphology and explore the link between ocular features and biometric measures of facial attractiveness in Caucasian men and
women. We found that despite being sexually dimorphic, eye features may be loosely linked with biometric markers of facial
attractiveness. We argue that the role of sexual selection in the evolution of the observed sex differences is disputable.
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Introduction

All great apes differ markedly from other mammals, including
other primates, in presenting a range of functional and mor-
phological adaptations for increased reliance on vision, such
as a less protruding snout and more exposed eyeballs (Emery
2000). The greater importance of vision is shown by the more
varied ways in which great apes actively use the gaze of others
in social contexts; for example, eye contact and gaze alterna-
tion in great apes have been observed to play a role in bonding
(de Waal and van Roosmalen 1979; Silk 2002), communica-
tion (Gomez 1996) and competitive foraging (Brauer et al.
2005, Kano and Call 2014; Hall et al. 2017). This great ape
trend is further accentuated in humans (Homo sapiens), who
rely on visual inputs to an even greater extent and make use of
eyes as cues in a wider array of socially relevant functions
(Kleinke 1986).

Human eyes are themselves a highly salient visual stimulus
through a combination of features that give rise to a highly
conspicuous morphology that enhances the perception of gaze
by others. An influential study by Kobayashi and Kohshima
(1997; see also Kobayashi and Kohshima 2001) compared the
ocular morphology of humans and 87 other primate species
and concluded that human eyes were unique in having a larger
width-to-height ratio (WHR), larger surface area of the visible
sclera (SSI), and an extremely depigmented sclera. The sup-
posed morphological uniqueness and resulting unique con-
spicuousness of the human eye (though see Perea-Garcia
et al. 2019) resulted in several proposals to explain the adap-
tive origins of the peculiar morphology of the human eye.

For instance, existing data suggest that wider eyes mini-
mized the effort required to have a horizontally ample range of
vision, which could have been beneficial when hominin an-
cestors moved from forested areas to the savannah (Kobayashi
and Kohshima 2001; see also Susskind et al. 2008 who found
that changes in the eye aperture size affect sensory
acquisition). Eye morphology may also promote cooperation
within a group (Haley and Fessler 2005; Bateson et al. 20006;
Emest-Jones et al. 2011; Kratky et al. 2016; see also Carbon
and Hesslinger 2011 for a revision of Bateson et al.’s 2006
paradigm) and establishing eye contact may assist cooperation
(Behrens and Kret 2019). Similarly, a large and depigmented
sclera may make it easier for conspecifics to infer intentions in
cooperative tasks (Kobayashi and Kohshima 2001; Tomasello
etal. 2007; Perea-Garcia et al. 2017) and, through eye contact,
establish, reinforce and negotiate social bonds (Kobayashi and
Hashiya 2011). Conspicuous eye morphology together with
surrounding facial features may also facilitate ostensive com-
munication, whereby the signaller makes explicit his or her
communicative intention to the receiver (Csibra et al. 2008;
Tylén et al. 2012); similarly, the visibility of the white of the
eye and changes of colour in the depigmented sclera (e.g.
increased redness after crying) may help conspecifics infer
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one’s emotional state (Whalen et al. 2004; Poggi et al. 2009;
Provine et al. 2013). Finally, the condition of the depigmented
sclera has been found to be a cue of an individual’s health, age
and attractiveness (Tomasello et al. 2007; Provine et al. 2013;
Russell et al. 2014), which are significant attributes in human
mate choice (e.g. Buss et al. 1989).

