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habitat, reproductive behaviour, sexual 1. Mountain ungulates of the subfamily Caprinae, including wild sheep, goats

dimorphism, sexual selection, social behaviour and goat-antelopes, show remarkable interspecific diversity in habitat prefer-
ences, social organisation and morphological features. We review how this
diversity relates to their mating behaviour.

2. After introducing the ecology of mating systems and the evolution of the
Caprinae, we investigate the pairwise, sequential relationships between habitat
preferences, social behaviour, level of polygyny, and morphological features,
and discuss the ecological processes underlying the patterns of mate mo-
nopolisation and acquisition.

3. From forest-dwelling, solitary, monogamous and monomorphic goat-antelopes,
to highly dimorphic, polygynous and social wild sheep and goats inhabiting
open landscapes, mountain ungulates reveal a close relationship between hab-
itat openness and sexual dimorphism, through the level of sociality and that
of mate monopolisation.

4. Although over the last few decades some information has been collected on
the biology of Caprinae, our understanding of determinants of their mating
systems is still hampered by limited data to estimate opportunities for sexual
selection, as well as uncertainties over the occurrence and maintenance of
alternative reproductive tactics, and lack of information on female mate choice.

5. The study of mating systems and that of the factors influencing them play
a key role from an evolutionary and conservation standpoint. This is relevant
to the Caprinae, whose main habitat is expected to be strongly affected by
the ongoing climatic change, with potential effects on the phenology of their
mating systems, and whose economic value is relevant for consumptive and
nonconsumptive uses. A better understanding of the diversity and ecology
of mating systems will require a wealth of additional field observations on
male and female behaviour, as well as genetic assessments of reproductive
success.
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INTRODUCTION and birds (Crook 1964, Owens & Bennett 1997) to

Krebs and Davies (1987) wrote that “A powerful method
for studying adaptation is to compare groups of related
species and attempt to find out exactly how differences
in their behaviour reflect differences in ecology”. In
fact, a number of studies have been published based
on applying the so-called comparative approach to
groups ranging from amphibians (Sullivan et al. 1995)

primates (Clutton-Brock & Harvey 1977, Goldizen 1988).
Most of these studies have dealt with species from the
Tropics, for which seasonality of resources is relatively
modest compared to that for species living at greater
latitudes, especially on mountains. As for bovids
Bovidae),

Jarman (1974) concerned mainly the African antelopes

(Mammalia: also the seminal work by

206 Mammal Review 53 (2023) 206-222 © 2023 The Authors. Mammal Review published by Mammal Society and John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.


mailto:luca.corlatti@wildlife.uni-freiburg.de
https://orcid.org/0000-0002-2706-3875
mailto:
https://orcid.org/0000-0002-9838-3104
http://creativecommons.org/licenses/by-nc/4.0/

L. Corlatti and S. Lovari

of plains and hills, in the Tropical belt. With the partial
exception of Jarman (1983), to our knowledge, no
comparative paper has been published yet on a group
of species characterised by occurring in highly seasonal
habitats, with strong fluctuations of resources, such as
mountains, which should exacerbate interspecific com-
petition and promote adaptations.

Mountain ungulates are defined as a group of Artiodactyl
species showing behavioural, physiological and morpho-
logic adaptations to life on strongly seasonal, steep, rocky
habitats, such as those present on mountains. They mainly
include wild sheep, wild goats and goat-antelopes (Bovidae:
Caprinae, a monophyletic subfamily; Lovari et al. 2020).
Mountain ungulates may be forest resource-defenders that
monopolise a small, food-rich area against conspecifics
(e.g. Capricornis spp.). Other taxa (e.g. Pseudois nayaur,
Capra spp., Ovis spp.) group together into herds and roam
freely over larger, relatively less nutritious areas (Schaller
1977). Mountain ungulates, especially Caprinae, show a
remarkable diversity of social organisation and morpho-
logical adaptations, thus offering the opportunity to com-
pare and test the insights into sociality and mating systems
developed by Jarman (1974) from Tropical antelopes.
Furthermore, within mountain ungulates, some Caprinae
are prized ‘trophy’ game animals for human hunters, be-
cause of the often spectacular male horns, which have
evolved to assess dominance in ritualised fights and achieve
mating rights (Coltman et al. 2002, Bro-Jergensen 2007).
In fact, insights into the behavioural mechanisms acting
on male sexual dimorphism can provide important infor-
mation to avoid anti-Darwinian effects of hunting regimes
on hunted populations (e.g. Festa-Bianchet et al. 2014,
Festa-Bianchet 2017).

Mountain ungulate mating systems

Over the past few decades, the number of publications
on Caprinae has sharply increased (cf. Corlatti et al. 2022a),
providing new data on habitat preferences, social behav-
iour, reproduction and morphology. Building on the ideas
of Schaller, Geist and Jarman, we provide an updated
synthesis on the patterns and processes of Caprinae mat-
ing systems. We first introduce mating systems, their clas-
sification, ecology and diversity, then we outline the
evolutionary history of Caprinae. Next, we provide the
methods and results of our synthesis of species-specific
patterns in terms of habitat preferences, social behaviour,
mating systems and morphology, investigate their rela-
tionships, and discuss the ecological processes underlying
the diversity in the number of mates and in the form of
mate acquisition within the Caprinae.

Mating systems: classification, ecology and
diversity

Mating systems describe who mates with whom, and when
(Davies et al. 2012, Snook 2017). In animals, this entails
the description of the social relationships between sexual
partners in a given time period (i.e. the mating season),
including both the number of mates acquired and the
form of mate acquisition (¢f. Emlen & Oring 1977), so
a more complete definition of mating system may be “the
description of who mates with whom, how, and when”.
These relationships can be complex and, over time, a
number of classifications have been proposed, often lack-
ing a common terminology (Shuster & Wade 2003,
Snook 2017). Unambiguous definitions are nonetheless
necessary to avoid misinterpretations, and we will follow
the classification proposed in Table 1 based on number

Table 1. Classification of the Caprinae mating systems used in this review, in terms of number of mates (level of mate monopolisation), form of mate

acquisition, and time period (number of breeding seasons)

Level of mate monopolisation

Monogamy An individual restricts matings to one partner
Polygamy Males mate with several females (polygyny), or females mate with several males (polyandry)
Promiscuity Both males and females mate with multiple partners and there is no pair-bond

