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Abstract

Phenotype-linked fertility hypothesis (PLFH) predicts that male secondary

sexual traits reveal honest information about male fertilization ability. How-

ever, PLFH has rarely been studied in humans. The aim of the present study

was to test PLFH in humans and to investigate whether potential ability to

select fertile partners is independent of sex or cultural background. We

found that on the contrary to the hypothesis, facial masculinity was nega-

tively associated with semen quality. As increased levels of testosterone have

been demonstrated to impair sperm production, this finding may indicate a

trade-off between investments in secondary sexual signalling (i.e. facial mas-

culinity) and fertility or status-dependent differences in investments in

semen quality. In both sexes and nationalities (Spanish and Colombian),

ranked male facial attractiveness predicted male semen quality. However,

Spanish males and females estimated facial images generally more attractive

(gave higher ranks) than Colombian raters, and in both nationalities, males

gave higher ranks than females. This suggests that male facial cues may pro-

vide culture- and sex-independent information about male fertility. How-

ever, our results also indicate that humans may be more sensitive to facial

attractiveness cues within their own populations and also that males may

generally overestimate the attractiveness of other men to females.

Introduction

Male facial attractiveness is an important predictor of

female mating preferences (Rhodes, 2006; Ko�sci�nski,
2007). By choosing males with attractive faces, females

are expected to gain genetic benefits for their offspring,

because facial traits may signal several quality factors

(indirect benefits), such as health and intelligence (e.g.

Andersson, 1994). Alternatively, females may directly

benefit from such preference if male attractiveness is pos-

itively associated with male fertility (e.g. Trivers, 1972;

Pizzari et al., 2004; Janhunen et al., 2009). Accordingly,

so-called phenotype-linked fertility hypothesis predicts

that male secondary sexual traits are reliable indicators

of male fertilization efficiency (Sheldon, 1994). Male fer-

tility may be particularly important aspect of mate qual-

ity for females, because it largely determines the

reproductive success (Peters et al., 2008). Earlier studies

testing for the phenotype-linked fertility hypothesis have

yielded contradictory results. Some studies in non-

human animals have found support for the hypothesis

(Kortet et al., 2004; Malo et al., 2005; Locatello et al.,

2006; Rogers et al., 2008), whereas others have found

either no associations between secondary sexual traits

and fertility or negative correlations (Liljedal et al., 1999,

2008; Skinner & Watt, 2007; Rowe et al., 2010; Klaus

et al., 2011).

In humans, we have previously demonstrated that in

Spanish men, semen quality parameters (sperm motility

and the proportion of morphologically normal sperm)
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are positively associated with the male facial attractive-

ness (Soler et al., 2003). Later Peters et al. (2008) tried

to replicate our study in Australian men, but did not

found any associations between semen quality and

male attractiveness. There are several methodological

differences between these two studies (Soler et al.,

2003; Peters et al., 2008) that may at least partly

explain differential results (see Peters et al., 2008; for

detailed description). However, Peters et al. (2008) also

highlighted the possibility that phenotype-linked signals

of male fertility may not be universal across all human

populations.

In more recent study in Australian men, Simmons

et al. (2011) demonstrated that males with a low

pitched and thus more attractive (masculine) voices

had lower concentration of sperm in their ejaculates

than men with higher pitched (less masculine) voices.

As men with attractive voices also have attractive faces

(Saxton et al., 2006), the above-mentioned study indi-

rectly indicates that facial masculinity could also be

negatively associated with semen quality. Although in

Soler et al. (2003), we found positive correlation

between facial attractiveness and semen quality, it is

important to note that in this study, we asked females

to rank male facial images as potential long-term part-

ners. In such situations, female preferences are shown

to be negatively associated with facial masculinity

(Little et al., 2002, 2007a; Conway et al., 2010; Soler

et al., 2012), which, together with Simmons et al.

(2011), again suggest that on the contrary to pheno-

type-linked fertility hypothesis, the expression of facial

secondary sexual cues (i.e. masculinity) may be nega-

tively associated with the male semen quality. How-

ever, to the best of our knowledge, only Peters et al.

(2008) have directly tested the association between

facial masculinity and semen quality in humans. Thus,

more studies are needed before we can conclude how

important role potential facial fertility signals play in

the mate choice of humans.

