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Extended description of male ornamental scoring 

We considered as putative pre-mating ornaments any fleshy swellings (‘flesh’), contrasting 

colouration of exposed skin areas (‘skin’) and hairy traits such as beards, tufts, or manes (‘hair’). 

Since many of these traits (e.g., tufts or contrasting coat coloration) can be expressed by both 

sexes, we focused on the extent of their sexual dimorphism, with females as the reference. The 

only exception was the genital area, which by definition is sexually dimorphic. Some studies 

have shown that brightly coloured genitalia (e.g., blue scrotum, red penis or perineum) that 

strikingly contrast with the surrounding skin or fur at least have the potential of serving as male 

ornaments (e.g. [1]). Thus, genitals that are colourful (as opposed to black or dark grey) and 

differ in coloration between the sexes were coded as ornaments. 

We expressed the extent of sexual dimorphism in pre-mating ornaments on a scale from 0 

to 5 [2,3]: 0 = no difference in size and colour between the sexes (e.g., both sexes have a crest of 

hair of the same size and colour); 1 = a very slight difference with the ornament slightly more 

developed in males than in females; 2 = a small but noticeable difference in males compared 

with females; 3 = moderate difference; 4 = large difference between the sexes; 5 = a very large 

difference (e.g. males possessing a prominent visual trait that is absent, or virtually so, in 

females). Table S1 provides details of how the scoring system was applied to quantify degrees of 

dimorphism for each trait and gives examples of traits for each score. The full data set with 

descriptions of the individual traits for each species are provided in table S1. The sum of the 

scores for different trait categories (e.g., capes, tufts, beards or different fleshy or brightly 

coloured traits) formed a species-specific value of sexual ornament dimorphism, which ranged 

between 0 and 32 across all species examined. All parts had the same weight in the final score. 

Such rating scales have been validated in comparative studies of primate genital morphology 

[4–6] and visually conspicuous ornaments [7,8], and they facilitate cross-species comparisons.  

The scores were taken from Dixson et al. [2] and the extended and refined dataset from 

Grueter et al. [3]; the latter includes a few taxa missing in Dixson et al.’s [2] dataset, in particular 

in the genera Rhinopithecus, Semnopithecus, Trachypithecus and Cercopithecus. Moreover, 

neither of the previously published datasets contained any prosimians. In the present study, 

data for 11 lemur species were thus added. Scoring of these additional species was done by 

visual inspection of photographs (n = 4–12 per species; mixture of front, side, back views, and 

faces) and drawings and descriptions in Rowe and Myers [9], Arkive (www.arkive.org), 

Mittermeier et al. [10] and C.C.G.'s personal photographic library. Most of the photos were taken 

by professional or semi-professional photographers and hence were well exposed. We tried to 

minimize the potential confounding effect of varying light levels by selecting a representative 

sample of photographs with different light conditions. The effects of polymorphisms and 

intraspecific variation were addressed by scoring all traits at their maximal expression (e.g. 
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fattened males in mandrills and flanged males in orang-utans) and by using photos from as 

many different populations as possible. 

 

Supplementary table S1. Examples of how the scoring system was applied to quantify degrees 

of dimorphism in primate ornaments. 

0 1 2 3 4 5 

 
Hairy traits (e.g. capes, tufts, and beards) 
Saguinus 
imperator: the 
moustache is 
equally 
developed in 
both sexes 

Semnopithecus 
achates: male 
facial hair 
slightly longer 
than in the 
female 

Pithecia 
monachus: 
male has 
some buffy 
hairs on the 
crown of the 
head 

Macaca 
fascicularis: 
male has 
more 
prominent 
cheek hair 
(‘whiskers’) 
than female 

Pongo 
pygmaeus: 
male's beard 
is much 
larger than 
female's 

Homo 
sapiens: 
male 
beard is 
markedly 
more 
prominent 
than in 
females 

 
Fleshy traits 
Rhinopithecus 
bieti: the 
bright pink 
lips are 
equally 
developed in 
both sexes 

Rhinopithecus 
avunculus: 
slightly longer 
corkscrew hair 
on male tail 
than the 
female 

Cacajao 
calvus: both 
sexes lose 
hair and 
have 
reddened 
facial skin 
that is 
accentuated 
in the male 
due to their 
larger 
temporal 
muscles 

Papio 
hamadryas: 
male has red 
sex 
skin on rump, 
which 
resemble that 
of the female 
but differs in 
morphology 
from the 
male's 
swelling 

Pongo 
pygmaeus: 
male has a 
fatty/fibrous 
hump on top 
of head that 
is very sexual 
dimorphic 