Form of mate acquisition

Female-guarding polygyny A male seeks, associates with or guards individual females, but he does not defend ranges, or groups, or a
territory; this may be realised through: ‘tending’, which entails the formation of consort pairs, where a male
courts and defends one oestrous female at a time; ‘coursing’, which entails temporary association to individual
females by disruption of existing pairs; ‘blocking’, which entails temporary association to individual females by
preventing them to move away (cf. Bowyer et al. 2020); or ‘sneaking’, which entails temporary association
with individual females by kleptogamy, i.e., stealing mates when the consort male is distracted (Dawkins &

Krebs 1978)
Group-guarding polygyny
Range-guarding polygyny
Site-guarding polygyny

A male defends a group of females from intruding males
A male defends a territory or a range that is larger than female ranges
A male defends a mating territory that is smaller than female ranges and that contains resources attractive to

females (resource-based territories), or males defend small, clustered territories which do not contain resources

(leks)
Number of breeding seasons
One breeding season

Relationships between sexual partners are considered within one breeding season only, not over multiple seasons
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Mountain ungulate mating systems

of mates, or level of mate monopolisation (‘who mates
with whom’), form of mate acquisition (‘how’) and number
of breeding seasons (‘when’). Other classifications exist
(¢f. Shuster & Wade 2003, Clutton-Brock 2016), but the
one employed here is widely accepted and appears well-
suited to mountain ungulates.

Mating systems are not fixed characteristics of species
(Clutton-Brock 1989) and, despite the practical value of
the simple framework proposed in Table 1, they may vary
within and between populations in response to social and
environmental factors (Lott 1991). Multiple indices have
been developed to quantify variation in mate monopolisa-
tion, including operational sex ratio (the ratio of the
number of mating males to the number of sexually re-
ceptive females), Bateman gradient (the slope of the least-
squares regression of reproductive success on mating
success), and the opportunity for sexual selection index
I ates (the variance in number of mates per male divided
by the squared average number of mates per male, a di-
mensionless index that reflects the potential strength of
sexual selection proposed by Crow 1958, Jones 2009).
Shuster and Wade (2003) showed that I is related to
the spatial and temporal mean crowding of receptive fe-
males, in line with Emlen and Oring (1977), who provided
a general scheme where the degree of mate monopolisation
is governed by the spatial distribution of resources and
the temporal availability of mates. Accordingly, as mating
systems are related to the intensity of sexual selection
(Shuster 2009), I .. can be used to provide a quantita-
tive description of mating systems (Shuster & Wade 2003,
Snook 2017). With values of I - close to 0, males will
have similar mating success, typical of monogamous mat-

ing systems; with large values of I ., only a few males

will actually mate, thereby leading ?(tcis highly polygynous
mating systems. Although I as such, does not provide
direct information on the form of mate acquisition, it
offers advantages over verbal descriptions, as it allows a
quantitative assessment of mating system variations in re-
sponse to different factors.

Notably, skew in mating success (increasing value of
I ates) 18 expected to favour the emergence of different
mating phenotypes (Shuster & Wade 2003, Shuster
et al. 2019). Such discrete variations, known as alternative
reproductive tactics (ARTs), reflect alternative forms of
mate acquisition (Taborsky et al. 2008). In the attempt
to achieve reproductive success, mating systems may thus
vary widely, both within and between populations, and
several forms of mate acquisition can coexist within the
same species. For example, individuals of a given species
may adopt different forms of polygyny, or of female-
guarding polygyny. ARTs can occur simultaneously or
sequentially, so that in a population different tactics can
be adopted by different individuals, or the same individual
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can switch between tactics over time, or both (Taborsky
et al. 2008). The maintenance of alternative phenotypes
can be favoured by frequency-dependent selection, or be
conditional upon changes in internal factors such as health,
energy reserves (Gross 1996), age or dominance status
(Hogg & Forbes 1997), or upon external factors such as
weather, predation (Isvaran 2005), population density
(Kokko & Rankin 2006) and female distribution
(Clutton-Brock 1989).

The evolution of the Caprinae

Geist (1974a) and particularly Schaller (1977) have ably
outlined the patterns of evolution of goat-antelopes, wild
goats and wild sheep, with special reference to their social
behaviour and associated morphology. Ancestral forms of
Caprinae are known from as early as the Miocene (e.g.
Gentry 2000), but the group did not reach its greatest
diversity until the recent ice ages. Apparently, Caprinae
had two major spurts in evolution, both when mountains
were rising up: in the Late Miocene-Early Pliocene, with
Caprinae spreading over Eurasia and probably North Africa,
and in the Late Pliocene-Early Pleistocene (Schaller 1977).
Schaller (1977) and Geist (1985, 1987) suggested that the
early Caprinae may have been morphologically less dif-
ferentiated than later forms, thus closer to the extant
genera Capricornis and Naemorhedus, although the actual
picture remains unclear (Gentry 2000). Schaller (1977)
also stated that: “The Caprinae become progressively more
dimorphic starting with the goral and serow and con-
tinuing through the chamois and mountain goat to the
two Ovibovini [i.e. muskox Ovibos moschatus and takin
Budorcas taxicolor] and finally the Caprini, and this cline
can be correlated with emphasis on dominance, the caprids
[i.e. Caprinae] having marked hierarchies”. If so, ancestral
Caprinae have been assumed to be forest-dwellers, solitary
or pair-living, monogamous and sexually monomorphic;
the colonisation of open habitats by some forms favoured
gregariousness, which could have led to increased polygyny
and sexual dimorphism (Geist 1974b, Jarman 1974). Over
the past few decades, this hypothesis has received increas-
ing support (Pérez-Barberia et al. 2002, Szemdn et al. 2021).
Species from extreme environments seem to have evolved
later than those from warmer climates, for example goat-
antelopes (Geist 1985). However, while we expect ‘simpler’
forms to be older, we have to accept that current knowl-
edge on Caprinae evolution and phylogeny is fuzzy. In
some cases, phylogenetic relationships remain uncertain
even when molecular data are used (Hassanin et al. 1998).
In fact, it has been remarked that “environmental change
places such a premium on adaptability that speciation
may have proceeded so rapidly that no recognizable in-
termediate forms were left behind” (Schaller 1977).
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Furthermore, because of the high rate of erosion in moun-
tain areas, fossil deposits are known mainly from recent
periods, as older ones are likely to have been lost (Masini
& Lovari 1988), thus making phylogenetic reconstructions
of mountain-dwelling ungulates a somewhat tricky
matter.

