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The effects of intrasexual and intersexual selection on male trait evolution can be difficult to disentangle, especially based on obser-
vational data. Male–male competition can limit an observer’s ability to identify the effect of female mate choice independently from 
sexual coercion. Here, we use an experimental approach to explore whether an ornament, the red facial skin exhibited by male rhe-
sus macaques (Macaca mulatta), might be involved in both female mate choice and male–male competition. We used a noninvasive 
experimental approach based on the looking time paradigm in a free-ranging setting, showing images of differently colored male faces 
to both adult females (N = 91) and males (N = 77), as well as to juveniles (N = 94) as a control. Results show that both adult females 
and males looked longer at dark red faces compared with pale pink ones. However, when considering the proportion of subjects that 
looked longer at dark red faces regardless of preference strength, only females showed a significant dark red bias. In contrast, juve-
niles did not show any preferences between stimuli, suggesting that the adult bias is not a consequence of the experimental design 
or related to a general sensory bias for red coloration among all age–sex classes. Collectively, these results support the role the 
ornament plays in female mate choice in this species and provide the first evidence that this ornament may play a role in male–male 
competition as well, despite a general lack of observational evidence for the latter effect to date.
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INTRODUCTION
Sexual selection explains the prevalence of  conspicuous traits 
that influence lifetime reproductive success. Male ornaments are 
typically regarded as evolving in response to intersexual selection 
(female mate choice), and armaments, in response to intrasexual 
selection (male–male competition) (Andersson 1994). However, 
the 2 mechanisms are not independent and can both act on the 
same traits, either reinforcing or opposing each other simultane-
ously or sequentially (Hunt et al. 2009). For instance, female mate 
choice can secondarily act to increase the prevalence of  traits that 
are involved in male–male competition if  they are also informative 
about male condition and health (e.g., Berglund et al. 1996; Wiley 
and Poston 1996). Females can also act to increase competition 

between males, leading to indirect mate choice of  the most com-
petitive ones (e.g., Cox and LeBoeuf  1977; Semple 1998; Pizzari 
2001). Despite these multiple well-known mechanisms of  sexual 
selection, most studies investigate the effect of  only 1 mechanism at 
a time (Hunt et al. 2009).

In comparison with research on other animal classes, only a few 
studies have addressed whether and how direct male–male com-
petition and female mate choice influence evolution of  the same 
trait in mammals (cf. Hunt et  al. 2009). This may be because 
high levels of  direct male–male competition and sexual coercion 
make it difficult to study the role that female mate choice plays in 
male trait evolution in mammals through behavioral observation 
(Clutton-Brock and McAuliffe 2009). In such contexts, mere corre-
lations between trait expression and mating success provide limited 
information about female mating preferences and may only be a 
reflection of  direct competition between males limiting the ability 
of  females to mate with preferred partners. Furthermore, if  trait 
expression is linked to male aggressiveness, females may actually 

Address correspondence to C. Dubuc. E-mail: constance.dubuc@nyu.edu.

C.D. is now at the Large Animal Research Group, Department of  Zoology, 
University of  Cambridge, Cambridge CB2 3EJ, UK.

mailto:constance.dubuc@nyu.edu?subject=


Dubuc et al. • New insights into rhesus macaque skin color

solicit males exhibiting the most developed traits in order to reduce 
sexual coercion. An additional problem is that given potentially 
high costs associated with male–male competition, males might 
be intimidated by males exhibiting cues and signals of  competi-
tive superiority and so actively avoid them, limiting the ability of  
human observers to record meaningful agonistic interactions.