The development of male secondary sexual traits, tes-

tes maturation and sperm production is strongly depen-

dent on testosterone and other androgen levels (Zirkin,

1998; Swaddle & Reierson, 2002). However, high levels

of circulating testosterone can impair sperm production

(Simmons et al., 2011) and thus potentially also lead to

reduced sperm quality. According to the sperm compe-

tition theory, males may face a trade-off between

acquiring mates and gaining fertilizations (Simmons

et al., 2011). Thus, males who invest large amount of

their resources on male–male competition for access to

females and thus have high levels of circulating andro-

gens have fewer resources available for sperm produc-

tion (Parker & Pizzari, 2010; Parker et al., 2013). In

other words, investments on high dominance status

may come at the cost of reduced sperm quality

(Simmons et al., 2011). On the other hand, studies in

externally fertilizing and polyandrous animals have

demonstrated that as a response for their disfavoured

mating roles, subordinate males may invest more on

their semen quality than dominant individuals (e.g.

Birkhead & Møller, 1998; Rudolfsen et al., 2006). As

fertilization success under sperm competition is largely

dependent on ejaculate quality, subordinate males can

improve their fertilization probability by investing large

amount of their resources on high-quality semen.

Although there are some findings suggesting that simi-

lar status-dependent mechanisms could act also in

humans (Baker & Bellis, 1989, 1993; Kilgallon & Sim-

mons, 2005; Shackelford et al., 2005), current knowl-

edge is too scarce to infer whether such mechanism

could have adaptive value in modern human societies,

where polyandrous matings may be relatively uncom-

mon. On the other hand, few studies on the prevalence

of extrapair copulations in humans have found that

concurrent sexual relationships occur in 2–20% of

women (Gomendio et al. 1998; Johnson et al. 2001).

Furthermore, Baker & Bellis (1995) found that 17.5%

of British women mated with two males within the

competitive lifespan (5 days) of ejaculates. These find-

ings suggest that sperm competition potentially occurs

also in humans, although it may be less frequent than

in many other species.

Earlier studies have demonstrated that men and

women generally agree on attractiveness, which may

indicate that in intrasexual context, this ability is used to

assess the potential mating value of the rivals or it may

reflect more general aesthetic response to all faces (Lang-

lois et al., 2000; Rhodes, 2006). However, men typically

overestimate women’s sexual interest on men targets in

relation to women self-reports (e.g. Haselton & Buss,

2000), which may increase intersexual differences in

attractiveness judgements. Evaluation of male facial

attractiveness has also been shown to be consistent

between different races or geographical locations (Perrett

et al., 1994; Rhodes et al., 1998; Magro, 1999). On the

other hand, geographical variation in the ecological con-

ditions may lead to adaptive cross-cultural differences in

the facial preferences (Little et al., 2007b). Furthermore,

preferences are often strongest in within-population

level, which indicates that attractiveness cues also have

some learned component (Perrett et al., 1998).

To the best of our knowledge, none of the earlier

studies have investigated, whether male facial cues

could offer culture- and sex-independent information

about male fertility. Thus, using completely new set of

raters and male subjects, the aim of the present study

was to clarify whether the previously observed correla-

tion between facial attractiveness and semen quality in

Spanish males and females (Soler et al., 2003) is inde-

pendent of sex or cultural background of the raters.

Similarly, as empirical tests of the phenotype-linked fer-

tility hypothesis in humans are rare, our second aim

was to test whether facial masculinity is associated with

the male semen quality.
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Materials and methods

Male subjects

Originally, 62 Caucasian male students from the Uni-

versity of Valencia, Spain, were recruited to the study.

Due to the use of medication, infantile or recent dis-

eases, facial surgery or ornaments (beard, moustache,

piercing, etc.), 12 males were excluded. Males in the

final sample (n = 50) had a mean age of 22.7 � 3.0 SD

years (range 18–36 years). All the males had been

abstained from the intercourse and masturbation from

3 to 5 days (mean = 3.9 � 0.5 SD days) prior to the

semen collection.

