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Abstract

“Beauty is bought by judgment of the eye” (Shakespeare, Loves Labours Lost), but the bodily 

features governing this critical biological choice are still debated. Eye movement studies have 

demonstrated that male sample coarse body regions expanding from the face, the breasts and 

the midriff, while making female attractiveness judgements with natural vision. However, the 

visual system ubiquitously extracts diagnostic extra-foveal information in natural conditions, 

leaving this question unresolved. We thus used a parametric gaze-contingent design while 

male rated attractiveness of female front- and back-view bodies. Male used extra-foveal 

information when available. Critically, when bodily features were only visible through 

restricted apertures, fixations strongly shifted to the hips, to potentially extract hip-width and 

curvature, then the breast and face. Our hierarchical mapping suggests that the visual system 

primary uses hip information to compute the waist-to-hip ratio and the body mass index, the 

crucial factors in determining sexual attractiveness and mate selection.

Keywords: Attractiveness; Waist-to-hip ratio; Body-mass index; Eye tracking; Peripheral vision.
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Introduction 

Behavioral studies have suggested that body fat (estimated by the body-mass index: BMI) and its 

distribution (estimated by the waist-to-hip ratio: WHR) play a critical role in the evaluation of female 

physical attractiveness by men [1-9]. However, none of these studies could directly map out the bodily 

visual information used by the observers to actively achieve this crucial biological categorization for 

mating, as well as their respective importance in determining this choice. More recently, eye-tracking 

studies have attempted to address this question by analyzing the fixation patterns deployed to 

morphological traits when observers are performing attractiveness judgments [10-14]. These studies 

have shown that when men were evaluating the attractiveness of female bodies, much of their attention 

was directed to the face, breasts and midriff. Typically, these eye movement studies relied on the use 

of a Region or Area of Interest (ROI or AOI) approach for statistical analyzes, which reduce the high-

dimensional visual input space (thousands or millions of pixels of the presented image) into a low-

dimensional space. Although ROIs are implicitly assumed to optimally represent the visual categories 

present in the visual input space (e.g., the face, breasts, midriff and leg regions), they suffer from an 

arbitrary and subjective segmentation of the visual inputs into ROIs, which are constrained by the a 

priori biases of the experimental framework and experimenters [15]. In the present context, ROIs used 

in attractiveness studies are thus often over-represented, and their boundaries are difficult to determine 

(e.g., the midriff area extends from the below the breasts to the widest part of the hip [13, 14]). This 

shortcoming leads to a considerable loss of spatial resolution, with arbitrary categorization of eye 

movements falling on the ROIs’ borders and the loss of subtle patterns of eye movements between 

ROIs [10, 11, 13, 14]. Another critical drawback of previous eye movement studies is their reliance on 

the use of natural vision paradigms for determining fine-grained visual information use because the 

visual system can extract diagnostic information without focal fixations. For instance, Kuhn and Tatler 

[16] have shown that people can detect the misdirection in a magic performance without fixating on

the precise location where the trick is taking place. Similar findings demonstrate that information 

extracted from a foveal fixation during natural viewing does not straightforwardly translate to 
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information use. As a consequence, the question of which bodily features are used by men during the 

evaluation of female attractiveness remains unresolved. 

 To address this question, we recorded the eye movements of male observers during 

attractiveness judgments by combining a data-driven analysis (i.e., iMap 4 [15]) and a gaze-contingent 

design [17]. iMap 4 implements a Linear Mixed-Model (LMM – see methods) with a robust statistical 

approach to correct for the multiple comparison problem driven by repetitive testing in the pixel space. 

iMap 4 was thus used to objectively define the regions of the body fixated by men's judgments of 

female attractiveness; no a priori image segmentation is required with this technique. To finely 

estimate information use, we used a conventional natural viewing paradigm and also gaze-contingent 

paradigms in which the stimulus display is continuously updated as a function of the observers’ 

current gaze position. We parametrically restricted the bodily information available to the observers by 

using ‘Spotlights’ with 2° (foveal vision only) or 4° apertures dynamically centered on observers’ 

fixations to isolate information use. Crucially, the 2° Spotlight apertures covered a single bodily 

feature (i.e., face, breast or hip), while the 4° condition was closer to natural viewing conditions:

information from the outline of the body could be available to the observers when they fixed at the 

center of the torso. Participants rated the attractiveness of front- and back-view computer-morphed 

women’s bodies under these three viewing conditions. 

Concordant with previous studies, attractiveness ratings were influenced by face [18, 19], 

WHR [1-9] and hip size [20, 21]. As expected, observers directed their gaze towards the women's 

stomachs and to the central part of the chest (sternum) during natural vision, corroborating previous 

findings [12]. However, these physical features (sternum and stomach) are not known, in the literature, 

to influence female attractiveness. When the front-view body images were visible only through a 

restricted aperture (Spotlights), the observers’ fixations were still directed to the women’s face/head, 

but also progressively shifted to the breasts and the hips. Importantly, the hip area was the only bodily 

feature invariantly used to perform judgments of attractiveness with front- and back-view bodies,

showing the largest fixation increase among the critical features involved in physical attractiveness. 
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This observation posits the hips as being the critical diagnostic region for evaluating female 

attractiveness. 

Methods 

Stimuli. Virtual female bodies were created with the MakeHuman software, which allows for the 

flexible morphing of a 3D human body that varies in several dimensions (see Figure 1). Three waist 

and 2 hip circumferences were used, resulting in 6 different body shapes representing a relatively large 

range of WHR (0.67-0.87) within a reduced range of BMI. To avoid an eventual habituation effect, 3 

distinct faces (with different haircuts and facial features) were combined with each body shape,

resulting in a total of 18 unique virtual female bodies. All other features were kept constant. The WHR 

of each 3D stimulus was calculated with the software measures. The volume (in cm
3
) of each stimulus 

was measured using the plugin Viewer 3D of ImageJ. Screenshots of female bodies were exported 

with three different views: front and back, corresponding to a total of 36 images (6 WHR * 3 faces * 2 

positions). 

Participants. Thirty-five male observers participated in the current study. For each observer, the 

following information was collected: age, monthly income, and education level. The participants’ ages 

ranged from 20 to 39 (average 25 years old). The volunteer raters were unaware of the purpose of the 

study when assessing the artwork.  

Ethics Statement. Public advertisements were dispatched in local stores and social networks to recruit 

volunteers. These advertisements contained the principle of the test (an eye-tracking study on female 

attractiveness) and our contact information. The protocol used to collect and analyze data was 

approved (#1226659) by the French National Committee of Information and Liberty (CNIL). For each 

participant, the general purpose of the study was explained, and a written voluntary agreement was 

requested for a statistical use of the data. Each participant received a compensation of 20€. The data 

were analyzed anonymously.

Procedure. The experiment was carried out in an isolated room under uniform lighting conditions. The 

observers were seated in a chair, facing the screen at a distance of 83 cm. The viewing distance was 
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maintained with a forehead and chin rest. The experiment was programmed in SR Research 

Experiment Builder (version 1.10.1025) and ran on a 3-GHz core i7 computer. The stimuli (924 pixel 

height) were presented on a 19-inch screen at a 1280x1024 resolution with a refresh rate of 60 Hz. The 

experiment was divided into 3 blocks corresponding to 3 different viewing conditions: a natural 

viewing condition and 2 spotlight conditions. For the natural viewing condition, the whole picture was 

displayed (see Figure 1). For the spotlight conditions, the picture was visible through a gaze-

contingent circular aperture with a diameter of either 2° or 4° (see Figure 2). Each body was presented 

once from a front-view and once from a back-view within each block (see Figure 1). The aperture 

edges were blurred, and the visual field outside the aperture was black. The 3 blocks were conveyed in 

random order for each observer. Within each block, the 36 body images were presented in a random 

sequence either on the left or the right of the screen to avoid any anticipatory eye movement. The 

image remained on the screen until the observers pressed the space bar. The participants rated the body 

attractiveness using a keyboard with an 11-point scale (0 being the least and 10 the most attractive) at 

the end of each trial. A white dot was presented in the middle of the screen in between each 

presentation for drift correction.  

Eye Tracking. Using the EyeLink® 1000 Desktop Mount system (SR Research Ltd., Ontario, 

Canada), eye position and eye movements were determined by measuring the corneal reflection and 

dark pupil with a video-based infrared camera and an infrared reflective mirror. The eye tracker had a 

spatial resolution of 0.01° of the visual angle, and the signal was sampled and stored at a rate of 1000 

Hz. Although the viewing was binocular, the recording was monocular (a standard procedure in eye-

tracking studies). Calibration and validation of the measurements were performed before each 

experimental session. 

Behavioral analyses. For each condition, we applied a logistic mixed model to analyze observers' 

subjective ratings. The WHR of female bodies was considered to be the main explanatory variable. 

There were 3 different faces and 2 different hip sizes for each waist size. We thus integrated the face 

types and hip sizes as additional explanatory variables in the model. The position (front or back) was 

entered as a confounding effect. Variables concerning the observers' characteristics (age, monthly 
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income, and education level) were also included in the model as potential confounding effects. Each 

individual female image and the observers were considered as random-effect variables. Overall, our 

logit mixed model could be expressed as the following: 

The logit mixed model was fitted with LMER using R 3.1.1 (R Core Development Team). 

Eye movement analyses. Eye movement data were analyzed using the new version of iMAP
1
 [15],

which implements a robust data-driven approach based on a Linear Mixed Model (LMM) and a 

bootstrap clustering method for hypothesis testing. Fixations and saccades were extracted from the raw 

data by using the default settings in the Eyelink software. Fixation durations were then projected back 

into the two-dimensional space according to their x and y coordinates at the single trial level. We

smoothed the fixation duration map by convoluting it with a two-dimensional Gaussian Kernel 

function. 

, where I is a two by two identity matrix and σ/2 = 1° visual angle.  

We then estimated the fixation bias of each condition independently for all the observers by taking the 

expected values across trials within the same condition. The resulting 3D matrix 

(Conditions*xSize*ySize) was then modeled in a LMM as the response variable. Subjective ratings 

were also computed by taking the average for each condition. To quantify the spatial bias in the 

fixation pattern for each experimental manipulation, the intensity of each pixel in the smoothed 

duration map was modeled with the following LMM specification: 

Thus, the fixation duration was considered as a function of subjective rating, viewing condition (3 

levels), body orientation (2 levels), and the interaction between the categorical predictors. In addition, 

the mean fixation duration for each condition and the intercept were treated as random effects to 

1
This version (iMap 4) has not yet been released to the public domain.

(1)
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control for the variation across individuals. An alternative model is also fitted to the fixation maps to 

better estimate the categorical predictors as follows: 

The LMM was fit by maximal likelihood (ML) using the fitlme function from the Statistics 

Toolbox™, Matlab 2013b. Furthermore, the sum of all categorical coefficients in the design matrix 

were set to zero to allow type III hypothesis testing in analyses of variance (ANOVA). Parametric 

statistics on the fixed effect and contrasts are performed by the coefTest for LinearMixedModel class 

in the Matlab software. To control for false positives from pixel-wise hypothesis testing, a multiple 

comparisons correction was applied by using a bootstrap clustering method [22, 23]. Original 

parametric statistical values were thresholded at a given p value (0.05 / the number of pixels). We then 

calculated the cluster mass by summing the statistic values within each cluster and later compared 

them with a bootstrap distribution under the null hypothesis. To construct the bootstrap null 

distribution, the condition mean is removed from each categorical condition and randomized without 

replacement to disrupt any possible covariation between fixation intensity and attractiveness ratings.

This procedure makes sure that H0: μ=0 is true for all potential coefficients while preserving the 

global variance for the experiment conditions. A subject-wise bootstrap with replacement was then 

repeated 1000 times to create a set of bootstrap null response matrices. We then performed the same 

modeling and subsequently the same contrast tests for the selected coefficients across all pixels. The 

resulting statistical map for each bootstrap was thresholded with the same parameters of the original 

map. The maximum cluster mass in each bootstrap was put into a vector and then sorted to form a 

bootstrap distribution for each contrast. Given that bootstrapped response matrices are derived under 

the null hypothesis, the cluster-wise p-value was calculated as: 

which results in the cluster-corrected p values. 

(2)

(3)
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Results 

Behavioral analyses. The result from the logit mixed model showed a significant negative relationship 

between WHR and attractiveness ratings in both natural viewing and 4° spotlight conditions (β natural 

viewing = -5.78 [-7.43; -4.13] and β 4° spotlight = -3.78 [-5.28; -2.27], p < 0.0001, respectively, see 

supplementary table S1; square brackets report the 95% confidence interval). However, the 

relationship between the two was not significant in the 2° spotlight condition (β 2° spotlight = -0.83 [-

2.33; 0.65], p = 0.30). Observers rated female bodies with a low WHR more favorably when they had 

access to sufficient peripheral vision. The hip size had a significant negative effect on the 

attractiveness ratings for all the conditions (β = -0.13 [-0.14; -0.11], -0.05 [-0.06; -0.03] and -0.02 [-

0.03; -0.007], respectively, for the natural viewing, 4° and 2° spotlight conditions, p < 0.01). Female 

bodies with overly large hip sizes received a lower attractiveness rating regardless of viewing 

conditions. The face also significantly influenced the subjective ratings for all the conditions 

(p < 0.0001). The position effect of the female body (front or back) was significant for the natural 

viewing and 2° spotlight conditions (β = 0.16 [0.01; 0.31] and -0.14 [-0.28; -0.01], respectively, p =

0.045 for both), but not for the 4° spotlight condition (β = 0.07 [-0.06; 0.21], p = 0.27). None of the 

observers' characteristics (age, monthly income, or education level) showed modulation on their 

ratings (p > 0.05). 

Eye movements. After the initial model fitting, pixel-wise ANOVA on the Linear Mixed-Model with a 

full design (LMM – equation 1 in the methods section) revealed significant main effects for both 

viewing condition and body orientation (see supplementary Figure S1) after using a bootstrap 

clustering procedure to correct for multiple comparisons. The interaction did not reach significance. 

Importantly, the main effect of the viewing condition is shown around the hips (Peak: 

F (2,195) = 45.72, minimal: F (2,195) = 18.99, p < 0.05 cluster corrected), while a significant effect of 

the body orientation is clustered around the face region (Peak: F (1,195) = 119.01, minimal: 

F (1,195) = 33.46, p < 0.05 cluster corrected). The main effect of subjective attractiveness ratings was 

not significant, suggesting that there is no obvious relationship between the time spent on the body 

areas fixated and the judgments of attractiveness. 
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To further clarify these findings, we estimated the coefficients for each categorical predictor on the 

LMM with a categorical model (see equation 2 in methods section). As shown in Figure 3, observers 

fixated on the face region when the body was present in the full front position, regardless of the visual 

field size (local maximum on the face area in front view condition: β natural viewing = 273.8 [107.7, 445.9], 

β 4° spotlight = 461.5 [284.5, 638.5], β 2° spotlight = 639.7 [465.1, 814.4]). As a comparison, the hip areas 

were fixated longer in the 2° spotlight condition regardless of the body orientation (local maximum of 

2° spotlight condition: β front view = 228.2 [169.7, 286.8], β back view = 273.3 [214.7, 338.8]). Finally, to 

obtain a fine-grained picture of information use, we performed a pixel-wise linear contrast between the 

2° spotlight condition and the natural viewing conditions (see Figure 4 left panel, contrast test F-value 

at peak: F (1,195) = 79.10, minimal: F (1,195) = 33.42, p < 0.05 cluster corrected). This analysis 

revealed that the upper part of the face, the breast and the hip areas are the key bodily features sampled 

for performing attractiveness judgments. To further quantify the relative importance of information 

among these areas, we computed post-hoc analysis within each significant area (i.e., face, breast and 

hip area) from the linear contrast. We computed the normalized contrast of any two given front-view 

conditions by dividing the contrast of the peak values by their sum within each body area. As shown in 

the right panel of Figure 4, the weight contrast from the hip area changed the most rapidly as 

compared to other body regions (F (2,285) = 19.249, p < 0.05).  