Uniquely among mammals, several species of  catarrhine pri-
mate show bright red color ornaments (Bradley and Mundy 2008). 
Such signals are perceivable by conspecifics because catarrhines 
are trichromats, with visual systems enabling detection of  ripe 
fruits, flowers, and young leaves against a background of  dark 
green foliage (Dominy and Lucas 2001). Red ornaments develop 
their level of  color expression due to blood flux in the epidermis 
that is under sex steroid hormone control. In males, this involves 
aromatization of  testosterone to estrogen in the skin at estrogen 
receptors (Vandenbergh 1965; Rhodes et al. 1997; see also Dixson 
2012). This trait may be potentially informative to conspecifics of  
both sexes in a sexual context, providing information about both 
the condition and the competitive ability of  the signaler. Indeed, 
skin color is influenced by blood oxygenation and flow and is thus 
closely linked to underlying physiology and condition (Changizi 
et  al. 2006; Bradley and Mundy 2008). Furthermore, according 
to the immunohandicap hypothesis (Folstad and Karter 1992), 
because the hormone testosterone is an immunosuppressant, only 
individuals in good condition may be able to exhibit the most 
intense coloration.

In several catarrhine species, skin color is strongly correlated with 
dominance rank and rapidly changes following dominance take-
over, such that it is a signal of  social status involved in male–male 
competition (mandrills, Mandrillus sphinx: Setchell and Wickings 
2005; crested macaques, Macaca nigra: Engelhardt et al. 2008; drills, 
Mandrillus leucophaeus: Marty et al. 2009; geladas, Theropithecus gelada: 
Bergman et al. 2009). Evidence that the trait is involved in female 
mate choice is mixed, with some positive association reported in 
mandrills (Setchell 2005), but not in drills (Marty et al. 2009). The 
strong covariation between male dominance rank, skin brightness, 
and mating success makes it difficult to isolate the effect of  female 
mate choice in these species, which exhibit pronounced levels of  
sexual dimorphism in body mass and canine length. The opposite 
holds true in rhesus macaques (Macaca mulatta). In this species, there 
is good behavioral evidence that the trait is not related to domi-
nance rank (Higham et  al. 2013; Dubuc, Allen, et  al. 2014) but 
instead is attractive to females (Waitt et  al. 2003; Dubuc, Allen, 
et  al. 2014)—females more frequently sexually solicit darker red 
males for copulation (Dubuc, Allen, et  al. 2014), which translates 
into a reproductive advantage, at least for high-ranking males 
(Dubuc, Winters, et al. 2014). In this species, females are frequently 
reported to resist mating with some males but solicit others and are 
thus able to express mate preference (Chapais 1983; Manson 1992; 
see also Dixson 2012).

Whether rhesus males perceive and react to coloration exhibited 
by other males remains unknown. An experimental study found 
that rhesus males were less likely to steal food from human experi-
menters wearing red compared with those wearing blue or green 
(Khan et  al. 2011), suggesting that red skin coloration may none-
theless be intimidating to males (and thus involved in male–male 
competition), despite the lack of  a relationship with dominance 
rank. This suggests that perhaps the intimidation of  males by dark 
red males has led to avoidance behavior, limiting the ability of  
observers to detect a role of  coloration in male–male interactions. 
If  females prefer dark red males, it might be beneficial to males to 

pay attention to the color of  their rivals and adjust their competi-
tive behaviors accordingly.