Semen analyses

Semen analysis for the abovementioned 50 males was

performed ca. 30 min (but no more than 60 min) after

liquefaction of ejaculated semen (Table 1). Sperm

motility, morphology and concentration were measured

according to the World Health Organization criteria

(WHO, 1999). Prior to the analyses, all aliquot samples

were gentle mixed using a vortex. Percentage of pro-

gressive motile sperm (i.e. sperm categorized as rapid

and slow or sluggish progressive, categories A and B,

respectively) (hereafter ‘motility’) was determined by

placing a 5-lL aliquot of semen on a Makler chamber

and by counting the number of motile sperm (mini-

mum of 200 cells were counted) under a microscope

with 4009 magnification. To evaluate the percentage

of morphologically normal sperm (hereafter ‘morphol-

ogy’), we prepared smear from each sample, by air-dry-

ing, fixing and staining 5 lL of semen using the

Hemacolor kit (Catalogue no.1161; Merck, Darmstadt,

Germany) and a mounting medium (Eukitt; O. Kindler,

Freiburg, Germany). A minimum of 200 cells per sam-

ple was evaluated under a microscope with 10009

magnification (using a 1009 immersion oil objective).

Finally, ‘sperm concentration’ was determined after 10-

min fixation of semen aliquots with formalin. Diluted

sperm suspension was transferred to Neubauer haemo-

cytometer chambers, and the spermatozoa present in

an area of 1 mm2 were counted and used for the final

calculation of concentration. Total sperm count was

calculated by multiplying this concentration by the

total volume of the ejaculate. In total, 10 males were

below World Health Organization’s reference values

(WHO, 1999). To get a representative sample from the

natural semen quality variation, also these males were

included to statistical tests.

Rating of facial attractiveness

Each male subject was photographed for frontal and

right-profile facial photographs (Fig. 1). All the colour

photographs were scanned, and a black oval mask was

placed over the images to minimize the visual effect of

hairstyle. The resulting images were randomly trans-

ferred to a Microsoft PowerPoint file. Both of the

abovementioned images were shown simultaneously to

the raters during 20 s through a TV monitor. The time

interval between images was 3 s.

In total, 64 nontrained Caucasian women (mean

age � SD: 21.7 � 1.3 years, range: 20–25 years) and

24 men (21.5 � 1.3 years, range 20–24 years) from

the University of Valencia (Spain), and 85 Negroid

women (18.6 � 1.0 years, range 18–23 years) and 53

men (18.3 � 0.7 years, range 18–21 years) from the

Universidad del Norte (Barranquilla, Colombia) partic-

ipated in the rating. None of the female evaluators

were using oral contraceptive, and all evaluators were

heterosexual. Women evaluators were instructed to

evaluate each image for facial attractiveness on a

scale from 0 to 10 (0 = least attractive, 10 = most

attractive) (see Soler et al., 2003). Females were asked

to rate the pictures as they were rating a potential

long-term partner. Men evaluators were instructed to

evaluate pictures in a way they thought women

would evaluate the face attractiveness as a potential

partner.

Facial masculinity analysis

We performed anthropometric analysis of facial charac-

teristics for all 50 males by measuring a total of 13 met-

ric parameters (see Soler et al., 2012 for details). Based

on the previously published literature, we selected

seven parameters for detailed analysis, all of which

have been demonstrated to be sexually dimorphic (see

Penton-Voak et al., 2001; Gangestad & Thornhill, 2003;

Koehler et al., 2004; Gangestad et al., 2010; Lefevre

et al., 2012, 2013). Selected parameters were as follows:

(i) eye size (horizontal width of the eyes from the inner

corner to the outer corner); (ii) lower face height

(below the pupils)/face total height; (iii) cheekbone

width (maximum face width); (iv) cheekbone width/

lower face height; (v) nostril width; (vi) lip width

Table 1 Semen parameter values of the studied 50 males.

Parameters were measured according the World Health

Organization (1999) criteria.

Median Minimum Maximum SD CV

Motility 66.00 12.00 86.00 16.48 27.03

Morphology 21.25 3.00 48.50 9.54 43.28

Sperm concentration 77.00 1.20 272.00 55.22 65.13

Sperm index 0.13 �2.19 1.80 1.00 –

‘Motility’ = proportion (%) of progressive motile sperm, ‘Morphol-

ogy’ = proportion (%) of morphologically normal sperm, ‘Sperm

concentration’ = number of sperm in 1ml of ejaculate 9 106,

‘Sperm index’ = combined principal component score value for

motility, morphology and sperm concentration.
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(horizontal width of the mouth) and (vii) lower face

area (below the pupils). All the variables were con-

verged to standardized Z-scores and aligned so that

increasing score values indicate increasing masculinity

(see Pound et al., 2009). Finally, we conducted multiple

linear regression analysis to test whether these parame-

ters are associated with male semen quality (see statisti-

cal analyses).