Discussion 

Here, we show that men use their peripheral vision to assess the attractiveness of female bodies. The 

gaze-contingent aperture size significantly affected the way men look at female bodies: when 

observers could access visual information only through a narrow aperture, they gazed more at the 

exterior edges of the torso – the hips – (front and back view) and the breast (front view), while during 

natural viewing they favored the center of these regions as they could process the entire silhouette 

from this location. Altogether, these results indicate that the information necessary to estimate female 

attractiveness can be gathered without directly staring at the contours of the hips when peripheral 

vision is available, but clearly the center of the torso itself is not containing diagnostic information. 
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Interestingly, our data also showed the largest increase in fixations towards the hips during the 2° 

foveal vision condition (for both front-and back-views), followed by the face and the breast with front-

views, giving this region a pivotal role in the evaluation of female attractiveness. The information 

collected in this area could relate to the extraction of the curvature of the hip shape and an estimation 

of hip width, as highlighted by the fixation patterns with constrained vision. In fact, WHR had an 

effect on the attractiveness ratings only when the peripheral vision was sufficient (in the natural 

viewing and 4° spotlight conditions), which is concordant with the fact that the whole silhouette is 

necessary to estimate the WHR [12]. 

Why use peripheral vision when relevant information could be extracted directly? Although

information is crucial to adaptive decision-making, only a fraction is actually relevant to the task; even 

so, individuals tend to encounter information at rates considerably higher than their capacity for full 

use [10]. Attentional resources are necessary for discriminating useful from irrelevant information, but 

they are limited and so should be allocated selectively. The use of peripheral vision could result in an 

optimal decision-making system: individuals able to extract only relevant information from the body 

shape, without amassing superfluous details, will make decisions rapidly and expend less energy in the 

process. Nevertheless, our study is restricted to a Caucasian population. It is possible that, as for the 

recognition of faces [17, 24], the use of peripheral vision in the assessment of female attractiveness 

varies between populations. Further investigation is needed to determine the universality--or 

variability--of men's eye movement patterns in female attractiveness judgments.

In line with previous findings, a large number of fixations were directed towards the face in 

the front-view condition [13], and to a lesser extent to the head during the back-view condition [14].

Viewing facial features in the front-view had a significant influence on attractiveness ratings [18, 19].

However, the greatest numbers of fixations were directed towards the hip regions with restricted 

vision, and their width was the most important determinant of attractiveness, independently from the 

WHR. This shift toward the external part of the torso was weaker for the waist, confirming that 

information provided by the hip is more important than the information included at the waist level. 

Additionally, hip size had a significant effect on attractiveness ratings in all viewing conditions. The 
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importance of hip size for attractiveness, independently of WHR, has been previously reported [20, 

21]. What is the information conveyed by hip size? Large hips could give the impression of a heavier 

body [4]. Indeed, body width, and especially the lower torso width, is a reliable guide to BMI [25]. As 

the hip contours are required to estimate their width, the relevant information of this region (normally 

provided by the peripheral vision) could be the BMI or a related measure. The BMI is also correlated 

with health and fertility [26-30]. The BMI may be a factor equivalent to--or even more important than-

-the WHR in determining the physical attractiveness of a woman [20, 21, 25, 31]. The extraction of 

women's WHR information could have an evolutionary basis because WHR is a reliable indicator of a 

women’s age, health and fertility: Compared to women with high WHR, women with a low WHR 

have fewer irregular menstrual cycles [32], optimal sex hormone profiles [33], ovulate more frequently 

[34], and have lower endocervical pH, which favors sperm penetration [35]. Low WHR is also an 

independent predictor of pregnancy in women attending an artificial insemination clinic [36] and in 

women attempting in-vitro embryo fertilization transfer [37]. 

In summary, our data show that men use their peripheral vision in judgments of female 

attractiveness under natural viewing conditions. This could allow for the estimation of the WHR, even 

without directly staring at the curve of the torso. Additionally, analyses of both attractiveness ratings 

and eye movements isolated a hierarchy of cue use, positing the hip width as an important feature of 

female attractiveness, independent from the WHR. The hip width could also be a key feature in 

estimating the BMI, another trait linked with a woman's health and fertility. Overall, this bodily 

feature seems to play a critical role in the evaluation of female attractiveness by men and offers novel 

insights into the critical visual information beneath the contemporary obsession with being thin.
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Figures 

Figure 1. Front- and back-views of a stimulus under the natural viewing condition. 
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Figure 2. Front views of one stimulus on the two Spotlight conditions, with gaze-contingent apertures 

of 4° (first column) and 2° (second column) centered on the face (first row) and on the navel (second 

row). The aperture of 2° covered the entire face, but the edges of the torso were not visible when 

fixating the navel. The aperture 4° allowed one to simultaneously see the edges of both sides of the 

torso when fixating the navel. 
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Figure 3. Estimated 2D coefficient (β) maps and their local maximum on the face and hip areas for 

each categorical predictor of the LMM (Eq. 2). Line plots of the beta values were extracted from the x

axis containing the local maxima for the face and hip regions. The 95% confidence intervals are 

reported in the grey areas. 
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Figure 4. Left panel: difference fixation maps performed on the LMM (Eq. 2) between the front view 

2° spotlight and natural viewing conditions. Significant clusters are outlined with black lines. Right 

panel: normalized contrast among the three viewing conditions within different region masks from 

Left panel. Error bars report standard errors. 

Supplementary 

Figure S1.  ANOVA result on LMM (Eq. 1). Left panel: F-value map of the viewing condition factor. 

Right panel: F-value map of the body orientation factor. Significant clusters are outlined with black 

lines (cluster corrected p < .05). 
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Table S1.

Results of the logit mixed model for the behavioral analysis of the observers' subjective ratings. The 

intercept corresponds to a front view picture of a female body with an average WHR and hip size, and 

with the face n°1.

Viewing condition Variable Estimate Confidence interval 95 % p-value

Natural viewing

Intercept 21.61 [18.10; 25.14] < 0.0001

WHR -5.78 [-7.43; -4.13] < 0.0001

Hip size -0.13 [-0.14; -0.11] < 0.0001

Face n°2 -1.41 [-1.59; -1.23] < 0.0001

Face n°3 -1.36 [-1.54; -1.18] < 0.0001

Position (back) 0.16 [0.01; 0.31] 0.045

Observer's age 0.05 [-0.03; 0.14] 0.26

Observer's income 0.09 [-0.08; 0.28] 0.3

Observer's education -0.09 [-0.39; 0.20] 0.53

4° spotlight

Intercept 12.27 [9.09; 5.45] < 0.0001

WHR -3.77 [-5.28; -2.27] < 0.0001

Hip size -0.05 [-0.06; -0.03] < 0.0001

Face n°2 -1.25 [-1.41; -1.08] < 0.0001

Face n°3 -1.34 [-1.50; -1.17] < 0.0001

Position (back) 0.07 [-0.06; 0.21] 0.27

Observer's age 0.06 [-0.009; 0.14] 0.096

Observer's income 0.003 [-0.15; 0.15] 0.96

Observer's education 0.07 [-0.186; 0.32] 0.6

2° spotlight

Intercept 9.29 [6.02; 12.57] < 0.0001

WHR -0.83 [-2.33; 0.65] 0.3

Hip size -0.02 [-0.03; -0.007] 0.006

Face n°2 -1.1 [-1.27; -0.94] < 0.0001

Face n°3 -1.32 [-1.48; -1.16] < 0.0001

Position (back) -0.14 [-0.28; -0.01] 0.045

Observer's age -0.006 [-0.09; 0.08] 0.88

Observer's income 0.07 [-0.10; 0.25] 0.43

Observer's education 0.01 [-0.27; 0.30] 0.9
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Abstract22 

Why some women have more attractive face than others has been the focus of many studies. 23 

For short-term mating, males are expected to prefer females at the age of peak fertility. In fact, 24 

facial fertility cues have been linked to female attractiveness. For long-term partnerships, a 25 

high residual reproductive value - the expected future reproductive output - becomes more 26 

pertinent; thus, young age and late menopause are expected to be preferred. However, the 27 

extent to which facial features provide cues to the likely age at menopause is unknown. Here, 28 

we show that expected age at menopause is linked to facial attractiveness of young women. 29 

As menopause is heritable, we used the mother’s age at menopause as a proxy for the 30 

daughter’s expected age of menopause. We found that men judged facial photographs of 31 

women with a later expected age at menopause as more attractive than those of women with 32 

an earlier expected age at menopause. This result holds when age and other components of 33 

facial and non-facial attractiveness were controlled. Additionally, we found that the expected 34 

age at menopause was not correlated with any of the other variables considered (including 35 

facial ageing, fertility and developmental cues). Our results show the existence of a new 36 

correlate of women’s facial attractiveness, expected age at menopause, which is independent 37 

from previously documented components of attractiveness.38 

39 

40 

41 

42 

Key words: mate choice, female attractiveness, face, menopause, residual reproductive value43 
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1. Introduction44 

Why some women are more attractive than others has been the focus of many studies, and it 45 

has been repeatedly shown that features linked to fertility explain a large part of the variance 46 

in attractiveness [1]. Cues of fertility can be found in body shape, voice pitch, or facial 47 

features; in fact, all traits substantially influenced by sex hormones during growth and puberty 48 

have the potential to influence physical attractiveness [2-8]. In addition, traits reflecting 49 

favourable developmental stability, such as bilateral symmetry, are also associated with 50 

increased female attractiveness [9-11]. 51 

Males should prefer females of the age at which age-specific fertility peaks, at least for short-52 

term mates [12]. For long-term partnerships such as marriage, however, residual reproductive 53 

value - the expected future reproductive output - becomes more pertinent [13]. In humans, this 54 

trend is strengthened by the existence of reproductive senescence or menopause, i.e., the 55 

permanent cessation of menstruation, associated with the ultimate cessation of child-bearing 56 

potential. When reproductive and somatic senescence are disconnected, as they are in human 57 

females, the residual reproductive value becomes independent of longevity.58 

Thus, in the presence of such a short temporal reproductive window, youth is an important 59 

factor of women’s attractiveness [14], as it signals a high residual reproductive value. For a 60 

given age, the temporal reproductive window will vary according to the age at menopause, 61 

which is variable both across and within populations [15-19]. If the future age at menopause 62 

is somehow detectable in young adults, it should contribute substantially to mate choice and 63 

thus influence female attractiveness. It is possible that previously identified components of 64 

female attractiveness that have mostly been linked to immediate fertility are also informative 65 

of female residual reproductive value. Alternatively, future age at menopause could be a 66 

correlate of attractiveness that has not yet been identified.67 

In this study, we investigated whether residual reproductive value is related to the 68 

attractiveness of women’s faces. To understand how the residual reproductive value could be 69 

facially detectable, all possible known components of facial attractiveness, including fertility 70 
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cues, were used as controlling variables. As menopause is heritable [16, 20-22], mother’s age 71 

at menopause was used as a proxy for the daughter’s expected age of menopause.72 

73 

2. Materials and Methods74 

2.1 Ethics Statement. The protocol used to recruit participants and collect data was approved 75 

(#1226659) by the French National Committee of Information and Liberty (CNIL). For each 76 

participant, the general purpose of the study was explained (“a study on the determinants of 77 

mate choice”) and a written voluntary agreement was requested for a statistical use of data 78 

(private information and photographs). Data were analysed anonymously.79 

2.2 Stimuli. Sixty eight Caucasian women between 25 and 35 years of age were recruited by 80 

social networks and advertising in Montpellier, France. Volunteers were instructed to come to 81 

the lab after collecting information about their mother’s and (when possible) grandmothers’ 82 

age at menopause and without wearing any make-up. For each woman, the following 83 

information was collected: date and place of birth for themselves, their parents and 84 

grandparents; monthly income (divided into ten classes from less than 760€ to more than 85 

4705€) for themselves and their parents; education level; and age at menopause for their 86 

mother and grandmothers. A facial photograph was taken with the same digital still camera 87 

(Canon EOS 20D) at a distance of 1 m using the same general settings. Each woman was 88 

asked to have a neutral facial expression and to remove any glasses or earrings. All 89 

photographs were electronically processed using Adobe Photoshop CS3 to normalise size90 

(photographs were aligned on eyes position, with a fixed distance between eyes and chin),91 

colour balance, contrast and luminosity (using the Photoshop auto-corrections tools). The 92 

backgrounds were replaced by a uniform grey colour (see figure 1). Women were recorded 93 

reading the French version of a standard text (“La bise et le soleil”) using a Tascam DR-07 94 

MKII digital recorder. Across each recording, the fundamental frequency (F0, the acoustic 95 

correlate of pitch) was measured using Praat software [23]. Two indexes of body condition 96 

were measured: body mass index (BMI, the body mass divided by the square of the height), 97 
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and waist-to-hip ratio (WHR, the ratio between body circumference at the waist and the hips). 98 

A compensation of 20€ was provided for the subjects’ participation.99 

2.3 Procedure. A Delphi-based computer program was generated to present randomly drawn 100 

pairs of photographs to 119 male raters (see figure 1). For each pair, the rater was instructed to 101 

click on the photograph depicting the woman he found the most attractive. The position of the 102 

photograph on the screen (left or right) was randomly ascribed. Each rater had 30 distinct 103 

pairs of photographs to assess, corresponding to 60 different women. If the rater knew one of 104 

the women he had to judge, the trial was removed. Also, the first pair seen by each participant 105 

was not used for the analyses, because the task could require some habituation. Three pairs, 106 

randomly chosen from among those previously viewed, were presented again at the end to 107 

estimate judgement reliability. For each rater, the following information was collected: date 108 

and place of birth, grandparents’ origins, monthly income, occupation, house ownership, 109 

taxability, education level, and sexual orientation. 110 

2.4 Morphological measurements. Twenty-three points of interest were positioned on the 111 

facial photograph of each woman [24-27] (see figure S1). To measure the facial asymmetry of 112 

female participants, differences between 8 corresponding distances on each side of the face 113 

were calculated for each participant. Each difference was weighted by the mean of the two 114 

corresponding distances. A Principal Component Analysis (PCA) was performed on the 115 

resulting four variables to obtain a new synthetic variable corresponding to an asymmetry 116 

axis. The position of each woman along this axis represents her individual synthetic 117 

asymmetry value. To assess facial femininity, 10 distances were computed from the same 23 118 

points for all female subjects (for the whole method, see [24]). Similar measurements were 119 

performed on facial photographs of a random sample of 68 men between 25 and 35 years of 120 

age (derived from the male sample described in [25]). A linear discriminant analysis (LDA)121 

according to sex was performed on the male and female measurements, providing a synthetic 122 

variable corresponding to a masculinity/femininity axis (see figure S2). The position of each123 
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woman along this axis represents her individual femininity value. All morphological 124 

measurements were performed using Image J version 1.43, and R version 3.0.1.125 

2.5 Estimation of facial ageing. A second Delphi-based computer program was generated to 126 

present randomly drawn photographs to 107 raters (see figure S3). For each photograph, the 127 

rater was instructed to estimate the age of the woman. Each rater had 20 distinct photographs 128 

to assess. Three photographs, randomly chosen among those previously viewed, were 129 

presented again at the end to estimate judgement reliability. For each rater, information about 130 

sex and age was collected. For each woman, the difference between their real age and the 131 

mean age given by the raters was calculated. This variable represents the facial ageing of the 132 

women.133 

For the attractiveness and the facial ageing tests, volunteer raters were recruited in public 134 

places in Montpellier, France and were unaware of the purpose of the study when assessing 135 

the pairs of women. The general purpose of the study was explained to each participant and a 136 

written agreement was requested for the use of their private information for academic 137 

purposes.138 

2.6 Statistical analyses. Logistical regression was used to analyse raters' preferences. The 139 

binary response variable corresponded to being chosen or not for the focal woman (arbitrarily 140 

the woman presented at the left position) during the presentation of each pair. Women and 141 

raters were considered random samples from a larger population of interest and were thus 142 

random-effect variables. Therefore, generalised linear mixed models with binomial error 143 

structure were used. For each choice made by a rater, the difference between the ages at 144 

menopause of the focal and the non-focal woman’s mothers was calculated. The value of this 145 

difference was integrated into the model as the explanatory variable. For each variable known 146 

to covary with facial attractiveness (facial femininity and asymmetry), the difference between 147 

the focal woman and her competitor was calculated. The differences for variables ‘facial 148 

femininity’ and ‘facial asymmetry’ were included as additional explanatory variables149 