In the present study, our objective was to examine whether the 
red skin coloration developed by rhesus macaque males during the 
mating season is salient to both sexually mature female and male 
rhesus macaques. To do so, we presented subjects with experimen-
tally altered images of  males to test female interest toward male 
facial coloration. By presenting images of  males rather than modi-
fying live animals, this experimental approach allows us to avoid 
the ethical issues involved with modifying a signal that is potentially 
involved in male fights and the logistical problem of  altering the 
mating success of  subjects that are involved in long-term studies 
(see Clutton-Brock and McAuliffe 2009). Moreover, this approach 
allows for a comparison of  perception between age–sex catego-
ries that might otherwise react very differently to male coloration 
in normal behavioral contexts—for example, sexual solicitation by 
females vs. submissive retreats or attacks by males. The noninvasive 
experimental approach we used is based on the looking time para-
digm first developed to study preverbal psychology and cognition 
in humans and subsequently used with success to study cognitive 
bias in primates, including macaques (reviewed in Winters et  al. 
2015). Macaques can recognize faces in pictures and react differ-
ently based on familiarity with subjects in the image (Schell et  al. 
2011; Deaner et  al. 2005), facial expression (Bethell et  al. 2012; 
Mandalaywala et  al. 2014), and facial features (Waitt and Little 
2006; Waitt et al. 2006; Pfefferle et al. 2014). There is evidence col-
lected using this experimental paradigm that rhesus macaques pay 
attention to skin coloration in both captive (Waitt et al. 2003, 2006; 
Gerald et  al. 2006, 2007) and free-ranging (Higham et  al. 2011) 
settings but that red coloration alone is not sufficient to induce 
this preference (Hughes et al. 2014). The same approach has also 
shown that adults and immature rhesus macaques pay more atten-
tion to threatening facial stimuli (Bethell et al. 2012; Mandalaywala 
et al. 2014) and that therefore, both attraction and intimidation are 
expected to lead to increased attention. This allows us to use the 
same paradigm to examine and compare behavioral reaction with 
the signal by different sex–age categories.

Our study builds on the study of  Waitt et  al. (2003) on female 
attentional bias toward red male faces. However, to test specifically 
whether potential attentional bias was indeed linked to a sexual con-
text, we went further than this previous study by: 1)  documenting 
and then presenting intermale color variation as exhibited by males 
on Cayo Santiago during the mating season specifically; 2)  testing 
subjects living in free-ranging conditions during the mating season, 
allowing us to test sexually active female subjects at the time of  year 
where the signal is exhibited by males; and 3) testing not only adult 
females, but also subjects of  other age–sex categories. In addition to 
male and female adults, we also tested juveniles as controls in order 
to investigate the possibility that interest toward images is related to 
a general sensory bias for red coloration found among all age–sex 
classes or is due to reaction to unusual or novel stimuli rather than 
to difference in sexual signal expression. Moreover, we used color-
calibrated images of  rhesus male faces that exhibited either pale or 
dark coloration as assessed by a model of  rhesus macaque vision (see 
Methods for details) in order to prevent cognitive bias that is linked 
to reactions to novel stimuli. We set out to test 3 alternative hypoth-
eses with corresponding predictions: 1)  trait evolution has been 
driven solely by intersexual selection, so that only females show an 
attentional bias for dark red skin; 2) trait evolution has been driven 
by both intersexual and intrasexual selection, so that adults of  both 
sexes show a bias; and finally, 3)  there is a general sensory bias for 
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red facial coloration in this species, so that juveniles as well as adults 
of  both sexes pay attention to images of  darker red males.

METHODS
Field site and population

Cayo Santiago Island is populated by a free-ranging population of  
rhesus macaques descended from individuals brought to the island 
in 1938. The population, now managed by the Caribbean Primate 
Research Center, is divided into 10 naturally formed groups that 
range freely across the island. The population shows no signifi-
cant effect of  inbreeding (Duggleby et al. 1986), and the variance 
in lifetime reproductive success between individuals is sufficient to 
create opportunities for selection (Dubuc, Ruiz-Lambides, et  al. 
2014). Animals are individually recognizable with tattoos providing 
a unique ID and ear notches both given as yearlings, and dates of  
birth are available from long-term records. The present study was 
approved by the IACUC of  the University of  Puerto Rico, Medical 
Sciences Campus (protocol no. A0100108).