Pongo 
pygmaeus: 
male has 
markedly 
larger 
cheek 
flanges 

 
Colourful traits 
Macaca 
mulatta: the 
red sexual skin 
on the rump 
and genitalia is 
very similar 
between the 
sexes 

Rhinopithecus 
brelichi: red 
hair on back of 
their head 

Cacajao 
calvus: the 
male's 
bulging 
temporal 
muscles and 
other 
features 
make his 
red head 
appear 
visually 
more 
striking than 
that of the 
female 

Cercopithecus 
diana: Blue 
scrotum 

Rhinopithecus 
bieti: pelage 
is much more 
contrastingly 
coloured in 
males 

Pithecia 
pithecia: 
male has a 
white face 
mask and 
black 
pelage 
that are 
lacking in 
females 
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In addition to extending the existing dataset, we made a few minor adjustments to the 

scoring of sexual ornament dimorphism. First, the weight gain of Saimiri during the breeding 

season was not considered to represent a case of ornamentation because we have sexual size 

dimorphism as a separate variable, while also controlling for male body mass. Second, Macaca 

mulatta was scored as lacking dimorphism in ornamentation in Dixson et al. [2] and Grueter et 

al. [3]; here, however, it was assigned an intermediate value for facial coloration (redness) 

during reclassification, based on a recent findings suggesting that male facial coloration might 

mediate both female choice and aggressive male–male interactions [11,12]. 

A few primate species in our dataset are characterized by sexual dichromatism of the 

pelage: Eulemur coronatus, E. macaco, Nomascus concolor, N. gabriellae, N. leucogenys, Hylobates 

pileatus, Hoolock/Bunopithecus hoolock, Pithecia pithecia, Alouatta caraya, and A. fusca. We are 

unaware of a study that has unequivocally shown that pelage dichromatism in primates is a 

sexually selected feature. In fact, males of many primate species are actually less conspicuous 

than females in terms of fur colour [13,14], which argues against a role of female choice in the 

evolution of sexual dichromatism. We thus repeated our analyses with sexual pelage 

dichromatism excluded and obtained very similar results (e.g., see supplementary table S2), 

such that our main conclusions are not affected qualitatively by the treatment of sexual pelage 

dichromatism. For consistency with previous studies [2,3], we thus present our main results 

with the contribution of pelage dichromatism in ornament dimorphism. 

In the second, more conservative approach of scoring sexual ornament dimorphism, we 

divided the body into of three parts (head, trunk/limbs, and rump/anogenital area). For each 

body part, we separately scored fleshy, skin and hairy traits. Each such trait category was 

scored as 0 in the absence of any conspicuous sexual dimorphism, 1 for any visible sexual 

dimorphism in either structure or colour, or 2 for sexual dimorphism in both structure and 

colour. Due to the additive nature of these traits (e.g., Mandrillus and some Papio species have 

many strikingly dimorphic traits in multiple body parts whereas other species differ primarily 

in one trait), we summed all scores to generate one score of sexual ornament dimorphism. In 

our dataset, the range of these scores was 0–8, whether or not sexual pelage dichromatism was 

included. 

As described, our estimate of male ornamentation was based on sexual ornament 

dimorphism. Such an approach is necessary because ornamental display traits, unlike most 

sexually selected weapons, tend to be non-homologous structures that hamper direct 

interspecific comparisons of expression and investments. Traits that are exaggerated only in 

males or to a greater extent in males than in females within species are more likely to be the 

result of sexual selection on males than sexually monomorphic traits. However, whenever 

ornaments sensu lato (i.e., non-utilitarian, but not necessarily sexually selected structures) are 
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also expressed by females, through social, ecological and sexual selection [15–18], a sole focus 

on sexual dimorphism bears the risk of underestimating the males’ total investment in display 

traits compared to species with non-ornamented females (i.e., lower baseline of 

ornamentation). To examine whether this might cause an issue with our treatment and 

interpretation of putative sexual ornaments in our study, we tested whether males of more 

dimorphic species showed any evidence of higher levels of ornamentation overall. 