(potentially mediating the relationship between expected age at menopause and facial 150 
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attractiveness). As raters’ perception of women’s age is too influenced by facial attractiveness, 151 

facial ageing was not included in this model. BMI, WHR and F0, even if not possibly 152 

mediating the relationship between expected age at menopause and facial attractiveness from 153 

photographs, are linked to estrogens levels which covary with facial attractiveness. So the 154 

differences between the two women for these 3 variables were also included as additional 155 

explanatory variables. To control for potential confounding effects, the differences between 156 

the focal and the non-focal woman’s ages and socio-economic status (a PCA combination of 157 

education level and the woman’s and her parents’ monthly incomes) were introduced into the 158 

model. Because the subjects displayed a perceptible smile in some photographs, a qualitative 159 

variable describing this aspect was also introduced. Variables concerning the raters’ 160 

characteristics were also included in the model as potential confounding effects. These 161 

variables included: the rater’s age and socio-economic status (a PCA combination of the 162 

variables “monthly income”, “occupation”, “house ownership”, “taxability”, and “education 163 

level”). For each parameter estimate, odds ratio (OR) and 95% confidence interval (CI) were 164 

provided. Linear regression was used to analyse the mother’s age at menopause (response 165 

variable) according to the maternal grandmother’s age at menopause (explanatory variable). 166 

The “one-parent - one child” regression coefficient represents half the heritability (h
2
) of the 167 

trait [28]. Pearson correlations were used to analyse relationships between expected age at 168 

menopause (estimated by mother’s age at menopause) and each woman’s measured trait: 169 

facial femininity, asymmetry and ageing, BMI, WHR, F0, age, and socio-economic status. A 170 

Pearson correlation was also used to analyse the relationship between facial attractiveness and 171 

facial ageing. All statistical analyses were performed using R 3.0.1 software (R Core 172 

Development Team).173 

174 

3. Results175 

3.1 Final sample. A total of 97 women were sampled. Sixty eight Caucasian women whose 176 

mother had a natural and known menopause were used for the attractiveness test (mean age = 177 
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28.4, age range: 25-35). A total of 156 male raters assessed the relative attractiveness of these 178 

women. Only data from Caucasian and heterosexual raters were used for the analyses. 179 

Assessments of unreliable raters (i.e., with more than one incorrect answer during the test of 180 

judgement reliability) were removed. A total of 119 raters were retained in the final sample, 181 

with a mean age of 36.3 (age range: 17-72). Each woman was observed, on average, by 101.1 182 

raters (range: 93-108). For facial ageing estimation, a total of 136 raters assessed the age of 183 

the 68 women. Assessments of unreliable raters (i.e., with a sum of absolute differences 184 

between the first estimations and the corresponding repetitions, superior to 15) were removed. 185 

A total of 107 raters (including 61 women) were retained in the final sample, with a mean age 186 

of 35.1 (age range: 16-65). Each woman was observed, on average, by 31.2 raters (range: 24-187 

43).188 

3.2 Attractiveness, menopause and fertility. The variable expected age at menopause 189 

(estimated by mother’s age at menopause) had a significant positive effect on the probability 190 

for a woman to be chosen as the most attractive (OR = 1.040, CI = (1.015, 1.065), P = 0.0013,191 

see figure 2): Men tend to prefer women whose expected age at menopause is the latest. 192 

Moreover, various other cues of reproductive potential had an effect on the probability of 193 

being chosen (see table 1). There was a significant positive effect for the variable F0 (OR =194 

1.012, CI = (1.0074, 1.016), P < 0.0001), and a significant negative effect for facial 195 

asymmetry (OR = 0.87, CI = (0.79, 0.90), P < 0.0001): men tend to prefer the faces of women 196 

who are more symmetric, and who have a higher-pitched voice. The variables femininity, 197 

BMI and WHR had no significant effect on attractiveness (P = 0.69, P = 0.44 and P = 0.066 198 

respectively). Women’s age and smile demonstrated a significant effect on the probability of 199 

being chosen: men preferred women who were younger (OR= 0.98, CI = (0.95, 1.00), P =200 

0.056) and smiled more (OR= 1.56, CI = (1.32, 1.91), P < 0.0001). There was no effect 201 

observed for the socio-economic status of the woman (P = 0.15). The raters’ age and socio-202 

economic level had no significant effect on their choices (P = 0.82 and P = 0.91 respectively).203 
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3.3 Heritability of age at menopause. Among the 97 women, 42 completed information 204 

about both their mother’s and maternal grandmother’s menopause. The mean age at 205 

menopause was 51.0 (range: 42-58) for the mothers and 50.3 (range: 39-60) for the 206 

grandmothers. The maternal grandmother’s age at menopause had a significant effect on the 207 

mother’s age at menopause (β = 0.274, P = 0.015, see figure 3). This implies a heritability of 208 

age at menopause from the maternal side of 27.4% (SE = 0.11) and thus an overall heritability 209 

h² ~ 55% (SE = 0.22).210 

3.4 Menopause and other women’s features. There was no significant correlation between 211 

expected age at menopause and the fertility cues of facial femininity (ρ = -0.077, P = 0.53), 212 

facial asymmetry (ρ = -0.027, P = 0.83), BMI (ρ = -0.14, P = 0.25), WHR (ρ = -0.044, P =213 

0.72) and F0 (ρ = -0.96, P = 0.56). Facial ageing was significantly correlated to attractiveness 214 

(ρ = -2.75, P = 0.0076), but not to expected age at menopause (ρ = -0.027, P = 0.34). The 215 

correlations between the expected age at menopause and the woman’s age and between the 216 

expected age at menopause and the socio-economic status were not significantly different 217 

from zero (ρ = 0.066, P = 0.59; ρ = 0.13, P = 0.28, respectively).218 

4. Discussion219 

Here, we show that expected age at menopause is significantly related to the facial 220 

attractiveness of young women. This result holds when variables potentially reflecting sex-221 

hormone exposure (facial femininity, voice pitch, and WHR), developmental stability (facial 222 

symmetry), body condition (age and BMI), or socio-economic status are controlled. 223 

Additionally, none of the other considered variables, including fertility cues and facial ageing,224 

were significantly correlated with the expected age at menopause. Thus, the expected age at 225 

menopause seems to be linked to an independent facial information, which was not deducible 226 

from previously documented components of facial attractiveness.227 

Results classically found in the literature were replicated in this study, suggesting that 228 

this sample of young females is not different from those described elsewhere. For example,229 
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facial symmetry and high voice pitch were positively correlated with facial attractiveness, as 230 

in previous studies [3, 29-31]. Also, attractive faces were rated younger than their true age, as 231 

in the study of Kwart [32]. Our sample provided a heritability estimate of the age at 232 

menopause of 0.55, consistent with previous values ranging from 0.42 to 0.63 [16, 20-22]. 233 

Spurious significant results may sometimes arise following model simplification [33]. This 234 

statistical bias is unlikely in this study, as all terms were kept and no model simplification was 235 

performed. However, it is still possible that a confounding variable, which remains to be 236 

identified, explains the link between expected age at menopause and facial attractiveness. 237 

Men’s preference for women signalling a late age at menopause (and thus a longer 238 

temporal reproductive window) suggests that there is currently a selection towards a later 239 

menopause, at least in Western societies, assuming that preferences reflect actual mate choice 240 

for this trait, which remains to be established. Interestingly, a secular trend of increased 241 

menopausal age has recently been observed [19, 34, 35]. This suggests that the social, familial 242 

and cultural conditions found currently in Western societies are promoting selection towards a 243 

later menopause in women. As a consequence, studies carried out in these societies are most 244 

likely insufficient to test evolutionary hypotheses on the occurrence of female reproductive 245 

senescence in the human lineage.246 

Somatic senescence, or ageing, is readily detectable in a face through wrinkles, skin 247 

texture and coloration, etc. (for a review, see [36]). Those traits are specifically targeted by248 

cosmetic changes when a younger appearance is desirable. Facial traits correlated with 249 

reproductive senescence have yet to be identified, and it remains to be determined whether 250 

they can be, or are already, manipulated to increase attractiveness by signalling a later 251 

menopause.252 

253 
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Tables and figures353 

354 

Figure 1. Example of screenshot during the evaluation of women’s facial attractiveness by the355 

raters. For each pair of women, which was randomly chosen, the rater was instructed to click 356 

on the photograph of the woman that he found the most attractive. Photographs reproduced 357 

with permission. 358 
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359 

Figure 2. Predicted probability to be chosen during the test of attractiveness, according to the 360 

difference in expected age at menopause between the focal and the non-focal women. Other 361 

variables of the model (facial femininity, facial asymmetry, BMI, WHR, F0, ages and socio-362 

economic status of the woman and the rater), were set at their mean values. Circle areas are 363 

proportional to the number of choices made by the raters.364 

365 
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366 

367 

Figure 3. Relationship between age at menopause of mothers and maternal grandmothers. 368 

Plain line represents the linear regression with all points (b = 0.27, P = 0.016, corresponding 369 

to a heritability of age at menopause (h
2
) = 0.55).370 

371 
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Table 1. Effects of the different variables on the probability to be chosen during the test of 372 

attractiveness. (Male raters had to choose the woman found to be the most attractive between 373 

two facial photographs). OR: odds ratio; CI: confidence interval.374 

375 

Variable OR 95% CI P value 

(Intercept) 1.12 (0.72, 1.74) 0.60 

Mother's age at menopause* 1.04 (1.015, 1.065) 0.0013 
Fertility cues       

Facial femininity* 0.98 (0.91, 1.065) 0.69 

Facial asymmetry* 0.84 (0.79, 0.90) < 0.0001 

F0* 1.01 (1.007, 1.016) < 0.0001 

BMI* 0.99 (0.96, 1.02) 0.44 

WHR * 5.95 (0.89, 39.67) 0.066 
Confounding variables 

Age* 
 

0.98 
 

(0.95, 1.00) 
 

0.056 
Smile* 1.59 (1.32, 1.91) < 0.0001 

Socio-economic status* 0.93 (0.84, 1.027) 0.15 
Raters' characteristics  

Age 0.99 (0.99, 1.01) 0.82 

Socio-economic status 0.99 (0.83, 1.17) 0.91 

 
*For each variable, the difference between the two women presented was integrated in the model.

376 
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377 

Figure S1. Twenty-three references points for measurement of asymmetry and femininity. For 378 

asymmetry, eight distances on each side of the face were considered: (2-3) vs. (4-5), (2-14) vs. 379 

(5-14), (15-8) vs. (16-9) and (3-17) vs. (4-17). For femininity/masculinity, 10 distances were 380 

computed see [24]: D1 (1-14), D2 (6-7), D3 (18-14), D4 ((20-21)+(22-23))/2, D5 ((2-3)+(4-381 

5))/2, D6 (15-16), D7 (18-19), D8 (12-13), D9 (10-11) and D10 (1-19). Horizontal and 382 

vertical normalisations were performed: D4 and D7 were normalized with D1; D5, D6, D8 383 

and D9 with D2, and D3 with D10. Photograph reproduced with permission.384 
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385 

Figure S2. Result of the linear discriminant analysis (LDA) according to sex performed on 386 

the measurements of the 68 women and 68 men. The LDA provides a synthetic variable 387 

corresponding to a masculinity/femininity axis. The position of each woman along this axis 388 

represents her individual femininity value.389 

390 
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391 

Figure S3. Example of screenshot during the evaluation of women’s age by the raters. The 392 

rater was instructed to estimate the women’s age. For each woman, the difference between 393 

their real age and the mean age given by the raters was calculated. This variable represents the 394 

facial ageing of the women. Photograph reproduced with permission.395 
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Abstract 22

The ratio between the body circumference at the waist and the hips (or WHR) is a secondary 23

sexual trait that is unique to humans and is well known to influence men’s mate preferences.24

Because a woman's WHR also provides information about her age, health and fertility, men's 25

preference concerning this physical feature may possibly be a cognitive adaptation selected in 26

the human lineage. However, it is unclear whether the preferred WHR in western countries 27

reflects a universal ideal, as geographic variation in non-western areas has been found, and 28

discordances about its temporal consistency remain in the literature. We analyzed the WHR of 29

women considered as ideally beautiful who were depicted in western artworks from 500 BCE to 30

the present. These vestiges of the past feminine ideal were then compared to more recent 31

symbols of beauty: Playboy models and winners of several Miss pageants from 1920 to 2014. 32

We found that the ideal WHR has changed over time in western societies: it was constant during 33

almost a millennium in antiquity (from 500 BCE to 400 CE) and has decreased from the 15
th 

34

century to the present. Then, based on Playboy models and Miss pageants winners, this 35

decrease appears to slow down or even reverse during the second half of the 20
th

century. The 36

universality of an ideal WHR is thus challenged, and historical changes in western societies 37

could have caused these variations in men’s preferences. The potential adaptive explanations 38

for these results are discussed.39

40

41

42

Keywords: women's attractiveness; men’s preferences; waist-to-hip ratio; art43
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Introduction 44

Although women’s attractiveness is considered complex and difficult to quantify, various 45

physical traits are now well known to influence men’s mate choice. Among those traits, the 46

waist-to-hip ratio (WHR, the ratio between the body circumference at the waist and the hips), 47

which measures the distribution of body fat, has been the focus of extensive research. 48

Evolutionary theories of human mate selection contend that the WHR is an honest indicator of 49

fertility and is used by men to choose a mate likely to increase their reproductive success. 50

Consistent with this hypothesis, the distribution of body fat provides information about age, 51

health, fertility, and sexual behavior [1-7], and women with an hourglass shape (i.e., a low WHR) 52

are more attractive to men [2, 7-9]. One particular aspect of the literature has focused on the 53

universality of this preference for a low WHR. Several studies show a certain consistency54

across populations in the preferences of men toward a low WHR [10-14], whereas a preference 55

for a relatively higher WHR has been observed in some other societies [15, 16]. However, this 56

apparent variability could result from the stimuli used, as other studies using different stimuli 57

found a preference for a low WHR [17, 18]. In fact, the stimuli used are not always adapted to 58

the local population, or do not control for the women's body mass [17, 19]. In addition, there is 59

no consensus concerning the consistency of WHR over time. Several studies have used 60

measurements of Playboy models and Miss America contestants, which are taken as 61

representative icons of western beauty standards. Here again, some studies underline the 62

remarkable consistency of the preferred WHR [20, 21], whereas others insist on the variability 63

of the ideal body shape over the last decades [22-25]. Nevertheless, studies based on data from 64

Playboy and Miss pageants concern the relatively recent past, with the oldest measurements 65

dating from the 1920s. For the more distant past, indications about physical preferences come 66

from artworks, such as paintings and sculptures. Although many references have been made to 67

ancient artworks, either to underscore the changing ideals of attractiveness in western societies 68