Preparation of stimuli

We created a set of  stimuli using photographs of  male rhesus 
macaques collected in group R of  the Cayo Santiago population 
that we manipulated to display either a dark red or pale pink color 
chosen from the distribution of  colors naturally displayed. The 2 
colors were selected on the basis of  color measurements from pho-
tographs taken of  24 males in group R at the peak of  the mating 
season (i.e., March 2012; see Dubuc, Allen, et  al. 2014). For full 
details on image collection and measurements, see Dubuc, Allen, 
et al. (2014). Briefly, images of  faces were captured in RAW format 
and a color standard was used to standardize images. Skin color 
and darkness were measured as the mean red (R), green (G), and 
blue (B) values of  a fixed portion of  the face. These values were 
then transformed from the camera’s color space to rhesus macaque 
color space using standard methods (Stevens et al. 2009) to provide 
estimates of  the long-, medium-, and short-wavelength photorecep-
tor catches. Multiple photos of  each male taken over several days 
were taken, and the average color of  each male was calculated.

We chose 2 colors, one illustrating dark red males and the other 
pale pink males. We used Principal component analysis to find the 
most important dimension of  variation in rhesus male color and 
selected the pale pink color 2 standard deviations above the mean 
color and the dark red color 2 standard deviations below the mean 
color. We then made stimuli by choosing 2 photographs each of  3 
males where the subject had a neutral expression and was oriented 
toward the camera but not looking directly at it. We selected males 
of  prime ages (9–12 years old) and intermediate ranks that did not 
exhibit distractive facial features (e.g., scars or wounds). For each of  
these 6 images, we created one pale pink and one dark red stimuli 
using image-editing tools in GIMP 2.0 (Figure 1). The face region 
was selected using the intelligent scissors tool, and the color of  this 
was altered using the Hue Saturation tool. To improve the appear-
ance, we used airbrush and eraser tools to blend the face with sur-
rounding hair and features such as the eyes. We also altered the 
color of  the background in images by selecting the region and using 
the hue saturation tool to give all images backgrounds with approx-
imately equal appearances of  blurred foliage. We printed stimuli 
onto matte photo paper (Staples Photo Supreme) using a color-cal-
ibrated printer (Canon Pixma Pro 100). We measured the printed 
face color using a Xrite ColorMunki spectrophotometer and used 
the V–O visual difference model (Vorobyev and Osorio 1998) to 

ensure that the printed color was very close (less than 3 just-notice-
able differences) to the target color, as perceived by rhesus color 
vision. Pictures were printed on letter format paper (21.5 cm × 
28.9 cm), with printed images of  a dimension of  18.5 cm × 18.5 cm, 
in such a way that face length was 17 cm.

Apparatus and experimental design

We simultaneously presented 2 pictures depicting 2 different males 
showing different colorations (one dark, one pale) inserted in frames 
attached to opposite ends of  a black board at a distance of  1 m 
between the center of  each image (78.5 cm between the inside 
edges). These images could be hidden with blue sliding occluders. 
In all trials, we counterbalanced the pairing of  the 3 males, the 
2 color attributions, and the location on the apparatus across tri-
als, with image position (left or right) randomly determined, with 
a total of  12 possibilities (Figure  1). Each test session required 2 
experimenters—one managing the apparatus and one filming the 
subject’s looking behavior from behind the apparatus.

Experimenters would enter a social group for testing and would 
look for potential subjects—individuals slightly isolated from the 
rest of  the group, resting or inactive, with open space in front of  
them. The apparatus was placed in front of  a subject within 1–3 m, 
with the 2 images equidistant from the subjects. Precautions were 
taken to ensure both images were in similar lighting, at the same 
level, and that no objects were occluding visibility. The experimen-
tal procedure was as follows. The experimenter managing the appa-
ratus positioned themself  in front of  the subject, and the recording 
started. The experimenter managing the apparatus would direct the 
subjects’ attention to the apparatus and then removed the occlud-
ers while facing down at the floor to avoid any interaction with the 
subject. At this point, the subject’s responses were recorded for 15 

Figure 1
Stimuli used for the experiments. Each horizontal pair of  images represents 
2 versions of  the same face, with its color manipulated to be either a dark 
red or pale pink rhesus color as exhibited by males at the peak of  the mating 
season. During the experiments, faces of  2 different males were presented 
simultaneously to subjects as illustrated by the arrows; the relative position 
(right vs. left) of  each coloration was randomized and balanced, for a total 
of  12 possible combinations.
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s. Following completion of  each trial, the subject’s ID was recorded, 
regardless of  whether they were successfully tested or not.