Statistical analyses

A principal component analysis (PCA) with Varimax

rotation was performed for three semen quality

parameters (motility, morphology and sperm concen-

tration). PCA resulted only one principal component

(hereafter ‘sperm index’, SI) which explained 60.7%

of variance in these variables. The loadings of the vari-

ables were as follows: 0.813 (morphology), 0.809

(sperm concentration) and 0.711 (motility). Median

values of the facial attractiveness scores for each of the

50 male subjects were calculated in each four groups

of raters (Spanish and Colombian males and females).

Differences in attractiveness ratings between sexes and

nationalities and the association between male semen

quality and facial attractiveness were studied using lin-

ear mixed model, where the sex was used as a fixed

factor, nationality as a random factor and sperm index

as a covariate. The association between male facial

masculinity and semen quality (sperm index) was

studied using all-subsets regression (forward stepwise

procedure) with Akaike’s information criteria (AIC) as

entry/removal criteria (see e.g. Goodenough et al.,

2012). The tolerance values of all variables in the

initial model were > 0.1, indicating that variables were

not strongly correlated with each other (Quinn &

Keough, 2002). All statistical analyses were performed

using SPSS 19.0 statistical package (SPSS Inc., Chicago,

IL, USA).

Results

The effect of rater sex, rater nationality and male
semen quality on facial attractiveness

Males gave higher facial attractiveness ranks than

females, and Spanish raters gave significantly higher

attractiveness ranks than Colombian raters (Table 2,

Fig. 2). The interaction between sex and nationality

was not significant, suggesting that the abovemen-

tioned differences were consistent over sexes and

nationalities. However, using identical group of raters

and male subjects, we have earlier shown that both

sexes and nationalities show strong concordance (corre-

lation) in attractiveness judgements (Soler et al., 2012).

Sperm index was positively associated with ranked

facial attractiveness (Table 2, Fig. 3). Statistically, insig-

nificant sperm index–nationality and sperm index–sex
interactions suggest that the association between semen

quality and facial attractiveness is parallel in both

nationalities and sexes. Excluding 10 males with abnor-

mal semen parameters (World Health Organization,

1999) from the model did not change the results: sex

and nationality (P < 0.001, in both cases), all three

Fig. 1 Frontal and right side lateral

view of male face. Prior to attractiveness

ratings, colour photographs were

scanned, and an oval mask was placed

over the image to minimize the visual

effect of hairstyle.

Table 2 Linear mixed model statistics for the effect of sex (fixed

factor), nationality (random factor) and semen quality (sperm

index, covariate) on facial attractiveness ratings.

Source

Full model Reduced model

d.f. F P d.f. F P

Sex 1 6374.9 0.008 196 89.1 < 0.001

Nationality 1 1496.4 0.016 196 20.9 < 0.001

Sperm index 193 30.7 < 0.001 196 31.0 < 0.001

Sex 9 Nat. 193 0.14 0.907

Sex 9 Sperm index 193 0.685 0.409

Nat. 9 Sperm index 193 0.087 0.769
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interactions (P > 0.4) and covariate (sperm index:

P < 0.001) (see Table 2).

Associations between facial masculinity and semen
quality

Final regression model (adjusted R2 = 0.117,

F2,49 = 4.25, P = 0.020) includes two facial parameters:

facial width and relative lower face height (lower face

height/face total height). The most important predictor

variable, the facial width, was negatively associated

with semen quality (b = �0.359, t = �2.64, P = 0.011,

Fig. 4). Relative lower face height was not associated

with semen quality (b = �0.227, t = �1.67, P = 0.102).

In other words, men with more masculine (i.e. wider)

faces tend to have poorer quality semen than more

feminine-faced men. When males with abnormal

semen parameters (World Health Organization, 1999)

were excluded, the association between facial width

and semen quality disappeared (P = 0.713).