[22, 26], or to prove the invariability of the preferred WHR [3, 6, 27, 28] there is no published 69

quantitative study (to our knowledge) based on a large sample of artworks. This could be due to 70

the difficulty of obtaining measurements of women represented in artworks: it is complex to 71
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objectively estimate the WHR of painted women with different postures or orientations. It is 72

easier for sculptures of nude women, although it could be difficult to have direct access to the 73

artworks scattered across museums. In addition, artwork has several purposes, and the depicted 74

women do not always represent the ideal woman body: it is thus important to consider only art 75

items specifically designed to represent attractive women. To our knowledge, this point has 76

never been considered.77

This paper is divided into 3 studies. In the first study, we investigated the evolution of 78

WHR from 500 BCE to the present using artworks (painting and sculptures) representing 79

women usually considered as beautiful, such as Aphrodite or Venus. As the human brain has the 80

capacity to judge and very quickly and efficiently compare human bodies [29], even if not 81

normalized for characteristics such as the body posture, a large sample of observers was used to 82

estimate the WHR of women represented in artworks by comparing them to drawings of female 83

silhouettes. In the second study, we analyzed the evolution of WHR from 1920 to 2014 using 84

measurements of Playboy models and winners of several Miss pageants. In the third study, we 85

collapse these 2 datasets after a calibration step to find the best function describing the 86

evolution of the WHR according to time (from 500 BCE to 2014).87

88

Study 1 89

Materials and Methods 90

Stimuli.  91

216 artworks (160 paintings and 56 sculptures) representing women from 500 BCE to the 92

present were collected from various online open sources (mainly Wikipedia and art gallery 93

websites from various countries). One hundred and fifty of these artworks represented women 94

usually considered as beautiful, such as Aphrodite or Venus (Greek or Roman goddess of love, 95

beauty, pleasure, and procreation), Graces (Greek or Roman goddesses of charm, beauty, nature, 96

human creativity and fertility) and Psyche (a mythological young woman so beautiful that she 97

was compared to Venus), and 66 artworks represented women not specifically famous for their 98

beauty, such as Eve (according to the creation myth of Abrahamic religions, the first woman 99
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created by God) and Susanna (a biblical Hebrew woman falsely accused by lecherous voyeurs). 100

In addition to the subject, the only selection criteria was that the selected painting or sculpture101

should depict the woman at least partially naked, with a sufficient view allowing for the 102

evaluation of her silhouette. For each artwork, the following information was collected: date of 103

creation (divided into periods of 50 years), artist’s name and birthplace, and subject depicted 104

(Aphrodite, Venus, Graces, Psyche, Eve or Susanna). The women’s posture (standing, sitting or 105

lying) and orientation (front, back or profile) were recorded. All of the artists, and their 106

depictions, were Caucasian. If an artist had produced more than one version of the same subject, 107

the artwork allowing the easiest evaluation of the WHR (depending on the view, the woman's 108

posture, the quality of the picture, etc...) was chosen. The resulting sample is certainly not 109

comprehensive, although it is probably representative of what Wikipedia and art galleries 110

possess. Nude women have been represented in art during Classical Antiquity until the end of 111

the fourth century and were then almost completely absent from artwork during millennia due112

to a ban from the Christian church [30, 31]. Nude women were represented again in artwork 113

during the Renaissance until today. Thus, the collected artworks were divided into an antique114

period (from 500 BCE to 400 CE) and a recent period (from 1400 to 2014 CE).115

Procedure. An online test was developed to randomly present artworks to raters. On the right 116

part of the screen, 12 drawn figures of women representing 3 different body weight categories 117

(underweight, normal weight and overweight) and 4 WHRs within each weight category were 118

displayed (the figures are from Singh [21], see figure 1). For each artwork, the rater had to click 119

on the figure that most closely resembled the woman depicted on the artwork. A given rater had 120

17 distinct artworks to assess, which were randomly chosen among the whole dataset. Then, 121

three artworks, which were randomly chosen among the 17 previously observed, were 122

presented again at the end to estimate judgment reliability. A judgment is considered as 123

unreliable if, for the same artwork, the second judgment differs from the first one of more than 124

one figure in each dimension (WHR or weight). Because the task could require some time to be 125

completely understood by the raters, the 4 first judgments of each rater were not included in the 126

analyses. Volunteer raters were unaware of the purpose of the study when assessing artworks. 127

Public advertisements were dispatched in local stores and social networks. These 128
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advertisements contained the principle of the test (rating artworks), and a website address. 129

People went to the website on their own will if they wanted to participate. For each rater, only 130

sex, age and nationality were collected. This information could not allow a personal 131

identification (identifying information such as name or IP address were not collected). The 132

content of this experiment (an online evaluation of artworks), didn’t required any specific 133

authorization from an ethics committee. Written consent was not required from the participants 134

for an online survey (their volunteer participation on the web site is equivalent to a tacit 135

consent). Moreover, participants could confirm their willingness to participate to our study 136

through a question displayed at the end of the online test (and only those that agreed where 137

considered for further analyses).138
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139

Figure 1. A typical screen shot during the evaluation of the women’s silhouettes in the artworks by the participants in 140

Study 1. An online test was developed to randomly present artworks to raters. On the right part of the screen, 12 drawn figures 141

of women were displayed, representing 3 different weight categories and 4 WHRs within each weight category (from Singh 142

[21]). For each artwork, the rater had to click on the figure that most closely resembled the woman depicted on the artwork143

according to the rater. A given rater had 17 distinct artworks to assess. Three artworks, which were randomly chosen among 144

those previously observed, were presented again at the end to estimate judgment reliability.145

146

Statistical analysis.  147

Because participants had to compare two-dimensional pictures, we directly measured the 148

apparent WHR on the 2D-drawn figures from Singh [21]. These WHR measures were 149

associated with each choice made by raters, and a mean estimated WHR was calculated for each 150

woman. Linear regressions were used to analyze the mean estimated WHR of each woman 151

(numeric variable from 0.70 to 0.92). In the first model, we compared women’s mean WHR for 152

antique and recent artworks (binary variable). Then, within each period, we analyzed the effect153
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of the date of the artworks’ creation (continuous variable) on women’s WHR. In all models, the 154

type of artwork (painting or sculpture), woman’s posture (standing, sitting or lying) and 155

orientation (front, back or profile) were integrated as confounding variables. A variable 156

“category” (High attractiveness if the depicted woman was Venus, Aphrodite, Graces or Psyche, 157

and Control if she was Eve or Susanna) was also integrated. As each rater judged only a small 158

fraction of the total number of artwork (13/216 ≈ 6%), each woman was observed by a specific 159

sample of raters. For each artwork, the raters’ mean age and sex ratio were calculated and 160

integrated into the models as confounding variables. To control for potential habituation effects, 161

the mean place of appearance during the test was calculated for each artwork and also 162

integrated into the model as a confounding variable. As each rater judged a random and unique 163

sample of artworks, the expected number of artworks in common to two raters was small (lower 164

than 1), limiting the capacity to compute the inter-rater reliability. Tentatively, Krippendorff’s165

alpha [32] was used to estimate this value. All statistical analyses were performed using R 166

2.11.1 (R Core Development Team).167

Results 168

Descriptive statistics.  169

2,164 people responded to the online test. The assessments from non-westerners (according to 170

their declared nationality) and unreliable raters (i.e., raters who did not finish the test or with 171

one or more incorrect answers during the test of judgment reliability) were removed. A total of 172

1,437 raters were retained in the final sample (mean age 37.4, age range: 18-90, 923 females). 173

Each artwork was evaluated by an average of 75.02 raters (range: 50-118). The inter-rater 174

reliability, estimated by Krippendorff’s alpha, was equal to 0.26.175

Artworks WHR.  176

The women’s mean estimated WHR varied from 0.715 to 0.883. There was no significant 177

difference between the WHRs of antique and recent artworks (mean WHR = 0.798 for both, 178

P = 0.19). Within the antique artworks, there was no significant effect of the date of creation on 179

the WHR (P = 0.40, see table 1). There was no effect of the artwork type (painting or sculpture), 180

woman’s posture (standing, sitting or lying) or orientation (face, back or profile) (P > 0.4 for all 181
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variables). Within the recent artworks, there was a significant linear and quadratic effect of the 182

date of creation on the WHR (linear effect: β = 0.13, P = 0.0020; quadratic effect: β = -0.0041,183

P = 0.0011): the artworks’ WHR decreased over time during the recent period (1400-2000). 184

There was a significant difference between the high attractiveness and the control women: high 185

attractiveness women had a lower WHR than the control women (β = -0.014, P = 0.010). There 186

was a significant effect of the woman’s posture: sitting women were rated as having a higher 187

WHR than standing or lying women (β = 0.012, P = 0.031). There was no effect of the artwork 188

type (P = 0.060) or woman’s orientation (P > 0.1). In all the models, the effects of the sample of 189

raters’ characteristics (sex ratio and mean age) and the artwork mean place of appearance 190

during the test were not significant (P > 0.2).191
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Table 1. Results for study 1. Linear regressions were used to analyze the mean estimated WHR of each woman (numeric 192

variable from 0.70 to 0.92). Within each period, we analyzed the effect of the date of the artworks’ creation on women’s WHR. 193

In all models, the type of artwork (painting or sculpture), woman’s posture (standing, sitting or lying) and orientation (front, 194

back or profile) were integrated as confounding variables. A variable “category” (High attractiveness if the depicted woman 195

was Venus, Aphrodite, Graces or Psyche, and Control if she was Eve or Susanna) was also integrated. For each artwork, the 196

raters’ mean age and sex ratio were calculated and integrated into the models as confounding variables. To control for potential 197

habituation effects, the mean place of appearance during the test was calculated for each artwork and also integrated into the198

model as a confounding variable.199

200

Variable (value) Estimate P-value 

Antique artworks 

Intercept 0.88 < 0.001 

Date of creation -0.0017 0.40 

Artwork type (painting) 0.020 0.44 

Woman's posture 
(sitting) 0.011 0.56 

(lying) -0.018 0.41 

Woman's orientation 
(back) -0.019 0.47 

(profile) -0.00016 0.99 

Raters' sex ratio -0.077 0.47 

Raters' mean age 0.0013 0.64 

Mean place of appearance -0.0082 0.46 

Recent artworks 

Intercept -0.46 0.25 

Date of creation 0.13 0.0020 

(Date of creation)² -0.0041 0.0011 

Artwork type (painting) 0.012 0.060 

Woman's posture 
(sitting) 0.012 0.031 

(lying) -0.0074 0.26 

Woman's orientation 
(back) -0.013 0.14 

(profile) 0.0083 0.10 

Category (high attractiveness) -0.014 0.010 

Raters' sex ratio 0.048 0.25 

Raters' mean age 0.00070 0.52 

Mean place of appearance 0.0041 0.42 

201
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Study 2 202

Materials and Methods 203

Data on the WHR of Playboy centerfold models from 1953 to 2001 are available in Freese [24]204

and the Playboy corporation website. We collected the measurements of centerfold models 205

from 2001 to July 2014 from the Playboy corporation website and Wikipedia. Data for the Miss 206

America winners from 1921 to 1986 (when the pageant stopped collecting this information) are 207

available in [24]. When available online, we also collected measurements of the Miss Universe,208

Miss World and Miss Earth pageant winners. Linear regressions were used to study WHR 209

according to time.210

Results 211

During the period from 1921-2014, the Playboy models and Miss pageants winners’ WHR 212

ranged from 0.529 (for Mickey Winters, appeared in Playboy centerfold of Sept. 1962, 45.7 213

cm/86.3 cm) to 0.844 (for Ashley Hobbs, appeared in Playboy centerfold of Dec. 2010, 68.5 214

cm/81.2 cm), with a mean of 0.677. The data were better fit by a model when including a 215

quadratic term: the women’s WHR had a curvilinear relationship with time (β = -0.083 and β =216

2.12x10
-5

for time and time
2
, respectively, P < 0.0001, see figure 2).217

218
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219

Figure 2. WHR values for Playboy centerfold models (in yellow) and winners of 4 Miss pageants (Miss America, Miss 220

World, Miss Earth and Miss Universe, in blue) by time of magazine appearance or victory. The data were fit by a linear 221

regression that includes a quadratic term (in red).222
223

224
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Study 3 225

Materials and Methods 226

We created a new dataset including the WHRs of artworks, Playboy centerfold models and the 227

winners of Miss pageants.228

Calibration of artworks WHR.  229

In study 1, we demonstrated the effect of the artwork type and woman’s posture and orientation 230

on the participants’ estimation of the WHR. The estimated WHRs were thus normalized to 231

make them correspond to a front view standing sculpture. To estimate the validity of the 232

participants’ visual estimation of WHR, we directly measured the WHR of 13 sculptures of 233

standing women (11 high attractiveness and 2 controls) located in public places and museums 234

(the Musée des Moulages in Montpellier and the Musée Archéologique in Marseille). Then, for 235

each one of the 13 sculptures, we compared the “real WHR” to the mean WHR estimated by the 236

participants. The mean ratio between the real and estimated WHRs was used to calibrate all the 237

WHRs estimated by the participants.238

Parameterization and likelihood.  239

According to study 1 and 2, the WHR of artworks was constant during the antique period (from 240

500 BCE to 400 CE) and decreased during the recent period (from 1400 to 2014). Study 2 241

showed that the Playboy models and Miss winners’ WHR had a curvilinear relationship with 242

time. Thus, the evolution of the WHR according to time T on the whole dataset was modeled as 243

follows:244

- during the antique period: 245

where is the mean corrected WHR during the antique period246

- during the recent period: 247

where f (T) described the change of WHR according to time in the recent period, which 248

include artworks after 1400, the Playboy models and winners of Miss pageants.  249

Various forms have been explored for this function, notably:250
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A.251

B.252

C.253

D.254

The likelihood of sampling the WHR observed in our dataset at date i (WHRi) is as follows:255

for the antique period256

for the recent period257

And the global likelihood over the two periods is as follows:258

259

Maximization of the likelihood function was performed using the optimization method of Byrd260

et al. [33], which uses a limited-memory modification of the quasi Newton algorithm. For each 261

parameter set, 100 runs were performed, each starting with a random set of initial values to 262

increase the chances of finding the true maximum. All statistical analyses were performed using 263

R 2.11.1 (R Core Development Team).264

Results 265

Calibration of artworks WHR.  266

The mean ratio between the 13 WHRs directly measured and the WHRs estimated for the same 267

sculptures was 1.079 (range 1.018-1.221): on average, participants overestimated sculptures’268

WHR by 7.9%. Once corrected for the artwork type, women’s posture and orientation, and 269

participants’ overestimation, the artworks’ WHR varied from 0.655 (The Awakening of Psyche270

by Seignac, 1904) to 0.801 (Susanna and the Elders by Pontius, 17
th

century), with a mean of 271

0.733.272

Model selection.  273

For the full dataset including artworks, Miss pageants winners and Playboy models, the best 274

model was A, with an AIC of 8.89 (see figure 3). Models B, D (displaying the same AIC of 275

10.97), and C (AIC = 12.91) were rejected. The retained parameterization was therefore:276
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during the antique period,277

and during the recent period,278

with T in century units, varying from 15 to 20.14. Thus, the WHR of women considered as 279

beautiful was constant during the antique period, and then, after a period with no nude women 280

depicted, the preferred WHR decreased from the 15-16
th

centuries until the present.281

282

Figure 3. Plot of WHR values for artworks (in gray), Playboy centerfold models (in yellow) and winners of Miss283

pageants (in blue) according to time. The best model parameterization was as follows: WHR = 0.74 during the antique period 284

and WHR = 0.99 - 0.015*T during the recent period (in red).285

286
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Discussion 287

This is the first study to analyze men’s preferences on a broad time scale, with a large 288

number of artworks. By choosing artworks representing Greek or Roman goddesses (study 1),289

we restricted the data to western societies. This choice permitted controlling for the artists’290

willingness to represent the most beautiful women, which is often harder to prove for ancient 291

artworks from other cultures. Likewise, the so-called “palaeolithic Venus” figurines were not 292

included in our study because the intended representation remains unknown (see [34, 35] for the 293

variety of possible interpretations, spanning from goddess to dolls to symbols of fertility and 294

female power). The fact that, in our study, the represented goddess of beauty (High295

attractiveness type) had a lower WHR than other women, such as Eve or Suzanna (control type), 296

underlines the importance of knowing the meaning of the artwork before their interpretation. 297