Importantly, sexual preferences, via sexual selection, may
result in the evolution of conspicuous sexually dimorphic
traits, even without any direct survival advantages
(Andersson 1994). Readily apparent sexual dimorphism has
been described for many anthropoid primate species in canine
and body size, and pelage colour. Dimorphic features on the
face, however, are much rarer, with the notable exceptions of
flanges in orangutans, hair in humans and noses in proboscis
monkeys (Plavcan 2001). In humans, multi-trait facial features
such as sexual dimorphism in facial shape along with facial
averageness have been shown to affect partner choice (Rhodes
et al. 2005; Danel et al. 2016). As such, they have been inves-
tigated in relation to attractiveness as a potential index of
developmental stability and health, and as costly, androgen-
mediated secondary sexual traits in males (review: Little et al.
2011). The individual contribution of simpler morphological
traits to these well-studied features remains to be investigated.

A potential link between scleral morphology and human
sexual selection was first noted in our previous study (Danel
et al. 2018b). Using a large sample of almost 600 men and
women from four self-identified racial backgrounds (Ma et al.
2015), we analysed variation in sclera size as measured with
the sclera size index (SSI; Kobayashi and Kohshima 1997).
The study found that the size of the exposed sclera was similar
in men and women self-identifying as Asian, Black and Latino
but not in those self-identifying as White, where SSI was
sexually dimorphic, and men had significantly more exposed
sclera than women (Danel et al. 2018b). We discussed these
findings with reference to the theory that specific ecological
conditions intensified sexual selection in ancestral Caucasian
populations of north-eastern and central Europe (see Frost
(2006, 2014)). Lower reliance on female food gathering and,
conversely, higher reliance on male provisioning, together
with higher male mortality due to longer hunting distances,
may have skewed the operational sex ratio towards a surplus
of women and increased the costs of polygyny for men, thus
reducing a man’s ability to support more than one mate and
her offspring. In such an environment, sexual selection might
have promoted the evolution of novel, unusual traits such as
eye colour diversity (Frost 2006, 2014).

While iridial polymorphisms in humans could be explained
by invoking sexual selection (Frost 2006, 2014), possibly en-
abled by changes in socioenvironmental factors in our ances-
tors resembling those of domesticates today (Negro et al.
2017), sexual selection mechanisms may have also affected
the evolution of other aspects of ocular morphology like the
sclera, the contrast between the sclera and iris, or eye shape.
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In the current work, we further explored sex differences in
ocular morphology in north-eastern and central European
Caucasians, represented by Czechs, using a different sample
than Danel et al. (2018b). Our main aim was to confirm sexual
dimorphism in eye morphology and carry out exploratory
analyses with a view to identifying its adaptive nature (or lack
thereof). Even though the factors driving the emergence of
population-specific traits in humans are a current topic of dis-
cussion, one of the most prominent hypotheses proposes that
sexual selection has played an important role (Darwin 1887,
van den Berghe and Frost 1986; Desmond and Moore 2010).
The fact that the trait we previously identified as population-
specific was also sexually dimorphic suggested a role for sex-
ual selection. Therefore, in the present study, we wanted to

i. Replicate our results on sexual dimorphism in SSI and
examine sex differences related to other measures of eye
fissure and scleral characteristics;

ii. Study the link between eye morphology and morphologi-
cal markers of facial attractiveness, namely, sex typicality
(sexual dimorphism) and averageness.

Material and Methods
Facial photographs

We used facial portrait photographs of 100 individuals from
the Czech Republic, collected during 2016. The sample
consisted of 50 women (age: Mean + SD= 23.64 £ 4.33,
range: 19-36) and 50 men (age: Mean + SD=24.04 + 3.92,
range: 19-34). All participants were told to assume neutral,
non-smiling expressions and not to use any facial cosmetics or
other facial adornments. They were then seated in front of a
white background and photographed with a digital camera
(Canon 6D equipped with fixed zoom 85-mm lens) from a
distance of 1.5 m using a studio electronic flash and a reflec-
tion screen. When taking portrait images, we followed the
methodological recommendations suggested by Tiebicky
etal. (2016). All photos were cropped to keep the eyes always
horizontal and at the same height with a standard length of the
neck visible.