The cameraperson, blind to experimental condition, decided if  
and when to abort a session for any of  the following reasons: the 
subject did not pay attention to the apparatus or did not see both 
images; the subject moved outside the camera range but still paid 
attention to the apparatus (preventing coding of  looking time); the 
subject was distracted by an outside event taking place during the 
trial (e.g., a conspecific passing-by, a fight in the distance, etc.). We 
aimed to test subjects only once across all conditions, and any unin-
tentional retests of  subjects were discarded. A  total of  629 trials 
were attempted, only 262 of  which were used in the analyses.

Subject selection

Experiments were conducted at the peak of  the 6-month mating 
season, over a 7-week period during which 67.7% of  all concep-
tions occurred in the population (25 February through 16 April 
2013). This allowed us to test subjects: 1)  in a sexual context 
(cycling females and males with testosterone); and 2) at the time of  
year when the signal is actually exhibited by males, avoiding biases 
in reaction due to violation-of-expectation (i.e., when subjects are 
presented with visual scenes that either do or do not conform to the 
subjects’ expectations).

We tested subjects of  3 age–sex categories: 1)  adult females 
(N  =  91; which represents 23.7% of  all adult females on Cayo 
Santiago) of  ≥3 years old exhibiting visual signals or cues of  sexual 
activity (see Dubuc, Allen, et al. 2014); 2) adult males (N = 77; 26.9% 
of  all males) of  ≥3  years old (minimum age at first reproduction; 
Bercovitch et  al. 2003); and 3)  juveniles (1–2  years) (N  =  94; 25% 
of  all juveniles). On average (± standard error of  the mean [SEM]), 
adult female subjects were 6.30 ± 0.40 years old (range: 3–18), adult 
males, 5.25 ± 0.33 (range: 3–23), and juveniles, 1.41 ± 0.05. There 
are several reasons why subjects of  relatively young ages were the 
primary test subjects among the “adult” category. Firstly, because 
males disperse between groups several times in their lives, it is pos-
sible that adult males and females may be familiar with the males 
used in the images even if  they did not live in the same group at 
the time of  the study. Utilizing young adults reduces the likelihood 
of  this potential confound. Next, young adults were also likely to 
be in a life history period where these signals may be of  particular 
relevance: 1)  young nulliparous females are less attractive to males 
and are thus actively looking for mating partners and 2) young adult 
males are in the process of  natal dispersal involving the assessment 
of  the strength of  resident males. Therefore, we targeted sampling 
on young adults of  3–5 years (N = 45 females, 51 males), but also 
opportunistically sampled older adults (N = 46 females, 26 males). 
The “adult” category includes all subjects of  3  years old or older. 
A total of  47 subjects were tested in group R where the males used 
for stimuli preparation live, 16 adult females (17.6% of  all adult 
females subjects), 17 adult males (22.1%), and 14 juveniles (14.9%).

Video coding

Each 15-s trial was later coded frame-by-frame (29 frames/s) by 
trained coders blind to condition using MPEG Streamclip (http://
www.squared5.com/). Coders recorded the exact frame at which 
subject started and ended looking at the image on their right or left, 
which was summed for a total looking time at each image. A  total 
of  35 trials not used in the analyses (e.g., discarded unintentional 
retests) were used for reliability assessment between the 3 coders. 
Coders agreed on which image subjects looked at more (± SEM) in 

83.8 ± 3.6% of  the trials. We used Cohen’s Kappa to assess inter-
coder reliability: trained coders scored on average k  =  0.71 ± 0.08 
agreement with each other (random: k  =  0; perfect: k  =  1). An 
untrained coder agreed on coding with trained coders in 75% of  the 
trials used (N = 10 trials), showing an average agreement scores of  
k = 0.52 ± 0.02, an acceptable level of  agreement (Landis and Koch 
1977; Fleiss 1981). This shows that agreement among coders was not 
a mere consequence of  the training process creating a similar bias.