METHODS

For all species of Caprinae, we collected information on
habitat preferences, social behaviour, sexual dimorphism,
and on mating system in terms of mate monopolisation,
forms of mate acquisition and quantitative measures.
Information on habitat type, social behaviour (group size)
and sexual dimorphism was mostly retrieved from Damm
and Franco (2014) and Castell6 (2016). Information on
species-specific mating behaviour was compiled from the
literature as described in Appendix SI.

The information we collected was classified using cat-
egorically distinct labels. Specifically, the primary habitat
type was classified into four different classes reflecting
different degrees of habitat openness: ‘forest’ (if a species
is mostly found in forested habitats), ‘forest-open’ (if a
species uses both forests and open areas), ‘shrubland-open’
(if a species is rarely found in forests and mainly inhabits
shrublands and open lands) and ‘open’ (if the species
mostly lives in open areas). The level of sociality, based
on average group size outside of the rut, was placed in
four classes: ‘low’ (1-2 individuals), ‘medium-low’ (2-10
individuals), ‘medium-high’ (10-20 individuals) and ‘high’
(>20 individuals). The level of mate monopolisation, based
on the terms used in the relevant literature, was divided
into three classes: ‘monogamy’, ‘weak polygyny’ and ‘po-
lygyny’. The terms used to describe the form of mate
acquisition were not consistent in the literature, and were
aligned using the categories previously described in Table 1.
The quantification of mating system was based on avail-
able information on I .. (or one of its components,
such as the opportunity for selection on males I, .., the
variance in male reproductive success divided by the squared
averaged male reproductive success; Shuster & Wade 2003).
The level of mate monopolisation can be linked to various
forms of sexual dimorphism, such as difference in body
size, colouring, shape and size of weaponry (Andersson
1994). In bovids, body mass and horn size are targets of
sexual selection (Bro-Jergensen 2007, Tidiere et al. 2020);
horn size, however, may also depend on combat style, so
horn dimorphism is less likely to be related to polygyny
than body mass. Therefore, sexual dimorphism in the
Caprinae was categorised primarily on the basis of body
mass dimorphism, into four classes: low’ (<10%), ‘medium-
low” (10-30%), ‘medium-high’ (30-50%) and ‘high’
(>50%). Level of dimorphism was secondarily adjusted

Mountain ungulate mating systems

for horn size dimorphism in chiru Pantholops hodgsonii
and bharal Pseudois nayaur; in these species, male body
mass is about 40-50% greater than that of females, sug-
gesting a ‘medium-high’ dimorphism, but since horns are
a male-only trait in chiru, and much larger in males than
in females in bharal, the overall sexual dimorphism was
classified as ‘high’. For each category (habitat, sociality,
mate monopolisation, sexual dimorphism), a numerical
value from one to four was assigned to the labels, fol-
lowing the order presented above. For some species, it
was not possible to retrieve any information on the mating
system; when data were not available, we assumed the
same numerical value of mate monopolisation as the tax-
onomically closest species. Numerical values were used to
inspect graphically the pairwise, sequential relationships
between habitat, level of sociality, patterns of mate mo-
nopolisation and development of sexual dimorphism, fol-
lowing the hypothesis proposed by Jarman (1974);
relationships were quantitatively evaluated through two-
tailed Spearman’s rank order correlation tests.

RESULTS

We screened about 160 literature sources (journal articles,
books) on Caprinae mating systems and social and eco-
logical correlates. The full list of literature used is reported
in Appendix S2. Caprinae inhabit many habitat types and
vary substantially in their level of sociality and sexual
dimorphism (Table 2). Most species are polygynous, al-
though the degree of female monopolisation remains un-
clear, as a quantitative assessment is available only for
Alpine ibex Capra ibex and bighorn sheep Ovis canadensis
through I ;.. (Table 2). Direct comparisons between these
species, however, require some caution, as I, - was cal-
culated over one single season in the former (values be-
tween 4.6 and 5.6; Willisch et al. 2012), and over multiple
seasons in the latter (mean value=4.5, between 2.5 and
8.3; Coltman et al. 2002). The most widespread form of
mate acquisition is female guarding, used by about 78%
of the species for which at least one tactic is known, and
tending appears to be the primary tactic for most species
(63%; Table 2); range and group guarding are less fre-
quent, about 16%, and site guarding, found in about 19%
of the Caprinae, is mostly limited to ‘primitive’ species
(sensu Schaller 1977, Geist 1985).

The pairwise, sequential relationships between habitat
type, sociality, mating system and sexual dimorphism
shown in Fig. 1 are not formal analyses, which would
ideally require a phylogenetic structural equation model-
ling approach to support causal pathways and quantify
indirect effects (¢f. Szeman et al. 2021). In fact, the lack
and the questionable quality of some data on mating
systems, and the intrinsically small sample size (n=32
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Table 2. Summary of the main characteristics of the Caprinae in terms of: habitat type, degree of sociality, degree of sexual dimorphism (SexDim),
main mating system (level of mate monopolisation, form of mate acquisition), presence of male alternative reproductive tactics (ARTs); n.a.=informa-
tion not available in the literature. The last column shows the reference(s) with the most complete set of information about mating behaviour

