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Abstract

Black and white face markings in Artiodactyls are thought to be broadly associated with intraspecific communication.
Evidence-based studies on the fine-scale mechanisms of signaling, however, are scant. The occurrence of black and white
face markings is one of the most distinctive features of the Northern chamois Rupicapra rupicapra. Although their function
is unknown, they might possibly signal fighting abilities: if so, the intensity of face color contrast should positively correlate
with traits involved in aggressive contests, i.e. body mass and horn size. We collected data on face marking ‘blackness’ as a
proxy of color contrast, dressed body mass and horn length on 103 chamois of either sex harvested during the hunting season
of 2019 in the central Italian Alps. To investigate the relationship between color contrast and sex-specific body mass and
horn length, we fitted an ordinal multilevel regression model in a Bayesian framework. Contrast score positively associated
with increasing body mass in both sexes, but this relationship was much stronger in females than in males. Contrast score
positively related with horn length in males but not in females. Our results offer some first insights into the potential correlates
of chamois facial mask, suggesting that face markings might provide age-specific cues of mass-based dominance in females,
while their role in males appears more uncertain. Behavioral studies on marked or hunted individuals in different environ-
mental settings are necessary to confirm these findings, and provide further understandings of face color patterns in chamois.
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The overall coloration of mammals is determined by the
combination of hair coloring and patterning, whose vari-
ation is typically explained by adaptive processes such as
concealment, communication and regulation of physiologi-
cal functions (Caro 2005). When the spatial distribution of
pigmentation across the body is constrained, nonrandom
coloration patterns arise (Caro and Mallarino 2020). Dif-
ferent selective pressures may account for color patterns in
different body parts. Contrasting face colors, for example,
may be selected for in interspecific communication, a nota-
ble example being the aposematic black and white color in
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some mustelids, which signals their unprofitability as prey
(Newman et al. 2005). Colorful face ornaments may also
play a role in intraspecific communication, for example in
social cohesion, mate attraction or mate competition (Ancil-
lotto and Mori 2017; Andersson 1994).

Artiodactyls show a wide array of coat colors, from uni-
form coloration to conspicuous dark or white patterns on
different body parts such as face, legs, tail and rump (Stoner
et al. 2003). In particular, black and white facial patterns are
mostly found in species with diurnal habits, living in open
areas and in intermediate-sized groups (Caro 2009), e.g.
oryx Oryx spp., blackbuck Antilope cervicapra or pronghorn
Antilocapra americana. This pattern may be explained by
thermoregulation and/or intraspecific communication (Caro
and Stankowich 2010). The white spots may reduce heat,
while the black around the eyes may contrast sun’s glare
(cf. Caro 2011; Geist 1987). Size or brightness of black and
white masks might possibly advertise ability to defend a ter-
ritory (Caro 2009). More generally, if these color patterns
signal dominance or condition, they may help settle disputes
among opponents and reduce the costs of agonistic contests
(Briffa 2014).
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The occurrence of black and white face markings is one
of the most distinctive features of the Northern chamois
Rupicapra rupicapra, a medium-size mountain ungulate
native to central Europe and the near East (Corlatti et al.
2011). Chamois facial mask consists of white patches on
both sides of the muzzle that extend to the neck and are
separated by dark stripes running from the nose, through the
eyes, to the base of the horns (Fig. 1). The function of this
pattern is unknown, but it might involve social communica-
tion (cf. Stoner et al. 2003). Northern male chamois mainly
interact competitively to secure mating, either through ter-
ritoriality or female-following (Corlatti et al. 2012). During
the November rut, both tactics frequently display aggressive
postures such as lateral ‘neck-up’ (Fig. 2a) or frontal ‘head-
down’ (Fig. 2b) towards another male or a female to herd
back into the group (Krdmer 1969; Lovari 1985; Corlatti
et al. 2013). Similar information is scantier for Northern
female chamois, but as in the Apennine subspecies Rupi-
capra pyrenaica ornata females also use aggressive ‘side
displays’ (Fig. 2c) to assert dominance (Krimer 1969;
Lovari 1985). Therefore, during aggressive contests, facial
markings are kept well in evidence towards the opponent.
Conversely, during courtship, Northern male chamois try to
suppress aggressive responses by approaching females fron-
tally with the ‘head up’ (Fig. 2d), a behavioral display that
seemingly makes markings less conspicuous (Krimer 1969).
These postures suggest that some facial marking characteris-
tic, alongside other simultaneous displays, might be involved
in attempts to assert dominance.