Statistical analyses

We first explored what factors influence general difference in look-
ing time among age–sex. To do so, we ran a linear mixed model 
(LMM) setting looking time at each image as a response vari-
able, stimuli type (dark red/pale pink), sex (female/male), and age 
class (adult/juvenile) as fixed factors, and ID as a random factor. 
Looking time was log-transformed to respect model assumptions. 
Next, we examined whether stimuli depicting faces of  darker red 
males received more attention for each age-class separately. Firstly, 
we used Wilcoxon signed-rank tests to compare total looking time 
between the 2 stimuli. Secondly, we further explored patterns of  
attentional bias by examining whether the tendency to look longer 
at dark red faces differed between age–sex categories (female/male; 
adult/juvenile) by comparing an index of  looking time ([time spent 
looking at dark red − time spent looking at pale pink]/total look-
ing time) with a Kruskal–Wallis test, followed by post hoc Mann–
Whitney tests. Finally, we used χ2 goodness-of-fit to test whether 
subjects were overall more likely to look at one face more than the 
other. In contrast to the previous approaches that are sensitive to 
strong preferences among a few individuals, the χ2 analysis tests 
whether a significant proportion of  individuals prefer one image-
type over the other. This is based on the number of  individuals 
showing a preference, one way or another, and is particularly sensi-
tive to small preferences among many individuals. Statistical analy-
ses were performed in IBM SPSS Statistics 19.0.0. All analyses 
were 2 tailed with significance level set at α = 0.05.

RESULTS
There was an overall significant effect of  stimuli type (i.e., dark 
vs. pale) on looking time (LMM; F1,259  =  17.150, P  <  0.001), 
with subjects looking longer at dark (3.46 ± 0.18 s) than pale 
images (3.03 ± 0.19 s). In addition, there was an effect of  both age 
(F1,259 = 59.686, P < 0.001) and sex (F1,259 = 8.410, P = 0.004)—
with juveniles (4.59 ± 0.24 s) looking longer at each image than 
adults (2.49 ± 0.14 s) and males (3.77 ± 0.22 s) longer than females 
(2.75 ± 0.15 s). When comparing total looking time exhibited 
by subjects, both adult females (Wilcoxon: Z  =  −3.280, N  =  91, 
P  =  0.001) and adult males (Z  =  −2.452, N  =  77, P  =  0.014) 
looked significantly longer at dark red faces but juveniles did not 
(Z  =  −0.845, N  =  94, P  =  0.400) (Figure  2). Similar results are 
reached if  only young adults are considered (females: Z = −3.355, 
N = 45, P = 0.001; males: Z = −2.312, N = 51, P = 0.020). Finally, 
the extent of  bias toward dark red faces differed between the 3 
age–sex categories (Kruskal–Wallis: χ2 = 6.426, degrees of  freedom 
[df] = 2, P = 0.040), with juveniles showing smaller differences in 
looking time between the 2 images than adult females (Mann–
Whitney: U  =  3427.5, N1  =  91, N2  =  94, P  =  0.020) and adult 
males (U = 2979.0, N1 = 77, N2 = 94, P = 0.047). Adult females 
and males did not differ in the strength of  their bias for dark red 
faces (U = 3484.5, N1 = 91, N2 = 77, Z = −0.060, P = 0.952).
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A higher proportion of  subjects looked longer at stimuli depict-
ing dark red faces than expected by chance (χ2  =  7.84, df  =  1, 
P  =  0.005), although only adult females drove the pattern 
(χ2  =  4.02, df  =  1, P  =  0.045), with no significant difference for 
adult males (χ2 = 2.22, df = 1, P = 0.136) and juveniles (χ2 = 1.32, 
df = 1, P = 0.251) (Figure 3). The same results are obtained if  only 
young adults are considered (3–5  years old): females (χ2  =  10.02, 
df = 1, P = 0.002), but not males (χ2 = 1.62, df = 1, P = 0.203), 
were more likely to pay attention to dark red faces.