Mating system

Mate
Common monopolisa- Male
Genus Species name Habitat Sociality  SexDim  tion Mate acquisition ARTs  Main reference
Naemorhedus  baileyi Red goral Forest-open Low Low n.a. n.a. n.a.
caudatus Long-tailed  Forest-open Low Low Weak a) Range-guarding/  n.a.  Myslenkov and
goral polygyny site-guarding? Voloshina (1978,
1998)
goral Brown goral  Forest-open Low Low Weak a) Female guarding:  n.a.  Lovari and
polygyny tending Apollonio (1994)
Capricornis swinhoei Formosan Forest-open Low Low n.a. n.a. n.a.
serow
rubidus Red serow  Forest Low Low n.a. n.a. n.a.
crispus Japanese Forest-open Low Low Monogamy  a) Site-guarding: Yes? Akasaka and
serow resource-based Maruyama (1977),
territoriality Kishimoto (2003)
b) Female guarding?
sumatraensis Sumatran Forest-open Low Low n.a. a) Site guarding n.a. Lovariand
serow Locati (1994)
Rupicapra pyrenaica Southern Forest-open Medium- Medium- Weak a) Site guarding Yes  Lovari (1984)!
chamois low low polygyny (resource-based
territoriality)
b) ‘Non-territoriality’
(female and group
guarding?)
rupicapra Northern Forest-open Medium- Medium- Weak a) Site-guarding: Yes2  Kramer (1969),
chamois low low polygyny resource-based Corlatti et al.
territoriality (2013, 2015)
b) ‘Non-territoriality’
(female and group
guarding?)
Oreamnos americanus ~ Mountain Forest-open Medium- Medium- Polygyny a) Female guarding:  Yes  Mainguy et al. (2008)
goat low high tending
b) Female guarding:
coursing/sneaking
Ammotragus  lervia Aoudad Forest-open Medium- High Polygyny a) Female guarding:  Yes  Habibi (1987)
high tending
b) Female guarding:
coursing/sneaking?
Arabitragus  jayakari Arabian tahr Shrubland- Medium- High n.a. n.a. n.a. Munton (1985)
open low
Hemitragus ~ jemlahicus Himalayan Shrubland- Medium- High Polygyny a) Female guarding:  Yes  Lovari et al. (2009)
tahr open high tending
b) Female guarding:
sneaking
Nilgiritragus ~ hylocrius Nilgiri tahr ~ Open Medium- Medium- Polygyny a) Female guarding:  Yes? Rice (1988)
high high tending
b) Female guarding:
sneaking?
Capra aegagrus Wild goat Forest-open Medium- High Polygyny a) Female guarding: ~ Yes?  Schaller and
low tending Laurie (1974)
b) female guarding:
coursing?
(Continues)
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Table 2. (Continued)
Mating system
Mate
Common monopolisa- Male
Genus Species name Habitat Sociality  SexDim  tion Mate acquisition ARTs  Main reference
caucasica Tur Forest-open Medium- High Polygyny a) Female guarding:  Yes  Weinberg and
high tending Lortkipanidze
b) Female guarding: (2022)
coursing
falconeri Markhor Forest-open Medium- High Polygyny a) Female guarding:  n.a.  Schaller and
low tending Mirza (1971)
ibex Alpine ibex  Open Medium- High Polygyny? a) Female guarding: ~ Yes?  Willisch et al. (2012)
high tending
b) Female guarding:
coursing/sneaking?
nubiana Nubian ibex  Open Medium- High Polygyny a) Female guarding:  Yes  Habibi (1994)
high tending
b) Female guarding:
sneaking?
pyrenaica Iberian wild  Forest-open Medium- High Polygyny a) Female guarding:  Yes?  Alados (1986)
goat low tending
sibirica Siberian ibex Open Medium- High Polygyny a) Female guarding:  n.a.  Fedosenko and
high tending Blank (2001)
walie Walia ibex ~ Open Medium- High Polygyny a) Female guarding:  Yes? Nievergelt (1981)
low tending
b) Female guarding:
sneaking?
Ovis ammon Argali Open High High Polygyny a) Female guarding:  Yes  Fedosenko and
tending Blank (2005)
b) Female guarding:
coursing
canadensis  Bighorn Open High High Polygyny? a) Female guarding:  Yes? Hogg (1984), Hogg
sheep tending and Forbes (1997)
b) Female guarding:
coursing
¢) Female guarding:
blocking
dalli Dall's sheep  Shrubland- Medium- High Polygyny a) Female guarding:  Yes  Geist (1971)
open high tending
b) Female guarding:
coursing
aries Mouflon Forest-open Medium- High Polygyny a) Female guarding:  Yes  Bonetal. (1992)
high tending
b) Female guarding:
coursing
¢) Female guarding:
blocking
nivicola Snow sheep  Open Medium- High Polygyny n.a. n.a.
high
vignei Urial Open High High Polygyny a) Female guarding:  Yes  Schaller and
tending Mirza (1974)
b) Female guarding:
coursing
Pseudois nayaur Bharal Shrubland- High High Polygyny a) Female guarding:  yes  Schaller (1977),
open tending Lovari and
b) Female guarding: Ale (2001)
coursing
¢) Female guarding:
blocking
(Continues)
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Table 2. (Continued)
Mating system
Mate
Common monopolisa- Male
Genus Species name Habitat Sociality  SexDim  tion Mate acquisition ARTs  Main reference
Budorcas taxicolor Takin Forest-open Medium- Medium- Polygyny a) Female guarding:  Yes  Powell et al. (2013)
high high tending
b) Female guarding:
coursing
Ovibos moschatus ~ Muskox Open High Medium- Polygyny a) Group guarding Yes  Smith (1976)
high b) Female guarding:
sneaking
Pantholops hodgsonii Chiru Open High High Polygyny a) Site guarding: lek  Yes  Buzzard et al. (2012)
b) Female guarding:
coursing
¢) Group guarding
"The behaviour of males was originally defined as ‘harem defence’.
2Genetically confirmed breeding.
3Genetically confirmed through /_, ...
species), make this assessment a coarse-grained descrip- Even today, Schaller’s book ‘Mountain Monarchs

tion of potential patterns emerging from the data at
hand. With these caveats in mind, Fig. 1 shows clear
positive correlations between variables within each panel
plot, thereby supporting the existence of relationships
between spatial, social and reproductive behaviour and
morphology of mountain ungulates (cf. Geist 1974b,
Jarman 1974, Schaller 1977). Spearman’s rank order cor-
relation tests also support these relationships (habitat ~
sociality: tho=0.72, d.f.=30, P<0.001; sociality ~ mate
monopolisation: rho=0.77, d.f. =30, P<0.001; mate mo-
nopolisation ~ sexual dimorphism: rho=0.88, d.f.=30,
P<0.001). Correlations remain statistically significant
also when species with no information on mating system
are excluded (sociality ~ mate monopolisation: rho =0.65,
d.f.=25, P<0.001; mating system ~ sexual dimorphism:
rho=0.80, d.f.=25, P<0.001).

DISCUSSION

The eco-evolutionary history of mountain ungulates sets the
scene for the remarkable diversity of spatial and social be-
haviours and of morphological features observable in extant
Caprinae species. From the forest-dwelling, solitary, monoga-
mous and monomorphic serows Capricornis spp., through
the mountain-dwelling, social, weakly polygynous and season-
ally size dimorphic chamois Rupicapra spp., to the highly
dimorphic, polygynous and social wild sheep and goats of
open habitats, mountain ungulates broadly support the eco-
evolutionary scenario linking habitat use, sociality, reproduc-
tive behaviour and morphology (Fig. 2) suggested by
Jarman (1974) for African bovids and further confirmed by
Pérez-Barberia et al. (2002) and Szemdn et al. (2021).