The main aim of this study was to assess the importance
of color signals in chamois dominance. We suggest that the
intensity of marking and white color contrast (hereafter ‘face
color contrast’) may be an important component of a visual
scene during intraspecific interactions, as achromatic color

Fig. 1 On the left, how chamois
are seen by humans (trichro-
matic color vision); on the right,
how chamois might see each
other (dichromatic color vision).
In both pictures the black and
white contrast of facial mask

is evident. The original picture
on the left was converted using
the red-blind dichromatic view
option with the converter avail-
able at: https://www.colororacl
e.org. The converted image

is intended for illustration
purposes only (Photo: Luca
Corlatti)
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parameters are well perceptible to the chamois dichromatic
visual system (Raveh et al. 2012; Fig. 1). If face markings
aid in asserting dominance, positive relationships may occur
between color contrast and other correlates of dominance.
In chamois, body mass and horn length are traits that, to
different extent, are thought to be involved in aggressive
contests (females: Locati and Lovari 1991; males: Rughetti
and Festa-Bianchet 2010a). During aggressive contests, for
example, chamois overtly display body mass (Fig. 2a, ¢) and
horns (Fig. 2b) towards the opponent. However, body mass
in Northern chamois shows a greater coefficient of variation
than horn length in both sexes (Rughetti and Festa-Bianchet
2010a, b), suggesting that horn length has a lower poten-
tial for selection; in turn, mass may be more important than
horns to assert dominance. We therefore predict that the
relationship of face color contrast with body mass should
be stronger than with horn length in either sex.

The study site corresponds to the hunting district Ver-
bano Cusio-Ossola (VCO2), which extends over 727 km?
in northern Piedmont, central Italian Alps (46° N, 8° E).
Data were collected from 87 females and 93 males between
1 and 16 years of age shot in VCO2 during the hunting
season of 2019 (14 September—16 October). At the end of
each hunting day, animals were collected to the checkpoint
of the local hunting authority for indoor measurements,
taken by the same person (SV). Face color contrast was
approximated by a ‘blackness’ score assessed visually, on
the shot animal, using a two-column color chart that con-
trasted white against a scale of grey. For each individual,
contrast score could vary between 1 (white-light grey) and
8 (white—black). Score was assessed in the middle-front part
of the muzzle, under similar artificial light conditions, and
before other measurements were taken, to reduce potential
bias in color perception. Other data included sex, age (in
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Fig.2 Lateral ‘neck-up’ (a) and
frontal ‘head-down’ (b) postures
used by male chamois during
aggressive displays towards
other males or females. Female
‘side display’ of dominance

(c) and male ‘head-up’ frontal
courtship posture (d) (Draw-
ings: Luca Corlatti, modified
from Kriamer 1969)

\

years, determined by counting the number of horn annuli:
Schroder and von Elsner-Schack 1985), eviscerated body
mass (in kg, measured with a digital hanging scale, preci-
sion 0.1), total length of the longest horn (in cm, measured
with a flexible ruler, precision 0.1), hunting date and hunting
location (1 x 1 km quadrant). Because some carcasses were
fully eviscerated and some only partially eviscerated, the
latter were corrected for the summed mass of heart, liver
and/or lungs, to return comparable data.