We showed that men’s preference for women’s WHR was remarkably constant from 298

500 BCE to 400 CE, with a mean WHR of 0.74. Then, the WHR considered as ideal decreased 299

from ca 1400 to the present, with a mean WHR of 0.68 for the beginning of the 21st century. 300

Due to the lack of data between 400 and 1400 (due to a ban from the Christian church to depict 301

nude women in art [30, 31], it is difficult to infer exactly when this decrease began and if other 302

variations occurred during this millennium gap.303

Even if during the whole period considered here the preferred WHR remained close to 304

the value of 0.7 usually indicated as the ideal WHR in literature (mean for artworks in our study: 305

0.73) and remained within the normal and fertile range of feminine WHR (range for artworks in 306

our study: 0.65-0.80, normal range of western women: 0.67-0.80 [36]), there was a significant 307

change of men’s preferences during the last 500 years. This result shows that, contrary to the 308

assertion that the preference for WHR is universal and temporally invariant [3, 6, 21, 36], the 309

preferred WHR has changed over time. Moreover, in contrast with the common claim that the 310

ideal shape for women has dramatically changed in the last 20-50 years with the occurrence of 311

mass media, the shift of the beauty standards (at least for the WHR) seems to be older, as the 312

preferred WHR began to decrease since the 15
th

century.313
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According to evolutionary theory, men should prefer a female body shape that signals a 314

mate’s high potential to contribute to his reproductive success. However, the usefulness of 315

attention to different signals of mate quality may vary depending on the environment, selecting 316

for facultative preferences that respond to environmental variation [37]. In this way, men’s317

preference for women’s BMI vary considerably among populations [16, 38-41], with 318

low-resource men preferring a significantly heavier partner than high-resource men [42]. Some 319

studies suggest that a similar link between environment and men’s preferences might exist for 320

the WHR, with men that live in harsher environments preferring a higher WHR [15, 16].321

However, this could be an artifact related to the applied methodology, as other studies found a 322

preference for a low WHR in these societies [17, 18]. Moreover, men’s facial femininity 323

preferences correlate positively with the health of the nation [43]. As femininity is associated 324

with lower ratings of dominance [44], this suggests that in harsher environments men prefer 325

cues to resource acquisition and holding potential over high fecundity [43]. The men’s changing 326

preferences concerning the WHR in our study could thus be explained by a change of 327

environment in western societies during the period 1400-2000 [25]. In fact, during this period, 328

the life expectancy, food availability and gross domestic product (GDP) increased in western 329

populations [45-47]. Thus, with an environment becoming relatively more clement, with higher 330

resources and better health, men’s preferences could have evolved toward a lower – thus a more 331

feminine – WHR, favoring cues of fecundity over resource acquisition and holding potential.332

However, the majority of artworks were produced by relatively wealthy artists for extremely 333

wealthy aristocrats, which reduce the potential role of resources availability on preferences 334

variation.335

Similarly, the remarkable consistency of the WHR represented in artworks during the 336

antique period (500 BCE - 400 CE) could be linked to the relative consistency of the337

environment concerning health and resources in the society. However, the similarity of the 338

women represented during this period may be amplified by the fact that artwork imitation was 339

more widespread then, e.g., many Roman statues are Greek copies. This was controlled in this 340

study as much as possible, as statues known to be a copy of an older model were not considered. 341

Nevertheless, it cannot be excluded that widespread artwork imitation at this time, or the 342
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restricted number of artworks that remained from this period (e.g., none of the paintings from 343

the Antique Greece have survived), contributes to the apparent stability of the ideal WHR.344

The WHR of only Playboy models and Miss pageant winners (study 2) first decreased 345

and then increased since the 1960s. It is possible that some change in western society, which 346

remains to be identified, has induced this new trend. Interestingly, social inequalities have 347

followed a similar trend during the 20th century, with an initial decrease reflecting an evolution 348

toward more equalities, and then from the seventies, with an increase toward more wealth 349

inequalities [48]. Nevertheless, this phenomenon takes place on a small time frame (~50 years), 350

and it is difficult to compare to the general trend observed over half a millennium. Moreover, 351

this type of fluctuation may have occurred before but was not detected here due to the scale of 352

our sampling.353

Alternatively, it has been proposed that the variation of the preferred WHR could result 354

from a another phenomenon: males may possess psychological adaptations that generate a 355

preference depending of the perceived local distribution of WHR in the population, this 356

perceived distribution being a function of the normal female range to which a man is exposed to 357

[49]. A change of the preferred WHR is thus expected when the perceived mean or range of 358

WHR in the population varies. The recent increase in women’s average WHR in western 359

populations [50, 51] could explain the increase in the ideal WHR since the 1960s. Indirect 360

evidence suggest that the mean WHR has changed since the 15
th

century, for example during 361

the demographic transition (the number of pregnancies affects WHR), and more generally when 362

there was a change in a factor affecting the WHR, such as diet or parasite loads. Population data 363

on WHRs before the 1960s are required to further evaluate this hypothesis.364

It is also possible that the women depicted in the present sample of artworks are not a 365

perfect indicator of men's preferences at a given time. The choice of the artworks 366

(representations of goddess of beauty) allows us to be relatively confident concerning the 367

artists' objective. But the ideal of beauty of the artists (or their buyers) may not be representative 368

of the preferences of the rest of the population. Similarly, while the physical appearance of the 369

Miss pageant winners and the models of Playboys is appreciated by the pageants audience and 370
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the magazine readership, it nonetheless remains necessary to establish their validity as ideals for 371

a broader public.372

The current medical recommendation for good health is a WHR below 0.85 for women373

[52]. After calibration, no woman in our study showed a WHR higher than 0.85 (maximum of 374

0.844, see Study 2). Do the variations within the healthy range of WHR observed here still 375

correspond to fitness differences? The relationship between WHR and fertility is probably 376

continuous, suggesting that a variation (even slight) of WHR translates in a corresponding 377

variation of expected fertility. In fact, a 0.1 unit increase in WHR led to a 30% decrease in 378

probability of conception through artificial insemination [53]. Furthermore, even small 379

variations of WHR (<0.05) are detected by men and influence women's attractiveness [54, 55].380

It suggests that the variation of the ideal WHR observed in our study - even within a relatively 381

narrow range (0.529-0.844) - could be adaptive.382

In this study, we demonstrated that the WHR of women considered as symbols of beauty 383

did not vary during the antiquity period (500 BCE - 400 CE) and decreased since (at least) the 384

15
th

century in western societies. A closer analysis of Playboy models and Miss pageant 385

winners' measurements from 1920 to 2014 revealed a reduction, or even a reversion, of this 386

WHR decrease. The universality of one preferred WHR is thus challenged, and the evolution of 387

men's preferences could be linked to demographic, economic, health or social changes in 388

western societies, which are older than the mass media growth of the 20
th

century.389

Our work shows the necessity to conduct more historical comparisons, which might 390

provide a novel and interesting extension of existing cross-cultural studies about attractiveness 391

[56, 57]. The cognitions and motivation of our ancestors are enshrined in art, which thus 392

comprises a rich data source for cross-generational studies.393
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Artworks Artist Century Subject Type Posture Orientation Uncorrected WHR Corrected WHR

The three Graces Anonymous -5.5 Grace sculpture standing front 0.810 0.757

Aphrodite of Syracus Praxitele -4.5 Venus sculpture standing front 0.806 0.753

Aphrodite of Cnidus Praxitele -4.5 Venus sculpture standing front 0.798 0.746

Venus of the Capitol Praxitele -4.5 Venus sculpture standing front 0.823 0.769

Aphrodite of Braschi Praxitele -4 Aphrodite sculpture standing front 0.771 0.721

Aphrodite of Cnidus Praxitele -4 Aphrodite sculpture standing mean 0.791 0.740

Venus of Arles Praxitele -4 Aphrodite sculpture standing front 0.805 0.753

Crouching Venus Anonymous -3 Aphrodite sculpture sitting profile 0.804 0.736

Aphrodite with a dolphin Anonymous -3 Aphrodite sculpture standing mean 0.813 0.760

Aphrodite of Amisos Anonymous -2 Aphrodite sculpture lying front 0.784 0.733

Venus de Milo Anonymous -1.5 Venus sculpture standing mean 0.815 0.762

Medici Venus Anonymous -1 Aphrodite sculpture standing mean 0.787 0.736

Medici Venus Anonymous -1 Aphrodite sculpture standing front 0.806 0.754

Aphrodite Antistios -1 Aphrodite sculpture standing front 0.781 0.730

Aphrodite Diphilos -1 Aphrodite sculpture standing front 0.795 0.743

Aphrodite of Soli Anonymous -0.5 Venus sculpture standing front 0.821 0.767

Aphrodite of Menophantos Menophantos -0.5 Venus sculpture standing front 0.797 0.745

Aphrodite Anonymous 0 Venus sculpture standing mean 0.849 0.793

Aphrodite Anonymous 0 Venus sculpture standing mean 0.816 0.762

The Toilet of Venus Anonymous 0 Aphrodite sculpture standing mean 0.792 0.740

Aphrodite of Artemonos Artemonos 0 Aphrodite sculpture sitting front 0.788 0.721

Aphrodite of Cnidus Diphilos 0 Aphrodite sculpture standing front 0.763 0.713

Aphrodite and Eros Molas 0.5 Aphrodite sculpture standing front 0.845 0.790

Venus anadyomene Anonymous 1 Venus painting lying front 0.791 0.727

Crouching Venus Anonymous 1.5 Aphrodite sculpture sitting front 0.814 0.745

Aphrodite Anonymous 1.5 Venus sculpture standing mean 0.763 0.714

Venus of Arles Anonymous 1.5 Venus sculpture standing back 0.767 0.735

Venus of Amiens Velazquez 1.5 Venus sculpture standing front 0.799 0.747

Crouching Venus Anonymous 2 Aphrodite sculpture sitting profile 0.794 0.726

Crouching Venus Anonymous 2 Aphrodite sculpture sitting profile 0.825 0.755

Venus of Esquilin Anonymous 2 Venus sculpture standing mean 0.803 0.751

Aphrodite with a turtle Anonymous 3 Venus sculpture standing front 0.751 0.702
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The Birth of Venus Anonymous 3 Venus painting lying front 0.782 0.718

Venus Anonymous 4 Venus painting sitting profile 0.813 0.731

Adam and Eve Masolino 15 Eve painting standing front 0.795 0.730

The Birth of Venus Botticelli 15.5 Venus painting standing front 0.789 0.724

Primavera Botticelli 15.5 Grace painting standing back 0.830 0.781

Adam and Eve Cleve 15.5 Eve painting standing front 0.809 0.743

Venus Credi 15.5 Venus painting standing front 0.837 0.770

Venus and Cupid with a Satyr Allegri 16 Venus painting lying profile 0.813 0.747

Aphrodite of Modesty Anonymous 16 Venus sculpture standing front 0.773 0.722

The three Graces Baldung 16 Grace painting standing front 0.765 0.702

Venus and Cupid Baldung 16 Venus painting standing front 0.755 0.693

Adam and Eve Baldung 16 Eve painting standing front 0.786 0.722

Venus, Cupid, Folly and Time Bronzino 16 Venus painting sitting front 0.799 0.718

Adam and Eve Coxie 16 Eve painting standing front 0.823 0.757

The three Graces Cranach 16 Grace painting standing front 0.774 0.711

Venus callipyge Cranach 16 Venus painting standing profile 0.793 0.728

Adam and Eve Cranash 16 Eve painting standing profile 0.793 0.729

Venus Cranash 16 Venus painting standing profile 0.776 0.713

Venus and Cupid da Pontormo 16 Venus painting lying front 0.856 0.787

Judgment of Paris di Benvenuto 16 Venus painting standing front 0.811 0.745

Adam and Eve Durer 16 Eve painting standing front 0.816 0.750

Adam and Eve Durer 16 Eve painting standing front 0.810 0.744

Venus frustrated Fiorentino 16 Venus painting standing front 0.810 0.744

Adam and Eve Gossaert 16 Eve painting standing front 0.813 0.747

Venus of Urbin le Titien 16 Venus painting lying profile 0.826 0.760

Venus anadyomene le Titien 16 Venus painting standing profile 0.856 0.787

Adam and Eve Leyden 16 Eve painting standing front 0.838 0.770

Susanna and the Elders Mazzucchelli 16 Susanna painting standing profile 0.825 0.759

Adam and Eve Michelangelo 16 Eve painting sitting profile 0.825 0.742

Venus and Cupid at Vulcan's Forge Penni 16 Venus painting standing front 0.780 0.716

Adam and Eve Raphael 16 Eve painting standing front 0.799 0.734

The three Graces Raphael 16 Grace painting standing front 0.822 0.755

Adam and Eve Robbia 16 Eve sculpture standing front 0.791 0.739
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Cupid and Psyche Romano 16 Psyche painting sitting profile 0.792 0.711

Adam and Eve Scorel 16 Eve painting standing front 0.759 0.696

Venus and Cupid Scorel 16 Venus painting sitting front 0.784 0.704

Susanna and the Elders Allori 16.5 Susanna painting sitting profile 0.827 0.745

Venus and Cupid Allori 16.5 Venus painting lying front 0.791 0.726

Judgment of Paris Bertoja 16.5 Venus painting standing profile 0.818 0.752

Adam and Eve Broeuck 16.5 Eve sculpture standing profile 0.766 0.716

Venus and Adonis Cambiaso 16.5 Venus painting standing front 0.838 0.771

Venus and Cupid De Backer 16.5 Venus painting standing front 0.818 0.752

Psyche De Vries 16.5 Psyche sculpture standing front 0.752 0.703

Susanna and the Elders Giuseppe 16.5 Susanna painting standing front 0.812 0.746

Venus and Cupid Limosin 16.5 Venus painting lying front 0.769 0.706

Susanna and the Elders Metsys 16.5 Susanna painting sitting front 0.797 0.716

Susanna and the Elders Palma 16.5 Susanna painting sitting profile 0.818 0.736

Susanna and the Elders Reymond 16.5 Susanna painting sitting profile 0.860 0.775

Adam and Eve Rubens 16.5 Eve painting standing front 0.768 0.705

Venus and Cupid Sustris 16.5 Venus painting lying profile 0.825 0.758

Susanna and the Elders Tintoret 16.5 Susanna painting sitting profile 0.881 0.795

Adam and Eve Tiziano 16.5 Eve painting standing front 0.813 0.747

Black Venus van der Schardt 16.5 Venus sculpture standing front 0.835 0.780

Mars et Venus reunis par cupidon Veronese 16.5 Venus painting standing front 0.866 0.797

The three Graces Von Aachen 16.5 Grace painting standing front 0.777 0.713

Judgment of Paris von Aachen 16.5 Venus painting standing front 0.831 0.764

Susanna and the Elders Blanchard 17 Susanna painting sitting front 0.854 0.770

Vénus et les Grâces surprises par un mortel Blanchard 17 Venus painting lying front 0.810 0.744