Discussion

In our earlier study in Spanish men and women, we

found that the male facial attractiveness evaluated by

females was positively associated with the male semen

quality (Soler et al., 2003). However, it remained

unclear whether facial cues could offer culture- and

sex-independent information about male fertility. Fur-

thermore, only one earlier study (Peters et al., 2008)

has directly tested the association between male facial

masculinity and semen quality in humans (i.e. pheno-

type-linked fertility hypothesis). In the present study,

we were able both to replicate the results of Soler et al.

(2003) and also to show that in both sexes and nation-

alities, male facial attractive judgements predicted male

semen quality. Furthermore, the association between

facial attractiveness and semen quality remained also

when only the males that fulfilled World Health Orga-

nization (1999) criteria for normal semen were

included into analysis. Together, these findings suggest

that in humans, male facial cues may reveal universal

information about male fertilization ability.

We also show that against phenotype-linked fertility

hypotheses, male semen quality was negatively associ-

ated with the male cheekbone (facial) width and thus

masculinity. Facial width has been demonstrated to be

positively associated with the testosterone levels in men

(Lefevre et al., 2013) and also predicted number of tes-

tosterone-linked behavioural traits, such as aggressive-

ness, dominance, physical strength, status, financial

success and deceptiveness (Carr�e & McCormick, 2008;

Lefevre et al., 2013; Valentine et al., 2014). Thus, it can

Fig. 2 Median attractiveness ranks (�SD) given by the Spanish

and Colombian male and female raters (SF, Spanish females; SM,

Spanish males; CF, Colombian females; CM, Colombian males).

Fig. 3 The association between male facial attractiveness (n = 50)

and semen quality (sperm index) for Spanish and Colombian male

and female raters. ♦/dotted line = Spanish males; x/long dash

line = Spanish female; ○/short dash line = Colombian males;

●/solid line = Colombian females.

Fig. 4 The association between male facial masculinity and semen

quality (sperm index).
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be regarded as an honest indicator of male masculinity.

However, when only the males with normal semen

(World Health Organization, 1999) were included into

analysis, the association between facial masculinity and

semen quality disappeared. This is important as it could

indicate that differences in study designs (i.e. in deci-

sion whether to include abnormal samples or not) may

lead completely different conclusions about the signal-

ling content of facial masculinity.

Facial attractiveness has thought to signal important

aspects of mate quality, such as health. However, stud-

ies investigating the association between attractiveness

and health status have yielded contradictory results

(Kalick et al., 1998; Shackelford & Larsen, 1999;

Weeden & Sabini, 2005). One potential explanation for

this disagreement is the fact that definition of attrac-

tiveness is not simple and different studies often use

differential definitions (Rhodes, 2006). For example, in

many studies, people have been simply asked to judge

(general) ‘attractiveness’, without defining it more pre-

cisely, whereas in the other studies, judgements have

been based on attractiveness either as a short-term or

long-term partner.

In their recent study, Peters et al. (2008) asked

females to rate the attractiveness of the male faces and

bodies and investigated whether these ratings are asso-

ciated with the male semen quality. Peters et al. (2008)

found no support for our earlier study (Soler et al.,

2003), where we demonstrated a link between male

facial attractiveness and their semen quality for the first

time. However, these two studies cannot be directly

compared, because in Peters et al. (2008), facial attrac-

tiveness ranks were based on short-term mate prefer-

ences, whereas in Soler et al. (2003), attractiveness

scores reflect long-term partner preferences. Short-term

and long-term mate preferences are associated with

completely different traits: women show preferences for

more feminine men as long-term partners, but in short-

term partner, preferences are associated with the male

masculinity (e.g. Conway et al., 2010). As a support for

this finding, in our earlier study (where we used identi-

cal male subjects and raters than in the present study),

we found that male facial attractiveness as long-term

partners was negatively associated with the facial mas-

culinity in both female and male raters (Soler et al.,

2012). Together with the present results, this suggests

that male facial attractiveness can signal male fertility,

but only when males are evaluated as potential long-

term partners.

Sperm competition theory predicts that males face a

trade-off between investments in attracting females and

gaining fertilizations (Parker, 1998; Parker et al., 2013).