(Schaller 1977) remains the most authoritative, informed
and compelling account of such diversity. Since then, much
has been learned of the male reproductive behaviour of a
few species, such as chamois (Corlatti et al. 2015), mountain
goats Oreamnos americanus (Mainguy et al. 2008), Alpine
ibex (Willisch et al. 2012) and bighorn sheep (Coltman
et al. 2002), but much remains to be learned for the large
majority of Caprinae species, which exerts some constraints
on our conclusions. Perhaps the most innovative advance-
ment in our knowledge on mountain ungulate mating systems
was the discovery of different forms of mate acquisition
and the mechanisms that maintain them within populations
(Hogg 1984, Taborsky et al. 2008). Our understanding,
however, remains open to several doubts, and much work
is still to be done to fill the gaps. Below, we attempt a
synthesis of our understanding of the ecology of Caprinae
mating systems, in terms of mate monopolisation and forms
of mate acquisition, we discuss the limitations of our review,
and present the research that is still ahead of us.

The ecology of mate monopolisation

Pair-living is expected to be the most ancestral form of
social organisation in Artiodactyla, mostly owing to anti-
predator behaviour (Jaeggi et al. 2020). Similarly, Lukas
and Clutton-Brock (2013) showed that “the ancestral con-
dition for all mammalian groups is of solitary individuals
and (...) social monogamy is derived almost exclusively
from this social system”. This type of social behaviour is
found in forest-dwelling and resource-defending African
bovids, where antipredator behaviour and the patchy dis-
tribution of poorly shareable food items such as browse
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Fig. 1. Pairwise relationships in the Caprinae between habitat openness and level of sociality, level of sociality and level of mate monopolisation, and
level of mate monopolisation and level of sexual dimorphism (see text for details on categorisation). Dashed lines represent least-squares lines. Open
circles indicate species with no data on mating system, that were assumed to have the same system as the taxonomically closest species. Points have

been jittered to improve visualisation.

Fig. 2. From the forest-dwelling, solitary, monogamous and monomorphic Japanese serow, through the mountain-dwelling, social, weakly polygynous
and seasonally size dimorphic northern chamois, to the highly dimorphic, polygynous and social bighorn sheep inhabiting open habitats, mountain
ungulates broadly support the eco-evolutionary scenario linking ecology and social behaviour suggested by Jarman (1974) for African antelopes and
further confirmed by Pérez-Barberia et al. (2002) and Szeman et al. (2021) (Drawing: Lucrezia Lorenzetti).

and forbs promote intolerance among individual females,
hence their spatial separation, thereby forcing males to
patrol a shared territory, favouring monogamy (Jarman
1974). Among the Caprinae, the Japanese serow Capricornis
crispus  (Akasaka & Maruyama 1977, Kishimoto &
Kawamichi 1996, Brotherton & Komers 2003) and possibly
gorals Naemorhedus spp. fit this scenario (Schaller 1977,

but see Lovari & Apollonio 1994). Conversely, when food
supply or antipredator strategy do not impose upper limits
on group size, males are free to pursue alternative strate-
gies to maximise reproductive success (Andersson 1994).
In open habitats, antipredator behaviour and, possibly,
more evenly dispersed, nondefensible food items (e.g.
grasses) favour the onset of large social groups (Jarman
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1974). This process has been observed in Pyrenean chamois
Rupicapra pyrenaica pyrenaica (Herrero et al. 2002) and,
more recently, in the Japanese serow, where open habitats
promote spatial group formation (Takada & Minami 2021).
In turn, the patchy distribution of serow females should
favour the monopolisation of mating opportunities and
the transition between monogamy and polygyny (Kishimoto
2003, Takada et al. 2023). In other words, the degree of
polygyny is largely influenced by the spatiotemporal crowd-
ing of females (Emlen & Oring 1977, Shuster & Wade 2003).
In fact, for a species living between forest and open habitat
and with moderate spatial crowding such as the chamois,
a moderately skewed reproductive success among males,
hence a weakly polygynous mating system, has been sug-
gested (Corlatti et al. 2015). With increasing use of open
habitats and female spatial clumping, as in many wild sheep
and goats, tahr, bharal, takin, muskox and chiru, the degree
of polygyny is expected to increase and be constrained by
the efficiency of mate guarding (Carranza 2000), although
taxon-specific variations are difficult to assess quantitatively,
as I .., is available only for Alpine ibex (Willisch et al. 2012)
and bighorn sheep (Coltman et al. 2002).

In turn, the intensity of sexual selection is expected to
be related to sex-specific phenotypic differences that enhance
reproductive success (Andersson 1994). The level of polygyny,
for example, seems to be a good predictor of sexual size
dimorphism in ungulates (Loison et al. 1999a), although
actual data are not available for most species. This pattern
appears to be broadly supported also in the Caprinae (Table 2,
Fig. 1). Competition over mates is generally limited in mo-
nogamous species, and a weak pressure of sexual selection
is unlikely to favour extreme phenotypic differences between
sexes (Andersson 1994), as in serows or gorals (Table 2,
Fig. 1). A limited, seasonal body mass dimorphism is ob-
served in chamois (Rughetti & Festa-Bianchet 2011); this
fits the presumed weakly polygynous mating system, although
extreme dimorphism in Rupicapra may be also counter-
selected by the form of combat, which may favour skills
other than body mass, such as speed or agility (cf.
Blanckenhorn 2000). Ferretti et al. (2014) showed that in
the warm months, female chamois prioritise fine-scale selec-
tion of vegetation and the safety of offspring, while males
gain body weight by increasing their food intake rate, thus
preparing to meet the high costs of the mating season (Garel
et al. 2011, Rughetti & Festa-Bianchet 2011) and the winter
rigours. Achieving dominance for mating through increased
body size could have primed this foraging adaptation (Ferretti
et al. 2014). However, in polygynous Caprinae, body mass
dimorphism is not seasonal and it is often extreme, with
the partial exception of takin and muskox (Damm &
Franco 2014, Castell6 2016). Sexual dimorphism in mountain
ungulates is not limited to body mass, but may extend to
other features such as horn size and shape; as opposed to