To this end, we repeated our conservative ornament scoring, but this time across males 

within groups of closely related species that varied in their extent of sexual ornament 

dimorphism (see figure S2). Comparing within small monophyletic clades was necessary to 

maximize the comparability of the species’ overall phenotype and putative display traits, as well 

as likely underlying life-history, ecological and evolutionary constraints, within each group. In 

each of the eight focal clades of 4―11 species, we performed pairwise species comparisons for 

each trait category and body part (see above), scoring each comparison on a winner―loser―tie 

basis (i.e., total of 9 comparisons of each species pair). For hairy traits of the head, we treated 

beards and tufts equally and scored them by their overall expression. If these traits were more 

colourful in some species but longer in others, we prioritized hair length, assuming that growing 

and maintaining (grooming) longer hair would be energetically more costly than growing hair 

of a different shade of colour. For the pelage, we focused on prominent traits such as capes (e.g., 

Papio hamadryas) or highly contrasting coloration but did not consider species differences in 

uniform baseline colouration or differences in overall hair length, which are more likely to be 

driven by ecological factors than intraspecific signalling. 

We combined the scores of these pairwise comparisons to calculate the species-specific 

David’s scores [19,20], using the R package compete [21], to rank the species based on their 

relative level of male-specific ornamentation. We then correlated these scores against our 

scores of sexual ornament dimorphism using Spearman’s rank correlations to test whether 

males of more sexually dimorphic species were overall more ornamented than those of 

monomorphic species.  

Among our focal clades, more sexually dimorphic ornamentation within species coincided 

with a greater levels of male-specific ornamentation overall in the Alouattinae (n = 5, ρ = 0.95, p 

= 0.01), non-macaque Papionini (n = 9, ρ = 0.84, p = 0.004), arboreal Cercophithecus species (n = 

11, ρ = 0.66, p = 0.03), Hylobatidae (n = 6, ρ = 0.81, p = 0.05), and Hominidae (n = 7, ρ = 0.87, p = 

0.01), but not statistically significantly so in the Lemuridae (n = 7, ρ = 0.31, p = 0.50), terrestrial 

Cercophithecus species (n = 4, ρ = 0.89, p = 0.11) and Pitheciinae (n = 5, ρ = 0.63, p = 0.25). We 

examined the terrestrial and arboreal Cercophithecus clades separately, because combining all 

15 species in our analysis would have increased the possible combinations from the current 61 

to 105 for little additional gain. We also excluded the nine macaque species among the Papionini 
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because this group is a sister clade to the remaining Papionini, with mostly monomorphic and 

little ornamented species, and including these species would have increased the number of 

comparisons from 36 to 171. Finally, we omitted the cercopithecid clade including Nasalis 

larvatus, Pygathrix nemaeus and the two Rhinopithecus species because they were too diverse 

for reliable scoring. 

Combining these results using Fisher's combined probability method suggests that the 

positive within-clade trends form a more general pattern (df = 16, χ2 = 50.16, p < 0.0001; 

supplementary figure S1). In other words, our findings support the prediction that the male-

biased sexual ornament dimorphism is driven primarily by the level of male ornamentation and 

likely to be the result of sexual selection. Nonetheless, because it is near-impossible to directly 

quantify exaggeration in structurally diverse and non-homologous ornaments in the same way 

as canine length can be measured, these interspecific comparisons should be interpreted with 

caution and taken primarily as descriptive illustration. 
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Supplementary figure S1: Phylogeny of the 103 primate species used in our study, highlighting 

those species with some level of sexual ornament dimorphism (filled circle) and the clades used 

to estimate male-specific ornamentation (see figure S2).  
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Supplementary figure S2: Intra-taxonomic correlations between specific sexual ornament 

dimorphism and male-specific ornamentation (David’s scores). a Lemuridae, b Alouattinae,  

c Pitheciinae, d arboreal Cercopithecus, e terrestrial Cercopithecus, f Papionini, g Hylobatidae,  

h Hominidae. Slight jitter was added where points would overlay one another. The species used 

in each clade are indicated in figure S1, a comparison of the correlation coefficients in figure S3. 
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Supplementary figure S3: Intra-taxonomic Spearman’s rank correlations between species-

specific sexual ornament dimorphism and male-specific ranking (David’s scores) in overall 

ornamentation. The Spearman’s correlation coefficients ρ and their 95% confidence intervals 

are shown for each of the eight representative monophyletic clades that were analysed. 

Confidence intervals excluding 0 (indicated by vertical dotted line) indicate statistically 

significant correlations. The numbers on the right reflect the number of species in each clade. 

The species used in each clade are indicated in figure S1. 
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Supplementary table S2. Phylogenetically controlled effects of premating ornaments and 

weapons, and of the presence/absence of female monopolization, on combined testes mass 

across n = 63 primate species. This table reflects the similarity of the main effects between 

models with sexual ornament dimorphism scored (a, b) using the full ranking approach as in 

Dixson et al. [2] and Grueter et al. [3], or (c, d) by scoring the presence/absence of structural 

or colour dimorphism for each tissue type in the three body parts. Each scoring system was 

tested with sexual pelage dichromatism included (a, c) and excluded (b, d). All variables except 

female monopolization and ornamental values were log-transformed. Partial correlation 

coefficients (r) are listed with their lower (LCL) and upper (UCL) 95% confidence limits. 