Horn length and body mass in 1-year old chamois are
partially compensated by growth in the next years (Rughetti
and Festa-Bianchet 2010a), suggesting that their relationship
with face color contrast might change after the 2nd year of
age. Furthermore, in our dataset, body mass and horn length
were close to their asymptotic values from 2 and 3 years of
age for females and males, respectively. To reduce potential
bias, we thus excluded < 2-year old females and < 3-year old
males from our analysis, and based our inference on a subset
of 103 chamois (n =54 females, n =49 males).

To investigate the relationships between color con-
trast score and its potential correlates, we fitted an ordinal

o

b)

! d)
regression model (Liddell and Kruschke 2018). Color con-
trast, an ordered categorical variable, was set as the response
variable, while sex-specific total horn length and sex-spe-
cific eviscerated body mass were fitted as linear predictors.
The covariates ‘age at harvest’ and ‘Julian date of harvest’
were included to control for the confounding effects of aging
and seasonality on contrast score. Hunting location was fit-
ted as a grouping factor to partly account for spatial effects
on the response variable.

A Bayesian approach was used for inference. The joint
posterior distribution of regression coefficients was esti-
mated via Markov Chain Monte Carlo (MCMC) with 16000
sampling iterations over 4 chains, using the No-U-Turn
Sampler (NUTS) (Hoffman and Gelman 2014). Flat priors
were assumed for the effects of sex-specific horn length and
body mass. Weakly informative priors were assumed for
the regression coefficients of age (negative) and Julian date
(positive), thus reflecting the fact that contrast score was
expected to decrease with age but to increase over time, due

to seasonal molting. Point estimates and credible intervals
of regression coefficients were obtained from the means
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and the 2.5% and 97.5% quantiles of the posterior distribu-
tion of model parameters. Values of Evidence Ratio (ER), a
measure of the strength of evidence in favor of one specific
hypothesis over its alternative, were calculated to assess the
probability that the relationships of horn length and body
mass with face color contrast were greater than zero in both
sexes. The marginal and conditional coefficients of determi-
nation (R?) were assessed following Gelman et al. (2019).
Model fit was assessed through R-hat estimates, trace plots
and posterior-predictive checks.

A detailed explanation of the statistical analysis is
reported in Appendix 1 in ESM. The datafile used for anal-
ysis is available in Appendix 2 in ESM. All analyses were
conducted with R 3.6.1 (R Core Team 2019) in RStudio
1.2.1335 (R Studio Team 2019). The package ‘brms’ (Biirk-
ner 2017, 2018), a high-level interface to Stan (Carpenter
et al. 2017), was used for MCMC analysis. The explained
variance was assessed with the package ‘performance’
(Liidecke et al. 2020), while the package ‘shinystan’ (Gabry
2018) was used for MCMC diagnostics.

There was no indication of convergence issues in the
MCMC analysis, as suggested by the trace plots and the
values of R-hat (all < 1.02, cf. Brooks and Gelman 1998).
The posterior-predictive checks suggested that the model
predicted the actual response variable well. The fitted model
explained about 64% of the conditional R* in color contrast
score, while the conditional R* was about 30%. The group-
ing effect of hunting location thus explained about 34% of
the variance.

The relationship between face color contrast and total
horn length was nearly flat in females, and positive in males
(Table 1, Fig. 3). From the posterior distribution of model
parameters, the probability that this relationship had values
greater than zero was 0.53 in females (with evidence ratio
[ER] of 1.2, i.e. this hypothesis was 1.2 times more likely
than its alternative) and 0.94 in males (ER = 16), while the
probability that it was stronger in males than in females was

0.89 (ER=8.1). Model estimates suggested that face color
contrast related positively to body mass, but the relation-
ship was stronger in females than in males (Table 1, Fig. 3).
The probability that this relationship had values greater than
zero was 1.00 in females (ER =325.5) and 0.93 in males
(ER=14.2), while the probability that it was stronger in
females than in males was 0.94 (ER=14.7). As expected,
age and seasonality had, respectively, negative and positive
effects on face color contrast (Table 1).