Measurements

To minimize observer bias, blinded methods were used. For
our analyses, we used existing materials (photographs) col-
lected for previous studies. The ocular and facial measure-
ments were provided independently by ZL and KK, who
were blind to the actual research hypotheses at the time of
data collection.

Eye measurements

We used the measurements of ocular morphology previously
introduced by Kobayashi and Kohshima (2001)—WHR
(width to height ratio of the eye outline) and SSI (sclera size
index = width of the exposed eyeball to the iris diameter),
which we complemented with a new pixel-based measure that
better captures the overall surface of visible sclera size, SSR.
SSR, sclera surface ratio (SSR = ((total surface of the visible
eyeball — surface of the iris with the pupil)/total surface of the
visible eyeball) x 100), is the ratio of the surface of the visible
sclera to the total surface of the visible eyeball. In other words,
SSR reflects the percentage of the total visible eyeball surface
that is occupied by the sclera. While the former measure, SSI,
can be understood as a rough index of horizontally exposed
sclera based on simple measurements of the iris diameter and
width of visible eyeball, our new measure, SSR, is a function
of the actual visible surfaces of the sclera, iris with pupil and
eyeball and thus a more accurate measure of how much sclera
is actually exposed. Additionally, we used RIL (relative iris
luminance) developed by Perea-Garcia et al. (2017,2019) as a
measure of the relative contrast in luminance between the
sclera and iris. All indices were calculated on averaged mea-
surements obtained individually for the left and right eye. All
linear and surface measurements were taken using Imagel,
version: 1.52j (Schneider et al. 2012). These four measures
are presented in Fig. 1.

Geometric morphometrics of the face

We applied a geometric morphometric (GM) approach to ac-
quire information about the shape of human faces. Altogether,
72 landmarks were identified on each face, using tpsDig2
software (version 2.31), from which 36 points were labelled
a posteriori as semi-landmarks (the same configuration was
used in our previous work, e.g. Danel et al. 2016, 2018a ;
Kleisner et al. 2019; see also Supplementary materials for
the position of landmarks and semi-landmarks on a face).
While landmarks are homologous points that are unambigu-
ously identified on each particular specimen, semi-landmarks
serve to catch the remaining shape information which is not
describable by true landmarks, such as various facial curva-
tures. All landmark configurations were subjected to the gen-
eralized Procrustes analysis using the “gpagen” function of the
geomorph package in R (Adams and Otérola-Castillo 2013).
This procedure translated all objects to their origin, standard-
ized their size and optimized their rotation until the distances
between the coordinates of the corresponding points were
minimized. Semi-landmarks were allowed to slide along tan-
gents to the curve to minimize the bending energy between
each specimen and the Procrustes mean configuration.
Procrustes residuals were used for calculating the measures
of averageness and sexual shape dimorphism.
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Fig. 1 Schematic representation
of the eye measurements used in
this study. WHR consists

in dividing (a) by (b); SSI is the
division of (¢) by (d); SSR is

the division of (f-e) by (f). Picture
retrieved from https://www.
publicdomainpictures.net/en/
view-image.php ?image=
130325&picture=human-eye and
modified

Averageness (AVRGN) was measured as a Procrustes dis-
tance of each face from the average face in the set. This was
done separately for the faces of men and women. The higher
the number, the more distinct (less average) is the face.

To measure the degree of sexual dimorphism in facial
shape (SShD), we calculated mean shape separately for male
and female configurations. Subsequently, we projected each
facial configuration onto the vector defined by the axis of sex
difference between the mean male configuration and the mean
female configuration (Valenzano et al. 2006; Mitteroecker
et al. 2015). Along the axis that connected the two means,
the position of an individual face was defined by its degree
of geometric sexual dimorphism, i.e. the degree of morpho-
logical masculinity/femininity.