 

predictors r [LCL, UCL] t p 

 

(a) full ornament ranking, incl. pelage dichromatism (λ = 0.60 [95%CI: 0.18 – 0.88]) 

body mass 0.648 [0.480, 0.754] 6.478 <0.0001 

sexual ornament dimorphism –0.420 [–0.591, –0.187] –3.524 0.0008 

sexual canine dimorphism 0.340 [0.095, 0.531] 2.758 0.008 

female monopolization [yes] –0.471 [–0.628, –0.248] –4.061 0.0001 

 

(b) full ornament ranking, no pelage dichromatism (λ = 0.62 [95%CI: 0.20 – 0.89]) 

body mass 0.654 [0.489, 0.759] 6.591 <0.0001 

sexual ornament dimorphism –0.489 [–0.626, –0.246] –4.039 0.0002 

sexual canine dimorphism 0.363 [0.120, 0.548] 2.967 0.004 

female monopolization [yes] –0.495 [–0.645, –0.278] –4.335 <0.0001 

 

(c) ornament ranking by body part, incl. pelage dichromatism (λ = 0.66 [95%CI: 0.23 – 0.92]) 

body mass 0.618 [0.429, 0.733] 5.984 <0.0001 

sexual ornament dimorphism –0.351 [–0.539, –0.106] –2.852 0.006 

sexual canine dimorphism 0.314 [0.065, 0.511] 2.520 0.015 

female monopolization [yes] –0.456 [–0.617, –0.230] –3.902 0.0003 

 

(d) ornament ranking by body part, no pelage dichromatism (λ = 0.68 [95%CI: 0.23 – 0.93]) 

body mass 0.620 [0.442, 0.734] 6.015 <0.0001 

sexual ornament dimorphism –0.378 [–0.559, –0.138] –3.112 0.003 

sexual canine dimorphism 0.328 [0.081, 0.521] 2.646 0.010 

female monopolization [yes] –0.471 [–0.628, –0.248] –4.062 0.0001 
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Supplementary table S3. Phylogenetically controlled effects of premating ornaments and 

weapons, and different proxies of female monopolization or social group size, on combined 

testes mass across primate species. Sexual ornament dimorphism was scored following Dixson 

et al. [2] and Grueter et al. [3], but excluding sexual pelage dichromatism. All non-categorical 

variables except ornamental values were log-transformed. Partial correlation coefficients (r) are 

listed with their lower (LCL) and upper (UCL) 95% confidence limits. 

 

predictors r [LCL, UCL] t p 

(a) presence/absence of female monopolization (N = 63, λ = 0.62 [95%CI: 0.20 – 0.89]) 

body mass 0.651 [0.484, 0.756] 6.525 <0.0001 

sexual ornament dimorphism –0.467 [–0.625, –0.243] –4.016 0.0002 

sexual canine dimorphism 0.365 [0.123, 0.549] 2.985 0.004 

female monopolization [yes] –0.495 [–0.645, –0.278] –4.334 <0.0001 

 

(b) number of males per breeding group (N = 42, λ = 0.39 [95%CI: 0.00 – 0.91]) 

body mass 0.627 [0.395, 0.761] 4.897 <0.0001 

sexual ornament dimorphism –0.277 [–0.524, 0.043] –1.750 0.088 

sexual canine dimorphism 0.299 [–0.018, 0.540] 1.909 0.064 

number of males 0.428 [0.130, 0.629] 2.878 0.007 

 

(c) number of females per male in breeding groups (N = 42, λ = 0.00 [95%CI: 0.00 – 0.76]) 

body mass 0.734 [0.557, 0.829] 6.565 <0.0001 

sexual ornament dimorphism –0.483 [–0.667, –0.189] –3.357 0.002 

sexual canine dimorphism 0.485 [0.201, 0.668] 3.370 0.002 

polygyny level –0.316 [–0.552, –0.0002] –2.028 0.050 

 

(d) social group size (N = 64, λ = 0.56 [95%CI: 0.19 – 0.86]) 

body mass 0.588 [0.401, 0.711] 5.581 <0.0001 

sexual ornament dimorphism –0.453 [–0.614, –0.229] –3.907 0.0002 

sexual canine dimorphism 0.260 [0.008, 0.467] 2.068 0.043 

group size 0.438 [0.211, 0.603] 3.743 0.0004 
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Supplementary table S4. Phylogenetically controlled effects of premating ornaments and 

weapons, and of the presence/absence of female monopolization, on combined testes mass 

across n = 63 primate species. This table exemplifies the similarity of the main effects between 

(a) the full model, (b) the reduced model after excluding the non-significant effect of sexual size 

dimorphism, and (c) the reduced model with the additional binary ornamental value to address 

zero-inflation. All non-categorical variables except ornamental values were log-transformed. 