Our results suggest that black and white color contrast
positively associated with increasing body mass in either
sex, but this relationship was much stronger in females than
in males, possibly suggesting that face color contrast might
act as an honest signal of female status. Conversely, contrast
score showed some positive relationship with horn length
in males but not in females. Insights into the importance of
color signals in fighting abilities may be gained by investi-
gating the relationship between coloration and sex-specific
correlates of dominance.

In both sexes, body mass is overtly displayed during
aggressive contests (Fig. 2a, c¢). In female chamois, body
mass may provide cues of dominance (Locati and Lovari
1991). This, in turn is related with the ability to access for-
aging resources (Fattorini et al. 2018) which, in mountain
ungulates, affects individual ability to sustain the energetic
costs of gestation and lactation (Festa-Bianchet and Jorgen-
son 1998). Male—female body mass dimorphism in chamois
largely increases before the rut (Rughetti and Festa-Bianchet
2011), suggesting that this trait might be under male-biased
pressure of sexual selection. The seasonality of this pattern,
however, suggests that sexual selection on males may be
stronger on traits that favor direct forms of aggression, such
as speed and agility (cf. Lovari 1984; Rughetti and Festa-
Bianchet 2010a). Body mass might primarily (though not
exclusively) be under pressure of natural selection, and its
increase be selected to compensate energetic losses during
the rut and maximize overwinter survival. Accordingly, the

Table 1 Model estimates for
the relationship of total horn
length, eviscerated body mass,

sex, age at harvest, Julian date
of hunting, sex-specific horn
length and body mass with face
color contrast in Alpine chamois

Parameter Mean S 95% credible interval
2.5% quantile 97.5% quantile

Males vs. females - 1.618 —3.159 —0.338
Slope: horn length (females) 0.037 — 0.666 0.750
Slope: horn length (males) 0.750 —0.167 1.780
Slope: body mass (females) 1.535 0.398 2.932
Slope: body mass (males) 0.553 —0.167 1.327
Slope: age —0.807 — 1.405 —-0.312
Slope: Julian date 0.455 0.067 0.921
Slope: horn length X sex (males vs. females) 0.708 —0.386 1.971
Slope: body mass X sex (males vs. females) —0.983 —2411 0.267

The table reports mean estimates of beta coefficients with lower and upper bounds of their 95% credible
interval. Estimates of threshold coefficients (intercepts) are not shown

@ Springer



Face markings in Northern chamois: cues of dominance?

563

‘l;; -
C 77 o e cccomes oo _ o e mes oo ® oo o .
g -7
38 -
=
o
o
o
O]
% 6 .o - o ® o o0 o o
[
Sex
—— Females
—e— Males
5 . .

L) LU0t 0 w11

14 16 18 20 22 24 26 28

Total horn length (in cm)

Face color contrast

Sex

—— Females

—e— Males
54 . . .
T N TV NN T T ATV AT
12 16 20 24 28 32

Eviscerated body mass (in kg)

Fig.3 Marginal effects (with 95% credible intervals) of the model fitted to investigate the relationships of face color contrast with sex-specific
total horn length (left) and sex-specific eviscerated body mass (right) in 103 adult individuals of Alpine chamois

relationship between contrast score and male body mass
was not particularly strong, as it would take about 15 kg
for a male to gain only 1 point in color contrast (Fig. 3).
Thus, if variation in color signals provides information about
age-specific differences in body mass, increasing contrast
in chamois face mask may provide cues of dominance in
females, while in males it might possibly signal other char-
acteristics, such as better physical conditions or better fight-
ing abilities (cf. Andersson 1994).