Susanna and the Elders Burg 17 Susanna painting sitting front 0.814 0.732

Susanna and the Elders Chauveau 17 Susanna painting sitting front 0.879 0.793

Sleeping Venus Gentileschi 17 Venus painting lying profile 0.781 0.717

Susanna and the Elders Gentileschi 17 Susanna painting sitting front 0.785 0.705

Venus after her bath Giambologna 17 Venus sculpture standing profile 0.782 0.730

Susanna and the Elders Goltzius 17 Susanna painting lying front 0.847 0.779

Venus and Adonis Goltzius 17 Venus painting sitting front 0.790 0.710

Susanna and the Elders Honthorst 17 Susanna painting standing profile 0.863 0.793
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Adam and Eve Paggi 17 Eve painting sitting profile 0.829 0.746

Susanna and the Elders Pontius 17 Susanna painting standing profile 0.870 0.801

Venus and Mars Poussin 17 Venus painting lying profile 0.796 0.731

Susanna and the Elders Rembrandt 17 Susanna painting sitting profile 0.819 0.737

Reclining Venus with Cupid Reni 17 Psyche painting lying front 0.792 0.728

Susanna and the Elders Reni 17 Susanna painting sitting profile 0.840 0.756

Judgment of Paris Rubens 17 Venus painting standing front 0.830 0.763

Susanna and the Elders Rubens 17 Susanna painting sitting front 0.866 0.781

The three Graces Rubens 17 Grace painting standing back 0.820 0.772

Susanna and the Elders Stanzione 17 Susanna painting sitting front 0.838 0.754

Susanna and the Elders Stella 17 Susanna painting sitting profile 0.843 0.759

Cupid and Psyche van Dyck 17 Psyche painting lying front 0.827 0.760

Venus asks Vulcan to cast arms for her son Aeneas van Dyck 17 Venus painting standing front 0.871 0.801

Venus, Adonis and Cupid van Ravesteyn 17 Venus painting sitting profile 0.848 0.764

Adam and Eve Zampieri 17 Eve painting sitting front 0.836 0.753

Crouching Venus Coysevox 17.5 Venus sculpture sitting profile 0.827 0.757

Mars and Venus in the Forge of Vulcan Giordano 17.5 Venus painting lying front 0.780 0.717

Venus punishing Psyche Giordano 17.5 Psyche painting standing front 0.855 0.786

Susanna and the Elders Jordaens 17.5 Susanna painting sitting front 0.883 0.797

The Toilet of Venus Vargas 17.5 Venus painting lying back 0.724 0.682

A Triumph of Venus Boucher 18 Venus painting sitting profile 0.826 0.744

Abandoned Psyche Coypel 18 Psyche painting sitting profile 0.785 0.705

Susanna and the Elders Coypel 18 Susanna painting sitting front 0.806 0.724

Susanna and the Elders La Fosse 18 Susanna painting sitting profile 0.854 0.769

Venus and Nymphs Bath Lagrenee 18 Venus painting standing back 0.757 0.713

Venus Pigalle 18 Venus sculpture sitting front 0.831 0.761

Susanna and the Elders Pittoni 18 Susanna painting sitting profile 0.839 0.755

Venus and Mars Pittoni 18 Venus painting sitting profile 0.805 0.723

Susanna and the Elders Ricci 18 Susanna painting standing front 0.849 0.780

Adam and Eve Santerre 18 Eve painting standing front 0.763 0.700

Susanna and the Elders Santerre 18 Susanna painting sitting profile 0.808 0.726

Judgment of Paris Troy 18 Venus painting standing front 0.857 0.788

Judgment of Paris Watteau 18 Venus painting standing back 0.761 0.717
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The three Graces Antoine 18.5 Grace sculpture standing front 0.779 0.728

Psyche Revived by Cupid's Kiss Canova 18.5 Psyche sculpture lying front 0.749 0.700

Venus Coustou 18.5 Venus sculpture standing front 0.816 0.763

Abandoned Psyche David 18.5 Psyche painting sitting profile 0.808 0.726

Cupid and Psyche Gerard 18.5 Psyche painting sitting profile 0.772 0.693

Adam and Eve Marie 18.5 Eve painting sitting profile 0.828 0.746

Cupid and Psyche Michel 18.5 Psyche painting standing front 0.764 0.701

Abandoned Psyche Pajou 18.5 Psyche sculpture sitting front 0.750 0.685

Susanna and the Elders Vien 18.5 Susanna painting sitting front 0.812 0.730

Susanna and the Elders Beauvallet 19 Susanna sculpture standing front 0.793 0.741

Adam and Eve Blake 19 Eve painting standing profile 0.833 0.766

The three Graces Canova 19 Grace sculpture standing back 0.784 0.751

Venus victrix Canova 19 Venus sculpture lying front 0.766 0.716

Susanna and the Elders Chasseriau 19 Susanna painting standing profile 0.855 0.787

Venus anadyomene Chasseriau 19 Venus painting standing profile 0.744 0.683

Venus in a shell Christen 19 Venus sculpture sitting profile 0.810 0.741

Adam and Eve Dubufe 19 Eve painting sitting front 0.771 0.692

Susanna and the Elders Galland 19 Susanna painting sitting profile 0.864 0.779

Ballerina Carlotta Chabert as Venus Hayez 19 Venus painting standing back 0.757 0.712

Susanna and the Elders Hayez 19 Susanna painting sitting back 0.766 0.706

Venus Ingres 19 Venus painting standing front 0.778 0.714

The Birth of Venus Keller 19 Venus sculpture sitting front 0.818 0.748

Venus Mayer 19 Venus painting lying profile 0.797 0.732

The Birth of Venus Pradier 19 Venus sculpture lying front 0.723 0.676

Psyché enlevée par des Zéphyrs Prud Hon 19 Psyche painting lying profile 0.818 0.752

Vénus au bain ou l'Innocence Prud Hon 19 Venus painting sitting front 0.823 0.740

The Birth of Venus Rutxhiel 19 Venus sculpture standing front 0.806 0.753

Venus lifting drapery Simart 19 Venus sculpture standing front 0.742 0.693

Susanna and the Elders Tassaert 19 Susanna painting standing profile 0.814 0.748

Cupid and Psyche Thorvaldsen 19 Psyche sculpture standing front 0.834 0.780

Venus with apple Thorvaldsen 19 Venus sculpture standing front 0.794 0.742

The three Graces Thorvaldsen 19 Grace sculpture standing profile 0.807 0.754

The power of Venus Westall 19 Venus painting lying front 0.789 0.725

152



The Birth of Venus Amaury-Duval 19.5 Venus painting standing front 0.758 0.696

La Vague et la Perle Baudry 19.5 Venus painting lying back 0.771 0.726

Venus anadyomene Bocklin 19.5 Venus painting standing front 0.799 0.734

The Birth of Venus Bouguereau 19.5 Venus painting standing front 0.750 0.688

Love and Psyche Bouguereau 19.5 Psyche painting lying front 0.778 0.714

Cupid and Psyche Brocky 19.5 Psyche painting lying front 0.777 0.714

The Birth of Venus Cabanel 19.5 Venus painting lying front 0.757 0.695

Susanna and the Elders Cabet 19.5 Susanna painting sitting profile 0.783 0.703

Adam and Eve Collier 19.5 Eve painting standing profile 0.716 0.657

Venus Corot 19.5 Venus painting sitting profile 0.812 0.730

Vénus poursuit Psyché de sa jalousie Courbet 19.5 Venus painting lying front 0.770 0.707

Susanna and the Elders Dupuis 19.5 Susanna painting sitting profile 0.837 0.753

The Birth of Venus Gerome 19.5 Venus painting standing front 0.720 0.660

The chaste Susanna Henner 19.5 Susanna painting standing profile 0.798 0.733

Adam and Eve Jones 19.5 Eve painting standing front 0.817 0.750

The three Graces Jones 19.5 Grace painting standing back 0.754 0.710

Venus Klimt 19.5 Venus painting standing front 0.740 0.679

Cupid and Psyche Legros 19.5 Psyche painting lying front 0.770 0.707

The Bath of Psyche Leighton 19.5 Psyche painting standing profile 0.772 0.709

Venus Leighton 19.5 Psyche painting standing front 0.764 0.702

Adam and Eve Machell 19.5 Eve painting standing profile 0.782 0.718

Adam and Eve Moreau 19.5 Eve painting standing front 0.824 0.757

Susanna and the Elders Moreau 19.5 Susanna painting standing profile 0.836 0.768

Judgment of Paris Parrot 19.5 Venus painting standing front 0.787 0.723

Venus Picou 19.5 Venus painting lying front 0.748 0.686

Susanna and the Elders Ranson 19.5 Susanna painting standing front 0.809 0.743

The Toilet of Venus Rodin 19.5 Venus sculpture standing front 0.747 0.698

The Birth of Venus Selous 19.5 Venus painting lying front 0.776 0.713

Venus Stott 19.5 Venus painting standing front 0.769 0.706

Cupid and Psyche Swynnerton 19.5 Psyche painting standing front 0.756 0.693

The three Graces Valtat 19.5 Grace painting standing front 0.757 0.695

Smiling Venus Dali 20 Venus painting lying profile 0.824 0.757

Venus with Cupids Dali 20 Venus painting sitting back 0.835 0.770

153



Loved Psyche Denis 20 Psyche painting standing front 0.765 0.703

The three Graces Girieud 20 Grace painting standing front 0.781 0.717

The Birth of Venus Redon 20 Venus painting standing front 0.780 0.717

Judgment of Paris Renoir 20 Venus sculpture standing profile 0.793 0.741

The Awakening of Psyche Seignac 20 Psyche painting standing front 0.715 0.655

Judgment of Paris Simonet 20 Venus painting standing front 0.767 0.704

Adam and Eve Valadon 20 Eve painting standing front 0.751 0.689

Susanna and the Elders Vallotton 20 Susanna painting standing front 0.830 0.763

Venus van Loo 20 Venus painting standing front 0.750 0.689

Venus Watson 20 Venus painting standing front 0.735 0.675

The three Graces Watts 20 Grace painting standing front 0.842 0.775

Venus Bravo 20.5 Venus painting lying profile 0.739 0.678

Sleeping Venus Delvaux 20.5 Venus painting lying profile 0.736 0.676

The three Graces Moser 20.5 Grace painting standing profile 0.792 0.727

Susanna and the Elders Zaech 20.5 Susanna painting standing front 0.781 0.718

Cupid and Psyche Andersson 21 Psyche painting standing back 0.720 0.678

Judgment of Paris Cassez 21 Venus painting sitting front 0.766 0.687

Susanna and the Elders Chambon 21 Susanna painting lying profile 0.735 0.675

Psyche's Doubt Watwood 21 Psyche painting sitting front 0.751 0.673
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Men’s Preference for Women’s Facial Features: Testing
Homogamy and the Paternity Uncertainty Hypothesis
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Abstract

Male mate choice might be based on both absolute and relative strategies. Cues of female attractiveness are thus likely to
reflect both fitness and reproductive potential, as well as compatibility with particular male phenotypes. In humans,
absolute clues of fertility and indices of favorable developmental stability are generally associated with increased women’s
attractiveness. However, why men exhibit variable preferences remains less studied. Male mate choice might be influenced
by uncertainty of paternity, a selective factor in species where the survival of the offspring depends on postnatal paternal
care. For instance, in humans, a man might prefer a woman with recessive traits, thereby increasing the probability that his
paternal traits will be visible in the child and ensuring paternity. Alternatively, attractiveness is hypothesized to be driven by
self-resembling features (homogamy), which would reduce outbreeding depression. These hypotheses have been
simultaneously evaluated for various facial traits using both real and artificial facial stimuli. The predicted preferences were
then compared to realized mate choices using facial pictures from couples with at least 1 child. No evidence was found to
support the paternity uncertainty hypothesis, as recessive features were not preferred by male raters. Conversely,
preferences for self-resembling mates were found for several facial traits (hair and eye color, chin dimple, and thickness of
lips and eyebrows). Moreover, realized homogamy for facial traits was also found in a sample of long-term mates. The
advantages of homogamy in evolutionary terms are discussed.
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Introduction

Women’s facial attractiveness reflects features that indicate high

reproductive potential (for a review in humans, see [1]). For

example, feminine characteristics are strong components of

women’s attractiveness and are linked to estrogen/androgen

ratios–a reliable indicator of fertility potential [2]. However, some

facial features, such as eye or hair color or dimples, do not exhibit

any apparent association with individual fitness. These so-called

‘‘neutral features’’ have been proposed to be subject to sexual

selection and are specifically linked to paternity confidence [3]. In

this context, these traits are considered attractive because they

increase the probability that paternal traits are expressed in the

phenotype of the offspring, thereby facilitating the detection of

paternity or non-paternity. Another hypothesis for the role of these

facial features in mate choice is homogamy, where individuals

demonstrate preferences for mates with similar genetic back-

grounds [4,5,6]. In fact, mating with a partner of relatively

proximal genetic background might be evolutionary advantageous

by decreasing outbreeding depression. In this study, we aimed to

simultaneously investigate the role of paternity confidence and

homogamy in influencing the attractiveness of women’s facial

features.

In species where paternal care is required for the survival of

the offspring, uncertain paternity might cause males to

distinguish their own offspring from those conceived by their

mate in extra-pair relationships [7]. In humans, some studies

have suggested that men are sensitive to cues of paternity when

making decisions of paternal investment, such as fidelity and

father-child facial similarities (in experiments [8], but see [9]; in

real families [10,11,12,13,14]). If men assess their paternity

through phenotype matching [15], then the phenotypic traits

exhibiting Mendelian or quasi-Mendelian inheritance could be

used to facilitate the detection of paternity or non-paternity. In

this context, men displaying recessive features would demon-

strate a preference for women exhibiting recessive versions of

the same features, because their children will be phenotypically

recessive for the trait, and a phenotypically dominant child

could then signal a non-paternity. On the other hand,

a phenotypically dominant man may conceive, with some

probabilities, phenotypically dominant or recessive children,

irrespective of the phenotype of his partner (the probabilities

depend, among other, on allele frequencies in the population).

Nevertheless, choosing a phenotypically recessive woman

increases the probability that his dominant traits (rather than

her recessive traits) will be expressed by their offspring,

confirming transmission of paternal features (this probability is

at least 0.5). As the number of dominant traits considered

increases, the probability that at least one of them is transmitted

also increases. Thus, the paternity uncertainty hypothesis

predicts that both phenotypically dominant and recessive men

prefer phenotypically recessive women, but this preference may

be more important for recessive men.

PLOS ONE | www.plosone.org 1 November 2012 | Volume 7 | Issue 11 | e49791163



An empirical evaluation of how preferences vary relative to

one’s own genetic determinism is available for eye color. Blue

eye color is recessive to brown [16,17,18,19], and interestingly,

a study has found that blue-eyed men tend to find blue-eyed

women more attractive, whereas brown-eyed men were not

found to exhibit a particular eye color preference [20] but see

[21]. This result is consistent with eye color influencing

attractiveness through a mechanism of enhanced non-paternity

detection. This suggests that so-called neutral traits–in this case,

eye color–might be subject to sexual selection. However, other

unknown reasons (other than sexual selection) underlying eye

color selection cannot be definitively excluded. Moreover, unless

other polymorphic traits are also considered, the paternity

uncertainty hypothesis cannot be validated. Indeed, the re-

liability of paternity confidence evaluation should increase with

the number of traits evaluated. This is because the dominance

effect blurs the relationship between phenotype and genotype,

depending on the population frequency of heterozygotes. In

particular, non-paternity detection using eye color is less reliable

in a population where the majority of the population exhibits

the same eye color, as there will be a high probability that the

biological and the social fathers have the same eye color. Thus,

when several dominant traits are simultaneously involved, the

probability increases that at least one of them is transmitted and

signals paternity.

Another hypothesis about the role of these so-called neutral

facial features in mate choice is homogamy [4,5,6]. The extent

to which there is selection for homogamy remains poorly

understood and could result from an extension of a kin selection

mechanism, as a lower genetic distance between parents

translates into a higher parental-offspring relatedness (Genetic

similarity theory, [22] or outbreeding avoidance [23]). Indeed,

a majority of mates resemble each other for a high number of

traits. Positive correlations have been demonstrated for socio-

economic, psychological and physical variables [5,6,24,25].