Statistical analysis

The normality of the data was tested with a Shapiro-Wilk test.
The analysis showed that all variables were normally distrib-
uted (Table 2), with the exception of AVRGN in men’s faces.
However, the values of skewness (Sk) and kurtosis (Ku) were
relatively low (AVRGN: Sk = 0.80, Ku = 0.28), indicating
only a minor deviation from the normal distribution.
Therefore, having a balanced number of men and women in
the sample, in further analyses we assumed that all the vari-
ables in both sexes were normally distributed and we used
parametric methods. Consequently, differences between men
and women in the sclera measurements were tested using a
two-sample ¢ test (in all tests, the assumption of homogeneity
of variance was met). The associations between the eye and
GM measurements were analysed with Pearson correlation
coefficients. Effect sizes for # tests were calculated using the
“effsize” R package, and raincloud plots were prepared ac-
cording to Allen et al. (2019). We additionally used a sequen-
tial Bonferroni-Holm method (Holm 1979) to control for un-
intentional inflation of Type I error (i.e. an incorrect rejection
of a true null hypothesis). Being a relatively liberal method,
the Bonferroni-Holm procedure also protects from accepting
false null hypotheses (Type II error), which could be a prob-
lem in exploratory studies such as ours (e.g. Perneger 1998;
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A.-b = = f Line from one corner to the other. C.-§k
B.-J======f Longest perpendicular to A. —

{ Width of exposed eyeball.
D.- Diameter of the iris.

P = E.- e Surface of the iris and pupil in pixels.
2 ,‘ F.- Total surface of visible eyeballin pixels.

Nakagawa and Cuthill 2007). Where necessary, the obtained
results were discussed with reference to this method. Analyses
were carried out in STATISTICA, version 12 (data analysis
software system, www.statsoft.com) and in R, version 3.6.0
(R Core Team 2019).

Results

Descriptive statistics for the eye GM measurements are pre-
sented in Table 1.

Men, compared with women, had statistically significantly
higher values of SSI and WHR and lower values of RIL
(Table 2, Fig. 2). In other words, men had more horizontally
exposed depigmented sclera and wider (more rectangular) eye
fissures as well as more contrasting irises when compared
with the surrounding sclera. The difference between men
and women in SSR values was statistically non-significant,
indicating no sexual dimorphism in the exposed sclera sur-
face. The effect sizes for the statistically significant differ-
ences were medium. Detailed results for the sex differences
in the eye measurements are presented in Table 2 and Fig. 2. It
is noteworthy that all results remained significant after apply-
ing the sequential Bonferroni-Holm correction for multiple
testing (i.e. the number of multiple comparisons & = 4).

Both in men and women, none of the eye measurements
was statistically significant when correlated with geometric
morphometric measurements of facial averageness and sexual
dimorphism. Results are presented in Table 3.

Discussion

In the present study, we investigated differences between
Caucasian men and women (represented by Czechs) in several
measures of ocular morphology. We also examined whether
ocular features are linked to the measured facial sexual dimor-
phism and averageness.


http://www.statsoft.com
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Table 1 Descriptive statistics for the measurements of photographs

Men (n = 50) Women (n = 50)

M Me Min Max  SD Normality M Me Min Max  SD Normality
Eye measurements
SSI 1.91 191 1.68 2.13  0.100 W=0.9863,p=083 1.85 1.84  1.67 2.1 0.095 W=0.9859, p=0.81
SSR 4352 4292 3080 5457 5642 W=09738,p=033 4236 41.71 29.59 6080 6926 W=0.9781,p=047
RIL 3385 3474 16.62 5237 9.017 W=09747,p=036 37.78 3888 1686 5423 7320 W=0.9725p=029
WHR  2.84 2.80 2.18 383 0315 W=09662,p=0.16 2.65 2.64 2.19 318 0258 W=0.9744,p =035
Geometric morphometrics of the face
SShD  —-0.02 -0.02 -0.05 0.01 0016 W=0.9756,p=038 0.02 0.02 —-0.02 0.07 0.018 W=0.9832,p=0.69
AVRG 0.05 0.05 0.04 0.08 0.012 W=0.9435,p=0.02 0.05 0.05 0.03 0.09 0013 W=0.9564, p=0.06