L. Corlatti and S. Lovari

monogamy, which favours short and straight horns (e.g. in
serows and gorals), polygyny creates a selective environment
that in turn generates a great variety of horn shape, from
smooth and straight (e.g. chiru), to crenulated and twisted
(e.g. wild goats), or smooth and curled (e.g. wild sheep;
Caro et al. 2003). In polygynous species, because of the
costs related to intrasexual competition and larger body
masses and weaponry, higher mortality rates of males than
that of females may be expected (c¢f. Clutton-Brock
et al. 1982). Although reliable information on age- and sex-
specific survival is limited to very few species, the data at
hand suggest that neither sexual dimorphism nor the level
of polygyny are good predictors of sex-specific differences
in survival probabilities of mountain ungulates (see Cransac
et al. 1997 for mouflon, Toigo et al. 2007 for Alpine ibex,
van de Kerk et al. 2020 for Dall’s sheep Ovis dalli). As
noted by Loison et al. (1999b), copulations are not costly
per se; thus, polygyny in itself may be a poor measure of
the energetic costs sustained by males; other factors such
as the intensity of male-male contests during the rut may
better explain variation in sex-specific survival patterns.
Although the mating system of most wild sheep has
been described here as polygynous, some authors used the
term ‘promiscuous’ (c¢f. Bon et al. 1992, Michel &
Ghoddousi 2020b for mouflon Ovis aries, or Michel &
Ghoddousi 2020a for urial Ovis vignei). Enforced copula-
tions by several males in bighorn sheep (Hogg 1988),
multimale copulations in feral sheep (Coltman et al. 1999),
alongside the large size of testes and retaliatory copulations
displayed by tending rams actually suggest the occurrence
of promiscuity and sperm competition in wild sheep spe-
cies (Hogg 1984). Bergeron et al. (2012) stated that “the
definition of promiscuity (...) is not categorical about the
extent of multiple mating required to be described as a
promiscuous mating system”; as such, the extent of species-
specific promiscuity still needs to be quantified. This in-
formation is important, because an increased level of
promiscuity may affect precopulatory sexual selection on
male mating success, and promote postcopulatory sexual
selection on male traits that increase and defend paternity
share, such as retaliatory copulations (Morimoto et al. 2019).

The ecology of mate acquisition

Although increasing levels of polygyny should favour
the emergence of several mating phenotypes (Shuster
et al. 2019), most Caprinae species display different forms
of mate acquisition (Table 2). The most widespread mate
acquisition tactic adopted by mountain ungulate males
is female guarding through tending. This pattern largely
owes to the prevalence, in the Caprinae subfamily, of
wild sheep and goat species which, despite their wide
distribution, have maintained conservative behaviour with
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little interspecific variation (Geist 1971, Schaller &
Laurie 1974), as opposed to the greater diversity that
occurs in goat-antelopes (Table 2).

Opverall, female guarding appears to be beneficial when
the chance of a receptive female occurring in any one
location is low (Gosling 1986). The prevalence of this
form of mate acquisition in the Caprinae may be related
to the climatic and topographic characteristics of moun-
tainous habitats, where discontinuous food supply and
terrain ruggedness could force females to forage over large
areas (Gosling 1986), hence favouring the adoption of a
more flexible tactic over static tactics such as site guarding
or group guarding. As noted by Schaller (1977), “if both
food and females are likely to vanish, a male’s most sen-
sible strategy is to stay with the herd”. Indeed, site guarding
is found in a limited number of species for which mating
tactics are known. Geist (1974b) noted that, because of
poor and discontinuous food supply, “we cannot expect
northern ungulates to be territorial if they rut in fall and
early winter”; accordingly, this form of mate acquisition
is found in species that restrict their ranges to areas with
a relatively constant food supply (Schaller 1977), such as
the forest-dwelling serow (Lovari & Locati 1994,
Kishimoto 2003). Yet, relatively great and continuous plant
diversity and productivity may not be a necessary condi-
tion for territoriality, as long as some predictability in
spatio-temporal resource availability occurs: for example,
although Geist (1974b) suggested that chamois territoriality
may be an artefact of high population density, it is likely
to represent an example of seasonal resource-based ter-
ritoriality owing to predictable snow-dependent movements
of females in search of food (von Hardenberg et al. 2000,
Corlatti et al. 2020). Predictability in mating opportunities,
rather than in food supply, might be at the core of an-
other form of site-guarding behaviour, lekking, in chiru
males (Buzzard et al. 2008). This behaviour is favoured
when local population density is high, leading to increased
male—male competition (Lott 1991, McLain 1992), although
it remains unclear what kind of lekking model (Davies
et al. 2012) is the catalyst for the clustering of chiru
males (Buzzard et al. 2008). Group guarding is also rare
in wild Caprinae: as noted by Bowyer et al. (2020): “harem
mating for species inhabiting steep and rugged terrain is
uncommon, likely because effective herding of females by
dominant males would be challenging” (see also Schaller
1977). Accordingly, this form of mate acquisition is only
found in muskox (Smith 1976) and perhaps as an alter-
native tactic in chiru (Buzzard et al. 2008), possibly because
of the gentler topographical features of the Arctic tundra
and of the Tibetan plateau.

Some inconsistencies in the ecology of Caprinae mate
acquisition nonetheless remain: species such as Alpine ibex
and Alpine chamois Rupicapra rupicapra rupicapra, for

Mountain ungulate mating systems

example, share most of their geographic range, yet display
radically different mating systems (Brambilla et al. 2022,
Corlatti et al. 2022b). We speculate that phylogenetic con-
straints must have imposed some limits on mating system
plasticity. The possibility to detect relationships between
habitat features and forms of mate acquisition is further
challenged by the co-occurrence of different male tactics
within the same species and population. Female guarding,
for example, co-exists with territoriality in serow, chamois
and chiru, and with group guarding in muskox (Table 2).
This is probably because, besides distribution of food sup-
ply, terrain ruggedness and predictability of food or mates,
the maintenance of ARTs within and between populations
depends on many other endogenous and exogenous var-
iables such as age, weather conditions and population
density (Gosling 1986, Taborsky et al. 2008). For example,
in most wild sheep and goats, as well as in bharal and
mountain goat, different tactics are associated with age
and physical correlates such as body mass and horn size
(Alados 1986, Habibi 1987, Lovari & Ale 2001, Mainguy
et al. 2008), suggesting maintenance of ARTs through in-
dividual status-dependent selection. Another form of
condition-dependent selection, mediated through variations
in environmental conditions, co-occurs in Alpine ibex,
where males can switch tactics depending on snow abun-
dance during the rut (Apollonio et al. 2013). Snow con-
ditions also affect the maintenance of ARTs in northern
chamois, but mainly through long-term stochastic variations
that impact female spatial behaviour and hence the re-
productive success of territorial and non-territorial males
(Corlatti et al. 2020), as tactics used by this species appear
to be stable over an individual’s lifetime (Cotza et al. 2023).
In the Japanese serow, adult density negatively correlates
with territory size (Ochiai & Susaki 2002), suggesting that
population abundance may affect the ability of males and
females to defend territories, and hence the form of mate
acquisition (territoriality vs. female guarding).