Nevertheless, the observed formation of couples does not always

reflect preferences. For example, if mate choice occurs within

a given socioeconomic class [26,27,28], it will automatically

generate homogamy for specific factors of each class. Compe-

tition for mates might also automatically generate homogamy

for some features, such as attractiveness [29].

To simultaneously evaluate the paternity uncertainty (prefer-

ences for recessive states of features) and the homogamy

(homogamy for facial traits independent of their dominance/

recessive status) hypotheses, experiments were performed in

which men were asked to rate the attractiveness of women’s

facial pictures. The dominance/recessive status of several facial

traits was recorded for both women and raters. In Study 1,

facial pictures from real women were used to investigate (i)

whether raters prefer women with recessive facial features (i.e.,

paternity uncertainty hypothesis) and (ii) whether raters prefer

women whose features are similar to their own, independently

of the genetic determinism of these traits (i.e., homogamy

hypothesis). In Study 2, the same test was also performed using

artificial faces as stimuli to better control for the large number

of dimensions involved in attractiveness. In all studies, these

traits were first analyzed independently in the event of differing

results, and then were simultaneously considered in order to

provide an overall answer independent of specific traits. Finally,

in Study 3, data derived from real couples were analyzed to

evaluate whether the preferences previously identified are

applicable to the formation of couples.

Materials and Methods

Ethics Statement
The protocol used to recruit participants and collect data was

approved (#1226659) by the French National Committee of

Information and Liberty (CNIL). For each participant, the general

purpose of the study was explained (‘‘a study on the determinants

of facial attractiveness’’) and a written voluntary agreement was

requested for a statistical use of data (private information and

photographs). Data were analyzed anonymously.

Study 1
Stimuli. Women between 18 and 25 years of age were

recruited by social networks and in public places from Montpellier,

Pau and Reims in France. For each woman, the following

information was collected: place and date of birth, origin of

parents and grandparents, socioprofessional category, monthly

income (divided into nine classes from less than 760 J to more

than 3618 J), and level of education. Three facial photographs

(front, profile and three quarter views) were taken with the same

digital still camera (Canon EOS 20D) at a distance of 1 m using

the same general setting. Each individual was asked to express

a neutral face and to remove any glasses or earrings. All

photographs were electronically processed using Adobe Photoshop

CS2 to normalize size, color balance, contrast and luminosity. The

backgrounds were replaced by a uniform grey color. Each set of

three facial views was assembled in a triptych (see figure 1).

Procedures. A Delphi-based computer program was gener-

ated to present randomly drawn pairs of triptychs to male raters

(see figure 1). For each pair, the rater had to click on the picture

depicting the woman he found the most attractive. The position of

the picture on the screen (up or down) was randomly ascribed. A

given rater had 20 distinct pairs of pictures to assess, correspond-

ing to 40 different women. Three pairs, randomly chosen among

those previously seen, were presented again at the end to estimate

judgment reliability. Male volunteer raters were recruited in public

places in Montpellier, France and were unaware of the purpose of

the study when assessing pairs of women. For each rater, the

following information was collected: date and place of birth,

origins of parents and grandparents, monthly income, occupation,

house ownership, taxability, education level and sexual orienta-

tion. After completing the evaluation of women’s attractiveness,

three facial photographs (front, profile and three quarter views)

were taken for each rater using the same camera and conditions as

above. The general purpose of the study was then explained (‘‘a

study on the determinants of facial attractiveness’’) and a written

agreement was requested to use the data (private information and

the photographs).

Facial traits. A total of 16 variable facial traits with a quasi-

Mendelian inheritance [17,18,19,30,31,32,33] were first consid-

ered. These features corresponded to various morphological

features of the ear, eye, eyebrows, nose, chin, hair, mouth, skin

and skull. These traits were classified among 400 triptychs as

recessive or dominant by three independent evaluators (JB, MR

and AA). Congruent scoring was statistically tested with a non-

parametric Kappa test of concordance (K). Among congruent

scores, seven features that were sufficiently frequent (.7%) in the

studied population were selected for our study as follows: hair and

eye color (dark or light, hair: K=0.48, P,0.001; eye: K=0.85,

P,0.001), hair texture (curly or flat, K= 0.37, P,0.001), chin

dimple (presence or absence, K= 0.50, P,0.001), thickness of lips

and eyebrows (thick or thin,lips: K=0.55, P,0.001; eyebrows:

K= 0.57, P,0.001), and earlobe (attached or free, K=0.65,

P,0.001). According to their known inheritance pattern, the states

Women’s Attractiveness: Testing Two Hypotheses
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of these features were considered here as discrete variables,

although this is an approximation due to the fact that 1) the exact

genetic determinisms are not fully known, 2) there is a partial

environmental influence [34], and 3) some traits (e.g. lips

thickness) display a unimodal distribution when quantitatively

measured (unpublished results). These seven traits were typed for

all female participants and male raters.

Morphological measurements. Twenty-one points of in-

terest were positioned on the front face photograph of each female

participant [35,36] (see figure S1). Differences between 8

corresponding distances on each side of the face were calculated

for each woman. Each difference was weighted by the mean of the

two corresponding distances. A Principal Component Analysis

(PCA) was performed on the resulting four variables to obtain

a new synthetic variable corresponding to an asymmetry axis. The

coordinate of each woman along this axis represents her individual

asymmetry synthetic value. To assess femininity, 9 distances were

computed from the same twenty-one points for all women subjects.

Similar measurements were performed on a random sample of

sixty males (derived from the raters). A linear discriminant analysis

(LDA) according to sex was performed on the male and female

measurements, providing a synthetic variable corresponding to

a masculinity/femininity axis. The coordinate of each woman

along this axis represents her individual femininity value (see figure

S2). The contrast between lip and skin color was also measured.

Pictures were converted to black and white, and grey values were

measured for four points on the lips and four points on skin around

the mouth. The difference between the means of the grey values of

the lips and skin was used as a contrast value. All morphological

measurements were performed using Image J software, version

1.43.

Statistical analysis. Logistical regression was used to ana-

lyze raters’ preferences. The response variable corresponded to

being chosen or not for each woman during the presentation of

each pair (binary variable). Women and raters were considered

random samples from a larger population of interest and were thus

random-effect variables. Therefore, generalized linear mixed

models with binomial error structure were used. A recessivity

index was created that varied from 0 (no recessive trait displayed

by the woman) to 7 (all traits considered displayed the recessive

variant by the woman). For each choice made by a rater, the

difference between the recessivity indices of the focal and the non-

focal woman was calculated. The value of this difference (variable

‘‘recessivity’’) was integrated into the models. Then, a homogamy

index was created. For each woman, the number of traits for

which a common state (recessive or dominant) was shared with the

rater was scored. The difference between the two women subjects

for this score was entered into the model (variable ‘‘homogamy’’).

This score varied from 7 (the focal woman exhibited all traits in

common with the rater whereas the non-focal exhibited none) to

27. To control for potential confounding effects, other variables

were included in the models. These variables included the

following factors: the rater’s age, and socioeconomic status (a

PCA combination of the variables ‘‘monthly income’’, ‘‘occupa-

Figure 1. A typical screen shot during the evaluation of the women’s facial features by the raters in Study 1. Women aged 18–25 were
recruited and three facial photographs (triptych) were taken. A computer program was used to randomly present drawn pairs of triptychs to male
raters. For each pair, the rater had to click on the picture depicting the woman that he found the most attractive. The pictures and information were
used with each woman’s consent for publication.
doi:10.1371/journal.pone.0049791.g001
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tion’’, ‘‘house ownership’’, ‘‘taxability’’ and ‘‘education level’’), as

well as variables affecting women’s attractiveness, such as

fluctuating asymmetry, degree of femininity, lip contrast and

age. For asymmetry and femininity, non-linear adjustments were

explored. Because in some photographs the women subjects

displayed a perceptible smile, a qualitative variable describing this

aspect (absent, slightly perceptible, perceptible) was also in-

troduced as a potential confounding effect on attractiveness.

Indices of homogamy and recessivity were also calculated for each

trait independently. These 7 binary variables were used in a model

where only significant confounding variables of the previous model

were added (the age of the raters and of the women subjects, smile,

asymmetry and femininity). The data were analyzed by multi-

model inference [37,38]. The fits of all possible models were

compared using AIC, allowing their Akaike weights to be

calculated (R package MuMin). Model averaging was performed

on all models, weighting the contribution of each model according

to its Akaike weight [39]. The relative importance of each variable

(the sum of the Akaike weights of the models in which the variable

appears) and the averages of estimates (weighted by Akaike

weights) were calculated. All statistical analyses were performed

using R 2.14.0 software (R Core Development Team, 2005).

Study 2
Stimuli. A total of 15 distinct virtual faces were created.

FaceGen software permits to create artificial 3D faces varying for

general face shape, lips and eyebrows (width, thickness, color), and

expression (smile). Different hair styles and color (dark or light)

were added with TAAZ software. Using Photoshop, eye color

(dark or light) and chin dimple were modified. Variations of the

five traits under study (see below) were within the normal range of

variation displayed by stimuli of Study 1 (details not shown).

Procedure. For each rater, the same information as in Study

1 was collected. During a preliminary questionnaire, an observer

recorded the state of the five traits (hair and eye color, chin dimple,

and thickness of lips and eyebrow) from the rater’s face. A Delphi-

based program was used to present the virtual women’s faces. For

a given rater, four faces (a ‘quartet’; see figure 2) were selected,

depending on the rater’s own traits that were initially recorded in

the computer program by the observer (see table 1). Within

a quartet, only 5 features of interest vary: hair and eye color (dark/

light), chin dimple (present/absent), and thickness of lips and

eyebrows (thick/thin). Other characteristics (shape of the face,

nose, expression, hair style), vary between quartets. The four faces

corresponded to the four cases of preferences: homogamy (the face

displayed similar character states as the rater), heterogamy (the

face displayed opposite character states), recessivity (the face

displayed recessive character states) and dominant (the face

displayed dominant character states). These four faces were

presented in a row, in a random order. The rater was instructed to

click on the woman subject that he would prefer to build a family

with. Among the five features studied, three are generally

considered to be independent of women’s attractiveness (hair

and eye color and chin dimple) and two are known to be

femininity or attractiveness cues (‘‘lips’’ and ‘‘eyebrows’’; thick

eyebrows are considered as more masculine and thick lips as more

attractive [1]). To control for the effect of lips and eyebrows in

influencing perceived attractiveness, raters were randomly sepa-

rated into two groups. The first group was presented faces varying

for eyes, hair, chin dimple and eyebrows (the state of the lips was in

this case randomized between the quartets but constant within

each quartet). The second group was presented faces varying for

eyes, hair, chin dimple and lips. Each rater evaluated fifteen

quartets, in a random order. To estimate judgment reliability, two

quartets randomly chosen among those previously seen were

presented at the end. Caucasian male volunteers were recruited in

public places in Montpellier, France and were unaware of the

Figure 2. An example of a quartet used in Study 2. A Delphi-based computer program was used to present the virtual women’s faces. For
a given rater, four faces of the same virtual woman were selected, depending on the rater’s own traits (initially recorded in the computer program by
the observer; see table 1). These four faces corresponded to the four cases of preferences: homogamy (the face displayed similar character states as
the rater), heterogamy (the face displayed opposite character states), recessivity (the face displayed recessive character states) and dominant (the face
displayed dominant character states). The rater was instructed to click on the woman that he would prefer to build a family with. Images are from
virtual subjects.
doi:10.1371/journal.pone.0049791.g002

Table 1. Example of facial features for the four women
appearing in a quartet in Study 2.

Facial features

Women (hypothesis) Eyes Chin dimple Hair Eyebrows Lips

Woman 1 (homogamous) light no dark thick thin

Woman 2 (heterogamous) dark yes light thin thick

Woman 3 (recessivity) light no light thin thin

Woman 4 (dominance) dark yes dark thick thick

The rater’s traits were recorded in the computer program. Then, the four faces
of the same virtual woman were presented, depending on the rater’s own traits
(see figure 2). An example for a rater with light eyes, no chin dimple, dark hair,
thick eyebrows and thin lips.
doi:10.1371/journal.pone.0049791.t001

Women’s Attractiveness: Testing Two Hypotheses
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purpose of the study when assessing quartets of women. A written

agreement was obtained for usage of their private information.

Statistical analysis. The response variable was the preferred

face of each rater. This variable included four modalities

(homogamy, heterogamy, recessivity and dominant). Artificial

faces and raters were considered random samples from a larger

population of interest, and thus, both groups were considered to be

random-effect variables. However, no multinomial model with

random-effects was available with R 2.14.0 software. To overcome

this limitation, two approaches were used. First, one response by

each rater was randomly sampled, and a multinomial model was

applied. The process was repeated 1,000 times, generating

a distribution of P-values. Second, the data were analyzed by

multimodel inference as in Study 1. One of the four positions was

arbitrarily chosen (the first on the left), and the variable responses

reflected the choice of each rater on that position (yes if chosen, no

if otherwise). As in Study 1, confounding variables were added to

test the effects of the raters’ characteristics (age and socioeconomic

status) on their choices. Next, the homogamy and recessive indexes

were calculated as in Study 1. We created overall indices for all of

the traits together, plus indices for each characteristic indepen-

dently. The fits of all possible binomial generalized linear mixed

models were compared, and the relative importance and the

weighted average of the estimates for each variable were calculated

as in Study 1.

Study 3
Procedure. Couples were recruited through our social

acquaintances and in public places of Paris, Hyères, Grenoble

and Montpellier in France. They are all Caucasian and have at

least one child (a factor that we used to ensure that the couples

were in long-term relationships at the time of the study). For each

couple, the man and the woman were classified by three

independent evaluators (AA, JB and MR). The five characteristics

studied were the same as in Study 2: hair and eye color, chin

dimple, and thickness of the lips and eyebrows.

Statistical analysis. For each trait, the association of the

phenotypes of mates was tested using a one-sided Fisher’s exact

test on a 262 contingency table, with homogamy as the alternative

hypothesis. To generate a global test for the five traits, a joint

distribution of the five tables was generated by 1000 resampling

with the same marginal counts for each table. The product of the

odd-ratio of each of the five-sample tables was used as a statistic.

The proportion of these statistics that was higher than or equal to

the observed value was used as an estimation of the P-value.

Results

Study 1
We quantified the attractiveness of young women using their

facial pictures. We investigated whether men are more likely to

prefer women with more recessive traits or with traits similar to

their own.

Final sample. A total of 59 young women were sampled (age

range: 18–25, mean= 22.4). Three hundred and sixty-one male

raters assessed the relative attractiveness of these women.

Assessments from unreliable raters (i.e., with more than one

incorrect answer during the test of judgment reliability) were

removed. A total of 345 raters were retained in the final sample, all

Caucasian and heterosexual, with a mean age of 27.1 (age range:

18–61).

Importance of recessivity and homogamy. The relative

importance (I) of each variable demonstrated with high probability

that the recessivity index is in the best approximating model, with

a negative effect (averaged parameter estimate b=20.10; I

.0.99) on the probability for a woman to be chosen. A majority of

men preferred women with more dominant features. There was

a positive effect (b=0.04; I=0.80) of the homogamy variable. To

more precisely understand male preferences, the same indices

were tested trait-by-trait in a secondary model. Although the

dominant state of lips, eyes and earlobes were significantly

preferred (I .0.99), there was a significant preference (I .0.99)

for the recessive state of the eyebrows and chin dimple, and the

thickness of lips was significantly preferred when homogamous

(I=0.65).