Sexual ornament dimorphism was scored as in Dixson et al. [2] and Grueter et al. [3]. For 

comparison of different ornamental scoring approaches, see table S3. Partial correlation 

coefficients (r) are listed with their lower (LCL) and upper (UCL) 95% confidence limits. 

 

predictors r [LCL, UCL] t p 

(a) full model (λ = 0.61 [95%CI: 0.19 – 0.89], AICc = 136.82) 

body mass 0.610 [0.426, 0.728] 5.806 <0.0001 

sexual ornament dimorphism –0.423 [–0.594, –0.189] –3.527 0.0008 

sexual canine dimorphism 0.314 [–0.062, 0.512] 2.494 0.016 

sexual size dimorphism 0.062 [–0.195, 0.306] 0.466 0.643 

female monopolization [yes] –0.472 [–0.630, –0.248] –4.041 0.0002 

 

(b) reduced model (λ = 0.60 [95%CI: 0.18 – 0.88], AICc = 134.61) 

body mass 0.648 [0.480, 0.754] 6.478 <0.0001 

sexual ornament dimorphism –0.420 [–0.591, –0.187] –3.524 0.0008 

sexual canine dimorphism 0.340 [0.095, 0.531] 2.758 0.008 

female monopolization [yes] –0.471 [–0.628, –0.248] –4.061 0.0001 

 

(c) model with binary ornamental value (λ = 0.61 [95%CI: 0.20 – 0.89], AICc = 136.87) 

body mass 0.646 [0.476, 0.754] 6.301 <0.0001 

sexual ornament dimorphism –0.362 [–0.549, –0.117] –2.932 0.005 

binary ornament value –0.056 [–0.301, 0.200] –0.422 0.675 

sexual canine dimorphism 0.340 [0.091, 0.532] 2.756 0.008 

female monopolization [yes] –0.470 [–0.628, –0.245] –4.021 0.0002 
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Supplementary table S5. Phylogenetically controlled effects of premating ornaments and 

weapons, and different proxies of female monopolization or social group size, on combined 

testes mass across primate species. Unlike table 1 in the main text, here sexual ornament 

dimorphism was scored using our more conservative approach. All non-categorical variables 

except ornamental values were log-transformed. Partial correlation coefficients (r) are listed 

with their lower (LCL) and upper (UCL) 95% confidence limits. 

 

predictors r [LCL, UCL] t p 

 

(a) presence/absence of female monopolization (N = 63, λ = 0.66 [95%CI: 0.23 – 0.92]) 

body mass 0.618 [0.439, 0.730] 5.984 <0.0001 

sexual ornament dimorphism –0.351 [–0.539, –0.106] –2.852 0.006 

sexual canine dimorphism 0.314 [0.065, 0.511] 2.520 0.015 

female monopolization [yes] –0.456 [–0.617, –0.230] –3.902 0.0003 

 

(b) number of males per breeding group (N = 42, λ = 0.46 [95%CI: 0.00 – 0.94]) 

body mass 0.590 [0.343, 0.737] 4.500 <0.0001 

sexual ornament dimorphism –0.149 [–0.428, 0.172] –0.9161 0. 366 

sexual canine dimorphism 0.248 [–0.073, 0.503] 1.555 0. 128 

number of males 0.491 [0.208, 0.672] 3.423 0.002 

 

(c) number of females per male in breeding groups (N = 42, λ = 0.00 [95%CI: 0.00 – 0.75]) 

body mass 0.688 [0.486, 0.800] 5.770 <0.0001 

sexual ornament dimorphism –0.358 [–0.581, –0.047] –2.331 0.025 

sexual canine dimorphism 0.444 [0.150, 0.640] 3.015 0.005 

polygyny level –0.272 [–0.520, 0.048] –1.716 0.094 

 

(d) group size (N = 64, λ = 0.57 [95%CI: 0.16 – 0.88]) 

body mass 0.563 [0.381, 0.700] 5.368 <0.0001 

sexual ornament dimorphism –0.312 [–0.508, –0.065] –2.525 0.014 

sexual canine dimorphism 0.217 [–0.037, 0.433] 1.711 0.092 

group size 0.363 [0.122, 0.546] 2.990 0.004 
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