M mean, Me median, Min/Max minimunmy/maximum values, SD standard deviation, Normality results of the Shapiro-Wilk test for normality

Sexual dimorphism in eye morphology

We observed sex differences in two measures of eye shape
(SSI and WHR) and in the brightness of the iris in relation to
the sclera (RIL). Having higher values of SSI and WHR, men,
compared with women, had more horizontally exposed
depigmented sclera and wider eye fissures in general, despite
a similar surface area of the visible sclera (SSR).

Our results on SSI are in line with the previous findings
reported by Danel et al. (2018b), who found that SSI is sexu-
ally dimorphic in Caucasians, using a large multi-ethnic
dataset with self-identified racial categories. The current anal-
ysis performed on data from a homogenous population con-
firms that the horizontal dimension of the white sclera is sex-
ually dimorphic in Caucasians. Furthermore, the results re-
garding WHR support the findings from the existing facial
metric studies. For instance, Hajnis et al. (1994) investigated
differences between the North-American Caucasians,
African-Americans and Chinese in the eye fissure index.
This index is a measure of the palpebral fissure and is
calculated as a ratio between the height and width of the
eye, so it can be interpreted as the inverse of WHR used in
the current study. In their original work, Hajnis et al. (1994)
reported the highest values of the index for Caucasian men

and women (i.e. rounder eyes) when compared with the two
other ethnic groups within the respective sex. Although sex
differences in the index were not formally tested by those
authors, the data reported in their article indicate that men
have in general wider eye fissures than women, and these
differences are meaningful in all the three racial-ethnic groups
(¢ test: Caucasian: t(df:101) = 4.29, p < 0.0001, d = 0.85;
African-Americans: t(df:98) = 2.612, p = 0.01, d = 0.52;
Chinese t(df:58) = 1.95, p = 0.056; d = 0.50). Interestingly,
the effect size analysis confirms that sex differences in the eye
fissure index are particularly large for Caucasians. Using a
different sample of Caucasians and showing that the elliptical
space between two eyelids is sexually dimorphic and wider in
men, we replicated Hajnis et al.’s (1994) original findings.
Larger horizontal dimensions of the exposed sclera (i.e.
SSI) and eye fissure (i.e. WHR), however, do not mean that
the surface of the sclera is also sexually dimorphic. The sur-
face area of a geometrical figure is a complex parameter that
may be held constant in figures of different shapes. Therefore
in our analysis, we used detailed pixel-based measurements of
the eye surface and calculated how much of the whole visible
eyeball area is taken up by the sclera. As noted above, we
found no statistically significant differences in the visible
sclera surface areas between men and women—i.e. the

Table 2 Analysis of sex

differences in eye measurements Mean t test Levene’s test Effect size
Men Women ¢ af p p-adj. F(,df) df p Cohen’s d

SSI 1.91 1.85 3.09 98  0.003 0.017 0.38 98  0.540 0.62

SSR 4352 4236 0.92 98 0361 - 3.09 98 0.082 0.18

RIL 33.85 3778 —240 98 0.018 0.025 3.07 98  0.083 048

WHR  2.84 2.65 3.38 98  0.001 0.013 0.66 98 0420 0.66

df degrees of freedom, p-adj. Bonferroni-Holm adjusted level of significance; note that p < p-adj. indicates a
statistically significant result

@ Springer
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Fig. 2 Sex differences in eye
measurements. Diamonds and *

. . g . . o e ey e Tt L, 0 . . . “te & D . 4, .
whiskers indicate arithmetic Women{ ¢ 7 7J sl Womend * Lo .;-..", R %
means and 95% confidence
represent individual
measurements; density plots Men Men 1
show data distribution

17 18 19 20 21 30 40 50 60
SSi
Women 1 e "' % Women{ . e . “:‘: Sent ] e
Men Men

20 30

RIL

relative surface of the exposed sclera as measured by SSR was
not sexually dimorphic. This result implies that SST and WHR
should be interpreted with caution as a measure of the size (i.e.
surface area) of the exposed sclera in human and comparative
studies, since interrelations between eye shape, visible eyeball
and sclera surfaces may be complex.