DISCUSSION
Using an experimental approach based on the looking time para-
digm, we showed that adults of  both sexes pay attention to facial 
skin coloration exhibited by males during the mating season, sug-
gesting that the trait is salient to both sexes. However, only a signifi-
cant proportion of  adult females preferred to look at dark red faces, 
suggesting a particularly important effect for this sex (see below). In 

contrast, although juveniles showed more interest toward the facial 
images than adults, they did not show a preference for faces of  one 
color over the other. The lack of  attentional bias by juveniles allows 
us to discard the possibility that adult bias toward dark red faces 
was generated solely by a general sensory bias or by the experi-
ment design itself, and shows that red skin coloration is relevant 
only to sexually mature subjects. These results further support the 
view that females are attracted to dark red males (Waitt et al. 2003; 
Dubuc, Allen, et al. 2014) and provide the first evidence for male 
responses to the skin coloration of  other males. When combined 
with evidence that rhesus males are intimidated by humans wear-
ing red coloration (Khan et al. 2011), and given that red coloration 
is a signal of  status in closely related primate species (e.g., Setchell 
and Wickings 2005; Bergman et al. 2009; Marty et al. 2009), this 
suggest that facial red skin color exhibited by rhesus males may be 
communicative to males in this species, despite a lack of  any rela-
tionship to male dominance rank previously reported (see Higham 
et al. 2013; Dubuc, Allen, et al. 2014).

That said, the chi-square results also show that only a signifi-
cant proportion of  females (not males) show a bias toward dark red 
females. This result is consistent with the signed-rank test results 
and is due to the fact that those males that showed a preference, did 
so with a more pronounced bias than females did, such that over-
all looking time differences were similar. The differences between 
males and females in the proportion preferring the dark red faces 
might be a mere consequence of  the smaller sample size (77 males 
against 91 females). However, because a similar phenomenon 
was detected for young adults and that we had a similar sample 
size between the sexes for the age category (51 males against 46 
females), this explanation seems unlikely to be sufficient. A possible 
explanation for the difference in bias is that males evaluated a wider 
range of  cues and signals when examining male faces depicted in 
the images than females did. For instance, male faces might contain 
other information about competitive ability, such as the develop-
ment of  the temporalis muscles. This idea is supported by the fact 
that males in general spent more time looking at the images than 
females, which could have been due to inspection of  multiple traits. 
An experimental approach modifying several facial traits at once 
might be needed to explore these ideas.