Importance of other women’s characteristics. Several

variables demonstrated a significant probability to be in the best

approximating model: Young (b=20.28; I=0.91) and more

frequently smiling (I .0.99) women were more likely to be chosen

by raters. The ‘‘asymmetry’’ variable was adjusted for using the

function: 6 + exp(x). More symmetric women were more often

chosen (b=20.04; I .0.99). The factor exp(x) indicates that

attractiveness decreases faster than linearly with asymmetry. To

determine the effects of femininity, the association between the

degree of smiling and squared femininity was analyzed. Attrac-

tiveness increased with femininity, especially if the woman was

smiling. Lip contrast did not exhibit a significant probability to be

in the best approximating model (I=0.49).

Effects of raters’ characteristics. The raters’ ages

(I=0.85) and socioeconomic levels (I=0.61) exhibited a significant

probability to be in the best approximating model.

Study 2
To differentiate the effects of recessivity and homogamy from

other predictors of attractiveness, we conducted an experiment

similar to that performed in Study 1 using artificial faces.

Final Sample. One hundred and sixty-nine male raters

expressed their preference. Assessments from unreliable raters

(i.e., with more than one incorrect answer during the test of

judgment reliability) were removed. Individuals with all the 5

features studied in the recessive (or dominant) state were also

removed. A total of 99 raters were retained in the final sample, all

Caucasian and heterosexual, with a mean age of 37.3 (age range:

19–84). A multinomial test was used on a sample of 1 response

from each rater (randomly sampled for each rater among the

fifteen women tested). This process was repeated 1,000 times,

generating a distribution of P-values.

Homogamy and recessivity: general indices. The most

frequent choice (37%, P=0.036, see figure 3) tended to be the

women presenting similar facial features as the rater. Thus,

women presenting similar phenotypes as the raters themselves

were predominantly preferred (homogamy). The multimodel

inference on the binomial generalized linear mixed model showed

that the homogamy index exhibited a significant probability to be

in the best approximating model (b=0.40; I .0.99) but not the

recessivity index (b=0.00; I=0.27). The raters’ age exhibited

a significant probability to be in the best approximating model (I

.0.59). The raters’ choices were not influenced by SES (I=0.29).

Homogamy and recessivity: analysis by facial trait. The

same tendency toward homogamy was significant for all of the

facial features analyzed individually: eye color (b=1.12; I .0.99),

hair color (b=0.73; I .0.99), chin dimple (b=0.98; I .0.99), and

lip (b=0.55; I .0.99) and eyebrow thickness (b=1.29; I .0.99).

We also found a considerable effect of the traits’ absolute state.

Raters exhibited a preference for the dominant state of two

features: brown eyes (b=20.21; I=0.69) and dark hair

(b=20.47; I=0.99). The recessive state was preferred for the

three other features: chin dimple absence (b=0.30; I=0.82), thin

Women’s Attractiveness: Testing Two Hypotheses
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lips (b=0.26; I=0.66) and eyebrows (b=1.29; I .0.99).

However, these effects might be the consequence of homogamy

that is linked to unbalanced traits within the raters’ sample. For

example, more than 80% of raters had brown hair, and they

mainly preferred women with brown hair. This hypothesis was

confirmed by separating raters according to their own traits (two

groups for each characteristic). Preference for homogamy accord-

ing to specific facial features appeared to best explain these results.

Global preference toward homogamy remain unchanged even

when quartet where some faces differed by only one trait were

removed (corresponding to raters with almost all features in

dominant or recessive state).

Predictions of paternity uncertainty hypothesis and the

homogamy hypothesis. Consistent with the homomagmy

hypothesis, phenotypically dominant men prefer phenotypically

dominant women, and phenotypically recessive men prefer

phenotypically recessive women (see table 2). Contrarily to the

paternity uncertainty hypothesis, there is no support for a lower

assortation for dominant traits compared to recessive traits. The

only exception is for the eyebrows (see table 2), probably due to the

fact that thin eyebrows are considered as more feminine, and so

more attractive [1]. Thus phenotypically dominant men could be

attracted by women with thin eyebrows too, limiting the

homogamy effect for this specific feature.

Study 3
Here, we investigated whether the preferences observed during

experiments are actually applied in real mate choice. We therefore

determined whether the trends of facial homogamy identified in

Studies 1 and 2 were significantly conserved in a sample of real

couples. The analysis was based on 155 Caucasian couples. First,

the partners were analyzed trait-by-trait using Fisher’s exact tests.

There were positive but non-significant associations (when

corrected for multiple testing: confidence threshold = 0.05/5

tests = 0.01) for lip thickness (OR=2.44, P=0.023), eye color

(OR=1.38, P=0.22), hair color (OR=1.41, P=0.35), and chin

dimple (OR=3.61, P=0.45). There was also a negative and a non-

significant association for eyebrow thickness (OR=0.69, P=0.89).

Next, the combined 5 traits were analyzed together. A significant

trend toward overall homogamy was revealed (P=0.018). These

results suggested that couple formation is driven by a global

similarity rather than a homogamy for particular traits. It is also

possible that men prefer women with all traits corresponding to

their own but that the realization of these preferences during mate

choice is incomplete and cannot be achieved for all facial features.

Discussion

Although there is abundant evidence showing that cues

indicating reproductive potential are considered attractive in

women, few empirical studies have investigated the role of other

selective pressures on men’s mate choice, particularly considering

that choice is not absolute but is also relative to the men’s

phenotype. This study investigates whether facial traits are more

attractive if they are (i) recessive phenotypes, increasing the

probability that subsequent offspring will exhibit a phenotype that

facilitates paternal recognition (Salter’s paternity uncertainty

hypothesis [3]), and (ii) phenotypically similar to the facial traits

of the rater (e.g., homogamy), which might indicate optimum

genetic compatibility between mates. These hypotheses were

tested on seven facial traits using both actual and virtual facial

stimuli. The predicted preferences were then compared to realized

mate choices using the facial pictures from couples with at least 1

child. Our data suggest that men prefer facial traits similar to their

own, in both preference experiments and actual mate choice. Our

results, however, do not support the hypothesis that men prefer

women with traits that facilitate the detection of paternity/non-

paternity in their offspring.

The raters of our study did not exhibit particular preferences for

women’s recessive facial traits, contrary to the prediction of the

paternity uncertainty hypothesis. Thus, women’s facial attractive-

ness does not appear to comprise a signature of paternity

confidence, at least not as proposed by Salter [3]. An empirical

knowledge of inheritance rules is required to discern whether mate

preference can evolve according to the Salter hypothesis. Despite

evidence for the common knowledge of inheritance [40,41],

several uncertainties prevent the application of this general

knowledge to specific features. First, the low population frequency

of some heritable features prevents the development of an intuitive

comprehension of their mode of inheritance (e.g., freckles, red

hair, white forelock). Second, non-heritable features, such as

various types of spots, pimples, infantile haemangioma, angioma,

result in a confounding background noise for any attempt to

Figure 3. The raters’ choices according to the artificial faces
hypotheses in Study 2 (See figure 2). The raters predominantly
preferred faces similar to their own.
doi:10.1371/journal.pone.0049791.g003

Table. 2. Testing the homogamy and the paternity
uncertainty hypotheses, according to raters and women’s
phenotypes.

Homogamy Paternity uncertainty

Traits DD.RD and RR.DR RR.DD

Eyes ,1025 ,1025 0.73

Hair ,1025 0.14 0.992

Chin 0.00255 ,1025 0.17

Lips 0.07 0.00003 0.28

Eyebrows 0.43 ,1025 0.00015

All ,1025 ,1025 0.39

Predictions are coded as follows: the first letter indicates the phenotype of
women preferred, and the second the rater’s phenotype. Thus ‘‘DD.RD’’
corresponds to the hypothesis ‘‘the preference of phenotypically dominant
men towards phenotypically dominant women is stronger than the preference
of phenotypically recessive men towards phenotypically dominant women’’. P-
value for each trait and overall are presented. Bold P-values highlight significant
(P,0.05) results.
doi:10.1371/journal.pone.0049791.t002
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decipher how other specific traits are inherited. Third, the exact

genetic determinism is often more complex than the simple

Mendelian inheritance considered here, and a non-negligible

environmental influence contributes to obscure the inheritance

pattern [34]. Moreover, the instability of some facial traits in

newborns compromises the reliability of those traits for the

inference of paternity. For example, eye color, for which the

recessive state (blue) is often first expressed in young babies (at least

for Caucasian individuals), is replaced by a brown (or green or

grey) color for those possessing the corresponding allele later in life

[42]. Such is also the case for hair color, with a longer expression

of the recessive state (blond). This could correspond to an

anonymization of the baby, as the phenotypes of babies with those

features tend to be similar –independently of their parents’

genotype. Indeed, children may benefit from anonymization in

some circumstances (i.e., in the case of non-paternity) [43]. It is

known that such anonymization is parent-specific, as newborn

babies tend to resemble their mothers [12,44,45,46], but see

[47,48]. Why some features are partially anonymized whereas

others are not remains an open question. There is the intriguing

possibility that the process of anonymization could be restricted to

traits that exhibit Mendelian inheritance because of the constraints

associated with traits coded by many genes. This, in turn,

decreases the extent of selection that assesses paternity confidence

based on traits that exhibit Mendelian inheritance.

This study provides evidence for the homogamy for certain

facial features. The male raters in this study preferred women’s

faces that exhibited the same states as themselves for five out of the

seven traits investigated (eye color, hair color, chin dimple,

thickness of lips and eyebrows). This finding was revealed when

artificial faces were used (Study 2) and only partially revealed

(thickness of lips) when faces from real women were used (Study 1).

Although many dimensions comprise facial attractiveness, only

two have been controlled for in experiment 1 (overall femininity

and symmetry). Men have been previously demonstrated to prefer

the most attractive female faces rather than self-resembling ones,

although when attractiveness was controlled for, the self-re-

sembling faces were preferred [49]. This probably explains the

discrepancy between the results of Study 1 (where two attractive-

ness components were statistically controlled for) and Study 2

(where all attractiveness components were experimentally con-

trolled for). To avoid false statistical associations among traits that

might result from the numerous dimensions involved in facial

attractiveness, a very large sample size is required. In a limited

sample, an apparent preference for a trait can arise indirectly: it

could reflect a preference for another trait associated by chance

within the sample. Conversely, Study 2 used a protocol that adjusts

artificial faces of the experiment to each rater’s face, while

controlling for non-relevant variables. A limitation of Study 1 is

that the question asked to the raters (‘‘which of the 2 women is

more attractive?’’), was not explicitly proposed in a context of long

or short-term relationship, which can influence preferences [50].

Why would self-resembling mates be preferred? When re-

semblance is based on a large number of genetically heritable

traits, it becomes a measure of genetic proximity. Due to the

known inbreeding depression in most human societies

[51,52,53,54], mate preference based on high resemblance (i.e.,

toward close kin) should be avoided. Indeed, self-resemblance

decreases attractiveness in a short-term sexual context [55]. This

avoidance is in fact enforced by a biological mechanism (Wester-

mark effect) that suppresses sexual attraction toward co-residents

during childhood–generally siblings or close members of kin

[56,57,58,59]. This biological mechanism is further reinforced by

social rules forbidding incestuous marriages, where the definition

of incest is based on family linkage (with a large cultural variation)

[60]. Considering these mechanisms enforcing avoidance of

inbreeding depression, some degree of homogamous mate

preference should develop only if there is also an extent

outbreeding depression. Outbreeding can induce a loss of fitness

in several species [61,62]. Outbreeding depression can be

attributed to the disruption of local adaptation (cultural or

genetic), underdominance, or epistatic interactions. Ideally, there

should be an optimal balance between inbreeding and outbreeding

[63]. Interestingly, in Iceland, the greatest reproductive success is

for couples related at the level of third and fourth cousins, with

a decrease in fertility for closer or more distantly related couples

[23]. It is thus possible that homogamy results from a selection for

avoiding outbreeding depression, given that inbreeding is already

prevented by other mechanisms (biological and social).

The homogamy hypothesis is possibly confounded by the

familial imprinting effect e.g. preference for the face of the

opposite-sex parent [24,64,65]. However, because children re-

semble their parents, it’s difficult to distinguish between effects of

familial imprinting and homogamy (self-referential phenotype

matching). Clearly, there is also the possibility that preference for

the face of the opposite-sex parent correspond to a preference for

homogamous mating. Nevertheless, it seems that these two

mechanisms exist, and have context-specific effects [66].

Mate preference does not readily translate into actual mate

choice, due to mate competition and social subdivisions. It is even

possible that traits considered to significantly influence attractive-

ness do not exert effective influence on actual pairing [29],

suggesting that preferences might not always be readily deduced

from observed pairing. The observed homogamy in real couples

for the five facial features examined in our study suggests that

preference for homogamous mating has operated. There are,

however, several potentially confounding phenomena that might

account for apparently homogamous mating. For instance, if there

is competition in both sexes for long-term mates, a similarity

between romantic partners would result as a side effect [67].

Attractive individuals might pick their own preferred (and

attractive) mate from the pool of those available, leaving less

attractive individuals to pair with those that remain unpaired.

Thus, homogamy might result from such a process, despite the fact

that all individuals prefer the same category (attractiveness) for

mates. However, as raters in this study did not prefer the same

features (their preferences depended on their own traits), this

process is unlikely to apply here. Similarly, resemblance could

result from long-term environment sharing, rather than from

preferences at the time of couple formation [5,6,25]. However, the

traits considered here mainly have a genetic basis and are thus not

particularly prone to such effects. Homogamy might also result

from social proximity. Indeed, people are more likely to meet their

mate within their own social class; thus, there is a high probability

that they will share traits that are specific to this class. A

prerequisite for this hypothesis is that the features involved are

differently distributed across social classes. To our knowledge, the

distribution of facial features across social classes has not been

studied.

Homogamy in the context of the facial features examined in our

study has already been reported for hair color (0.28) and eye color

(0.21) [20,68]. Concerning preferences, Laeng et al. [20] found

that, consistent with our study, blue-eyed men tended to rate blue-

eyed women as more attractive than brown-eyed ones. However,

they also found that brown-eyed men exhibited no preference for

blue- or brown-eyed women. In contrast, we observed that brown-

eyed men found brown eyes women more attractive. The reasons

for this discrepancy are unclear and might originate from

Women’s Attractiveness: Testing Two Hypotheses
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differences in experimental design (e.g., manipulated photographs

of real faces versus manipulated artificial faces; attractiveness scale

versus choice among alternatives), true cultural differences (e.g.,

Norway versus southern France) or random effects (e.g., the

number of raters was about 4-fold larger in the present study).

Future studies are warranted to clarify this point.

Women’s facial attractiveness is complex and includes many

components. Paternity signaling is not a significant component of

attractiveness, at least within the experimental context of this

study. Mate similarity, although certainly not a predominant

component compared to fertility cues, is likely a component that

should be thoroughly controlled for in future studies of homog-

amous preference. Further studies are necessary to verify whether

the preference for homogamous traits is favored as a way to avoid

outbreeding and its associated fitness costs. Although these costs

have been delineated in many other species, they remain to be

investigated in humans. Finally, the underlying mechanisms of

outbreeding depression need to be better understood.

Supporting Information

Figure S1 Points for measurement of asymmetry and

femininity. For asymmetry, eight distances on each side of the

face were considered: (2-3) vs (4-5), (15-17) vs (18-20), (16-8) vs (19-

9) and (3-21) vs (4-21). For femininity/masculinity, nine distances

were computed: (2-5), (3-4), (6-7), (8-9), (11-12), (10-13), (2-14), (1-

14) and (11-14).

(TIF)

Figure S2 Linear discriminant analysis (LDA) according

to sex. It provides a synthetic variable corresponding to

a masculinity/femininity axis. The coordinate of each woman

along this axis represents her individual femininity value.

(TIF)
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