More work is needed to understand the coexistence of
ARTs in the Caprinae. There is increasing evidence that
a few mechanisms may concur in maintaining alternative
phenotypes (Brockmann 2001), such as age and snow cover
conditions in Alpine ibex (Apollonio et al. 2013), or age
and population density in muskox (Smith 1989), and the
study of ARTs may benefit from combining them and
solving for their joint equilibrium (Gross 1996). In wild
Caprinae, this is challenged by the fact that, in species
such as Alpine ibex, bighorn sheep and muskox, ARTs
do not appear to be a fixed trait of individuals, and males
can switch between tactics (Smith 1976, Hogg &
Forbes 1997, Willisch & Neuhaus 2010, but see Cotza
et al. 2023 for the northern chamois). Furthermore, for
many species, the occurrence of alternative reproductive
behaviour patterns still needs to be assessed, as in gorals,

Mammal Review 53 (2023) 206-222 © 2023 The Authors. Mammal Review published by Mammal Society and John Wiley & Sons Ltd. 215

85U8017 SUOLILLOD BATea10 qedlidde aup A pausenob afe sejoie YO ‘8sN JO S8|nJ oy A%eiq1T8UlUO A8]IM UO (SUOTIPUOD-PUB-SWLRI WD A8 | 1M AeIq 1 BU1|UO//SdNL) SUORIPUOD PUe SWB | 8L 885 *[£202/90/7T] U0 AriqiTauluO AB[IM ‘BISBAIIN-SBIMPNT-18q |V AQ 6TEZT WeW/TTTT OT/I0p/L0o" A3 Ake.q 1 jpul|uo//:sdny Wwoly pepeojumod ‘¢ ‘€202 ‘L062S9ET



Mountain ungulate mating systems

serows, Arabian tahr Arabitragus jayakari and snow sheep
Ovis nivicola (Table 2), and while categorisation into the
main forms of mate acquisition reflects distinct behaviours
(e.g. female guarding vs. group guarding vs. site guarding),
at times different tactics may simply reflect terminological
artefacts. The classification of female-guarding behaviour
into coursing or sneaking, for example, depends on how
loosely we define coursing (c¢f. Mainguy et al. 2008, Bowyer
et al. 2020). A genetic assessment of different behaviour
patterns will help us to improve the categorisation of ARTSs
in mountain ungulates, and to understand the mechanism
of their maintenance within and between populations.

Caveats

Our taxonomic account is intrinsically limited by how
mating systems were defined and classified, as well as by
the number of ecological variables that may influence their
variations. For example, verbal classifications of mating
systems are severely limited in their ability to assess vari-
ations in the number of mates, not only because of in-
trinsic descriptive vagueness, but also because assessing
mate monopolisation through behavioural observations
may be inaccurate (Coltman et al. 1999). The adoption
of quantitative measures such as the opportunity for sexual
selection would be necessary to shed light on the diversity
of mating behaviour (Shuster & Wade 2003). Furthermore,
although we decided to limit our investigation to a given
breeding season, it should be noted that, when bond du-
ration is considered not within the timeframe of a single
breeding season, but over multiple seasons, mating systems
may be classified differently. Monogamy, for example, may
be redefined as serial polygamy if individuals pair with
different partners in different years (Wickler & Seibt 1983).
The definition of pair bond duration may also impact
the opportunity for sexual selection: differences in the
relative variance of male success between monogamous
and polygynous species, for example, may be smaller than
expected, as long as the variance in lifetime reproductive
success and offspring survival to adulthood are included
in the measure of success (Clutton-Brock 1988).
Additionally, mating systems may be influenced by many
more variables than those included in this review.
Jarman’s (1974) scenario was recently refined by Bowyer
et al. (2020), by incorporating quality and defensibility
of resources, terrain ruggedness, as well as population
density as major drivers of ungulate mating systems. The
conceptual model of Bowyer et al. (2020) is an important
step towards an improved understanding of the determi-
nants of ungulate mating system, although, as pointed
out by the authors, assessing parameters such as quality
and defensibility of resources may be problematic. We
suggest that, when applied to mountain ungulates, seasonal
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variation in the quality and availability of resources could
also be included in the conceptual model of Bowyer
et al. (2020), as temporary availability of forage appears
to play a major role, for example, in shaping territorial
behaviour (Jarman 1974), and hence in the mating system
of some Caprinae species such as the chamois (von
Hardenberg et al. 2000, Lovari et al. 2006).

Finally, we acknowledge that the generalisations used to
evaluate the pairwise, sequential relationships between habitat
use, sociality, polygyny and morphology, inevitably oversim-
plify reality. For example, flexibility in habitat preferences
occurs in populations of the same species; grouping patterns
may change with sex, season and population density; in the
absence of genetic data it is difficult to define the degree
of mate monopolisation; for most Caprinae species, mass
dimorphism is paralleled by horn size dimorphism, but there
are exceptions (e.g. chamois, tahr, chiru, muskox) for which
the overall level of dimorphism is difficult to define. Small
deviations from the proposed labelling, however, do not
change the overall picture. A compelling analysis of the
sequential relationships between habitat openness, sociality,
polygyny and morphology should ideally be based on the
use of continuous, raw data (e.g. weighted averages across
populations and seasons) rather than on a priori defined
classes, which may possibly introduce subjective bias.
Representative raw data on habitat types, grouping patterns,
mate monopolisation and body and horn size may be avail-
able for a limited number of species, but are lacking for
the majority of the Caprinae species.

CONCLUSION: THE ERA OF FIELDWORK IS
NOT OVER!