We also studied sex differences in the contrast between the
iris and sclera, i.e. relative iris luminance. We found that wom-
en had significantly higher values of RIL than men. This result
implies that women’s irises are less contrasting with the sur-
rounding sclera. While this could decrease the conspicuous-
ness of the iris, brighter irises may be more noticeable because
their brightness is concentrated within a narrower band of the
visible spectrum. “Pure” colours are unusual in nature and
almost always serve to attract attention, either as a warning
coloration or to attract a mate (cf. Negro et al. 2017).
Furthermore, a brighter iris increases the contrast with the
pupil, facilitating the perception of changes in pupil size,
which are known to reliably reflect arousal and emotionality
(e.g. Kret and De Dreu 2019). To our knowledge, sexual

Table 3  Pearson correlations (R) between the eye and facial geometric
morphometric measurements

Men (n = 50) Women (n = 50)

SShD AVRGN SShD AVRGN

R b4 R P R P R P
SSI 0.13 0.35 0.13 0.36 0.19 0.19 -0.02 0.89
SSR  0.12 041 0.03 0.83 0.14 033 —-0.04 0.76
RIL -023 011 -020 0.15 -0.15 029 -0.12 042
WHR -0.09 053 0.08 056 —-0.19 0.19 —-0.04 0.78

SShD sexual shape dimorphism, AVRGN averageness
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dimorphism in biometrically quantified human iris luminosity
has not been previously reported. In this regard, our study is
the first to show that sexual dimorphism, at least in
Caucasians, not only is limited to the geometric properties of
the eye (i.e. SSI and WHR) but can also manifest itself in other
physical characteristics, such as relative iris luminance.

Correlation with facial attractiveness markers

The second goal of our study was to examine the correlation
between the scleral characteristics and widely acknowledged
biometric markers of facial beauty—individual expressions of
facial sexual dimorphism and averageness. These two multi-
trait facial features are intensively studied in the context of
biologically based human mate choice (reviewed by, e.g.
Little et al. 2011). They are considered markers of physical
attractiveness and play a role in shaping patterns of facial
preferences (reviews: Koscinski 2007; Little et al. 2011; but
see Jones and Jaeger 2019 postulating that this link may be
weak) and affecting real partner choice and mating decisions
(Rhodes et al. 2005; Danel et al. 2016). Both facial dimor-
phism and averageness have been suggested as indicators of
several aspects of biological quality such as heterozygosity,
health and immunocompetence; however, in the light of
mounting evidence from more recent studies, the significance
of these links is disputable (Scott et al. 2013; Foo et al. 2017,
Cai et al. 2019; Zaidi et al. 2019).

Our study showed that neither averageness nor facial
sexual dimorphism was correlated with the examined
characteristics of eye morphology. The lack of a statisti-
cally significant association between sexually dimorphic
ocular features and expression of sexual dimorphism is
in line with several previous studies on facial morpho-
genesis. Multiple genetic, epigenetic as well as
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functional, environmental and social factors affecting the
development of human faces (Enlow 1990; Liu et al.
2012; Claes et al. 2014; Hallgrimsson et al. 2014;
Sheehan and Nachman 2014) may result in tenuous cor-
relations between facial features (Wang et al. 2013) even
if they are seemingly similar in function and biological
significance (Danel et al. 2018a). Moreover, the lack of a
correlation with facial attractiveness markers suggests
that the ocular features under consideration are loosely
linked with the development of facial sexual ornaments.
This may also indicate that the differences we report
above are not related to advertising facial beauty, which
may open the door to alternative explanations of their
nature.