Thus, males that invest significant amount of their

resources on attracting mates or male–male competition

may have fewer resources available to produce

high-quality semen. Existence of such trade-off has dem-

onstrated in several empirical studies both in various

animal species (Fleming & Gross, 1994; Pitcher et al.,

2009; Simmons et al., 2010; Preston et al., 2011) and also

humans (Simmons et al., 2011). Closely related to the

above-mentioned trade-off hypothesis, negative associa-

tion between secondary sexual traits and semen quality

may also be a consequence of status-dependent invest-

ments on semen quality. Several earlier studies have

demonstrated that as a compensation for their disadvan-

tageous mating role, males with a low social status invest

more in their semen quality than dominant males (Par-

ker, 1990, 1993; Gage et al., 1995; Neff et al., 2003; Bur-

ness et al., 2004; Rudolfsen et al., 2006; Vladi�c et al.,

2010). It is unclear how important role status-dependent

investments in semen quality play in modern humans,

with relatively monogamous mating system (but see

Baker & Bellis, 1989, 1993; Kilgallon & Simmons, 2005;

Shackelford et al., 2005; Goetz & Shackelford, 2006,

2009). However, prevalence of extrapair copulations

may not necessarily need to be overly common to gener-

ate significant level of sperm competition to allow status-

depended mechanisms to work (Smith, 1984; Bellis &

Baker, 1990; Pound et al., 2005; Shackelford & Goetz,

2007). In addition, as demonstrated by Cornwallis &

Birkhead (2007), both of these mechanisms may also act

simultaneously and together explain why the semen

quality of dominant males is often lower than in subordi-

nate individuals.

Several studies have investigated the potential infor-

mation content of human facial attractiveness and

female (or male) preferences for facial traits (Rhodes,

2006). Many studies have shown that facial attractive-

ness judgements are independent of cultural back-

ground and sex (e.g. Perrett et al., 1994; Magro, 1999;

Langlois et al., 2000; Tov�ee & Cornelissen, 2001; see

also Burriss & Little, 2006). However, the relative

importance of different mate choice signals may vary

depending on the environment leading cross-cultural

differences in the attractiveness judgements (Penton-

Voak et al., 2004; DeBruine et al., 2010). Preferences on

facial traits may also be stronger in within-population

than cross-cultural judgements (Perrett et al., 1998).

We have demonstrated that different sexes and nation-

alities also show strong agreement (correlation) in judg-

ements of male facial attractiveness as permanent

partners for females (Soler et al., 2012). However, sup-

porting Perrett et al. (1998), we found that in both

sexes, the attractiveness ranks of Spanish raters were

higher than those of Colombian. Thus, Spanish raters

may be more sensitive to facial cues of Spanish males,

possibly because of their increased exposure to popula-

tion-specific variation in cues.

Strong agreement between female and male judge-

ments indicates that men are able to predict the danger

of other men as rivals (e.g. Burriss & Little, 2006).

However, we also found that in both of our study

populations, men gave higher attractiveness ranks than

females, that is, overestimated the attractiveness of
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male facial images in relation to females. Men often

overestimate the sexual intent of women, and this bias

may exist both in men’s self-ratings and their ratings of

other men (Haselton & Buss, 2000; Henningsen &

Henningsen, 2010; see also Lindgren et al., 2008 for

other explanations). On the other hand, women may

underestimate men’s interest in committed (long-term)

relationships (Haselton & Buss, 2000) or cannot envi-

sion men being suitable mate based on facial attractive-

ness alone. As male fitness is strongly dependent on

the number of successful matings, such sexual overper-

ception may be adaptive, as it can minimize the cost of

missed sexual opportunities. Instead for females, the

loss of sexual opportunity should be less costly than

commitment to a male that is unwilling to participate

in raising common offspring.

In conclusion, against the prediction of phenotype-

linked fertility hypothesis, male facial masculinity was

negatively associated with their semen quality. This

may reflect a general trade-off between investments in

attracting females and gaining fertilizations or status-

dependent investments in semen quality. Although

males generally overestimated the attractiveness of their

rivals and facial preferences were generally stronger in

within-population ratings, in both sexes and tested two

nationalities male facial attractiveness judgements were

positively associated with the male semen quality.

Together, our results suggest that male facial attractive-

ness may provide sex- and culture-independent cues to

male fertility, but also highlight that the association

between male facial attractiveness and semen quality

may be dependent on the definition of the attractive-

ness. Further studies with different nationalities are

needed to determine the generalizability of our findings.
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