Although our review broadly supports the eco-evolutionary
scenario of Jarman (1974) linking ecology, sociality, repro-
duction and morphology, the hypothesis remains somehow
speculatory when applied to mountain ungulates, as infor-
mation on their mating systems is poor. For example, we
found no published information about the level of mate
monopolisation or the form of mate acquisition for about
18% of species (Table 2). Quantitative assessments of mat-
ing system are virtually absent in Caprinae, with the excep-
tion of two species for which we have data on I .. We
acknowledge that the genetic approach to estimating I -
is challenging, as it requires not only paternity data, but
also data on the operational sex ratio (Shuster & Wade 2003),
information that is hard to collect in mountain ungulates.
For example, beside the technical difficulties of collecting
genetic samples of species living in steep and rugged ter-
rain, in species such as the bighorn sheep two-year-old
rams can mate and occasionally sire lambs, but cannot be
considered the same as mature males in establishing the
operational sex ratio (Ritchot et al. 2021). The alternative
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approach to estimate I . namely from count data on
the spatial and temporal distribution of receptive females
during the rut (Shuster & Wade 2003), has never been
tested in Caprinae, but it proved a poor predictor of genetic
I ates 1N pronghorn Antilocapra americana, owing to the
difficulty of collecting accurate behavioural data (Dunn
et al. 2012). Furthermore, not all males have the same
probability of access to females in a population, for example
because of differences in spatiotemporal and competitive
factors, as well as timeliness, making the estimates of I -
challenging (Montana et al. 2020). More generally, “no
current specific measure or combination of measures used
to quantify sexual selection, and thus mating systems, satis-
fies everyone” (Snook 2017). However, assessing the op-
portunity for selection on males I, .. would be important
to explore how the relative intensity of selection varies over
different populations or across time (Wade & Arnold 1980),
hence how ecological and social factors may influence the
mating system and its associated evolutionary effects such
as sexual dimorphism and ornamentation (Krakauer
et al. 2011). Since I does not take into account vari-

males
ation in female reproductive success, the ratio between I

mal
and I, ... (Wade & Arnold 1980) may also be calculatgéf
as it appears to be positively correlated with the intensity
of sexual selection (Clutton-Brock 1988).

Indeed, the study of mating systems and of the factors
affecting their variations plays a key role from an evo-
lutionary perspective. Our analyses suggest a positive cor-
relation between habitat openness and sexual dimorphism,
through the level of sociality and that of mate monopo-
lisation. The realisation that mating behaviour is condi-
tional upon ecological factors suggests that environmental
changes may have major impacts on the pressure of sexual
selection, and this may be particularly true for the Caprinae,
whose habitats are expected to be largely affected by global
changes (Root et al. 2003, Lovari et al. 2020). Because
of the ongoing climatic change, habitat openness, as well
as plant phenology and plant associations, have been and
will continue to be altered (e.g. Gottfried et al. 2012,
Pauli et al. 2012, Telwala et al. 2013). These changes will
lead to local landscape modification, herbivore population
dispersion and different species composition of animal
guilds, which may lead to increasing species competition
(Lovari et al. 2020). Especially in strongly seasonal en-
vironments such as those on mountains, in the long run
these effects could influence the phenology of mating
systems in species which will adapt to life in closed habi-
tats favoured by increased temperature, with the decrease
of meadows triggered by an elevational shift of the forest
habitat. Furthermore, the warming climate will continue
to cause declines in snow cover in mountainous environ-
ments (Matiu et al. 2021), possibly releasing constraints
on female movements during the mating season. In turn,

Mountain ungulate mating systems

a change in female spatial clumping can hamper the op-
portunity for sexual selection, possibly also changing forms
of mate acquisition through variations in reproductive
success of males adopting different tactics. Finally, recent
studies have highlighted that climate change is likely to
affect the viability of mountain ungulates by lowering
the quantity and quality of food resources available on
mountains, possibly altering intraspecific competition
(Lovari et al. 2020) and investment in sexually related
traits, such as body mass and horn size (¢f. Geist 1978).
These, and other types of environmental variations such
as land use change may have different consequences on
the pressure of sexual selection and on the form of mate
acquisition (Lane et al. 2011), which still need investiga-
tion. Mating systems can also influence effective population
size (Nunney 1993), and hence the ability of a population
to maintain its genetic diversity and respond to natural
and anthropogenic environmental pressures (Lane
et al. 2011). This is particularly relevant to the Caprinae,
whose economic value is important for both consumptive
use (e.g. hunting) and non-consumptive use (e.g. tourism;
Shackleton 1997). Trophy hunting of mature, large males,
for example, may disrupt dominance hierarchies and im-
pact young male survival in Dall’s sheep (Singer &
Zeigenfuss 2002). In bighorn sheep, rams of high breeding
value shot at an early age cannot achieve high reproduc-
tive success, eventually causing a decline in male body
mass and horn size (Coltman et al. 2003). More infor-
mation on the short- and long-term consequences of
different hunting regimes on Caprinae mating behaviour
is needed.

Finally, behavioural research has been focused on males,
possibly because in many species males are larger and
stronger than females, and display their competitive be-
haviours more overtly than females (Wasser &
Waterhouse 1983). This has generated an ‘androcentric’
view on mating systems, and the widespread belief that
the reproductive strategy of a species can be explained
solely by looking at it from a male perspective (Blaffer
Hrdy & Williams 1983). However, the two sexes have co-
evolved throughout the evolutionary history of sex (Wasser
& Waterhouse 1983), and female behaviour is likely to
play an important active role in shaping mating systems
(Bowyer et al. 2020). For example, females may influence
male behaviour during the rut by encouraging male-male
contests (Byers et al. 1994), they may alter male reproduc-
tive success through their spatial behaviour during the rut
(Lovari et al. 2008) and, for some species, they may affect
postcopulatory sperm selection, hence paternity share,
through their mate choice (Firman et al. 2017). Thus far,
little information is available on how female behaviour
may influence mating systems in mountain ungulates: in
bighorn sheep, the tending tactic implies, at least
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superficially, a cooperative mating relationship between
males and females, while coursing and blocking “reveal
clear conflicts between the sexes over the circumstances
of mating” as females attempt to resist copulation
(Hogg 1987). In other species of mountain ungulates,
however, the role of females in deciding who mates with
whom, how and when, still remains obscure.

Paraphrasing Schaller (1977), science proceeds by asking
questions that have never been asked before but, at times,
as we reach for the stars, we may neglect the flowers at
our feet. The intricate relationship between natural and
sexual selection still requires precious time to be spent
in the field (Geist 1971), collecting data on spatial be-
haviour, outcome of male-male interactions during the
rut, age-specific courtship behaviour patterns and female
choice behaviour, combined with genetic assessment of
paternity. It cannot be emphasised enough that improved
knowledge on the evolutionary history of mountain ungu-
lates will ultimately help their conservation.
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