Does sexual dimorphism in eye morphology have
adaptive significance?

A potential specificity to Caucasians of the sex differences in
SSI (see Danel et al. (2018b)) and a high magnitude of sexual
dimorphism in WHR observed particularly in Caucasians
(Hajnis et al. 1994; and discussed above) may suggest that
some geographically restricted ecological conditions contrib-
uted to the observed sexual dimorphism. However, the non-
significant correlations between the examined eye features
and facial markers of attractiveness point out that mechanisms
other than sexual selection may have contributed to the devel-
opment of these sex differences.

Individual heterogeneity in biotic interactions or responses to
abiotic conditions, which lead to phenotypical variation within
species and populations (Dall et al. 2012), may be one of such
mechanisms. It has been proposed that such niche specialisa-
tions may be a driving force of the evolution of ecological sexual
dimorphism independently of sexual selection (Darwin 1871;
Selander 1966; Slatkin 1984; Hedrick and Temeles 1989;
Shine 1989; Andersson 1994; Temeles et al. 2000).
Nonetheless, on the basis of the current state of knowledge, it
is difficult to identify ecological factors, divergent for men and
women, that would have facilitated the evolution of sexual di-
morphism in Caucasians but not in other populations. The most
recent cross-cultural studies, however, showed considerable
geographical variation both in the magnitude and morphological
pattern of facial sexual dimorphism (Kleisner et al. 2020).

It is also possible that the observed sex differences in eye
morphology may have no direct functional significance. This
may occur, for instance, when the observed sexual dimor-
phism in the eyes simply reflects allometric relations with
the different body size in men and women. In fact, cross-
species correlations between SSI and body size parameters
of different primates have been reported by Kobayashi and
Kohshima (2001) and other research showed that allometric
relations (not considered in our study) may contribute to size-
dependent sexual dimorphism in human face shape (see

Mitteroecker et al. 2013; Mitteroecker et al. 2015; Kleisner
et al. 2020 for further discussion).

Similarly, if the ecological function of the observed sex
differences is unclear, and sexual selection cannot explain it,
sexual dimorphism in eye morphology may be a spandrel (see
Gould and Lewontin (1979)). On this interpretation, the dif-
ferent eye morphology in Caucasian men and women would
be just a functionless by-product of the evolution of some
other, yet-to-be-determined functional features. Nonetheless,
the relatively large effect size of the observed sex differences
suggests substantial biological importance of our findings,
calling for further exploration of potential functions of the
dimorphism observed in this study.

Limitations and further research

In our study, we focused on the biometric measures of
eyes and facial characteristics. Since facial expression of
sexual dimorphism is one of the predictors of facial
beauty (Little et al. 2011), we encourage future studies
to investigate whether ocular morphology (and the sexu-
ally dimorphic features in particular) affect perceptual
ratings of facial attractiveness. Furthermore, allometric
and non-allometric components of sexual dimorphism
(cf. Kleisner et al. 2020) in multiple aspects of the hu-
man eye should be examined in other populations and
ethnic groups from various ecological backgrounds to
explore the nature and confirm or disconfirm the univer-
sality of the observed phenomenon. Similarly, compara-
tive studies involving other primate species may shed
more light on the evolution of sex differences and their
biological function.

Conclusions

In this study, we examined sex differences in ocular morphol-
ogy in Caucasians. We found several sexually dimorphic eye
features but none of them correlated with the two aspects of
facial attractiveness: facial averageness and sexual dimor-
phism in facial shape. This suggests a minor role of sexual
selection in the evolution of eye sexual dimorphism. Other,
perhaps non-adaptive, processes may have contributed to the
development of the observed phenomenon. Our conclusions
should be evaluated in the context of the monoethnic sample
of Caucasians. Both the finding about sexual dimorphism of
eye morphology and the problem of its evolutionary implica-
tions should be a subject of comparative studies on primate
species as well as cross-ethnic examinations of humans.
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