Although horns are overtly displayed during aggressive
contests (Fig. 2b), long weapons do not seem to confer great
reproductive advantages in either sex of the Northern cham-
ois (Corlatti et al. 2015a, b; Rughetti and Festa-Bianchet
2010a). In turn, horn length seems unlikely to play a major
role in intraspecific communication. Although information
on the relationship between coloration and horn size is scant,
Falchetti et al. (1994) suggest that white spots in the neck
and horn area of adult Nile lechwe Kobus megaceros make
for an easy assessment of horn size, thereby emphasizing
threats displays and reducing male-male competition. The
stronger effect found in males than in females suggests that
chamois horn length may play a relatively greater role in
the former than in the latter during intrasexual contests (cf.
Douhard et al. 2020). This suggestion may not hold for other
chamois subspecies, notably the Apennine chamois, where
horns are well developed and may provide cues of domi-
nance in both sexes (cf. Locati and Lovari 1991).

In more advanced Caprinae such as wild sheep and goats,
male agonistic behavior is highly ritualized and largely based
on clash and butt behaviors, which are supported by a strong
development in body mass and horn size (Schaller 1977).

Conversely, chamois have a less ritualized behavior that
relies more blandly on physical features: chamois forms are
rather primitive, with a limited sexual dimorphism and small
weapons which, however, make physical contacts potentially
dangerous (cf. Corlatti et al. 2013). Although chamois social
contests seem to rely only to a limited extent on sex-specific
body mass and weapon size, the positive correlations of
face color contrast with some of these traits suggests that
face markings might aid in asserting dominance. If so, face
markings might help individuals to settle contests without
escalating to a fight, thereby reducing the risks of physical
contacts (Archer 1988) and the need for energy-consuming
aggressive interactions (cf. Briffa 2014). Likewise, in the
Himalayan tahr Hemitragus jemlahicus, an intermediate
caprid with strong body mass dimorphism, limited horn size
and non-ritualized fighting behavior, mane color signals rank
hierarchy in male-male aggressive interactions (Lovari et al.
2009, 2015). Lighter-colored male tahr are dominant over
darker-colored males and, somewhat similarly to the cham-
ois, the contrast between black face and golden mane may be
emphasized via frontal-oriented threat displays used mostly
by top-ranking individuals (Lovari et al. 2015).

The interpretation of our results requires caution. The
estimation of contrast score was based on the variation in
face mask blackness, intrinsically assuming consistency
in whiteness. This arguably coarse estimation, however,
allowed to capture the expected change in color contrast
with increasing age and Julian date, thereby suggesting
that our data had sufficient power to reflect actual vari-
ance in color contrast. The negative relationship between
color contrast and age supports the fact that facial stripes
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become progressively paler with increasing age. This, how-
ever, should not be interpreted as a sign of steady decline
of dominance with age: face color contrast may be just one
of several cues of dominance, as adult chamois prevail over
young (Corlatti et al. 2015a, b) and, possibly, old individu-
als (Locati and Lovari 1991), for example because they may
have greater experience, or larger body mass. In our model,
the effect of body mass and horn size on color contrast was
adjusted by age, meaning that these relationships are best
interpreted within the frame of different age classes: for
example, heavier subadult females (c. 2-3 years old) may
be more dominant (i.e. have darker stripes) than lighter sub-
adult females, and heavier adult females (c. 4-7 years old)
may be more dominant (i.e. have darker stripes) than lighter
adult females. Although subadult females might have darker
stripes than adult females, this would not necessarily make
them dominant, because adult females would be generally
heavier and more experienced. The period of data collection
may also have consequences on the interpretation of results.
In September—October, chamois seasonal molting is at its
intermediate stage (Couturier 1938). It would be important
to assess whether the observed relationships of contrast
score with body mass and horn length persist in periods
when competition for food (e.g. summer, for females) or
mates (November, for males) is strongest. We also acknowl-
edge that, in chamois, investment in life history traits such
as body mass and horn length varies depending on environ-
mental features (Mason et al. 2011), thus the relationship
between face color contrast and morphology might change
accordingly. In addition, investigations should be extended
to other chamois species and subspecies, which show differ-
ent patterns of horn growth and coloration.
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