The role male dark red coloration might play in male–male 
interaction still remains unknown. The lack of  social status corre-
lates of  male red skin color in rhesus macaques could be related 
to the fact that males of  this population reach dominance through 
queuing rather than dyadic fights (Berard 1999). The absence of  
rapid takeovers of  the alpha position (especially by new immigrant 
males) leads to stable hierarchies in which high-ranking males are 
socially familiar to all group members, potentially making signals 
of  social status obsolete (Bergman and Sheehan 2013). Yet, a sig-
nal advertising the motivation of  males to defend access to their 
mating partner regardless of  their rank might nonetheless still be 
useful, which could explain the results of  the present study, as well 
as those obtained by Khan et al. (2011) related to human clothing 
color. The need to fend off other males from females is particularly 
likely in rhesus macaques because several females are often sexu-
ally active on a given day in this seasonally breeding species (e.g., 
Dubuc et  al. 2011). In this context, males may benefit by avoid-
ing investing mating effort toward females who are being mate-
guarded by highly motivated males willing to defend access to their 
female mating partners aggressively. Another non-mutually exclu-
sive possibility is that male perception of  dark red males might have 
evolved secondarily as a response to female attraction to this trait. 
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For instance, high-ranking males may gain by preventing males that 
are attractive to females from immigrating into the social group, 
especially given high rates of  sneak copulations and fertilizations 
in this species (e.g., Berard et al. 1994; Dubuc et al. 2012). Finally, 
it remains possible that the attentional bias shown by adult males is 
not adaptive in rhesus macaques, but related to an ancestral func-
tion of  male coloration in signaling social status or as a secondary 
by-product of  attraction toward opposite-sex conspecifics. However, 
if  such an ancestral bias leads to males avoiding conflicts and fights 
with dark red males as suggested by Khan et al.’s (2011) study, this 
could nonetheless still reinforce trait selection by increasing the 
access to mating partners of  those avoided males. Detailed exami-
nation of  whether male skin coloration influences the outcome of  
male–male interactions at the behavioral level will be needed to test 
these ideas.

Evidence that both intrasexual and intersexual selection can 
simultaneously influence the selection of  skin ornamentation has 
been shown for many bird species (e.g., rock sparrow, Petronia petro-
nia: Griggio et  al. 2007; red jungle fowl, Gallus gallus: Ligon et  al. 
1990; Zuk et  al. 1990; yellowthroat, Geothlypis trichas: Tarof  et  al. 
2005; reviewed in Hunt et  al. 2009). There is much less evidence 
for such a phenomenon in mammals (Clutton-Brock and McAuliffe 
2009). To our knowledge, evidence for effects of  both intrasexual 
and intersexual selection on mammalian traits have been reported 
for only one other ornament, male mane color in lions (Panthera leo) 
(West and Packer 2002), but none for weapons primarily involved 
in direct male–male competition, such as horn or antler size in 
ungulates. It is possible that intersexual selection typically only acts 
on ornaments and not on sexually selected traits that have a direct 
utilitarian function in sexual coercion. Alternatively, a lack of  evi-
dence of  intersexual selection on armaments might be due to the 
fact that behavioral observations limit the opportunity to disentan-
gle the effects of  intrasexual versus intersexual selection. Although 
experiments might allow us to avoid such issues, the experimental 
modification of  male weapon size is rarely undertaken (Clutton-
Brock and McAuliffe 2009), potentially because such experiments 
are invasive, logistically difficult and unethical. Although the look-
ing time paradigm is based on a basic behavior that is likely to be 
shared by mammals in general, an approach similar to the one used 
here could be useful in exploring whether weapons are also used as 
cues or signals by females in their mate choice decisions.

Our results provide new insights into the function of  red sexual 
ornaments in catarrhines more generally, and suggests new lines 
of  behavioral studies that might help us to understand the evo-
lution of  red skin color in male rhesus macaques and catarrhine 
primates in general. Unlike in rhesus macaques, it may be more 
difficult to detect effects of  intersexual selection in other catar-
rhine species where females are more commonly mate-guarded 
by alpha males, who also have the most conspicuous coloration. 
Females might prefer high-ranking males (who in many other spe-
cies have demonstrated their competitiveness by fighting for domi-
nance) and facilitate mate-guarding (Clutton-Brock and McAuliffe 
2009). Interestingly, in an anecdotal event in which a mandrill male 
unusually kept his intense red coloration after being overthrown 
from the alpha position, this male remained sexually attractive to 
females (Setchell 2005). This intriguing observation combined with 
the present results suggests that red skin ornaments might be under 
both intrasexual and intersexual selections in catarrhines more gen-
erally, with different mechanisms playing a more important relative 
role depending on the importance of  direct male–male competi-
tion. Fortunately, the looking time paradigm employed here allows 

such questions to be addressed experimentally, while facilitating 
interspecific comparison.
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